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SOME EFFECTS OF CTAIN INSECTICIDES AflD HBICIDES ON SOIL BACTERIA 

INTRODUCTION 

The increasing use of the recently developed chlorinated hydro- 

carbon compounds aa insecticides arid of synthetic growth-regulators as 

herbicides, makes lt important to know what effect these compounds may 

have on the soil microorganisms $ince many of their activities are 

essential to the development of higher plants and animals. This is be- 

because much of the fertility of a soil is potential; i.e., it is rela- 

tively insoluble or unavailable. It becomes active, or available to 

plants, largely through the activities of bacteria, streptony-ces, molds 

and other microorganisms. The various food elements are transformed in 

cycles which maintain circulation of these elements in nature and pre- 

vent their isolation in organisms after death. 

Since soil microorganisms render active the extensive store of 

potential fertility represented by plant food contained in organic 

residues, humus, and the more or less insoluble minerals, including 

gaseous nitrogen of the atmosphere, an epitome of this function will 

reveal the importance of determining whether or not it is in any way 

affected by the novel compounds now coming into use for the control of 

insect and plant pests. 

Soil microorganisms represent two basically distinct types of 

nutrition that separate aU living things into two classes from the 

standpoint of natural economy. The first class are strictly mineral 

feeders : They synthesize organic tissue from carbon dioxide; they are 

producers, constructive, and independent of other organisms. These are 

autotrophic and they include ail chlorophyll containing plants, 
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photosynthetic bacteria, and certain cheL1osynthet1c bacteria. The 

other class are the heterotrophes; these are biological feeders, re- 

quiring organic food previously synthesized by some other organism. 

In nutrition they are consumers, destructive, and dependent. The group 

includes aU animals, the fungi, and most bacteria. 

The bIological significance of these two groups cari be appreci- 

ated from a brIef consideration of the cycles of carbon and nitrogen. 

In the carbon cycle, carbon dioxide from the atmosphere is converted by 

autotrophes into organic compounds of high energy content. Photosyn- 

thetic organisms obtain enerr for this transformation from the sun's 

rays. The autotrophic bacteria derive energy from oxidation of certain 

elements, such as sulfur on hydrogen, or from oxidation of simple corn- 

pounds such as ammonia, 1rdrogen sulfide, or carbon monoxide. Iletero- 

trophes consume organic substance previously elaborated by autotrophes 

and other heterotrophes; this biological material is utilized for both 

structure and energy, the greater proportion being oxidized for energy 

and therefore yielding more or less carbon dioxide, which returns to 

the cycle. 

In the nitrogen cycle proteins yield ammonia upon decomposition 

by a wide variety of bacteria, actinorayces arid molds. This process, 

which involves digestion and subsequent oxidation-reduction, is termed 

ammonification. Ammonia is oxidized to nitrite and nitrate by auto- 

trophic nitrifying bacteria. Nitrate, as wefl as soìie amiionia, is as- 

similated by plants and coverted to protein, thus completing the cycle. 

Protein metabolism by animals extends the cycle without greatly altering 



the fundaiaental iiechanisxa. An additional phase of outstanding impor- 

tance i8 nitrogen fixation. This is the assirai].ation of elemental 

nitrogen and is an ability possessed only by a few bacteria, which are 

heterotrophic, and certain blue-green algae. Non-symbiotic fixation 

is carried on by Azotobacter and certain species of Clostridiuxn. The 

nitrogen is converted by sorne mechani8in to azmiionia, then to smino acid 

and final],y to cell protein; on death of the cell this re-enters the 

cycle and becomes subject to aiion1fication. Species of Rhizobiun 

carry on fixation only when living symbiotical]y in nodules on roots 

of leguminous plants, rauch of the fixed nitrogen being irrmiediately 

available to the host. Of the total nitrogen fixed by both Azotobacter 

and Rhizobium a considerable part is liberated in soluble extraceflular 

organic foriii during the life of the cell; sonie ammonia is also libera- 

ted. Thus nitrogen-fixing bacteria convert the generally unavailable 

gaseous nitrogen into immedïate].y available compounds as well as into 

nitrogenous tissue which must first be decomposed by other organisms 

before becoming active in fertility. 

Microbial decomposition of plant and animal remains is an ea- 

sential feature of the circulation of nutritional elements in nature. 

In effect it constitutes a mineralization of organic matter. Carbon 

is returned to circulation as carbon dioxide, nitrogen is again made 

available as ammonia and nitrate , sulfur is liberated as sulfide and 

converted to sulfate, and other essential constituents reappear in the 

form required by plants. Since organic remains are of mixed composi- 

tion they are acted upon by various species of microorganisms and 

exhibit several well-defined stages of decomposition. In these stages 



different groups of rnicroorganism predominate as part of the substrate 

is Libre or less rapidly and completely decouposed, part is reasaiini- 

lated, and part is resistant and very slowly decomposed. Depending on 

the frequency with which fresh remains appear on or in the soil the 

several stages of decomposition proceed more or less simultaneously. 

Starting with fresh material there is first a stage of rapid de-b 

composition in which the readily available substances are utilized by 

many heterotrophic microorganisms Molds and spore-forming bacteria 

are especially active in consuming the proteins, starches and cellulose, 

The relatively large amount of carbon dioxide liberated is important 

for its solvent action on soil minerals. Develozment of free-living 

nitrogen-fixing bacteria is stimulated by- the supply of carbohydrate, 

which they utilize chiefly for growth energy. By-products which are 

formed include ainronia, hydrogen sulfide, hydrogen, and organic acids, 

alcohols and other incompletely oxidized substances. In the second 

stage these substances are reassinilated in two phases: An autotro- 

phic phase, wherein autotrophic bacteria oxidize the ammonia, hydrogen 

sulfide, and hydrogen; and a heterotrophic phase in which the organic 

hy-products liberated in the first stage are utilized by a wide variety 

of microorganisms. 

A strong solvent action on soil minerals results from the nitric 

and sulfuric acids produced in the autotrophic phase of reassimilation. 

Developnt of the heterotrophes in this stage is influenced not only 

by the energj materials but also by the nitrogen compounds available, 

There is competition for nitrogen between higher plants and microorgan- 

isms carrying on the decomposition; the balance being determined by the 
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carbon-nitrogen ratio of the original plant or animal re8idue. If 

this material has a nitrogen content of about one percent aU the ni- 

trogen is consumed by the microorganisms, and in addition they compete 

with higher plants for more available nitrogen from the oi1 so long as 

oxidizable carbon compounds reuin; an extended nitrogen starvation ry 

result, which can be corrected by addition of inorganic nitrogenous 

fertilizers. When the nitrogen content is from 2 to 2.5 percent, only a 

temporary nitrogen starvation occurs arid is followed by liberation of 

amnionia. With a higher percentage of nitrogen the requirements of the 

organisms active in the decomposition are more thin satisfied and am- 

monia is liberated throughout the process. 

The final stage of decomposition is the stage of huinification. 

This is characterized by the formation and gradual continual deconiposi- 

tion of the humus-complex. Nitrogen assimilated by microorganisms is 

reassinilated and repartitioned until much of it accumulates as protein 

of dead bacterial cells. Bacterial protein is resistant to decomposi- 

tion and most of the nitrogen of humus is in this form. The non-nitro- 

genous portion of humus is composed largely of lignin, hemicellulose, 

and various other resistant substances, but the lignin is of peculiar 

importance because it exerts a specific effect in nitrogen conservation 

by binding proteins. The amount of protein, whether of bacterial or 

other origin, bound depends upon the supply, but the bound rotein is 

always more resistant to decomposition. Only actinonrces and certain 

non-spore-forming bacteria which comprise an ever present native micro- 

flora can attack ligric-proteinate and other humus complexes. As a 

result the nitrogen is only slawlr but continuaUy liberated; this 
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maintains for higher plants a supp)y of available nitrogen that bridges 

the intervals between additions of fresh organic residues. 

The biological and practical importance of soil microorganisms 

is thus largely based on microbial physiolor; in natural economy this 

can be summarized in the words "soil fertility". 

