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DETERMINATION OF SOIL MICROORGANISM POPULATIONS

IN THE EGLIN AFB, FLORIDA, BIODEGRADATION PLOTS*

JUNE 1975

by

Capt William J. Cairney
Department of Chemistry and Biological Sciences
US Air Force. Acadenmy, Coloradeo 80840

*An in~house report assessing the role of microorganisms in the
disappearance of herbicide Orange in the biodegradation plots at
Eglin AFB, Florida. This report is in support of the AFLC Project
on the Disposition of Herbicide Orange.



INTRODUCTION AND LITERATURE REVIEW

The general role of microorganisms in the biodegradation of
herbicides has been thoroughly investigated.and wall documented.
Research at universities and by interesteé industries has dealt with
biodegradation of commexcial herbicides by fungi, bacteria, and
actinomycetes, alone, and in combination. Thig résearch has tended
to stress the action of total numbers of organisms rather than on the
effects of specific species or genera involved in the actual breakdown
{1,2,3,4,5,6,7,8,9,10,11,12,13,14,17,18,19,20,21,22,23,24,25,26,32,34,
35,36,37,38,39).

That soil biodeg?adation of pesticide compounds does occur, and
that soil microorganisms are at least partially responsible for that
degradation has been confirmed by Kearney, et al. in several key
papers (21,22,23,24). These workers have reported primarily on the
role of total microflora on degradation, and on individual enzymes

t

involved in the breakdown process. Bollag (8,9,10) implicated certain

soil fungl, especially Geotrichum candidum, in the alteration of

pesticides.

Contrayy to some irrespongible reporting in mass media publications,
the use of pesticides, especially herbicides, does not cause
sterility (i.e;, comﬁlete elimination of microflora) in soil. Tyagny-
Ryadno {39), in determining the effect of herbicides on the microflora
and agrochemical properties of soil, concluded that some herbicides
actually increase bacterial populatidns. The herbicide 2,4-dichloro-

phenoxyacetic acid (2,4-D) 4id not, however, enhance microbial growth



in studies by Bollag (8,9,10). He stated that some herbicides promote
growth of fungi, but seem to inhibit actinomycetes.

In investigating the action of 2,4-D on Azotobacter spp. in
sugaﬁcane soils, Colmer (11) has determined that the population
levels of these organisms are not affected if herbicide rates are
within those normally recommended for sugarcane. Johnson and Colmer
{19,20) studied the effects of 2,4~D and 2,4,5~T (2,4,5-trichloro-
phenoxyacetic acid) on metabolic activities of wvarious bacteria

including Bacillus cereus, certain Azotobacter spp., and Pseudomonas

flourescens. They concluded that concentrations of 2,4-D at less than

5,000 ppm have little inhibitory effect on Pseudomonas flourescens.

One consequence of the spraying of herbicides has been the
potential contamination of sprayed sites with 2,3,7,8-tetrachlorodibenzo-
dioxin (TCDD), a persistent and potent teratogen, synthesized as a
aontaminant in the production of 2,4,5-T herbicide. Although data is
incomplete regarding the microbial degradation of TCDD, the problem

of the persistence of TCDD in soil is acute. Morbidity and Mortality

Weekly Report, Volume 23, Number 34, reported human and animal deaths

and/or serious pathology as a result of spraying TCDD contaminated
substances on horse arenas for dust control. TCDD accumulation in
natural food chains has been studied and data are presently being
generated to glucidate the extent to which microorganisms degrade this
potentially hazardous material,

One difficulty in the analysis of field soils for effects of

herbicide on soil organisms {and vice versa) is the lack of baseline



data describing microfloral populations of areas available for
incorporation of large amouhts of ﬁerbicide. Two areas with some
baseline data completed are Eglin AFB Reservation, Fglin AFB, Florida,
and the environsg of Dugway Proving Ground, Utah (2,3,15,16,27,28,29,
30,31,32). 1In a recent technical report, Young, et al., showed that
field soil spraved with massive quantities of military herbicides was
identical in microfloral character to adjacent non-sprayed control
areas 3 vears after the last herbicide application (40). This report
made maximum use of baseline data available, but would have been even
more significant had a detailed microbhial survey been conducted
immediately before and at intervals following applications of herbicide,
In a summary of this same report, Young, et al. indicated that soil
microorgaﬁism levels are probably linked to the disappearance and
reappearance of vascular plants during and following (respectively)
applications of herbicide (41).
i
METHODS AND MATERIALS

S0il biodegradation plots were established on the western border of
Test Area C-52a (TA C-52), Eglin AFB Reservation, Florida. The soils
of the area are Lakeland Sandy Loam Association containing a high
percentage of sand and low orgénic matter. Table 1 describes a
representative soil profile by 15 em increments to a depth of 90 om.
The area has a mean anmual rainfall of 150 ¢m and an average temperature
at 6 feet above the surface of 19.8°C with the minimﬁm mean average of

14.59C and maximum mean average of 24.9°C.



