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ABSTRACT

Experimental data were derived regarding the seasonal responses of
Pawnee grassland soils to variations in temperature, soil water, nitrogen
addition, and treatment with varied types and levels of carbonaceous
materials. Response of differing microbial types, oxygen uptake, carbon
dioxide evolution, and other parameters were evaluated. Seasonal responses
of soils indicate that the respiratory quotient (RQ) is a ﬁensitive indicator
of carbon flow. Marked decreases in RQ values observed later in the summer
are indicative of a change in the nutrient status of microbes from carbohy-
drate to amino acid metabolism. Studies of plant leachate influences in
soil processes Have indicated that even a 15-min leaching event can transport
nutrients from plant matefial to the soil, which cause major shifts in
soil respiration and microbial populations. Amoebal components of the
decomposer ecosystem have been investigated, and amoebae respond to soil
perturbations related to changes in microbial populations and nutrient
status of the soil. |Initial statistical analyses and synthesis of data have
been completed to allow application of these data to development of an

expanded decomposer model.



OBJECTIVES
1. Development and testing of an integrated system for measuring
oxygen uptake, CO2 evolution, and microbial population activities
and enumerations, with regard to nitrogen, temperature, substrate,
soil water, and root biomass variables.
2. Integration of these assays with assays for residual substrate,
dehydrogenase, plant counts, amoebal protozoans, and nitrifiers.
3. Assays for ‘inorganic N, other N forms, and root biomass evaluations
in respiring soils.
L. Beginning of computer simulation to allow a mathematical description
of the above-described parameters on a laboratory investigation scale.
5. Study of plant leachate effects on soil respiration and of availability
with sequentja] extractions to relate to precipitation variables.
6. Beginning of work on field scale procedures which will embody the

laboratory principles elucidated in the 1971 research year.

LOCATION
Soil cores used in this study were obtained from plot 26 of the IBP
Grassland Biome Intensive Site. Samples were taken at approximately 3- to
4-week intervals, from December 1970 through August of 1971, for use in

this research.

METHODS
Collecting Field Samples
Soil cores were removed from the field area by use of the IBP power

corer, and cores 6.5 cm in diameter were approximately 10 cm in length.
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Only the surface soil was utilized in this series of experiments, and after
removing the surface litter the core was cut to a length of 8.0 cm,

weighing approximately 220 to 250 g per sample.

Processing Field Samples
Samples were transferred to the laboratory after packaging in poly-
ethylene. Samples were used for experimental runs within 1 to 2 days of
collection, except for the winter season, where sufficient cores were
collected for two runs to assure that materials would be available In the
event of a storm. Cores were stored in the laboratory at 10°C in containers
to which moist paper was added to maintain the original soil water levels

of the cores..

Analysis Procedures

Integrated Studies

Soil cores were analyzed for responses by use of procedures summarized
in Klein (1971). In addition, the respirometer unit used in these studies
has been described in a publication by Klein, Mayeux, and Seaman (1972).
Soil chemical analyses were carried out by the Soil Testing Laboratory at
Colorado State University using standard procedures, and root biomass
estimates were carried out using the procedures described in Uresk and

Sims (1969).

Plant Leachate Studies

Blue grama hay samples (2.5 g) were extracted with 250~ml portions of
cold water, at the following sequential time intervals, to be able to
estimate the effects of varied length precipitation evenis on removal of

plant constituents:
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Fraction Extraetion Duration
F1 0- 15 min
F2 15~ 30 min
F3 30- 60 min
F4 60-120 min
F5 120-180 min

These fractions were analyzed chemically for carbon and nitrogen and added

to soils under laboratory conditions to evaluate microbial responses,
Standard procedures for nitrogen and carbohydrate levels were used in

these studies, and leachates were added to soil cores removed from the Pawnee

Site as described for the integrated experiment procedures. Analysis of

soil responses was carried out using procedures listed in Klein (1971).

Soil Amoebal Responses

Soil treatments. Control cores, Having approximately 5% soil water, were
examined as received without modification. For soil water additions, 20 ml
of water were added to cores to give approximately 13% soil water. The
glucose plus water treated cores had 20 mg of glucose dissolved in 20 m)
of water added; hay plus water treated cores had 0.3 g of chopped blue
grama hay placed on the core upper surface, with 20 ml of distilled water
slowly added to create a leaching effect.

Soil cores, set up in triplicate, were analyzed by use of standard
procedures described in Klein (1971), except for analysis of amoebal
populations,

Amoebal plating and enumeration. The following technique was developed
for the isolation and enumeration of some small soil amoebae. The technique
was based on the overlay technique used by virologistsf The base medium

containing 0.5% NaCl w/v and 1.4% w/v agar per liter was poured into Petri
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dishes and allowed to solidify. The overlay agar consisted of the following

mineral saits: .

MgSO, - 7H,0 4.0 mM

CaCl2 0.4 mM
FeSOh 50.0 M
KZHPOA 5.0 mM
KHzPoh 5.0 mM

(NHh)z(sok)2 50.0 mM
0.8% w/v agar per liter

pH adjusted to 6.5 with 1 N NaOH

An Aerobacter.aerogenes suspension was added to this overlay agar.
The A. aerogenes was grown in peptone broth, harvested by centrifugation,
washed with phosphate buffer, and frozen until needed. Upon thawing, the
culture was washed again in phosphate buffer, weighed, and sufficient buffer
added to make a 1:1 w/v solution. Of the solution, 0.1 ml was added to
b ml of the overlay agar before being poured over the soi] ditution on the
basal agar. The soil dilutions were made in buffered distilled water.
Shaking was done by hand, as higher counts were obtained than when a
mechanical shaker was used. Dilutions (0.1-m1 each) were plated, spread
with a glass spreader, and the soil water allowed to absorb into the basal
medium to miniﬁiie air bubble accumulation between the basal and overlay
agars. Dilutions were plated In triplicate.

Plates were incubated in an upright position for 7 to 9 days at 30°C
in a humid incubator. A water bath with the platform above the water Tevel

was found to be an ideal incubator, Plates were read daily, starting on
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the second day after plating, unti) no further new plaques could be chserved.
Piates were read by holding them up to an incandescent light and counting

the clear zones. It was assumed that each plaque was initiated by a single
organism; the amoebal numbers were determined by the number of plagues and

the dilution. All counts were expressed on a soil dry weight basis. Countable
plates had 5 to 20 plaques by the end of the Incubation period. |If plates

with confluent lysis were read, it was assumed that the plaques had not
increased in number but only in size.

Amoebal identification procedures. The amoebae were isolated from
the plaques on the enumeration plates and maintained on streaks of
A. aerogenes on NaCl agar. Following several enumeration runs, plagues
were randomly picked and microscopically observed to assure that
representative amoebae forming plagues would be observed and identified.

The tentative identification of the amoebae was made by use of
microscopic technigques. Phase contrast microscopy was used for the gross
physical details and for cell measurements.

The criteria used in the identification of these amoebae was obtained
from two papers by Page (1967a,b). Page redefined the genus Acanthamoeba
and proposed some taxonomic criteria for limax amoebae, Qsing physical and
encystment characteristics, nuclear division, and several chemical tests to
aid in classification. The described physical characteristics were used in
the tentative identification of the amoebae isolated from the Pawnee
grassltand soil,

Amoebal feeding studies. Potential host bacterial cultures were
grown in peptone broth and harvested by centrifugation, followed by washing

and freezing until use. Stock cultures were maintained on peptone slants,
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Unknown bacterial cultures were randomly picked from sodium caseinate total
bacteria plates.

The Petri plate cultures for feeding studies were prepared using NaCl
agar as the basal medium. A 2-cm strip of agar was rehovéd from the center
of each plate, thus allowing two organisms to be tested on each plate. A
5.5-cm streak of the bacteria was placed on the NaCl agar, and a small
portion of NaCl agar containing amoebae in the encysted form was placed at
one end of the streak. The plates were incubated in the 30°C water bath
incubator for 7 days. They were observed daily and discarded when the
streak was completely consumed. The interval, in days, required for the
streak to be fully consumed was used as a measure of the amoebal feeding

rate.

Data Processing and Analysis
Data derived from these studies were analyzed for individual statisti-
cal validity and significance of treatment-response interaction by standard
multivariate analysis procedures in the Natural Resource Ecology Laboratory

central data processing facility,

Sample Dates and Numbers of Samples Taken
Samples used in these studies were taken on the following listed dates
(Table 1). Sufficient cores were taken to allow completion of studies on
Integrated experiments, leachate studies, and analysis of amoebal responses

to soil perturbations.

Status of Samples
All sample respirometry and biological analyses have been completed.

Chemical analyses for organic matter, total and nitrate nitrogens, and
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other inorganics have been completed by the soil testing laboratory and are
included in this report (Appendix I}. Analysis for statistical relationships

have been summarized in Campion and Francis (1971a,b) and Campion (1972a,b).

SYNTHESIS AND INTERPRETATION OF RESULTS
Integrated Experiments

Raw data available for the integrated experiments carried out during
this experimental period are given in Fig. 1 through 13 and Tables 2 through
23. All activities have been analyzed in relation to the basic oxygen
uptake activity curve carried out over a 21-day experimental period. Analyses
of biological populations were carried out at 7, 14, and 21 days to provide
an envelope of responses under the oxygen uptake curve.