Although pesticidal compounds are applied in various ways, rang- 

Ing from direct treatment of the soil to treatment of plants with dusts 

and sprays, the compounds eventually coxe in contact with the soil and 

sooner or later are incorporated. Either inhibitory or stiznulatory 

effects on soil microorganisms would change normal soil processes and 

might sIgnificantly affect soil fertility. It is desirable to know the 

duration as wefl as the degree of any such action; subsequent reappli- 

cations of insecticides or herbicides might have cumulative effects on 

bacteria or other microorganisms of the soil where the original appli- 

cation had little if any influence. 

The purpose of the following investigations was to determine if 

some commonly used insecticides and herbicides have a stimulatory or 

inhibitory effect on test bacteria in pure culture and on the natural 

mïcroflora and certain of their ptrsiological activities when tested in 

soll. 

CVPOUNDS TESTED 

The compounds selected for study were thought to be useful 

enough that they would have a reasonable perinence on the market for 

insect and weed control. 

The insecticides were DDT (dichlorodipherrltrichloroethane), 
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chiordane (octachioroniethanotetrabydroindane), and toxaphene (which la 

regarded as a chlorinated caniphene or a mixture of chlorinated caii- 

phenes). The herbicides studied were II (isopropyl N-pherrl carba- 

nate), PCA (trichioroacetic acid), and 2,L1, -T (2,14,S-trichlorophenoxy- 

acetic acid). Table i lists thn :naufacturer, thc percentage of bio-. 

logicaU-active material, and the percentaL,e of carbon in the techni- 

cal grade of each compound. (p. 8). 

PREVIOUS INVESTIGATIONS 

DIYT in field use is ordinarily applied to crops as a dust or 

spray at a rate that usually does not exceed the equivalent of 2 to 3 

pounds actual per acre or i to 1. p.p.m. (parts per miflion)* (30) 

List and Payne (13, p. ) found DDT apzlied to soil at the rate of 

127 p.p.m. decreased the nodulation of common beans without changing 

morphoioy of the plant above ground. Further investigation of the 

nodules by Puits and Payne (io, pp. 2W-218) indicated that while DDT 

applied to the soil at the same rate did not cause a change in the 

bacterial population within the nodule, it did cause an increase in the 

length of the organisms and in the number of Gram-positive cells as 

compared to nodules from untreated plants. Wilson and Choudhri (28, 

p. 38), using DDT could find no consistent differences between treated 

and untreated soils and concluded, "Any reasonable application of JJDT 

*3sed on the conventional usage of 2,000,000 pounds for the 
weight of an acre of soil to plow depth average of 6-2/3 inche3; e.g. 
2, 200 and 2000 pounds per acre 6-2/3 inches is equivalent to 1, 100, 
and 1000 p.p.m. respectively. 



Table i 

Test Insecticides and Herbicides 

Coupound Manufacturer Active Ingredient* Carbon* 
e. ....... . . a . s S S S S S .......... . S e e S S ......... S S * S C S 

percent percent 

DDT Geigy Company, Inc. 70-7g para, para' !Lfl 

Research Lab. isomer 
Bayonne, N. J. 

Chlordane Stauffer Chem. Co. 100 29.3 
Portland, Ore. 

Toxaphene Hercules Powder Co 100 29 
Naval Stores Dept. 
WiLiington, Deis. 

IPC Pittsburgh Plate 98 67 
Glass Co. 
Columbia Chem. Div. 
Pittsburgh, Perm. 

TCA E, I. Du Pont De Nemours 90 12.9 
and Company, Inc. 
Grasselli Chem. Div. 
Wi].mington, Dela. 

2,Li,-T Lonsanto Chexa. Co. 98 38 
St. Louis, Mo. 

*Information obtained through personal correspondence 
with manufacturers listed. 



to the oi1 has little or no effect on the 'well being of soil bacteria." 

&ith and Wenzel (23, p. 228) found applications to the soil in quan- 

titles ranging from l2. to 200 p.p.rn. did not affect the total numbera 

of microorganisms during a test period of 213 days, although there was 

an initial decrease in the numbers of nitrite- and nitrate-forers 

lastin U) to 20 days. They mentioned that PPT on dry surfaces has been 

effective as an insecticide after several months, and that in soil it 

has killed Japanese beetle grubs after a year or more, inicating it had 

undergone little if any change or decomposition. This resistance to de- 

composition is substantiated by Sndth (21t, p. 2h6); in addition to find- 

ing that during an l8-aonth period a 2 percent (20,000 p.p.zn.) concen- 

tration of DPT in soil caused no change in bacterial numbers as shown by 

plate counts, he was able to recover 9 percent of the compound. Jones 

(12, pp. 8-9) found that DDT mixed in soil and stored for two years 

was toxic to amirionifying bacteria in concentrations above 1000 p.p.in. 

This toxicity was niost pronounced after one year but decreased at the 

end of two years. Concentrations above 1000 p.p.m. were toxic to ni- 

trifiera while free-living nitrogen-fixers were not affected, indicating 

DDT has no effect on sorne microorganisms. 

Foster (8, p. 37) states that DDT at 2 pounds per acre (12,S 

p.p.m.) in muck and mineral soils exposed to weathering remained un- 

changed and toxic to rye, oats and beans for 1 years J-te warns that be- 

cause of the toxicity to plants (9, p. 38), "heavy annual use of DPT, 

technical BHC, and probably other persistent chlorinated hydrocarbons 

appears to have definito danger of reducing within a comparatively few 

years the productivity of soils to which they are appliedt'. 
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Investigations on orchard soils in Washington state have shown 

that DDT from spray drip around trees has accumulated to the extent of 

100 pounds per acre 3 inches, equivalent to approximateiy 100 p.p.m.* 

This indicates that DDT is at least not rapidly decomposed in soil. 

Chiordane is used in amounts from i to 10 pounds actual per 

acre depending upon the particular kind of insect to be controlled (h, 

pp. 126-128), (30). It cari be applied as a dust, a spray, or worked 

into the soil (b, p. 126), (30). Smith and Wenzel (23, p. 231) made 

periodic plate counts of treated soil for 98 days and found an increase 

in total numbers of microorganisms where SO and 2S0 p.p.xn. chiordane 

had been added. The increase was particularly noticeable at the higher 

concentration. Plate counts for molds gave higher numbers than the 

control for the first 62 days at 0 p.p.m. but at 250 p.p.m. there was 

a considerable decrease for the whole 98.-day period. Nitrite- and ni- 

trate-formers were inhibited by the compound, though after ho days the 

nitrite-formers resumed activity and at the higher concentration of 

chiordane even surpassed the control. With the addition of cottonseed 

meal to soll containing 20 p.p.xn. chiordane, the recovery time of the 

nitrite-formera was shortened and the molds were no longer inhibited. 

Jones (12, pp. 8-S9), studying samples of treated soils over a two- 

year period, found chiordane inhibited nitrifiers at concentrations 

above 100 p.p.. and after two years still inhibited amnonifiers at 

1000 p.p.ia. arid higher. He found that free-living nitrogen-fixers were 

not affected by chiordane. According to Foster (8, p. 38) cI-ilordarie 

* Personal communication from H. E. Morrison. 
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persisted in soil for one year without chance as shown by plant res- 

ponse, but there are soixie indications it is less stable than DPT (9, 

p. 23). 

Toxaphene is applied at the rate of i to 2 pounds actual per 

acre as a spray, dust or as an Insect bait (li), (1h, p. 72), (30). 

Toxaphone is apparently rapidly decomposed in the soil and looses toxi- 

city for sensitive plants within 6 ionths (8). Smith and onzel (23, 

pp. 231-232) found O and 2S0 p.p.ni. caused a rtarked rowth stimulation 

of both bacteria and higher fungi as shown by plate counts . They 

stated that with an added source of nitrogen, toxaphene was utilized as 

a carbon source by both types of organisms. A publication by the 

Hercules Powder Company (U) also indicates this compound is broken 

down by microorganisms and rendered ineffective as an insecticide in a 

rather short tizne. Hawever, field trials by Morrison and Crovrefl (17, 

p. 2) have shown that toxaphene at 10 pounds per acre actual has proved 

effective against wireworrui, potato flea beetle and cabbage maggot for 

at least two years. 