TABLE 1. SOIL PROFILE {15-cm INCREMENTS) FOR SOIL
BIODEGRADATICN PLOTS, EGLIN AFB, FLORIDA

DEPTH/CM  SAND-%  SILT-%  CLAY~% 0.M.-3> C.E.C.b
0-15 9l.6 4.0 4.4 0.46 1.19
15~30 90,1 4.3 5.6 0.20 0.81
30~45 92.1 4.3 3.6 0.20 . 0.73
45-~60 92.9 3.5 3.6 0.00Q 0.69
60~75 93.1 2.8 4.1 0.07 0.69
75-90 g92.8 3.6 3.6 0.07 0.69

aPercent organic matter.

bC.E.C. (cation exchange capacity) is the ability of

a cation to be displaced or exchanged from the soil
by another cation. A soil with a cation exchange
capacity of 1 can "bind" or "fix"™ 10 ppm of a given
cation(s}.

Ten plots, each 3.1 byIB.l m in dimension were staked in March 1971.
Eight of thg plots were rototilled to a depth of 30 cm. Six of the
eight plots(received 4.5 kg lime, 13.5 kg organic matter (dried hay,
partially decomposed) and 1.4 kg fertilizer (12:4:8 for N,P,K respectively).
On 2 April 1972, six of the 10 plots received 4,480 kg Herbicide Orange -
{a 50:50 formulation of the n-butyl esters of 2,4-D and 2,4,5-T}). The
description of the study is shown in Table 2. The soil amendments were
those incorporated in the plots in March 1971. The herbicide was applied
in each plot into three 30-cm wide trenches approximately 10-12 cm deep.
In the two plots receiving charcoal, a 1 cm thick band of activated
coconut charcoal was placed in each trench prior to the application of

the herbicide. The trenches were covered after treatment,

S0il samples from each of the biodegradation plots were collected



TABLE 2. DESCRIPTION OF THE EGLIN AFB, FL, BIODEGRADATION STUDY
OF HERBICIDE ORANGE, PLOTS ESTABLISHED 2 APRIL 1972.

SOIL CONCENTRATION OF HERBICIDE
ON 7 APRIL 1972, ppMd

PLOT DEPTH

NO. TREATMENT ' 0-15 CM 15~30 CM
1,2 Control N.D.b N.D.
3,4 Soil Amendments® N.D. N.D.
5,6 4,480 kg herbicide/ha 4,900 300
7,8 4,480 kg herbicide/ha 5,705 230

plus soil amendments
9,10 4,480 kg herbicide/ha 3,075 135

plus goil amendments
and activated coconut
charcoal

8concentration is a total of the n-butyl esters and free acids of
2,4~D and 2,4,5-T herbicide.

bNone detected.

®s0il amendments included 4.5 kg lime, 13.5 kg organic matter, and
1.4 kg fertilizer (12:4:8 for N,P,K respectively) uniformily mixed
within the top 0-30 om of soil in the plot.
from the 0-15 and 15-30 om increments in June 1974, August 1974, and
April 1975. Samples were collected using sterile ceramic tools and
'immediately placed in sterile glass jars. All samples were kept
refrigerated, but not frozen, until they were delivered te the laboratory
for mierobial analysis.
The soil samples were prepared for microbial analyses in the
following manner. Thirty (30) grams of each sample were added to
300 ml sterile distilled water. These mixtures were each blended
for 1 minute in a Honeywell blender., Dilution series were made from
these suspensions using sterile distilled water blanks to achieve

dilutions of 107>, 10-4, and 10°°. Dilutions were dispensed in three



media in sterile Petri plates with three replicates per dilution for
each sample. Plated samples were incubated at room temperature (approxi-~
mately 24°C).

Three media were used to determine microorganism levels. Sabouraud's
dextrose agar medium plus Tergitol NPX (100 ppm) and chlorotetracycline
(40 ppm) was used for development of seil fungi. Potato dextrose agar
plus 150 ppm Actidione was used for development of bacteria. Sodium
caseinate medium (DIFCO Actinomycete Isolation Agar)} plus 50 ppm Actidione
was used for elaboration of actinomycetes. Average soil pH was deter-
mined to be 4.5. The pH of all media was adjusted to 5.6. It was felt
that greater diversity of organisms could be achieved by raising the pH
to this higher value.

Sabouraud dextrose agar plates were examined‘for fungi after 6 days.
Potato dextrose agar plates were examined for bacteria after 4 days, and
actinomycete agar plates were examined for actinomycetes after 7 days.
Counts were made from each plate and predominant organisms isolated for

subsequent identification.