Runs 8-9, 8-30, B-42, and 17-1 were carried out using an initial model
of the respirometer which read oxygen uptake in changes in water column
density instead of pressure. These data, having been summarized in
Campion and Francis (1971a), are available at the Natural Resource Ecology
Laboratory. This statistical summary covers runs 8-9 and 8-30 in depth.

A statistical ané]ysis was not completed for experimen;al runs 8-42 and
17-1, as late runs in this series allowed evaluation of effects of treatment

variables with the respirometer described in Klein {1971).

Run 17-11

This run, the first carried out using the respirater unit as described
in Klein (1971), was set up to analyze the response of a 5% water content
soil, sampled the first part of March 1971, to the folidwing treatment

parameters: moisture, glucose, hay, and nitrogen.
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This run (Table 2 and 3) indicated the additive effects of having a
hay plus nitrogen treatment. However, over the experimental period used
in this study, it was found that the nitrogen addition to either moist soil,
or mist soil plus glucose, caused a depression of respiratory activity
(Fig. 1). Initial stimulation had been indicated in the first week with half
of these variables; however, by the second and third weeks, nitrogen-contain-
ing soils had depressed the oxygen uptake rates in comparison with the
related controls.

The statistical analysis for this run (Campion and Francis, 1971b)
indicated that the soil water, nitrogen, and time (week) effects were general ly
nonsignificant while the treatment effect was significant.. There were
never any significant interactions of soil water with either nitrogen or
time. The nitrogen treatment showed significance 50% of the time. The

most commonly significant covariant was the core percent soil water.

Run 17-21

Run 17-21 was designed to be a first attempt to evaluate the effects
of variations in soil water level on the ability of grassland soil to respond
to additions of a hay carbon pulse. For this purpose, 300 mg of chopped
blue gfama hay were placed on the surface of test cores before addition
of water to soil water levels of 5, 10, 15, 20, and 25%. Incubation was
at 25°C for all sémples.

This run generated an excellent series of responses of soil respiration
~ to the presence of increased levels of soil water {Fig. 2). This response
was reflected in the tabular data where the highest bacterial levels, CO2

evolution, and MPN (most probable number) levels for nitrifiers were found
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at 25% soll water (Table 4 and 5). With the addition of a carbon pulse, the
increase in respiration demands caused decreased activities at equivalent

20 and 25% soil water levels. This would indicate that both carbon pulse
and soil water levels interact in these soils to yield a lower water level
where maximal activity is observed.

The tabular data also reflected this additional stress in that maximal
responses are séen on microbial levels at the 15% soil water treatment. The
summary of statistical relationships for this run are given in Table 6.

0f. these eérly‘season soils, the respiratory quotient is observed to

shift to higher levels towards the end of the experimental period.

Run 17-32

This run was carried out with a format similar to that used in 17-21,
except that the first spring rains at the end of April 1971 had increased
the average soil water content to 10%. The results were similar to those
seen with 17-21 in that increased soil water levels in the presence of a
carbon pulse resulted in a maximal microbial activity at 20% water level
(Fig. 3). However, this maximal level was observed at 25 to 30% in soils
which had not received the carbon pulse.

The nitrifier MPN values were higher than those observed in earlier
runs, although it was not possible to observe distinctive changes as a
result of the treatﬁents used (Table 7 and 8). The summary of statistical
relationships for run 17-32 are given in Table 9.

'n comparison with runs 17-11 and 17-21, the basal respiration level
of the soil had increased from 120- to 125-ml oxygen over the test period by
this later time in the season. This resulted in the respiratory response
which is related to added soil water being much more limited than as observed

in earlier runs.
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Table 6. Run 17-21, statistical analysis.

Parameters
Source : Total .
€0, Formazan MPN Plate Actino Fungi Cumuéatlve get
Count 2 2
Treatment NS NS NS % NS NS ki *ik
Hay Khkk NS NS hk fk Kdek xkk Ak
Water Kkk #dok NS Fdk #hk Hxk desesk fokk
Treatment NS{p) NS{p} NS{p) Kk NS Kekk Kotk ek
+ Hay
Treatment NS(p) ~ NS(p) NS(p) *#* *kk Fkok ik %
+ Water
Hay + NS (p) NS(p) NS(p) NS &% &kk fkd Kk
Water
Dry wt NS NS NS %% Fkk kkk NS sk
Percent NS NS NS Kk Fdek Hdk
soil water
Cumulative ik

hours

NS = nonsignificant for a = ,10.
NS(p) = nonsignificant for o = .25,
* = significant for a = .10.

= significant for o = .05,

ik = significaht for a = .01.
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Table 9. Run 17-32, statistical analysis.

Parameters
Source Total Cumulative Net
C0, Formazan MPN Plate Actino Fungi 0 0
Count 2 2
Treatment NS NS NS TRk ok wk LRk L
Hay Kk NS NS * %k BT Akt fekk
Water — NS NS Kk ok kkk Fiek Ak
Treatment NS{p) NS(p) NS{p)  #xx Kkk k% dokk NS
+ Hay
Treatment NS (p) NS{p) NS(p)  ##x *kk Kk Ak Kk
+ Water
Hay + NS (p) NS(p) NS{p) Ns(p) = i kk L
Water
Dry wt * NS NS NS * NS ok Jedesk
Percent NS NS NS *kk fedksk % k&% Akt
soil water
pH NS NS NS

Cumulative
hours

NS = nonsignificant for ¢ = .10,
NS(p) = nonsignificant for a = .25.
* = significant for o = ,10.

#% = significant for a = .05,

%% = significant for a = .01.
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Root biomass readings were available for these soils and indicate
that relatively higher levels of belowground material had been developed
(Table 8).

Again, the milligrams of formazan and MPN nitrifiers did not indicate

a significant relationship for these parameters.

Run 17-42

This run was set up usling soils collected at the mid&le of May 1971,
when soil water and microbial activities were still at maximal levels.
Treatments used include soil water and varied levels of glucose and hay.
Glucose was used here to provide a readily utilizable carbon pulse of known
size; incubation was again at 25°C., This run also allowed a comparison of
soil responses to 100 mg of either glucose or hay.

Glucose at 100 mg allowed much higher initial response for oxygen, COZ’
and microbial parameters; and the generally higher levels of nitrifiers made
it impossible to detect shifts which might have resulted from these treatments
(Fig. 4, Tables 10 and 11).

Only with the addition of three times the amount of hay (300 mg) was
it possible to achieve a response which began to be equivalent to those
observed with 100 mg of glucose. Microbial responses with this or higher
levels were still not as rapid as those observed with a 100-mg pulse of
glucose.

The stimulation of microbial parameters due to the simple addition
of water was minimal with this spring soil. It is of interest to note
that by this time, the respiratory quotients have generally increased on

the soils in comparison with earlier samples, and also that the RQ values
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are beginning to fall to lower levels during the later weeks of the run.

A statistical summary for run 17-%42 is given in Table 12.

Run 17-52

Run 17-52 was set up to again repeat the parameters tested in run
17-42, using a soil from the first part of June 1971, when conditions in
the grassland areas were beginning to be warmer and the early flush of
growth had been completed. The soil water content had decreased to 8%.
Similar parameters of soil water, glucose, and hay additions were used.
For this run, due to a shortage of soil cores, only assays at 2 and 3
weeks were made.

The early higher oxygen uptake responses of these soils to 100 mg
of glucose compared with 100 mg of hay were again shown (Fig. 5). In this
run, the higher glucose levels {50 and 100 mg) showed decreased oxygen
uptake in relation to soils receiving lower levels of glucose. In contrast,
hay additions at these higher levels did not cause depression of respiratory
activity.

Again, 300 or 400 mg of hay were required to give similar responses.
The shift to decreases in respiratory quotients with later incubation
times was again shown in these runs (Table 13 and 14). A statistical
summary of run 17-52 is given in Table 15.

In this soi! response analysis, it is of interest to note that the

major microbial responses are shown only with fungal populations.

Run 17-61
Run 17-61 was set up using the parameters tested in the last two

runs; however, by this time of year (July 1) the soils had dried drastically,
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Table 15. Run 17-52, statistical analysis.
Parameters
source 002 Formazan MPN ;?::l Actino Fungi Cumg;ative :zt
Count
Treatment NS NS NS NS NS NS NS
Water NS NS * i Hkk NS fekk
Replicate (T,) NS NS NOT NS NS ok Ak NS
Replicate (Tz) sk NS  CARRIED NS NS Kk ek dededk
Replicate (T3) dekk NS ouT sl NS Rk KAk ik
Treatment NS(p) NS (p) NS(p) NS{p)  #*%* kikk dokk
+ Water

Dry wt NS NS NS NS %k fekdk &k
Percent NS NS NS NS Rk DEES *

soil water

pH

Cumulative
hours

P P
W

NS = nonsignificant for a = .10.

NS{p) = nonsignificant for a = .25.

-
w

ook —
wR

hEkd =

= significant for a« = .10.
= significant for a = .05.

= significant for a = .01.
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have a water confent of 2%. Under these experimental conditions, the
control soil was not capable of oxygen uptake, and the major responses
observed were due to the presence of additional soil water (Fig. 6).

In this run, the presence of 5 mg of glucose gave lower levels of
responses. This may be due to experimental error.

Addition of glucose and hay at increasing levels allowed development
of a family of increasing responses, indicating that the addition of water
to 12% w/w allowed excellent respiration in spite of carbon pulses.