Of the three herbicides tested I is the only one which acts 

primarily through the soil, the others ordinarily being applied to the 

foliage of the plant. IPC is normally applied to the soil at the rate 

of around pounds per acre (2. p.p.in.) and is useful in controlling 

certain grassy weeds (30). Newman (18, pp. 217-221) incorporated IPG 

in both an artificial medium and in soil at a rate of 2 to OO p.p.m. 

to deterndne its effect on nitrifying bacteria and carbon dioxide 

evolution. In both cases he found it to be sli,htly inhibitory at the 

higher concentrations, the nitrification process being more inhibited 
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than carbon dioxide evolution, He concluded, however, that at norna1 

rates of application there would be no noticeable effect on the soil 

rnicroorganisrnB. De Rose (, pp. 83-89), studying the persistance of 

IR; in soil found under field conditions an application of O pounds 

per acre (2 p.p.rd.) did not persist for longer than 60 days. Eitohe1l 

and Marth (ls, pp. 1-l7) added IPC to the soil at approximately 90 

p.p.fll. and found it to be inactivated within 60 days. Weaver (27, 

p. 300) found greatly reduced activity of IRJ after 12 days in a rich 

loam soil at concentrations of 22 and 220 p.p.m, Woolcott and Carl8on 

(29, p. 229) observed that in field applications of 30 pounct per acre 

(l p.p.ni. ) IR appeared to be inactivated in 30 to 60 days, depending 

on soil aeration. Newman, De Rose, and De Rigo (19, pp. 39g-396) ap- 

plied IPC to soil at rates up to the equivalent of 1,102 pounds per 

acre (1 p.p.m.) and found lt did not last beyond 39 days. In a corn- 

parison of persi5tance of activity in normal soil and in soil sterilized 

by autoclaving, they found no activity after 2 weeks in the former, 

while in the latter they could detect no decrease in todcity to plants 

after 9 weeks, at which tine the experiment was terminated. Studies of 

the effects of texuperature and nioisture indicated that optit condi- 

tiona for soil bacteria cauzed the most rapid decrease in IPC activity. 

They concluded that this disappearance was due directly to the action 

of the bacteria. 

PCA is used to control certain grasses and prickly pear cactus. 

It is applied either to the soil or to the plant at rates ranging froni 

l to 130 pounds per acre, depending on the particular type of plant 

and its stage of growth (21). There la little information concerning 



13 

this compound, but it has been stated by the manufacturers that its 

application . leave the soi]. virtu-t11y unproductive for 60 days or 

longer, depending on the soil type, soil moisture, and weather condI- 

tions, after which the land y be safely planted (7). 

2,1,-T is useful against niany broad-leafed plants. It is 

normally applied directly to the plant in liquid sprays at a concentra- 

tion of from )J2 to ) pounds per acre depending on the type of plant 

and density of the stand (16). De Rose and Newnan (6, pp. 222-22g) 

compared the persistance of 2,)-T and its homologue, 2,t-D, In soil 

under both field and greenhouse conditions, using soybean plants as in- 

dicators of activity. Ther found in field trials, where the compounds 

were applied at and 20 pounds per acre, that after 93 days 2,h,5-T 

was still active while 2,L-D was not. In greenhouse experinents, where 

the soil was kept moist but leaching was eliminated, 2,t-T was still 

active after 330 days while 2,I-D was no longer active after 67 days. 

Other greenhouse ecperiments, using the compounds under varied moisture 

and temperature conditions, showed that the rate of disappearance of 

each increased as conditions approached those optimum for growth of 

soil bacteria. In all cases 2,t,-T persisted longer than 2,t-D. That 

the disappearance rias due to bacterial action was indicated by the un- 

diminished activity of the compounds in aiitoclaved soil whereas in nor- 

ma]. soi]. the activity disappeared. in 3 to 6 weeks. àccordin to Audiis 

(1), 2,L-n detoxication is accelerated by high moisture, temperature 

and organic matter. By a soil perfusion technique he showed that the 

detoxication is due aLiost entirely to microbial activity. The process 

appears to be hydro],iytic rather than oxidative, and the decomposition 



products include an apparent root growth stimulant. 

Weaver (27, p. 300) found 2,lj.,-T mixed in a silt loan soil at a 

concentration of 220 p.p.m. was stil]. herbicidal after storage for iS 

months, during which the soil was moistened periodically. Neuman (18, 

pp. 219-220), using both conpounds in the 801]. at 25, 12, and 500 

p.p.m., found they were more inhibitory to the nitriíication process 

than to carbon dioxide evolution. 2,ìi-D was inhibitory to the niri- 

fIers at aU three concentrations; 2,,5-T, at the two higher concen- 

trations. At 500 p.p.m. each compound caused a one-third decrease in 

carbon dioxide evolution. Richards (21, pp. 518-L9) 8tucing the res- 

ponses of representative fungi to certain growth-regulating substances, 

observed that 2,L1,5-T inhibited rowtIi within the concentration range 

io2 to icr3 molar, (2250 to 225 p.p.m.) while ir3 to io molar con- 

centrations (225 to 22,5 p.p.rn.) were stimulating. Germination of 

spores of Asøergiflus candidus was inhibited by 2,Li,5-T in proportion 

to increasing concentrations. 

EXPERIMENTAL METH0J 

Soil Counts 

This experiment was undertaken to find out what effect the 

chosen insecticides and herbicides when thorough)y mixed with the soil 

and incubated under optimum conditions would have on the total numbers 

of molds and bacteria. 

The soil used was Chehalis silty clay loam obtained from the 

Lewis-Brown horticultural farm of Oregon State College. It was 
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air-dried and passed through a 20-mesh screen. The chemical and micro- 

bial anai,ys±s is shown in Table 2, page 16. Each compound, applied at 

the rates of 100 and 1000 p.p.rn., ivas thoroughly mixed with 200-grani 

portions of soil calculated on the water-free basis. The mixtures 

were placed in half-pint milk bottles and sterile tap water was added 

to give 60 percent saturation. The bottles were capped with paper caps 

punctured with a pencil for aeration and were then incubated at 280 C. 

Five sets of bottles were niade up for each compound at each concentra- 

tion for !, 10, 20, 10, and 60 day periods of incubation. Duplicate 

controls containing soil only were included, making a total of ]J bot- 

ties for each incubation period. Sterile tap water was added from tine 

to time during incubation to restore raoisture loss, as determined by 

weighing. At the end of the designated incubation periods the water 

content of each bottle was again broight up to 60 nercent saturation 

and the contents thoroughly mixed. Two 10-grain aliquote (water-free 

basis) were asepU cally transferred to sterile dilution blanks and ste- 

r tap water was added to give a total liquid volume of 100 mi. These 

were then shaken vigorously for 2 minutes, after which 10 ni. were 

transferred from each bottle to 90 ml. dilution blanks and shaken for i 

minute. This process was repeated. until duplicate dilutions of i in 

1,000,000 were attained in increments of 10. 

The total numbers of molds and bacteria were estimated using the 

plate count iïiethod. Mold plates were poured in duplicate, using dill- 

tions that would give approximately 30 to So colonies per plate, with 

peptone-glucose-acid agar as the culture medium. They were then incu- 

bated 3 to 5 days at 28° C. For bacteria, plates were poured with 



Table 2 

Analysis of Chehalis Silty Clay Loam Soil* 

Chemical Analysis: 

Moisture, per cent 131b 
Moisture capacity, per cent 7.2 
pH E.7 
Lime requirement (Truog) i ton per acre 

Nitrogen: 

Ammonium 26 p.p.m. 
Nitrite trace 
Nitrate 38 p.p.m. 
Kjeidahl, per cent 0.130 

Total carbon, per cent 1.680 

C/N ratio 13/1 

Sulfur as sulfate (Water-soluble) ]14 p.pm. 

Phosphorus as phosphate (Water-soluble) 2.0 p..m. 

Microorganisms: 

Molds, per grau 2t,100 

Mucors, per cent 8 
Peniciflia, por cent 88 
Aspergifli, per cent 2 

Bacteria, per gram 

Streptomyces, per cent LiS 

Azotobacter present 

This table includes data from other projects in Soil Bacteriology, 
Oregon Agricultural Ieriment Station. 

'Data expressed on water-free basis. 
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eodiuin albuiniriate agar using dilutions to give appronate1y O to 2O 

colonies per plate. They re incubated to 7 days at 28° C. Counts 

were made using a Quebec Colony Counter and a ricroscope as needed. 