RESULTS AND CONCLUSIONS

i
i

Tables 3 and 4 show typical microbial counts per gram of soil for
each treatment in the top two soil increments for the April 1975 sampling.
Similar data were obtained from the June 1974 and August 1974 soil
samples. The following statements summarize the experimental data and
explain possible trends:

a. The numbexr of bacterial, fungal, and actinomycete organisms



TABLE 3. AVERAGE NUMBER OF.MICROORGANISMS PER GRAM OF SOIL
IN THE TOP 0-15 CM INCREMENT FROM HERBICIDE BIO-
DEGRADATION PLOTS, EGLIN AFB, FL, APRIL 1975

FUNGI ACTINOMYCETES

PIOT TREATMENT BACTERIA
5 ' 4 5
1,2 Control 7.9x%10 5.3x%10 2.9x10
5,6 Herbicide 6.8x10° 6.0x10" 3.7%10°
7,8 iHerbicide plus 2.Ox106 3.2x105 ‘9.3x105
amendments
5,10 Herbicide plus 5.0x106 5.5x10S 4.0x106
amendments and
charcoal

TABLE 4. AVERAGE NUMBER OF MICRQOORGANISMS PER GRAM OF SOIL
IN THE 15-30 CM INCREMENT FROM HERBICIDE BIODEGRADA-~
TION PLOTS, EGLIN AFB, FL, APRIL 1975

PLOT TREATMENT

BACTERIA FUNGI BACTINOMYCETES
3 3 5
1,2 Control 4.1x10 3.0x10 1.7x10
Herbicide 2.0%10° 2.3x10% 2.5%10°
7,8 Herbicide plus 7.1x10° 5.7x10% 1.5%10°
amendments :
9,10  Herbicide plus 7.9x10° 9.5%10° 1.9x10°
amendments and
charcoal

in Plots 5 and 6 (herbicide treatment) were not significantly different

from those of controls (Plots 1 and 2) in the 0-15 ¢m region. Miecro-

organism levels in the 15-30 cm region were likewise similar to those

of controls. Plot 6 levels in April 1975 werxe virtually identical to

levels determined for Plot 5 in BAugust 1974. No differences were

immediately evident in bacterial, fungal, and actinomycete genera found



between the control plots of the herbicide treatment plots.

b, Plots 7 and 8 (herbicide plus so0il amendments) had micro-
organism levels that were not significantly different from those of
controls in the 15-30 om region, but were somewhat higher than controls
{by a factdr of 9 or 10) in the 0-15 cm region. Plot 7 microorganism
levels were slightly lower in April 1975 than in soils taken from Plot 7
for analysis in August 1974. In lowering, the levels were going in the
direction of the controls.

¢. Por Plots 9 and 10 (herbicide, soil amendments and activated
charcoal), the microorganism levels were higher in the 0-15 cm region
than they’were from any of the other plots. Plot 10 levels in the
April 1975 sampling were similar to, although slightly lower than,

Plot 9 levels determined in August 1974, In being lower, the levels

were tending toward the direction of the controls. Plot 10 microorganism
levels were lower in the 15-~30 ¢m depth than levels for any othey

samples in the analysis, although higher in April 1975 than Plot 9

levels from this same depth in August 1974. In being higher, the levels
were tending toward the direction of the controls for this depth.

d. The predominant bacterial organisms isolated from the
plots wexre Pseudomonas sp- and Bacillus sp. (possibly B. subtilis).

The dominant fungal species isolated was the pink yeést, Rhodotorula

mucilaginosa. Other genera of fungi included Aspergillus, Penicillium,

Fusarium, Helminthosporium, Mucor, Nigrospora, Pullularia and Curvularia.

Streptomyces sp. was the dominant actinomycete with lesser amounts of

Nocardia sp. also present. The distribution of the above organisms



seemed uniform throughout allxthe\plots, at the two depths, aﬁd for the
three sampling dates.

The data have indicated that the incorporation of activated coconut
charcoal greatly affected the number of microorganiéms present in soil
biodegradation plots. The numbers of bacterial and fungal organisms
present in the 0-15 om increment of plots 9 and 10 were consistently
higher (for all replications) than those from the control plots or from
other treatment'plots. However, the numbers of these same organisms
were less at the 15-30 cm increment than for all other plots. It should
be re-emphasized that the charcoal was applied in a 30 ¢m band having
a thickness of 1 cm and located approximately 10-12 cm beneath the
surface. fhus, the sample would represent a mix of a 15 cm by 15 om
slice of soil through the center of the plot. It is probable that the
high levels of microorganisms were associated directly with the charcoal
which may in effect have been adsorbing growth promoting substances
on its surface. An apalysis of the charcoal band was not performed.

From these studiés of the Eglin AFB, Florida, biodegradation plots
and from the studies by Stark, Crr and McBride (32) of Herbicide Qrange
biodegradation plots on the AFLC Test Range Complex, Utah, it is apparent
that application of massive quantities of 2,4-D and 2,4,5-T herbicides
not only does not sterilize scil, but stimulates growth of certain
microflora. That these bacteria and fungi are proliferating to such
an extent indicates that they are probably utilizing the herbicide as
a carbon source, and, as such, are contributing to its degradation.

Follow-on studies should include laboratory determinations of the



effects of these particular microorganismg on herbicide. The organisms

should be tested alone and in combination.
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