The addition of soil water provided such a stimulus to activity that
additions of the lower levels of glucose and hay were matched by this
basal activity stimulation. This is especially well observed with carbon
dioxide evolution (Tables 16 and 17).

Again the respiratory quotients were observed to decrease in the
later samples. The extremely low oxygen uptake of the dry cores (2% soil
water) caused the RQ to shift to values well above 1.0, normally considered
to be an optimal value for this parameter. A statistical summary of run

17-61 is given in Table 18.

Run 17-71

This run was designed to evaluate the response of dry mid-July 1971
soils to soil water and higher levels of ;arbon pulses than had been used
in the previous runs and to determine possible limits to carbon pulses
which might be able to be forced through the system. Soil water was
added where required to bring the soils from approximately 2 to 12% w/w
water, an optimum level for soil respiration. |

These sampies, taken later in the growing season, actually showed

negative oxygen uptake (Fig. 7). The responses to soil water addition
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Table 18. Run 17-61, statistical analysis.

Parameters
Source Total .
C0, Formazan MPN Plate Actino Fungi Cumulative Net
2 07 0,
Counts

Treatment NS NS NS NS NS NS * NS
Water NS NS NS NS ET T Ak ek T
Replicate (T]) NS NS NS Kk ke * - Sk
Replicate (TZ) ook NS NS NS x% NS Kk Ak
Replicate (T3) Kk NS NS NS * NS K&F k%
Treatment NS {p) NS NS (p) *hk dodkk *k dkk PR

+ Water
Dry wt * * NS HAkk NS NS LA NS
Percent NS NS NS NS NS NS NS NS

soil water
pH | NS * NS
Cunulative FEk

hours

NS = nonsignificant for a = ,10.
NS{p) = nonsignificant for a = .25.
* = gignificant for a = .10.

**% = significant for a = .05.

*** = significant for a = .01.
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and the pulsing with increased levels of carbon are clear. In this case,

use of 500 or 700 mg of hay exceeded the capacity of the respirometers to

allow oxygen uptake, and these data for 2 and 3 weeks should be considered
in that context.

As with the previous run, the major responses are due to soil water
additions, and additions of either glucose or hay at 100 mg are masked by
this basal response of these summer soils.

It is of interest to note that the control soils have even lost the
ability to evolve carbon dioxide, and microbial pOpulétions have begun to
decrease below thoge observed Iin soils from the earlier part of the year
(Tables 19 and 20).

In general, the RQ values of all soils are lower than observed earlier,

and they also decrease with later assays to levels of 0.30 to 0.450.

Run 17-80

Run 17-80 was planned to determine the response of a dry summer soil
to the addition of varied nitrogen levels both with and without added soil
water. As only minimal responses of nitrifiers had been observed to the
present, it was hoped that this run would allow clear responses to be seen,

The clearest characteristic of this soil in the dry state is its inability
to respond to the addition of ammonia nitrogen, or to show even positive
oxygen uptake characteristics (Fig. 8).

Only with the increase of soil water from 2 to 13% was it possible for
increased responses due to nitrogen additions to be observed. These
relatively larger pulses also caused varied oxygen uptake, with maximal
stimulation seen at 100 ppm. With 150 or 200 ppm of nitrogen, no further

stimulation and decreases in oxygen uptake were observed.
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In spite of their nitrogen stresses, it was not possible to observe
shifts in nitrifier populations (Table 21).

Generally, the major microbial responses observed were due to water
additions, and the respiratory quotients were at their lowest levels on
this run at 1 week, followed by further decreases with continued incubation
(Table 22). The presence of added soil water did allow the RQ values to

increase above those observed with the drier soils.

Synthesis of Integrated Experiments in Regard to Seasonal Variations

In addition to analysis of possible trends which resuit from treatments
within a soil at a particular time, a synthesis of seasonal effects on
decomposer activities and characteristics of these soils was developed.

Results are given in Fig. 9 through 13 which summarize responses at
the 2-week assays. This time was chosen to minimize effects of possible
limited respiration responses during the third week of incubation and to
allow maximum time for the soils to respond to specific perturbations.

Only responses to soil water treatments have been included in this
preliminary synthesis. Data for soil responses to nitrogen, carbon, and
temperature variations will also provide additional insights into response
of soils from this environment.

Fig. 9 shows the oxygen uptake and CO2 evolution responses of control
soils at the seasonal s0il water and nutrient status levels and after
addition of a further 10% w/w water.

The major point of interest on control soil responses is the point
of maximum respiratory activities in the April to May period, with relatively

constant carbon dioxide evolution patterns until the June samples. After
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Fig. 9. Oxygen uptake and carbon dioxide evolution of Pawnee grassla?d‘
soils as related to season, soil water levels, and water additions.
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initiation of drier summer conditions, the oxygen uptake is observed to
drop rapidly, and in July the carbon dioxide evolution exceeds the oxygen
uptake, which could indicate the level of abiotic carbon loss occurring
during this period.

The soil water response gurves indicate a clear biphasic oxygen uptake
and carbon dioxide evolution response. During the maximum spring productivity
period, oxygen uptake with soil water additions peaks at the April-May period
with carbon dioxide evolution, indicating a respiratory quotient of approxi-
mately 0.8 through 0.9. After the soils have passed their period of maximal
productivity, a second activity peak is observed with soil water additions.
This second response peaked in the middle of July. The carbon dioxide
evolution patterns during this period indicate a major shift in the
physiology of the so!l microorganisms, with a RQ value of between 0.6 and
0.7 and decreasing to 0.3 during the last analysis period in August. This
pulse in carbon dioxide evolution and oxygen uptake reflects the time-related
increase and decrease in the availability of amino acids from native organic
matter available for microbial utilization upon continual drying of the soil.

The lower RQ value reflects the fact that such amino acid products
will be directed into central metabolic pathways without use of the
pyruvate decarboxylase step which is used more in carbohydrate utilization
which occurs in the earlier period of activity (April to May) of the year.
Thus, the RQ value will give a measure of the type of carbon which is
flowing through the decomposer component of the ecosystem in relation to
time and seasonal variations.

Fig. 10, 11, and 12 show the responses of soil microbial populations
to seasonal changes in the soils and responses to soil water additions.

For total bacteria (actinomycetes and fungi), decreases in populations
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Fig. 10. Seasonal responses of total bacteria in Pawnee grassland soils
at field soil water levels and with water additions.
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Fig. 11. Seasonal responses of total bacteria in Pawnee grassland soils
at field soil water levels and with water additions.
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Fig. 12. Seasonal responses of fungi in Pawnee grassland soils at field
soil water levels and with water additions.
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are only observed after the beginning of the dry summer period. These
microbial types appear to respond to soil water additions, reaching
levels which approach or are equal to those found in the earlier season,
high activity soils.

This synthesis of microbiological population data indicate that
microbial populations do change with seasonal variations, but that their
numbers will not prévide as good an index of decomposer activity as oxygen
uptake and carbdﬁ dioxide evolution.

Fig. 13 shows the respiratory quotient values for weekly intervals
after initiation of.analysis in the laboratory of moistened soils. During
the spring period of maximal microbial activity, the RQ values are observed
to be generally higher, in the range of 0.75 to 0.95. This would reflect
the use of carbohydrates derived from plant leachates and root exudates as
the primary source of carbon and energy, as these compounds are predominantly
metabolized through the pyruvate decarboxylase step which results in a
higher rate of carbon dioxide evolution in relation to oxygen utilization.

Through the.June to August period, a shift in the RQ values to levels
of 0.35 to 0.55 is observed, together with the development of a shift towards
decreasing RQ values with increasing incubation time within each sample set.
These data indicate that the soil microbes shift towards an amino acid
metabolism as the supply of plant-derived carbohydrates in the soil is
exhausted, both on a seasonal basis and in any of these later soils where
the microbes will have to utilize more native soil organic matter with
increasing incubation time.

Table 23 indicates the averaged root biomass levels in the soil

samples over the experimental period used in this study. Maximal biomass
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Fig. 13. Seasonal responses of Pawnee sol]l respiration quotients over
3-week laboratory incubation periods.
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Table 23. Root biomass statistics.

Average Root Biomass

Runs (%) Standard Deviation
17-11 .664 0.155

17-21 .932 0.344

17-32 .890} .938

17-42 .992

17-52 .683 0.183

17-61 .5738 0.221

17-71 L7132 0.387

17-80 .7388 0.188
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was observed during the spring period, with a decrease in biomass observed
in the May to June period and a gradual increase in biomass observed in the
latter part of July, during the period in which lesser rainfall events

had occurred.

Changes in rbét biomass which were observed appear, of themselves, not
to reflect the major changes in microbial respiration observed over the
active growing season. It would appear that the carbon flow and related
photosynthesis fixation rates of plant biomass would provide a more

meaningful relationship with the observed changes in microbial activity.

Amoebal Responses to Soil Perturbation
Results of bacterial, actinomycete, fungal, and amoebal response to
the varied treatments of Pawnee soil test cores over 1, 2, and 3 weeks of
incubation are givén in Table 24, The amoebal responses to the soil
modifications are also expressed graphically in Fig. 14 which summarizes

results from three experiments (Menapace, 1971).

Control Soil Responses
The control soil apparently reached an equilibrium and maintained

approximately the same amoebal numbers throughout the 3-week test period.