Mold counts were recorded as thousands and bacterial counts as millions 

of organisms per grain of soil on the water-free basis (Fig. i through 

I), ages 28, 29, 31, 32 and 33.. 

Carbon Dioxide Evolution 

This phase of the pork was designed to supplement the plate 

count data with information based on goneral physiological activity of 

the soil microorganisms. Since CO2 production is a general and out- 

standing microbial function, soil respiration studies offer a reliable 

and convenient method for measuring physiological activity of the soil 

population and its response to favorable or unfavorable factors. The 

respiration apparatus and methods employed were essentially as described 

by Bollen (3, p. 39), whose procedure is based on the fundamental in- 

vestigations of Stokiasa (2S) and Potter and Snyder (20). Additional 

nutrient materials, sufficient to support abundant microbial develop- 

mont under favorable conditiona were added to the soil so that any 

bacterial inhib±tion due to the treatment with insecticides and herbi- 

cides would appear more pronounced. 

Hundred-grain portions of the soil, ori the water-free basis, were 

placed in half-pint milk bottles and the test compounds were added to 

give concentrations of 100 and 1000 p.o.tn. Aqueous solutions of glu- 

cose, NHMO3, K2HP0, and Na21!P% were added to give 2000 p.p.in. C, 

12 p.p.m. N, 218 F, and 2313 p.p.ni. K. Two types of controls 
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were set up, one containing only soil and the other containing soil 

plus the carbon, nitroe;en, phoenhorus, and potassiirn sources. Enough 

sterile tap water was added to each soil sample to bring it up to 60 

percent saturation. All treatxrents were made n duplicate. The bottles 

were incubated at 25° C Carbon dioxide-free air was passed over i.he 

soil at the slight pressure necessary to cause t to bubble slowly 

through a I x 6 inch test tube containing 30 ini. N/]. NaOI-I, which ab- 

sorbed the CO9 evolved. The CO2 absorption tubes were changed after 2)j. 

and b8 hours and after I, 7, ]J.i.., 21, and 28 days. The absorbed CO2 was 

determined by double titration pith H2SO, using a Fisher Titrimeter. 

Results were expressed as milligrams of carbon evolved as carbon dioxide 

per 100 grams of so1, water-free basis (Table 3, page 19). 

Zones of baceria1 Inhibition 

Relative activity of the insecticides and herbicides under con- 

trolled laboratory conditions was tested on three convnon bacteria re- 

presenting Important morphological and physiological groups. AU are 

widely distributed in nature; along with related species they contribute 

an important segìtent to the heterotrophic population of the soil. 

Escherichla coli, Bacillus subtilis, and Micrococcus yogenea 

frora stock cultures maintained in the Department of Bcterio1or at 

Oregon State College were :rown in nutrient brotli at a temperature of 

370 for 18 to 2h hours. The resulting broth suspensions were added 

to nutrient agar at a ratio of i ml. of broth to 200 ml. of nutrient 

agar, and approximately 15 ml. aliquota of this mixture were poured 

into 100 inni. Petri plates . When the agar bad hardened, testirì: of the 
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Table 3 

Effect of Insecticides and Herbicides on Organic 

Decomposition in Chehalis Silty Clay Loam Soil. 

Carbon Evolved as Carbon Dioxide from 100 g. Soil. 

Incubation Period Total CO2 carbon Increase 

(1) (2) (3) (Li) less CO2 over 
O-7 7-lS 15-22 22-26 in 28 frori soil 

Control 
days days day8 days days only 

Troatment p.p.ni. ing mg mg mg mg mg per cent 

Soil only 10.2 6.S 2.9 2.8 22.5 - -91.8 

Control* 1)49.7 23.3 7,9 S.S 186.5 163.9 - 
DDT 100 139.8 22.7 8.9 6.0 l77.b ]5)4.9 -S.S 

PDT 1000 136.3 26.9 8.5 7.1 178.8 156,3 

Chiordane 100 120.3 21.5 10.0 9.8 161,6 139.1 -15.1 

Chiordane 1000 137.1 23.7 7,3 6,)4 17)4.5 152.0 -7.2 

Toxaphene 100 136.3 25.0 8.7 S.S 17S.S 153.0 6.7 

Toxaphene 1000 10t.5 21.1 21.1 10.0 156.6 13.1 l8.8 

lFG 100 161i.8 22.ii 8.7 7.0 202.9 180.)4 +10,1 

IIN 1000 15)4.0 23.9 6.0 )4.5 188.)4 165.9 +1.2 

TGA 100 131.6 21.7 8,)4 5,6 167.3 1)4)4.8 

TGA 1000 131.3 19.1 8.0 6.S 16)4.9 l)42.)4 -13.1 

2,)4,5-T 100 152.1 20.1 8.2 5.7 186.1 163.6 -0.2 

2,)4,S-T 1000 1)41.8 18.8 5.6 3.6 169.8 1)47.3 -10.1 

*AU treatments except "soil only" included uniform additions of glu- 
cose, ammonium nitrate, and dipotassium phosphate (p.17). 
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insecticides and herbicides was carried out using a modification of the 

filter paper disc method of Vincent and Vincent (26, pp. l62-16t). Then 

the compourd to be tested was in powder or cirstalline form, the paper 

discs were first dipped into sterile tap water and then into the test 

material, Vhen the compound was a liquid (tecimical chiordane), the 

di8CS were dipped directly into the rteria1 and then allowed to drain 

a few seconde in contact with the inaide 01' tne container. then it was 

a soliu (teonnical toxaphene), a snafl piece was broken off and placed 

directly on the agar, ihree discs, 6. min. in diameter, were used per 

plate. Triplicate plates were iìade of each coìnntercial preparation of 

the Ô compounds, and each compound was tested on all three organisms. 

Control plates were also juade in triplicate using the paper discs dippei 

in sterile water. The plates were then incubated at a temperature of 

370 C. and observed each day for i days for zones of inhibition around 

the discs or the solid compound. righe zones around the various discs 

were measured from the edge of the bacterial growth to the edge of the 

discs. The average distances, expressed in miflimeters, are given in 

Table i page 21. 

Growth Zones on Agar Dispersed Compounds 

This experiment gave a different approach and acted as a check 

on the precedi.n one. 

2io hundred ml. portions of nutrient agar were mixed with 0.02 

and 0.2 gram portions of the 6 compounds to give mixtures of 100 and 

1000 p.p.m. technical grade compound to nutrient agar. The materials 

were first dissolved in 3 ml. of a suitable solvent (aceione for the 
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Table 1 

Zones of Bacterial Inhibition 

Compound Concentration Inhibition Zone* 

Added 
s. ..*... s s s sSse ...........e.. e s s s s t ......... s.. e.. etaS . s. s s 

ach. coli B. aubtilis L pyogenes 
aureus 

Control (nothing) - O O O 

DDT Teohnica1 O 1.O-1. O 

DDT o o o 

Chiordane Technical O 3$-20 3$-20 

Chiordane O 1-2 

Toxaphene Technical O 0.5-1.0 0 

Toxaphene 5% 0 0 0 

I1 Technical O O O 

IPO 50% wettable O 0,5-2.0 0 
powder 

TCA Technical O O O 

TCA 50% 0 0 0 

2,Li.,5-T Technical 0.5 5-7 3-Li. 

'Figures indicate zone of inhibition expressed in millimeters 

as measured from the edge of the disc or compound to the edge of bac- 

terial growth. 

Active ingredients of technical producta are shown in Table 1. 
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1nsect1cides ethanol for the herbicides) and then poured rapidly into 

the hot nutrient agar. After min'<, 1 1. aliquots tiere poured into 

Petri n1ates. Care waø necessary in mixing the solutions with the 

nutrient agar since excessive agitation caused the precipitated coni- 

pound8 to flocculate and settle out of the medurn. Diring hardening of 

the niedium, the lids of the pite were s1ightr raised to allow the 

acetone and ethanol to cvaorate . Triplicate plates were made of both 

concentrations of each compound, as well as control p1ate containing 

only nutrient agar and nutrient agar with acetone and ethanol. Sterile 

filter-paper discs,*tman No. 2, 6.S 'in. in diameter, were dipped into 

suspensions of the same organisms mentioned in the previous experint 

iich had been sub-cultured in nutrient broth for 21 hours at 37 C. 