Glucose Plus Water Soil Responses

At the end of the first week, the glucose plus water treatment had the
highest amoebal numBers. Glucose provides a readily available carbon source
for the bacteria and possibly for some of the protozoans. Therefore, one
would expect an immediate stimulation of activity from the bacteria, followed
by the bacterial feeding amoebae. This appears to be the case, as the

numbers were highest at this point for the glucose plus water treatment,
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Table 24. Comparison of treatment effects on microorganism responses.éf
Organism and 1 Week 2 Week
Treatment ee eeks 3 Weeks
Amoebae 3 3 3
Control .7 x 103b/ 5.0 x 103 4.9 x 103
Water 6.3 x 10;— 8.1 x 103 6.8 x 103
Hay + Water 4.9 x 103 7.6 x 103 8.0 x 10
Glucose + 6.8 x 10 5.1 x 10 4.7 x 103
Water
Total Bacteria 7 7
Control 2.7 x 10 2.4 x 10 2.0 x 107
Water 2.8 x 10/ 2.2 x 10/ 3.0 x 107
Hay + Water 2.3 x 10 2.5 x 10/ 3.0 x 107
Glucose + 2.8 x 107 2.7 x 107 2.7 x 107
Water
Actinomycetes 6 6 6
Control 6.5 x 106 5.5 x 106 6.3 x 106
Water 5.4 x 106 5.1 x 106 6.0 x 106
Hay + Water 6.0 x 10, 6.2 x 106 5.4 x 106
Glucose + 7.1 x 10 6.9 x 10 7.8 x 10
Water
Fungi
Control 1.9 x ‘Ot 5.1 x 103 3.8 x 102
Water 3.8 x 10h 9.1 % IUh 2.2 x 10h
Hay + Water 1.0 x 10, h.h x 10, 3.6 x 10,
Glucose + 3.3 x 10 5.6 x 107 2.1 x 10
Water
a/

Zero time amoebal count

3,2 x 103,

P/Expressed on a dry weight basis.
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Due to the rapid initial respiration and metabolism in the glucose
plus water core, the available nutrients apparently had been exhausted, and
wastes had accumulated by the second week. This is indicated by the large
observed decrease in amoebal numbers {(from 6.8 x 103 to 5.13 x 103 per gram
of soil) in this treatment. Although the bacterial numbers did not

7 to 2.70 x 107 per gram of soil), this does

markedly decrease (2.82 x 10
not mean there was not a decrease in the edible bacteria. There could
easily have been a shift of the bacterial population from edible to
inedible types.

By the third week, the glucose plus water treatment numbers fell below

those of controls which may further indicate that the entire system had a

decreased microbial activity.

Water Addition Responses

Water itself is very important as a stimulant for amoebal growth. This
effect is noticed as the water treatment produced the second highest numbers
of amoebae the first week. Addition of water would cause excystment and
utilization of the available nutrients. Reproduction would cccur followed
by encystment as the nutrients were depleted and the water evaporated.

In the second week, the water treatment had the highest numbers. By
this time the water stimulation had taken full effect; bacterial numbers had
increased and the amoebae had been feeding heavily and increasing rapidly.
Since this count includes both active and encysted forms, many of the
amoebae in the water treatment were probably encysted at this time. The
available nutrients were probably depleted and encystment had possibly

taken place.
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By the third week the water treatment numbers were decreasing. This
is further evidence of the possible depletion of nutrients and accumulation
of wastes, thus causing the observed shifts in bacterial populations and

amoebal feeding.

Hay Plus Water Soil Responses

Although water was added with the hay, hay does not appear to be a
source of readily available nutrients. Therefore, until the nutrients are
made more available by decomposition, the bacterial and amoebal growth is
somewhat retarded. The number of amoebae was higher for the hay plus water
than for the control the first week. However, the water treatment amoebal
count was much higher than that of the hay plus water.

From the first to the second week, the amcebal count was observed to
change from 4.9 x \03 to 7.6 x 103 per gram of soil in the hay plus water
treatment. This seems to indicate that the nutrients from the hay were
becoming more available to the amoebae and the bacteria they feed upon.

A two-way analysis of variance was computed to determine if significant
differences exi#ted between the various treatment means. The results
indicated that (i) the interaction between time and nutrient treatments was
not significant, (ii) the time effect was highly significant (a = 0.05), and
(iii) the nutrient effect was very highly significant (o = 0.005). Duncan's
muitiple range test was performed to detect possible significant differences
(x = 0.05) between the pairs of means for each week. For the first week,
no significant differences between any sets of means were observed. However,
for the next week the four pairs (water compared to control, water compared

to glucose plus water, hay plus water compared to control, and hay plus water
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compared to glucose plus water) showed statistically significant differences.
Finally, for the third week interval, the means between two pairs (hay plus
water compared to glucose plus water, and hay plus water compared to control)
were significantly different. The other pairs examined in the second and
third weeks showed no significant statistical differences, as would be

anticipated (Snedecor and Cochran, 1968).

Comparison of Amoebal Responses to Total Bacterial Responses

In comparing the amoebal with the total bacterial counts, several
observations are of interest. While the control amoebal counts remained
essentially constant, the bacterial counts exhibited a downward trend.

This could indicate some amoebal grazing, in addition to the normal depletion
of nutrients.

The hay plus water treatment maintained a steady upward trend for both
bacteria and amoebae. Amoebal grazing is indicated by the rapid increase
in numbers the second week and the small increase the third week. Since
amoebal grazing is indicated, the increase in bacterial numbers was probably
due to the responses of inedible forms,

The water treatment appeared to be an ideal bacterial-amoebal
interaction system, i.e., an Inverse relatioﬁship between bacterial and
amoebal counts was observed. This was probably due to the fact that soil
water provides an ideal environment for the growth of amoebae. A possible
reason for the decrease in amoebal numbers and the increase in the bacterial
numbers in the third week with water addition is amoebal grazing during the
prior interaction period. By the second week, the amoebae could have

consumed most of the edible bacteria.
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Comparison of Actinomycete Responses to Amoebal Responses

When comparing the amoebal counts with those of actinomycetes, it
appears that the actinomycetes may have been taking advantage of the decrease
in the bacterial, fungal, and amoebal populations. All treatments gave a
definite upward frend in actinomycete numbers by the third week, except the
hay plus water, and the hay plus water treated soi} is the only one where

the amoebal count increased the third week.

Comparison of Fungal Responses to Amoebal Responses
A fungal and amoeba! count comparison indicated that in the glucose
plus water and water treatments when the protozoan numbers increased, the

fungal count decreased, an inverse relationship.

Estimation of the Number of Amoebae per Gram of Grassland Soil

To estimate the numbers of the two amoebae per gram of grassland soil,
a 1-week run was done on cores that had not been subjected to respirometer
test conditions., After averaging the results of the replications and
correcting for dry weight, the number of amoebae was estimated to be 3.2 x 103
per gram of grasslaﬁd soil. Singh (1946) , using his "ring" method, estimated
from 3,600 to 116,440 amoebae per gram of soil, depending upon the soil and
the bacterial strain used as the host organism. The observation that the
Pawnee soil amoebal population is in the lower range of Singh's estimations
would perhaps reflect on the restricted nutrient status, low soil water, and

low annual biomass production of the Pawnee grassland.

Enumeration Dynamics
Although the dynamics of amoebal appearance on enumeration plates

were not of prime importance, some of the observations should be considered,
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Fig. 15 shows the rate of plaque formation by the amoebae on enumeration
plates. Plaques rarely appeared before the second day after plating.

it seems more reasonaﬁle to assume that the vegetative forms produced
the first plaques fb appear. The encysted forms produced the later appearing
plaques, depending upon the stage of encystment.

with further work, it may be possible to interpret the differences
in plaque appearance rate with the ratio of vegetative-to encysted forms
in any particular soil sample. The growth rate curves generally showed
an initial rapid growth followed by a jeveling off, indicating a rate
decrease. The initial growth could be the vegetative forms followed on
days 4 and 5 (Fig. 15) by the encysting cystic forms. To confirm this
postulation, HC} techniques or their equivalent should be used to determine
the total significance of the two-part curve.

Plaque formation usually was complete in 6 to 8 days for the first
and second week test runs, and in 5 to 7 days for the third week analyses.
Lower dilution piétes usually were completely cleared of A. aerogenes by

this time. Few, if any, new plaques appeared on the higher dilution plates.

Comparison of Amoebél Responses to Oxygen Uptake and Dehydrogenase Activity
Results for comparison of amoebal responses with oxygen uptake and

dehydrogenase activity are presented in Table 25. Soil modification

definitely inf!ﬁénced the dyhydrogenase activity. The control showed

.0049 mg/ml, and the other treatments were all lower at the end of one

week. By the second week all the tfeatments increased (with the glucose

plus water measurement increasing from .0021 to .0051 mg/ml) and the control

decreased to .0032.mg/ml, indicating that in the first week possible
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repression of decomposer functions was being overcome. However, by the
third week the control! was at .0046 mg/ml, with all treathents lower than
the control but higher than their first week readings.

Oxygen usage reflects the effects of water and carbon source additions
on microbial activities, with the oxygen uptake observed related to water
addition. There was Increased response to the addition of 0.3 g of hay
and 20 mg of glucose. Thus, oxygen uptake could possibly be considered as
an index which would correlate with possible amoebal responses. |t can be
assumed that the small soll amoebae that were studied contributed only
fractionally to the respiration of the system. A system of soil amoebae
alone or the entire system minus the amoebae would have to be developed to

determine the particular amoebal respiration in this environment,

Soil Water Effects on Amoebal Numbers and Activity

The effect of soil water levels on amoebal numbers was tested using
5, 10, 15, and 20% soil water to determine which levels would allow maximal
amoebal recovery (Fig. 16). In the first week 5, 15, and 20% water levels
gave high counts with 20% soil water giving 9.3 x 103. In the second week
the 5% soil water addition gave best results. The 5% soil) water level also
gave the best counts on the third week test run, with the 15% soil water

level giving the lowest count.

Amcebal lIdentification

The identification of the two amoebal forms recovered as being
predominant in the test soil was based on microscopic characteristics, with
the genus determined by the cystic and trophic form characteristics. The

species designation was tentatively established by the size of the cyst and
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Fig. 16. Soil water effects on amoebal numbers in soil.
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trophic forms. Identification of these organisms on a species level should
be considered tentative, as chemical, excysting, and nuclear division tests
have not been carried out.

Cultures 15-32h and 15-32i were tentatively identified as Hartmannella
exundans (Page, 1967q). The cyst was smooth, ovoid to circular, and had a
single wall made up of well-defined outer and inner layers. The single
nucleus, usually difficult to discern, had an average diameter of 4.2 um,

The trophic organism was monopodial with a rounded to tapering posterior end.
The posterior end appeared to be sticky with adherent debris but had no
uroidal filaments. There was a single vesiculate nucleus with a nocleolus
that appeared as a dark granule. The length of the trophic organism averaged
11.5 um. These amoebae produced a very distinct plaque with uneven edges.
Approximately 75% of the plaques recovered were of this type. The amoebae
also produced a plaque with even edges. However, these amoebal plaques
tended to appear as an indentation in the agar which made it possible to

also tentatively identify these as Hartmannella despite their variation from
the characteristic plaque formation observed for this species.

Cultures 15-31b and 15~31g were tentatively identified as Acanthamoeba
polyphaga Puschkarew as redefined by Page (19674). The cyst consisted of
an ectocyst and an endocyst. The ectocyst had folds and ripples and was
rarely circular. The endocyst was irregularly polyhedral, rarely approaching
stellate. There was a single nucleus with an average diameter of 3.3 um and
a single layer of granules at the periphery of the cytoplasm. The average
diameter of the cyst was 16 um with a very mammillated appearance. The
trophic organism had a broad hyaline pseudopod and acanthopodia. The
posterior end was rounded and sticky with adherent bacteria; no urcidal

filaments were observed. These amoebae produced plaques which were fairly
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faint with an even outline. The plaque outline may also be uneven, and the

plaques are not as indented as those of the Hartmannella.

Amoebal Feeding Characteristics

Bacterial'feeding studies were carried out using the amoebal isclates
derived from the Pawnee grassland samples, and the results are summarized
in Tables 26 through 29. The potential bacterial hosts used in this portion
of the study were selected to give a range of morphology, Gram reaction,
and pigmentation which would allow evaluation of possible effects of these
bacterial properties on availability as amoebal food sources. Times to
complete feeding (in days) on the bacterial isolates are summarized in
Table 26.

The Acanthamoeba were wide-range feeders. Although some bacteria
were more readily eaten than others, all the known cultures were eventually
consumed. On the other hand, the Hartmannella were more selective feeders.
Staphylococcus aureus, Streptomyces albus, Pseudomonas flourescens, Neisseria
perflava, Bacillua subtilis, Bacililus cereus, and Micrococcus luteus were
not observed to be consumed by the Hartmannella. Sarecina luteaq was partially
consumed at the end of 7 days, and the other bacteria were fully consumed,
The Hartmannella were also slower In consuming edible bacteria than were

the Acanthamoeba.

Gram Reaction Effects on Amoebal Feeding Patterns

Although botﬁ the Gram-positive and Gram-negative bacteria were
consumed, the Gram-negative isolates were consumed faster (on the average)
than the Gram-positive bacteria (Table 27). Coler and Gunner (1969),

using Colopoda, found a definite difference in the consumptionAof Gram-negative
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Table 26. Amoebal feedlng on bacterial jsolates.

Acanthamoeba Hartmarnella
Bacteria Culture Number | Culture Number
15-31b 15-31g 15-32h 15-321
Agrobacterium tumefaciens a/ b 6 5
Arthrobacter globiformis 2 2 7 7Ef
Bacillus cereus . 3 4 -__c/ —
Bacillus subtilis | 4 4 -- --
Ermvinia carotovora 2 5 7 5
Escherichia coli L 6 4 5
Micrococcus Luteus 2 2 -- -
Neisseria perflava 5 4 - -
Proteus vulgaris 4 4 6 5
Pseudomonas aeruginosa 3 3 3 3
Pseudomonas fluorescens 4 b - ‘e
Sarcina lutea 7 7 7 7
Serratia marcescens 3 b 7 6
Staphylococcus aureus 4 4 -- --
Streptomyces albus 2 3 - -
Streptomyces lactis 3 3 4 3

E-/Time in days needed to complete 5.5-cm bacterial streak.
E/Feeding begun but not completed.

E/NO feeding observed.
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Table 27. Effect of bacterial Gram reaction on amcebal feeding patterns.

Acanthamoeba Hartmarnella
Bacteria Culture Number Cul ture Number
15-31b 15-31g 15-32h 15-32j

Gram-negative
Agrobacterium tumefaciens 42/ 4 6 5
Escherichia coli 4 6 b 5
Ersinia carotovora 2 5 7 5
Neisseria perflava 5 4 —2! -
Proteus vulgaris 4 4 6 5
Pseudomonas aeruginosa 3 3 3 3
Pseudomonas fluorescens 4 4 -= --
Serratia marcescens 3 4 7 6
Streptomyces albus 2 3 -- --
Streptomyces lactis 3 3 b 3

Gram-positive
Baetllus cereus 3 4 - --
Bacillus subtilia 4 4 -- --
Micrococcus luteus 2 2 == --
Sareina lutea 7 7 751 7
Staphylococeus aureus 4 4 - --

Gram-variable
Arthrobaeter globiformis 2 2 7 7/

E-/Time In days needed to complete a 5.5-cm streak of bacteria.

E-/No feeding observed.

E/Feeding begun but not completed:
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bacteria (preferred) and Gram-positive (not as readily eaten). On the other
hand, Singh (1941) found little or no differences In the feeding on Gram-

negative and Gram-positive bacteria in his amoebal feeding studies.

Laboratory Culture Pigmentation Effects on Amoebal Feeding Patterns

On the average, the non-pigmented laboratory bacteria were consumed
faster than the pigmented types (Table 28). However, the Hartmamella
species in comparison with the Aeanthamoeba were more selective in both
groups, consuming some and not others. The two baétefia with the most
pigment (Sareina lutea and Serratia marcescens) were consumed by all the
amoebae. Therefore, the type of pigment may be the limiting factor in
amoebal utilization with these particular isolates, and not pigmentation

itself.

Amoebal Feeding on Bacteria Recovered from Grassland Soil

When compared to the Aeanthamoeba, Hartmannella species ware the
slower feeders in utilization of bacteria recovered from grassland soils
(Table 29). Except for cultﬁre D, all bacterial cultures were partially
or completely consumed. This would indicate that the soil bacteria, based
on the isolates examined, do indeed serve as a better food soufce for
these amoebae than the previously examined laboratory isolates. All the

grassiand isolates, other than culture I were Gram-negative rods.

Pigmentation Effects on Soil Bacteria Utilization by Soil Amoebae

It would.appear that the pigmented bacteria were preferred over the
non~pigﬁented bacteria in this case (Table 29). Culture D was non-pigmented,
and no amoebal Qtiiizatfon was oBserved; Non-pigmented bacterial consumption

was slower, with some not completely consumed within the 7 days. All the
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Table 28. Effect of bacterial plgmentation on amoebal feeding patterns.

Acanthamoeba Hartmannella
Bacteria Culture Number Culture Number
15-31b 15-31g 15-32h 15-32i
Pigmented
Ervinia earotovora 22/ 5 7 5
Pgeudomonas aerugincesa 3 3 3 3
Pseudomonas fluorescens 4 4 b/ -
Sarcina lutea ' 7 7 751 7
Serratia maroeacens 3 4 7 6
Staphy lococcus aureus 4 b -- --
Non-pigmented
Agrobacterium tumefaciens b 4 6 5
Arthrobacter globiformis 2 2 7 72/
Bactllus cereus 3 b - -
Bacillus subtilis 4 4 - -
Escherichia coli 4 6 4 5
Micrococeus luteus 2 2 -- -
Neisseria perflava 5 4 - -
Proteus vulgarie b 4 6 5
Streptomycees albus 2 3 -- -
Streptomyoces lactisa 3 3 b 3

ngime In days needed to complete a 5.5-cm streak of bacteria.
E!No feeding obﬁerved.

EfFeeding begun but not completed.
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Table 29. Effect of bacterial pigmentation on soil bacteria utilization by
soil amoebae.