The discs were drained against the insi.de of the culture tubes a few 

seconds and then placed on the agar. Three discs, one inoculated 'with 

each organism, were placed on each agar plate. The plates were inverted 

and incubated at 37° C. for three daye and then the bacterial growth 

onee were measured from the edge of the disc to the outer ede of the 

bacterial rowth. The average distances, expressed in millimeters, are 

given in Table , pace 23. 

Utilization of the Compounds as a Carbon Source 

A laboratory experiment was conducted to determine whether two 

of the test organisms, Esch. coli and 13. subtilis, were able to utilize 

ar of the insecticides or herbicides as a source of carbon. This 

could indicate a reason for t he decomposition and disappearance of the 

materials in the soil. Both liquid arid solid media were used to ret a 



23 

Table 

Growth Zones on Agar-Dispersed Compounds 

Compound Concentration Growth Zone* 
Added (p.p.m.) 

... s es...... ........ ......... e. 55 
Eich. coli 

s.S.e.S... 

B. subtilis 

e. t ... S. S S 
M. pyogenes 

aureus 
...................................................... 

Control (nothing) - 2.7 2.6 1.1 

Acetone 2.7 2.6 1.1 

Ethanol - 2.6 2.6 1.0 

DILYI' 100 2.]. 1.3 0.7 

DDT 1000 2.6 1,0 0.6 

Ch].ordarie 100 2.2 0 0 

Chiordane 1000 2.1 0 0 

Toxaphene 100 1.9 0 0 

Toxaphene 1000 2.6 0 0.3 

IPC 100 1.6 1.0 0.7 

IB 1000 1.L 0.3 0. 

PCA 100 2.ti 2.9 1.0 

TCA 1000 2.6 2.1i 1.2 

2,L,!-T 100 2.0 0.6 

2,,S-T 1000 1.6 0.2 0 

*pjg5 
indicate zone of bacterial growth expressed in muli- 

meters as measured from the edge of the inoculated disc to the edge of 

bacterial growth. 
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more conip]..ete picture since each method gave a different means of brin 

Ing the insecticides and herbicides in contact with the organisme. 

Since the compounds are essentiaUr insoluble in water, it as felt 

that results with only one type of medium would be too limited for any 

reasonable conclusions concerning the carbon availability. 

The liquid medium was the synthetic medium of Ayers, Rupp, and 

Johnson ( 2 ) . The compounds wore added to the basal medium in i percent 

concentration by dissolving a known weight in a suitable solvent (ace- 

tone for insecticides; ethanol for herbicide3), precipitating this in 

water, steaming for one hour to remove the solvent, and then adding a 

calculated amount of the suspension to tubes of the medium. In the 

case of 2,!-T, it was necessary to neutralise the resulting mixture 

with sterile NaOH solution. The resulting media were checked for star- 

Ility by incubating iS days at 300 C. and examining for color change, 

and both macroscopicaUy and microscopically for organisms. Pure cul- 

tures of B. subtilis and Esch. coli were grown on nutrient agar slopes 

at 370 C for 18 hours and the resulting bacterial growth was asepti- 

cally scraped from the surface of the agar and suspended in ]5 ml. 

sterile normal saline made with distilled water. The organisme were 

washed three times by centrifugation and finally resuspended in l ml. 

of norma]. saline. Three drops (approximately O.2S ml.) of each organism 

suspension were added to tubes of the compound-basal medium mixture and 

to control tithes containing only the basal medium. The tests were made 

in triplicate. Further control tests of the organisms, basal medium, 

and compound solvents were carried out in triplicate at the sanie time 

as follows : To te8t the viability of the centrifuged organisme , tubes 
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of nutrient broth were inoculated with the test organisma . To deter- 

ixine the ability of the basal rnediin to support the growth of the or- 

ganisms, a few drops of sterile dextrose solution re added to tubes 

of basal riedii and inoculated. To deterndrìo to what extent any re- 

¡ining traces of solvent might inhibit the growth of the organisms 

when a utilizable carbon source was available, a few drops of each sol- 

vent, toether with dextrose solution, were added to inoculated tubes 

of basal medium. AU tubes were incubated at 37° C. and observed daily 

for a period of 31 days for turbidity and for development of a yellow 

color indicating acid production. In doubtful cases, a loopfu]. of 

sediment and/or medium was smeared on a clean glass slide, stained, 

and examined under the microscope. Results are given in Table 6, page 

26. 

The solid medium. was of the same composition as the liquid mod- 

ium differing or3,y b,r the deletion of the indicator and the addition of 

16 grams of agar-agar per liter. Seeded plates were poured using 20 ml. 

of this medium and O.S ml. of the washed bacterial suspensions per 

plate. When the agar had hardened, technical grades of the insecticides 

and herbicides were placed directly on the medium and spread as thinly 

as possible over two areas the size of a SO-cent piece by means of a 

sterile wire loop. In the case of toxaphene, particles crushed as 

small as possible between two sterile spatulas were pressed onto the 

surface of the agar and half of each area was thinly covered by a 

layer of the medium. Every compound was tested in triplicate with each 

organism. In addition to controls having no added carbon source, pla 

plates of basal medium spread with dextrose were made in triplicate, 
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Table 6 

Utilization of Test Capounds as Sole Carbon Source 

in Synthetic Media 

rbon Source Test Organism Test Organism 

.... e..... S.. s S SI Esch. coli B. subti]ja 
..... ... .......... 

Esch. coli 
....e.... 

B. subtilis 
. e.... 

Nutrient broth control X I X X 

Basa]. medimi only - - - - 

Dextrose X X X X 

Acetone - - - - 

Ethanol - - - - 

Dextrose, acetone X X X X 

Dextrose, ethanol X X X X 

DDT - - - - 

Chiordane - - - - 

Toxaphene - - - - 

IPO - - - - 

- - - - 

2,14,S-T - - - - 

X Indicates bacterial growth 

- Indicates no bacterial growth 
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as were plates of nutrient azar. AU plates were inverted, placed in a 
370 

G. incubator and observed dafly for zones of bacterial growth. Ob- 

servations were discontinued after 6 days, when dehydration started the 

agar splitting. Results are shown in Table 6, page 26. 

RESULTS 

Soil Counts 

Insecticides. Figures l-a, b, and e, pages 28 and 29, show the 

average bacterial numbers in rdllions per grain of soil, water-free 

basis The tota]. bacterial numbers for the insecticide-treated soils 

are compared to those of the control on each chart. There appears to 

be little difference in the and p.p.xa. concen- 

trations as far as DDT and tophene are concerned. Both concentra- 

tions of the former (Fig. l-a) appear to bave a slight stirnulatory 

effect on the bacteria. The litter cOEnpound (Fig. l-c ) , gave such 

erratic results that it is difficult to draw any definite conclusions; 

however, it appears to be soniewhat stimulatory. Chiordane (Fig. l-b), 

on the other hand, shows a wide divergence between the effects of the 

two concentrations of the compound. Soil containing 1000 p.p.m. gave 

the higher colony counts. At this concentration almost all the colonia 

were clear, convex, to 7 ruin. in diameter with an entire edge and a 

sraooth, shiny surface. They were formed by an unidentified snU Gram- 

negative rod. The lower concentration of chiordane did not result in 

many of these colonies. While chiordane appears to have directly or 

indirectly a definite stiraulatory action on the bacteria, the effect 
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INSc'rICIB SOU COU TS--BACTRL 
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seems to be shortlived as evidenced by the rapid approach of bacterial 

nunibers to that of the control by the sixtieth day. This decline of 

numbers is not as noticeable with PDT and toxaphene because increases 

over the control were small, 

Figures 2-a, b, and o, page 31, show the average mold count in 

thousands per gram of soil. The control for this portion of the exper- 

inient shows a decrease in numbers at 20 days ; this u.y be a normal de- 

dine that generally foflaws an earlier stimulation. DDT (Fig. 2-a) 

and chiordane (Fig. 2-b) are shown to be definitely stimulatory to 

molds at both concentrations, the population peak occuring at about 20 

days, and then falling off to a point below that of the control by the 

sixtieth day. Toxaphene (Fig. 2-c) appears to be stimulatory in the 

lower concentration but somewhat inhibitory at the higher concentration. 