Acanthamoeba . Hartmannellq
Culture Culture Number Culture Number
15-31b 15-31g 15-32h 15-321
Pigmented
A _ 22/ 3 6 6
B | 2 3 7 7
C 2 . o2 ; ]
E 2 3 5 5
G | b 4 5 5
Non-pigmented
b _ b/ - . N
F 3 3 5 7/
H . 4 7</ 4 7!
! 3 3 5 6
J 3 3 5 </

E-/Time in days to complete a 5.,5-cm streak of bacteria.
E-/No feeding observed.

E/Fgeding begun but not completed.
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pigmented bacteria were completely consumed In this time period. This is
of interest as pigmentation is generally considered inhibitory to heavy
amoebal feeding. This observation would indicate that the use of

laboratory cultures in amoebal feeding studies should be questioned.

Soil Responses to Plant Leachate Additiﬁns
Plant leachates have been found to cause significant shifts in

microbial populations and carbon flow characteristics of Pawnee grasstland
soils (Seaman, 1971). The sequential leaching of blue grama hay resulted

in the successive removal of decreasing amounts of materials. These results
would indicate that even a 15-min precipitation event (heavy rain) can
remove substantial amounts of material from a dry straw. With the test hay
used, approximatély 15% of the original dry weight could bg ;emoved after

removal of the five leachate fractions.

Oxygen Plate and Carbon Dioxide Evolution Responses

Table 30 sdeS the amounts of carbon dioxide evolved from a Pawnee soil
at temperatures of 15, 25, and 37°C, with addition of equal volumes of
fractions 1 through 5 or of water as a control. The final soil water level
approached 20% in these experiments.

At 15°C it is.possible to detect an approximately linear response of
the soil to the decreasing amounts of carbon in the successive fractions.
The stimulation of adding a control level of soil water to the cores was
found to be minimal. With incubation of the soils at 25°C, it was now
possible to note that additions of any carbon levels up to 45 mg, as contained
in fraction 2, could not be clearly observed over the response of fraction 5
which only contained 18 mg of carbon. This result would Indicate that the

A
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Table 30. Effects of leachate fraction and soil incubation temperature
on carbon dioxide evolution.

Treatment C?;z?n o oz Evol:ed (mg) o
15°c 25°C 37°¢C

F-1 70.8 103.5 143.8 211,
F-2 4s.2 62.5 115.0 202,
F-3 - 22.4 51.2 95.0 200.
F-4 _ 23.4 49.2 99.8 215,
F-5 _ 18.0 h9.0 107.8 216.
Water _ 37.5 66.2 184,

Dry 34.5 67.8 106.
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carbon added is causing a priming effect or stimulation of microbial
populations and/or activity, which then allows utilization of native organic
matter.

Finally, at 37°C a priming effect is still observed; however, at this
temperature level the carbon dioxide evolution responses are similar
regardless of the size or nature of the carbon pulse used.

Results from a second run carried out using the same protocol of varied
leachate fractions and temperatures, with oxygen uptake ana carbon dioxide
evolution expressed in milliliters to allow calculation of the respiratory
quotient (RQ), are given in Table 31. Generally, the RQ values of carbon
dioxide evolution over oxygen uptake were found to increase with temperature,
independent of the size or nature of the carbon pulse. This result was not
shown clearly on the water treatment controls, however, or in solls using
varied leachate fractions and soil water levels (Table 32). The shift
in RQ value with temperature would Indicate that the soil microbes would
be shifting the pattern of metabolic pathways used for carbon flow in

relation to temperature.

Responses of Total Plate Counts

At the end of each respiration experiment, the cores were diluted and
plated onto sodium caseinate agar (Table 33). The 5-day total plate counts
showed variation with the amount of carbon added, the soil water concentration,
and the temperature at which the cores had been incubated in the respiration
experiment.

Generally, the cores to which leachate fraction 1 Qas added had higher
total plate counts than those to which fraction 2 through 4 or water were

added.



Table 31. Temperature and leachate fraction effects on the Pawnee soil
respiratory quotient.
T‘reatme'n't ((::1%) (g&) RQ RQ Average
15°¢ F-1 56.5 79.0 0.72
F-2 4o .6 62.8 0.65
F-3 34.1 6.7 0.53
F-4 31.3 50.0 0.63 x = 0.70
F-5 30.1 34.5 0.87
Water 21.5 25.5 0.84
Dry 1h.0 0.0 --
25°C F-1 79.8 81.9 0.97
F-2 55.5 63.3 0.88
F-3 30.4 35.4 0.86
F-4 34.8 4h.8 0.78 x = 0.73
F-5 52.5 71.3 0.73
Water 61.5 544 1.13
lDry 22.8 28.7 0.80
37°C F-1 108.8 116.3 0.94
F-2 109.9 122.6 0.89
F-3 95.0 128.4 0.74
F-4 123.8 97.9 1.26 x = 0.77
F-5 124.9 149.7 0.84
Vater 122.4 119.6 1.03
| 52.2 71.4 0.73

Dry -
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Table 32. Effects of varied leachate fractions and sofl water levels on
Pawnee soil resplratory quotients at 25°C.
Treatment €0y 02
(3) (m1) (m1) R
F1 5 31.3 47.2 0.66
10 47.6 74.0 0.64
20 2.4 87.1 0.60
30 59.8 101.4 0.59
F3 5 36.4 53.1 0.68
10 h44.0 73.0 0.60
20 b5.4 73.9 0.61
30 37.4 49 .4 0.76
F5 5 22.4 k0.7 0.55
20 47.6 86.5 0.55
30 k7.6 87.8 0.54
Water 5 28.1 50.8 0.55
10 28.1 52.9 0.53
20 43.1 75.3 0.57
30 37.0 64.5 0.57
Dry 0 5.0 --
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Table 33. Effects of leachate fraction and temperature on microbial
populations in a Pawnee grassland soil.

Plate Counts/g Dry Soll

Treatment (%150 Gy il

15°¢ | F-1 3.60 2.99 3.41
F-2 2.13 h.53 2.98

. F-3 1.89 3.32 3,22

F-4 1.59 3.66 1.98

F-5 2.13 3.71 3.95

Water 1.46 3.00 1.99

Dry 0.94 2,79 2.67

25°¢ F-1 2.35 2.19 2.88
F-2 - 2.25 b,51 4,82

F-j . 1.76 3.57 2.47

F-4 2.53 4.23. 2.60

" F-5 1.67 4.33 5.33

Water 1.80 3.43 2.87

Dry 1.18 2.89 1.10

37°C - F-1 1.15 2.43 8.58
F-2 0.83 .61 8.71

F-3 0.98 1.69 1.76

F-i 1.30 1.90 2.05

F-5 0.77 1.92 1.34

Water 0.58 1.34 1.46

Dry 0.64 1.78 6.65
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The effect of temperature on the total plate counts was marked. All
plates were incubated at 25°C, but the cores were incubated at 13, 25, and
37°C before plating. It was consistently shown that the total counts for
the 15°C cores were higher than those for the 25°C or the 37°C cores. This
observation may be related to the mean soil temperatures in the Pawnee

grassland area.

Responses of Actinomycete Counts
The actinomycete counts showed no consistent variation with temperature,

carbon pulse, or soil water concentration.

Responses of Fungal Counts
Fungal counts were not dependent on temperature or carbon pulse, but

the counts of the dry cores were usually lower than those of moist cores.

Responses of Counts to Soil Water Variation
No consistent trends were seen in the effect of soil water on any

microbial counts.
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APPENDIX I
SOIL CHEMICAL ANALYSIS RESULTS FOR RUNS

17-11, 17-21, 17-71, and 17-80



Appendix Table 1.
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Soil chemical analysis results for runs 7-11, 17-21,
17-7%, and 17-80.

AR

Organic
Lab NO4-N P K Zn Fe Total N
No.  Rum Mo Matier (ppm)  (ppm)  (ppm) (ppm)  (ppm) (%)
596 17-11-12/ 1.5 1.6  12.5 213 0.67  14.2 0.07
597 2 2.4 5.5 19.0 249 0.60 26.0 0.08
598 3 1.7 16.0 16.3 182 0.45 20.8 0.10
599 4 1.3 18.5 15.8 187 0.47 19.8 0.08
600 5 1.5 14.0 16.8 233 0.53 26.7 0'08d/
0.09—
601 6 1.7 18.8  17.5 223 0.59  24.5 0.08
602 7 2.1 26.3  19.8 244 1.38  38.6 0.12
603 8 1.7 1%.5  17.0 223 0.75  26.0 0.09
60k 9 1.3 10.5  15.0 182 0.63  33.6 0.08
605 0 1.2 6.0 15.5 203  0.5% 17.9 0.08
606 17-71-1%/ 1.7 1.0 14.0 187 1.13  20.7 0.09
607 2 1.7 5.0 13.8 24k 1.25  21.5 0.11
608 3 1.5 2.6  14.3 238 1.06  20.7 0.09
609 i 1.4 1.6  17.0 233 0.32  20.0 0.09
610 5 1.5 1.0  15.0 288  0.57  21.2 0.09
611 6 1.2 0.8  12.0 223 0.26  23.5 0.07
612 7 1.4 3.3 12.5 268 0.75  22.L 0.09
613 8 1.9 3.3 15.0 228 0.76 22.8 0.10
614 9 1.8 0.8 15.5 253 1.19  28.6 0.11
615 0 1.9 1.4 18.3 312 1.81 k1.2 0.12
616  17-21-1¢ 1.9 5.4 13.0 213 2.32  3h.1 0.10
617 2 2.1 7.5  18.8 203 1.19  39.6 0.12
618 3 1.2 6.0 17.0 208 0.76 24.8 0.07
619 i 1.7 8.3 19.8 231 0.75  26.9 0.10
620 5 1.6 1.8 20.8 253  1.11  45.5 0.10,,
0.11%
621 6 1.5 3.3  17.5 244 0.96  31.3 0.10
622 7 1.7 5.4 23.0 211 1.15  34.7 0.10
623 8 2.0 5.4 22.3 223 1.2k kb0 0.12
624 9 1.4 6.8 18.3 182 0.46 29.7 0.08
625 0 1.2 2.6 13.0 3k 0.48  21.2 0.07
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Appendix Table 1 (continued).
Organic
Lab NO.-N P K Zn Fe Total N
No. Run No. "afgfr (me) (ppm) (ppm) (ppm}  (ppm) (%)
626  17-80-1%/ 1.3 0.8  1th.5 203 0.69  27.1 0.08
627 2 1.4 8.6 17.5 197 0.87 33.6 0.09
628 3 1.7 1.0 20.3 197 0.94 30.4 0.09
629 k 1.1 0.8 17.0 167 0.40 25,2 0.08
630 5 1.3 1.0 7.0 192 1.07 13.9 O.IOf/
0.10~

631 6 1.7 0.8 28.3 218 1.46 17.9 0.13
632 7 1.7 39.6 30.0 203 0.62 53.5 0.09
633 8 1.5 +50.0 23.0 274 1.20 30.3 0.10
634 9 1.2 33.6 15.3 203 0.47 17.7 0.09
635 0 1.3 31.8 17.0 253 0.79 15.6 0.09
a/ See Tables 2 and 3 for biological data.
5/ See Tables 19 and 20 for biological data.
¢/ See Tables 4 and 5 for biological data.
4/ Duplicate sample.
e/ See Tables 21 and 22 for biological data.
f/

— Duplicate data set.
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APPENDIX IT
FIELD DATA
Soil chemical data collected at the Pawnee site were recorded on
forms NREL-46, NREL-47, and NREL-48. These data are stored as Grassland
Biome data set A2U405B. Sample data forms and examples of the data follow.

Header cards explaining the treatment codes preceed each data set.



IBP GRASSLAND BIOME

U.S. INTERNATIONAL BICLOGICAL PRO GRAM

LAB DATA SHEET--MICROBIOLOGY - PLATE COUNTS

-
o« -
F] i o al= - 2
-] - Starting [l c w =3 e |a1x]n (-] [ =] g (-] -
bt 2 g 3 " -3 -3 jajo]e - - = = [
o - Date Y n SAhlal|l=-|o § — - - - 5
w r Y = — ¥ alw | o c o c - c o
- Lad 5 o aoxl1s2ie a o x el Q " 2 " -
- W = 2 = o = 00 |®})€E = - (=4 - 0 -
= - [+] o s Qa = =f231213 [+] 3 Q =] =
o " 3 L] oz aw fre|e|s H] = H] = 3 ®
® = g’ ~” - " n‘_.,
-
Day|Month|Year S E g

12| 3-5 |e-71 8-9 fro-11f12] 13-17 {19-20| 22-25 |26-27|28|29|30{31} 32-34 | 35-40 41 -4k 45-50 51-5k 55-60 61-64

Wi
[=~]

b6

Treatment 1 {19-29) (31-32) (34-80)

. A o P R

Treatment 2

1 £ B -

Location

1 Lab
z Field

Molsture

1 Dry
2 Moist

.

NREL-46 NATURAL RESOURCE ECOLOGY LABORATORY - COLORADO STATE UNIVERSITY - PHONE (303} 491-5571 - FORT COLLINS, COLORADD 80521




1234567890123456789612345678901?14567%901?1“5678901?3a507ﬂ901234567690

46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
a6
46
46
46
46
46
4b
46
46
46

1

P#310371117-21
P%3I10371117-21
pM310371117=-21
PM310371117-21
PM310371117~-21
PM310371117-21
PM310371117-21
PM310371117-21
PMI103T71ILILT7=-21
pPM310371117-21
PM310371117=-21
PM310371117-21
PM310371117=-21
PM310371117=-21
pM310371117=-21
Pu310371117-21
pPM310371117=-21
PM310371117-21
PM310371117=-21
PM310371117-21
pP4310371117-71
pM310371117-21
PM310%71117-21
PM310371117-21
PM3ALI0371117-21
PM310371117=-21
pM310371117-21
pM310371117~-21
F4310371117=71
p310371117-21
PM310371117-21
PM310371117-21
PM310371117=-21
pPM310371117=21
PM310371117-21
PM310371117-21

pPM310371117-21

PM310371117-2]
PM310371117-21
PM310371117-21
PM310371117-21
PM310371117-21
PM310371117-21
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+++ FXAMPLE OF DATA +++

2

&4

TREATMENT 1 921 NO WATEP
TREATMENT 1 n2 S ML
TREATMENT 1 03 10 M
TREATMENT 1 94 15 M
TREATMENT 1 05 20 M|
TREATMENT 2 G1 NO HAY
TREATMENT 2 02 PLUS HAY
0] 27420610116751,0F«5

31
c1l
02

27420610116751,0F=5
27420610116751 ,0F=5
27890720116401,0F-5
27890720116401.,0E-5
27890720116401,0F=5
2030830116551 ,0F=-5
28030830116551,0F -5
2R030836116551,.,0F~5
2R601040117751,0F=5
2R60104011775]1,0F=5
28601040117251,0F=5
25841250118551,0€=-5
25841250118551,0F=5
25841250118551,0F~5
25320610216451,0FE-5
253206107216451,0F=5
25320610216451,0F-5
27651220216301 ,0F=5
27651220216301,06-5
27651220216301,0F=5
25341030216701,0F=5
25341030216701.0F=5
25341030216701,0F=5
26881140217001,0F£-5
26881140217001,0F=5
26881140217001,0€«5
28160950216951,0E-5
2R160950216951,0F=5
28160950216951,0FE-5
25000510126651,0F=5
25000510126A51,0F -5
2500051012665] ,0F=5
27570720126501,0F=5
27570720126901 ,0F -5
27570720126901,0F~5

5

1821 ,0F=5
1741 .0E=5
1.0E=5

15731 ,9F =5

1341 ,.,3E=5
1031 .,0E=5
1471 . 0FE=5
1761.0E=5
116).NE=5
1401 ,0F =5
1671 .0FE=5
1481 ,0E=5
4A01,0E-5
5461 .,0FE=5
5351 .0E=5
lbql.OE-5
1871 .0E-5
18R]l .0E=5
26481 O0F -5
1~A1,0FE=5
2471 .06-5
?2511.0E-5
2061 40F=5
2091 .0FE=5
2081 .0E-5
2881 ,0FE=-5
2881 .0E-5
1361,0E=5
2361 .,0F=5
2041 JOE-S
2051 .0F=5
2221 J0FE =S
254) JOE=S
1991 ,0F=5
1861 ,0F=5
1951 .9E~5

A

621 .0F =1
631.0F'1

1.0F=3
SQIQOE"
54],0E~-"7
411.05-3
‘4‘51 QOF-"
SOIOOF-q
441 .OF-‘;
551,0F=-1
371,.0€=-7
461,0E-3
311.0F-3
321,0F=13
341 ,.0F=1
371, 0F-4
271 ,0F~-a
361 .OF-"‘
701.0F-1
511.0F-1
7T11.0F=3
631 QOF"F;
671.0F'1
661 .0F=~1
671.0F-4
9T1,.0F=4
141 ,0F-4
281,0F-a
- 601 .0F-4
451 . 0F=-u
691 ,0F=1
801.06‘1
1081.0E-7
781.GF=1
751.0F-"7

13
i6
16
16
c?

17
13
25

16

42
a7
36
28
34
cH
83
62
27
2y

31
15
io

31
22
o7
49
41
17
26
11



46
46
46
46
46
46
46
46
46
46
46
46
46
46
46b
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46

46
46
46
46
46
46
46
46
46
46
46
46
46

PM3)0371117~21
P#310371117-21
Pv310371117-21
Pu310371117=-21
PM310371117-21
pPM310371117-21
PM310371117-21
pPM310371117->1
pPu310371117-"1
P4M310371I117~-21
PM310371117=-21
PM310371117-21
PM310371117-2])
PM310371117=->]

PM310371117-21 |

PM310371117-21
PM3106371117-21
PM310371117-21
PM310371117~-21
PM310371117-21
PM310371117-21
pP4310371117=-21
pM310371117-21
PM310371117->1
PM310371117-21
P¥310371117-~-21
PM310371117-21
PM310371117-21
PM310371117-21
PM310371117-21
PM310371117-21
PM310371117-21
PM310371117=-21
PM310371117-21
PM310371117-21
pPM310371117-21
PU310371117-"1
pPuM3]10371117~-21
PM310371117~21
pPM310371117-21
PM310371117-21
PM310371117-21
PM310371117-21
pPM310371117-21
PM310371117-21
pM3]10371117->1
PM310371117-21
PM310371117-21
PM310371117-21
PM310371117-21
pPM3l0371117-21
PM310371117-71
PM310371117=-21
PM310371117-21
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26120830176351 ,0F=5
261208301726351,0F~-5
2120830126351 ,.,0F-5
28010940126751,0F~5
2010940126751 ,0F=5
28010940126751,0F=-5
26741550126751,0F=-5
26741553126751,.0F-5
2741550126751 ,0E-5

lanl 3E=-5
1101.9€-5
1561 ,08=-5
1841 ,0E=-5
2251 ,0E-5
1821 ,9E-5
3931,90E-5
2911 .9F=5
2931 JOE-5