Herbicides. The effect of the herbicides on the average bacter- 

ial numbers is shown by Figures 3-a, b, and o, page 32. At 100 p.p.m. 

none of the herbicides appear to have any marked effect on the bacteri. 

population. At 1000 p.p.ra. lFG (Fig. 3-a) as stimulatory to the bac- 

tena while TCA (Fie. 3-b) at this concentration apoears definitely in- 

hibitory. The response to 2,b,-T at 1000 p.p.ra. was not much different 

than that at 100 p.p.m. 

The effects on the fungi are shown by the averaged plate counts 

in Figures b-a, b, arid c, page 33. i!ere IPC (Fi,. h-a) was irthibi- 

tory, particularly at the higher concentration. TCA (Fig. !-b) and 

2,I,S-T (Fig. )4-c) gave results comparable to those of DDT and chlor- 

dane (Fig. 2-a and-4). Each concentration induced a maximum population 

by 20 days, followed by a drop extending below the control by the 
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sixtieth day. 

Carbon Dioxide Evo1ution 

31. 

Results of the respiration experiment are presented in Table 3, 

page 19. Influence of the various treatnents is shown as percentage 

variations from the control. A comnarison of the CO2 output cf the 

control, which, like the pesticide-treated soils, received lucose and 

complete fertilizer, with the untreated soil sajnple shows a vigorous 

response to theee additions. By thus insuring a marked respiratory 

activity under favorable conditions, opportunity was provided for ade- 

quate demonstration of inhibition or stimulation that might result 

froi the added insecticides or herbicides, 

Of the six pesticidal cotapounds only IPC at 100 p.p.in. resulted 

in a definite increase in carbon dioxide evolution, At 1000 p.p.m. it 

gave a slight increase at first, after which variations from the con- 

trol are within experimental error. It appears likely that a higher 

concentration would have been depressive. The 10 per cent additional 

co2 produced with the 100 p.p.m. addition of IPC is equivalent to only 

30 per cent of the carbon added by the herbicide. This may well have 

been provided by early decomposition of the carbamate and isopropyi 

groups, the phenyl being resistant or toxic; or additional nitrogen 

provided by the carbaiate radicle may have enhanced decompositon of the 

glucose. The experinent was too limited in scope to provide definite 

indications regarding these possibilities. 

In aU other cases, except with 2,Ii,-T at 100 p.p.ri. where the 

effect was negligible, the pesticides definitely decreased CO2 
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evolution, At the lower concentration chiordane was nost inhibitive; 

at 1000 p.p.rn. toxaphene was outstanding in initia]. depressive effect. 

Zones of Bacterial Inhibition 

The average inhibition eones of the compoimds tested are shown 

in Table I&, page 21. Esch. cali was essentially uninhibited by any of 

the coirrpounds, B. subtilis was inhibited by at least one concentration 

of every compound except TCA, and . pyoenes aureus was inhibited 

only by chiordane and It is difficult to evaluate these re- 

suits due to the quantitative irregularities arising from this niethod 

of testing. It would appear, however, that of the six materials tested 

only chlordane and 2,,S-T are inhibitory to an appreciable degree, 

even at saturation, and that the effects of these compounds vary mar- 

kedly with the particular organisni with which they come in contact. 

Nearly all of the pesticides were practically insoluble in water; dif- 

ferent results might have been obtained with water-soluble 

derivatives. 

Growth Zones on Agar-Dispersed Compounds 

The average daneter of the bacterial growth zones on the 

various compound-medium nixtures is shown in Table , page 23. 

Here again Fach. coli was the lea3t affected of the three test 

organisms To this organism I appears to be the moat inhibitory and 

TCA the least inhibitory, The apparent decreased inhibition by toxa- 

phene at 1000 p.p.rrì., as compared to 100 p.p.m., was due to the 

cryst.3llizing of the compound at the higher concentration into 
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slender needles extending above the medium surface a few hours after 

the medium had hardened. This must have resulted in a considerably 

lower concentration in the medium. Chiordane and toxaphene completely 

inhibited B, subtilis at both concentrations while 100 p.p.m. TCA re- 

sulted in wider growib zones than those on the control plates. 

M. pyogenes aureus was inhibited at both concentrations of toxaphene 

and by 1000 p.p.m. For all three bacteria TCA was the least 

inhibitive compound. While response of the bacteria to these compounds 

is to a large degree determined by the specific organism, it is evident 

that the Gram-negative Each, coli is less susceptible than the Grain- 

positive species. This agrees with the differential response exhibited 

by Gram-positive and Gram-negative bacteria in general to dyes and many 

other inhibiting agents. 

Utilization of the Compounds as a Carbon Source 

Results obtained with liquid and solid synthetic media in which 

the insecticides and herbicides provided the only carbon source indi- 

cated they were not utilizable by the bacteria tested (Table 6, page 

26). The chance discovery of mold growth in exposed tubes of liquid 

media a few days after the experiment had been terminated suggest that 

this group of organisms may be responsible for the breakdown of some 

of the compounds tested. Lack of time prevented any further 

investigation. 

DISCUSSION 

DDT. Plate counts showed that the introduction of DDT into 
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the soil resulted in a slight but prolonged increase in bacterial nuni- 

bers (fl.g. 1-a) and a large temporary increase of molds (Fig. 2-a). 

There is considerable variation in the results of investigators 

who have used bacterial counts as an indicator for the effects of DDT. 

List and Payne (13, p. SS) found 127 p.p.ra. DDT decreased bean ndu1a- 

tion. Fults and Payne (10, pp. 2h-21x8 ), extending this work, found no 

change in the bacterial population within the nodules, but did find an 

increase in the length of the organisms and in the nurnber of Grani-posi- 

tive cells, which were probably contaminants. Smith and Wenzel (23, 

p. 228 ) found no change in the total numbers of bacteria and fungi 

when periodic plate counts of soil treated with concentrations of DPT 

ranging from l2.f to 200 p.p.m. were made over a 213-day period. An 

initia], inhibition of nitrifiera disappeared within 20 days. These 

investigators also mentioned that DIY1' in the soil for a year or more 

is knovrn to retain effectiveness in destroying Japanese beetle grubs. 

This could indicate either little decomposition or a toxic decomposi- 

tion product. 

Smith (2L., p. 2ti6) incorporated DDT in the soil at the rate of 

2 per cent (20,000 p.p.m.) and made periodic bacterIal plate counts and 

chemical tests for the insecticide residue for a period of 18 months. 

He found no change in numbers and recovered 9 per cent of the compound, 

Jones (12, pp. S3-9) found soi]. concentrations of DDT above 1000 p,pm. 

became toxic to anrionifiers, particularly after one year, but were less 

toxic after two years. Concentrations above 100 p.p.m. were sontwhat 

inhibitory t,ø nitrification. Free-living nitrogen fixers were unaf- 

fected. 



The soil respiration experiment shows for Dill' a CO2 evolution 

decrease of and L,6 per cent below thab of the control (Table 3). 

It can be seen that riiost of the decrease occured during the first week 

of incubation arid subsequently the CO2 evolved in the DDT treated soil 

was higher than that of the control. This prelininary inhibition is in 

line with the findings of Smith arid Wenzel (23, p. 229 ) of a temporary 

inhibition of nitrite-forning organisms brought about by DDT in the 

soil. 

Inhibition and groth zones (Tables ! arid S) show that DDT is 

slight]y inhibitory to some Gram-positive bacteria, the extent of the 

response depending on the particular species under consideration. 

The experiments relating to carbon utilization in synthetic 

media, while limited, indicated that even under the stress of carbon 

starvation the representative species of bacteria studied were unable 

to attack DDT as a carbon source, This was true also of the other 

five compounds tested. 

Since DDT is so highly resistant to decomposition, as pointed 

out by Smith and Vlenzel (23), Smith (2I), arid Jones (12), the stiinu- 

lator response shown by molds to this compound ¡iy he due either to 

the utilization of impurities in the technical grade (70-75 per cent 

actual ) as food or to direct stimulation of the oeil to better utili- 

zation of nutrient materials alrear present in the soil. 

Chlordarie. Plate counts of the chiordane-treated soil samples 

showed an increase in bacteria], numbers for both concentrations of the 

compound (Fig. l-b). At 1000 p.p.xn. there was a 300 per cent increase 

over the control due almost entirely to apparently a single species of 
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Gram-negative organism. The diversified response of various species of 

bacteria to this compound can also be seen frani the inhibition and 

growth zones (Tables L and ). Fungal numbers (Fig. 2-b) were increa- 

sed at each concentration of chiordane, reached their maximu at 20 

days and then declined below the control before the 8ixieth day. 

The$e findings of bacterial and ixold stiiiulation are eseitially the 

saine as those reported by Smith and Wenzel (23, p. 231) who made plate 

counts of soil treated with 0 and 20 p.p.ni. chiordane However they 

found ino1d to be inhibited at the higher concentration. It is diffi- 

dut to reconcile this inhibition at 20 p.p.xn. with the stimulation at 

1000 p.p.m. in our work. It may have been due to difference in expon- 

meritai procedure or soil type, or at 1000 p.p.iu. the increases may have 

involved different specific organisms. 

In the soil respiration experiment chiordane resulted in a l.l 

arid 7.3 per cent decrease in CO2 evolution below the control for 100 

and 1000 p.p.ra. respectiveiy. The lesser inhibition at the higher con- 

centration corresponds with the stimulation of the Graxa-negative rod 

mentioned previously. The CO2 decrease agrees with the inhibition dis- 

played by the compound to certain species of ctenia as shown by the 

inhibition and growth zone tables. Smith and Wenzel (23, p. 231) and 

Jones (12, pp. S8-S9) reported that nitrite- and nitrate-fox-mers were 

also inhibited by chiordane Jones' findings that the cpound was 

toxic to annonifiers even after being in the soil for two years indi- 

cates that it is quite resistant to decomposition by microorganisms. 

Toxaphene. This insecticide effected an erratic but definite 

increase in bacterial numbers at both concentrationB with the higher 
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concentration being moat stirnulatory (Fig. 1-c). Molds showed ari in- 

crease at the lower concentration lasting for a period of about ho y; 

after which the numbers dropped to a point below that of the control. 

At 1000 p.p.m., the con3pound had little effect until about the thirti- 

eth day, after which the inhibition became nioro apparent (Fig. 2-c). 

Similarly, Smith and Wenzel (23, pp. 231-232) using the compound at 

0 and $0 p.p.m., reported that bacteria and molds were stimulated by 

the compound and believed it was used as a source of carbon. Utiliza- 

tion of the compound is also indicated by the short time it remains 

effective as an insecticide (U). 

At 100 p.p.m. the CO2 evolution was 6.7 per cent lower than the 

control and at 1000 p.p.m. it was 18.2 per cent lower (Table 3). How- 

over, in each case the depression occured during the first 7 days of' 

incubation, after which the toxaphone-treated soils evolved more 002 

than did the control. This was particularly noticeable with the 

higher concentration. 

Inhibition and growth zones (Tables h and ) show a slight in- 

hibition of the organisms by these chlorinated bydrocarbons and also 

show the tendency for the Gram-positive organisms to be nore inhibited 

than the Gram-negative. 

. 
Plate counts of I treated soil samples clearly indi- 

cated that the compound was stimulatory to bacteria and inhibitory to 

fungi, the degree of response in each case increasing with the concen- 

tration of the compound (Fig. 3-a arid b-a). 

The CO2 evolution shovied that concentrations of IPC far in 

excess of practical field applications increased respiration in the 
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soil. While 100 p.p.in. IPG increased CO2 evolution by 10.1 per cent, 

1000 p.p.m. gave an increase of little over i per cent, which ïs within 

experimental error. It is thus evident that at soxrte higher concentra- 

tion I must become inhibitive. (Table 3). Newman, using a silt 
loam soil moistened to 60 per cent of the saturation capacity, (18, 

p. 220) found IR at 00 p.p.ni. slightly inhibitory to CO2 evolution 

during a 7-day incuoation period; 2 and l2 p.p.m. ahow3d no effect. 

The results of the inhibition and growth zone experiments con- 

flict. No inhibition was displayed on the seeded platos while with 

inoculated discs on nutrient agar containing 100 and 1COO p.p.m. lFG 

there was an inhibition, increasing with the concentration. This con- 

filet is probably due tu the more intimate association between the 

bacteria and t'ne lFG in the growth zone experiment since the compound 

was dispersed throughout the medium, while in the inhibition zone ex- 

perinient it was only on the surface of portions of the inoculated 

medium. Newman (18, p. 218) found lFG at concentrations of 12 and OO 

p.p.m. inhibitive to various species of bacteria in an artificial 
medium and to the nitrification process in the soil. Other workers 

(s;), (is), (27), (29) have found consistently that lFG disappears 

rapidly from the soil particularly under conditions optimum for bac- 

terial growth, indicating rapid bacterial decomposition. Newman, 

De Rose, and De Rigo (19, pp. 39g-396) further substantiated this by 

their findings that while IPC disappeared from normal soil in 2 wecl:s, 

in autoclaved soil no decrease in tocity to plants could be observed 

in a 9-week observation period. It thus appears that while molds and 

certain bacteria, including the nitrifers, are inhibited, the general 



niicroflora active in organic decomposition may be increased by IFC. 

!. Although plato counts revealed instances when the bac- 

teMal nunibers in TCA treated soil were slightly above those of the 

control (Fig. 3-b), the general effect of the herbicide appears quite 

definitely to be one of inhibition, the degree increasing with the 

concentration. The compound had a stimulatory effect on molds, the 

higher concentration resulting in the larger increase (Fig. 1i-b). The 

amount of increase was such that it appears likely the molds were cap- 

able of utilizing the compound as a food source. 

In line with results from the bacterial plate counts, PCA ap- 

plied to fortified soil in the respiration experiment resulted in a 

decrease in CO2 production, the higher concentration causing the 

greater decrease. 

Although the molds seem probably the most important group of 

microorganisms responsible for any disappearance of PCA from the soil 

the results of the inhibition and growth zone experiments (Tables I and 

) indicate that some species of bacteria also find the compound stimu- 

lating . Supporting evidence that soil microorganisms are capable of 

utilizing TCA in sorne manner appears in a manufacturer's instruction 

and information bulletin; this states that while PCA may cause the soil 

to be temporarily unproductive, the compound becomes ineffective as a 

herbicide in about 60 days, depending on soil and weather conditions 

(7). 

2,tj.,S-T. Plate counts (Fig. 3-c) showed both concentrations of 

2,!,S-T to be slightly but consistently stimulating to the soil bac- 

teria. The molds (Fig. li-c), while also stimulated by the compound, 
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levelled off after 140 days to counts below the control. The higher 

concentration tended to be more stlmulatory for bacteria throughout the 

experiment, while with the fungi an initiaUy greater count dropped be- 

low that of the lower concentration by the fortieth day. 

Richards (21, pp. Sh8-149) found various concentrations of 

2,b,-T incorporated in an artificial medium to be stimulatory to re- 

presentative fungi at concentrations of to molar (2 to 2SS 

p.p.m.) but inhibitory from 1O to i02 (2ES to 2%O p.p.in.). Germi 

nation of Aspergiflus candidus was inhibited in proportion to the con- 

centration. The occurence of inhibition at this comparatively low 

concentration of 2S p.p.m., in experiments as opposed to the 

stimulation at 1000 p.p.m. shown by our soil counts, could be due to 

the use of artificial media and pure cultures instead of the soil and 

its natural mixed flora, 

Evolution of CO2 was unaffected by 100 p.p.m. 2,14,-T, but with 

1000 p.p.iri. there was a decrease. This could be expected since both 

inhibition and growth zones (Tables 14 and ) indicated that certain 

species of bacteria are inhibited by the compound, the degree of inhi- 

bition increasing with the concentration. 

Newman (16, pp. 219-220), using 2,14,S-T in soil at concentra- 

tions of 2, 12 and 500 p.p.ni., also found it to be inhibitory to CO2 

evolution as weil as to nitrïfication at the two higher concentrations. 

De Rose and Newman (6, pp. 222-22g ) varied the moisture and temperature 

of soil samples into which 2,14,-T had been incorporated and found the 

rate of its disappearance increased as conditions approached those 

optimum for the growth of microorganisms That this disappearance was 



due to bacterial activity was indicated by- the loss of herbicidal 

action in three to six weeks in normal soil while in autoclaved soil 

the activity of the compound remained 'undiminished. Although this 

gives a clear indication that microorganisms under optirruwi conditions 

are capable of deccuposing 2,L,S-T in the soil, the rate of decoinposi- 

tion is apparently rather slow since in another experiment by De Rose 

and Newian (6, p. 222), where the possibility of the compound leaching 

from the soil was prevented, 2,1-T was stifl active after 330 days. 

Weaver (27, p. 300) also indicated the herbicide was quite stable when 

he reported 220 p.p.m. in the soil was found to be still active after 

l rnonthn. 

General Considerations. A suggested explanation for the lack of 

agreenient between the results of the soil-count experiment, which shows 

a tendency for the added compounds to stimulate the organisms, and the 

results of the CO2 evolution experiment, which shows a tendency towards 

inhibition, is the difference in the criteria used as 'weil as in the 

nutritive value of the soil. The soil as it caine from the field and as 

it was used in the p].ateount experiment was comparatively low in 

nutrient materials, particularly in organic natter. This can be seen 

fron Table 1 and by comparing the amount of CO2 evolved by the un- 

treated soil sample vdth that of the control which contained added 

sources of carbon, nitrogen, phosphorus and potassium. Because of this 

below-optimun condition, the soil microorganisms were at a relatively 

low level and thus more likely to respond to an added pesticide as a 

possible source of carbon or a an amendment. In the C0 evolution 

experiment, fortification of the soil gave near optimum nutritional 
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conditions for the microorganisms and therefore the response to other 

additives could more likely be an inhibition. 

!?i:. A sinafl but prolonged increase in numbers of bacteria and 

a definite increase in molds was produced by DDT added to the soil. In 

pure culture B, subtilis and LI. pyogenes aureus were inhibited by the 

insecticide while Esch. coli was not affected. Soil respiration, which 

reflects activity of the soil rnicroflora as a whole, was at first 

slightly depressed and later stimulated by DDT. It is thus apparent 

that while certain bacteria may be retarded there is no evidence that 

DPT, even when used considerably in excess of the recoinniended rates, 

will so affect microorganisms as to cause any significant change in 

soil fertility. 

Chiordane. Response of bacteria and molds to relatively high 

concentrations of this substance varied widely; stimulations as well as 

inhibitions were observed. Although chiordane is reported to be iesis- 

tant to decomposition, its recommended rate of application is only i to 

10 pounds per acre, making it doubtful that even reapplications would 

appreciably influence microorganisms in the soil. 

Toxaphene. The lack of any marked inhibitory effects with toxa- 

pliene even at rates of 0 to 100 times higher than recommended for 

insect control, and its apparently rapid rate of decomposition in the 

soil, remove any likelihood of its having a deleterious action insofar 

as soil microorganisms are concerned. 

IPC. This compound was found to be generally stimulatory to 

bacteria ajid inhibitory to molds However, the small amount required 

for soil treatment and the rapid rate of decomposition rule out the 
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probability of any appreciable influence on soil fertility. 

This herbicide had no demonstrable effect on the test 

organisms used. Soil respiration was definitely retarded at first but 

the effect was not lasting. TCA is used in fairly high concentrations 

(iS to 130 pounds per acre) as a spray applied to plant foliage and 

most of it would eventually come in contact with the soil. Since the 

compound is apparently decomposed rapidly, it is doubtful that any 

seriously high concentrations would accumulate. Therefore, it seems 

unlikely that use of TCA as recommended by the manufacturer would re- 

suit in any important inhibition of the soil microorganisms. 

2,t,5-T. Although 2,),5-T is apparently decomposed in the soil, 

this action is slow. While certain microorganisms are inhibited and 

others stimulated, the effects of even a considerable excess of the 

compound were not great Inasmuch as tlie compound is applied directly 

to the plants at low concentrations, there is no reason to believe that 

the use of this herbicide would decrease soil fertility by inhibiting 

microorganism. 

General Conclusions. At rates of 100 p.p.xa or more, excessive- 

ly high from the standpoint of recommended field applications, the in- 

secticides and herbicides tested were at most only slightly inhibitory 

to the over-all development of microorganisms in the soil. 

Different organisms were found to respond differently to the 

sanie as well as to different pesticides. The degree and duration of 

the response, whether stimulation or inhibition, varied with the speci- 

Lic organism, the compound, its concentration, and environmental fac- 

tors. However, even at 100 p.p.m., the lowest concentration used in 



this work and equivalent to 200 pounds per acre, the rate of applica- 

tion was up to 100 t.ines the average reconirnended rates for field 

application, depending on the conipound considered. With this in mind 

it would seem doubtful that recomniended concentrations for insect or 

weed control would adverseiy influence the soil microorganisms to a 

degree that would result in a detectable change in soil fertility. 

Siini]ar1y, it is doubtful that normal reapplication of these cipounds 

in field use would build up residues sufficient to cause adverse micro- 

bial effects. Even the excessive concentrations of 1000 p.p.rn., caused 

no striking change in activity of the microorganisms With normal pro- 

cesses of deconiposition, and possibly leaching, such high concentra- 

tions of insecticides or herbicides are unlikely to accumulate from the 

applications recornniended for agricultural soils. 

SU4MARY 

The insecticides IYDT, chiordane, and toxaphene, and the herbi- 

cides IPG, TCA, and 2,1,!-T were used in several experiiaents in an 

attempt to find out if relatively high concentrations of these coin- 

pounds would bave either a stimulatory or an inhibitory effect on soil 

microorganisms and thereby influence fertility of the soil. 

Bacteria and molds in Chehalis silty clay loam soil that had 

been treated with the pesticides at concentrations of 100 and 1000 

p.p.rn. for periods extending frani S to 60 days were on the average 

more numerous than in untreated controls for both groups of organisms 

at each concentration. 

Carbon dioxide evolution used as an indicator of metabolic 
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activity showed that addition of insecticides and herbicides to soil 

supplemented with sources of carbon, nitrogen, phosphorus and potassium 

resulted in some decrease in nd.erobial activity. The only exception 

was I which caused a slight increase. 

Paper discs saturated with the compounds and placed on plates 

seeded with Each. coli, B. subtilis, and M. pyogenes aureus resulted 

in small zones of inhibition, The Gram-positive organisms were in- 

hibited most.. Chiordane and 2,t,S-T were niore inhibitive than the 

other compounds. 

Inoculated paper discs on plates of nutrient agar in which the 

compounds were suspended also showed inhibition zones that again indi- 

cated the Gram-positive organisms were most inhibited. Chlordane, tor- 

apheno, and 2,Ì-T were the moat inhibitive. 

Esch, coli and 13. aubtilis failed to grow in either solid or 

liquid media containing the insecticides and herbicides as the only 

available carbon source A later chance observation disclosed that 

molds were able to ow on some of these mixtures, indicating that fun- 

gal activity may be one of the first steps or a contributing factor in 

the breakdown and eventual disappearance of these compounds frani the 

soil. 

it is concluded that if these compounds are used in accordance 

with the manufacturer's instructions for purposes of insect arid weed 

control, there will be no consequent change in soil fertility due to 

effects on uicroorganisms in the soil. 



Table 7 

Summary of Microbial Reactions to Pesticides 

Concen- Growth on medium in Utilization 
Compound tration Soil counte# CO2 direct presence of compound as carbon 

D.D.m. Bacteria Molds ev-olution Esch, coli M, pyoenes B. subtilis source 

DDT 100 + + - - - - 
1000 + + - x - x Sat.* X X O 

Chiordane 100 + + - - o o 
1000 +++ + - - o o 
Sat. x - - O 

Toxaphene 100 + + - - O O 
1000 + - - X - o 
Sat. x x - O 

IF 100 - + - - - 
1000 + - * - - - 
Sat. x x - O 

TCA 100 + - - X X 
1000 - + - X X X 
Sat. x x x O 

2,L,5-T loo + - _ 
1000 - + - - o - 
Sat. - - - O 

. Excess of solid compound present 
# -f. indicates increase, - indicates decrease, indicates no significant effect 

x indicates normal growth, - indicates retarded growth, O indicates no growth 
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