26650210227101,0F=-510341.0E=-5
26650210227101,0F-5111K1,0F=5
26650210227101.0F=511461.0E-5

27390620226901,GF~5
27390620226901,0F=-5
27390620226901,0F -5
27660730226901.0E-5
27660730226901,3F~->
27660730226901,0F-5
27580940227001,0F~5
27580940227001 ,0E-5
27580940227001,0F=5
24241250226501,0F-5
24241250226501,0E-5
24241250226501,0F-5
25890210136351,0F-5
25890210136351,0E-5
25A90210136351,0F=5
26520520136R51,0€-5
26520520136A51,0F=-5
26520520136851 ,0FE~-5
26430530136901,.0F->
26430530136901,0F~53
26430530136901,0F=-5
26670R40136851,0F=5
26670840136A5]1 ,0F=-5
266T0R40136851,0F-5
27180950136901,0F=-5
271R0950136901,0F=-5
27180950136901 ,0F-5
24920210237Q001,0F~5
24920210237001,0E-5
24920210237001,,0€=-5
25660220236851,0F-5
2566022G236R5] ,0€ -5
25660223236951,0F-5
26290530237001,0F-5
26290530237001,0F~5
26290530237001,.0E-5
25060640236851,0F-5
2506054023615] ,0F=-5
25060640236R51,0F=-5
23890850237551,0F-5
23890850237551.0F-5
23890850237551.0F-5

2011.0E-5
2051 ,0F-5
lﬂcloOE-S
1511,.0E=5
1871 .0E-5
1891 ,0E-5
1541 ,NE=5
17R] 40F =5
167] .0E=5
1971 ,0F-5
2111,.,0€=5
1151 ,0€8-5
1061 ,0F <5
1701 ,0F=5
16R1,0F=-5
1R71 ,0F =5
A27) LO0F=5
2031 .0E-5
2071.0E=5
1RH1.9F =5
341 .0F=-5
431 ,4,9E=5
TTY ,0FE=5
1341 ,0F=5
901 ,0E=-5
901,0F=5
1541 ,0E-5
2071, 0F=5
2031.0E=5
2071 ,0F-5
149] ,0E=S
1601 .,0E=5
39H1 4 0E =S
4111.0E-5
36991 ,0E=-5
1851 ,0E=5
1821 .0E=-5
1841 ,0E-5
A51,0E~-5
AT] JO0E=5
17251 0E -5

601,.0F-4
4710“5-4
591,0F-4
T4]1 ,0F=7
6QIQOF‘1
541 .0F=7
611.0F-13
S41,%F«3
60100E-1
2021 .0F=-3
2101,0F=-13
2541 ,O0F =3
601,0FE-3
45] JNF =7
SB] JuF=13
341 ,0F=-13
341,0F=1
511.nF=1
461 ,0F =1
GHh] ,NF="1
411,0F=-13
191,0F=4
261 ,0F=-4
37).0F-4
461 ,0F=1
471 J0FE~3
43],0F=3
31 ,0F~4
T71.0F=4
86) ,NF~s

621 UF-%

47],0F=7
531.0E-7
221,0F=3
161,0F-3
311.0F-3
4]11.,0F=-1
301,0F=3
3%1.0F—1
381.0?‘“
451 ,0F =4
541.0F-4
691 ,0F =4
501,.,0F=4
371 .0E=-4
7T11,0F=-4
B4l ,0F -4
771 .0FE=4
601,0F-3
521.0F=1
QS)OOF-E
361,0F-3
261,0F-1
qlloOE-j

21
Zh
32
7
69
b7
{4
{4
S
32
39
39
46
37
3
b5
57
54
24
36
37
13
17
172
24
33
36
r-g!
23
ZH
c3
2?2
S1
53
32
“{
{9
60
/3
173
26
ls
24
Fuda}
24
29
25
rd
3z
24
39
2h
c17
S0



IBP GRASSLAND BIOME

US. INTERNATIONAL BIOLOGICAL PROGRAM

" LAB DATA SHEET--1ICROBIOLOGY - €02, FORMAZAN, MPN

5 3 -
Starting = & = : - - P S
© - Date [nd c w = 0 j=xi=]n —_ @ =
& 2 o 3 M 0 =< -3 lelo |6 - =
~ . h o - aAala|lle s o -
o fe w - - = mlwle o [=] - - =
jas = c =X axizleiz|e Y ¢ -5
-4 & = 3 = o — od& |alctd |+ 3 - =
ot — < c € X} e N R m 3 -
h] w 3 I 3 n > ow Ao~ < o
® ? & " c -] [~ e 5 @
Day |Month|Year - 5 < =]
o a
g .
1-2 3-5 {6-7] &-9 IO-HIIZ 13-17 19-20) 22-25 |26-27]28129(30431 32-36 37-40 h1-45
47
Treatment 1 (19-29} (31-32) (34-80)
1
2
3
4
5
6 - ——r— o ———
7
Treatment 2
‘l B oo ol — - ————
2
3 1.
4
5
Location h
1 Lab
2 Field
Hoisture
T Dry
2 Moist

HREL-L7  NATURAL ALSOURCE ECOLOGY LABOGRATGRY - COLORADO STATE UMIVERSITY - PHOHE {303) h21-5571 - FORT COLLIN-S. COLORADD 80521
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+e+ EXAMPLE OF DATA ++4

1 2 3 4 c
123456789012345678901234567890123456TR3901234567AG(

47 PM310371117-21 TREATMENT 1 (1 NO WATER
47 PM310371117~-21 TREATMENT 1 02 5 ML

47 PM310371117-21 TREATMENT 1 03 10 ML

47 PM310371117-21 TREATMENT 1 {4 15 ML

47 PM310371117-21 TREATMENT 1 05 20 ML

47 PM310371117-21 TREATMENT 2 41 NO HAY

47 PM310371117-21 TREATMENT 2 12 PLUS HAY

47 PM310371117-21 2742 61011 30380051 130
47 PM310371117-21 2789 72011 38900037 350
47 Pm310371117-21 2R03 83011 33030030 70
47 PM310371117=-21 2860104011 00045 46
47 PM310371117-21 2584125011 47710031 240
47 Pv310371117=-21 2532 61021 62390031 Say
47 PM310371117-21 2765122021112300041 5400
47 PM310371117-21 2534103021 79270033 9200
47 PM310371117-21 268811402] 000724 1700
47 PM310371117-21 2R16 95021108630029 9
47 P4310371117-21 2500 510612 80740002 2800
47 P4310371117-21 2757 72012108630006 1730
47 PM310371117-21 2512 A3012154140003 33
47 PM310371117-21 2801 94012102760021 79
47T PM310371117=-21 2674155012150470017 9200
47 PM310371117-21 2A65 210221636AR0017 130
47 pM310371117-21 2739 62022215060002 5404
47 PM310371117-21 2766 732221°2030004 350
47 pM310371117-21 2758 94022209920034 110¢

Pt bt Gt bt bt Pt Pttt
OO~ NSFWNOO X~ U W=

47 PM310371117-21 20 2424125022220200013 713
47 PM310371117-21 21 25R0 219013 46610036 23
47 PM310371117=-21 22 2652 S52013132120040 230
47 PM310371117-21 23 2643 53013128350042 799
47 PM310371117-21 24 2667 84013157810036 79
47 ©M310371117=21 25 2718 950131ARR200G272 130

47 Pv310371117-21
47 PM310371117-21
47 PM310371117-21
47 PM310371117-21
47 Pm310371117-21

2492 21023194510022 22
2566 22023212860041 79
2629 53023260570031 3500
2506 6423209190035 23
2389 RS5023187700024 27¢

[WRA VPRV
SO X~



IBP GRASSLAND BIOME

U.S. INTERNATIONAL BIOLOGICAL PROGRAM

" LAB DATA SHEET--I1ICROBIOLOGY - COp, FORMAZAN, MPN

—————

7 g g
. L 3
Starting - = < ala - 2 3 %.
o — Date ' c " ~ ] = j=1n o - ™
[ 3 -] = " - «= 23 |&a o[~ [ & o -4
- -— [ o - S |o|-jo -~ ~ < -
[ r [ = — = R L= I Ndh ] < <
- = c I X o=t l~-jz 10 =z < x o
- ™ - 3 = g = o0& |t fjc |57 E ]
- — G c [+ -] S = 123 |3 13 - =
b w 3 n 2 LI aw |l i E— X o 3
) - 4 -~ fadll BN o o g -~ "
Day jtonth]Year - = - o = o
[ v <
t-2| 3-5 | 6-7f -9 |i0-11]12 13-17  |19-20] 22-25 |26-27{28]23(381% 33-34 36-39 | ho-4b 5-
48
Treatrent 1 {19-29) (31-32) (34-80)
1
2
3
4
5
6 - e
7
Treatment 2
\ ———— e
2
3
& -
5
Location )
1 Lab
2 Field
Hoisture
1 Dry -
2 HMoist

NREL- 48  HATURAL RLSOURCE iCOLOGY LAGJIRATORY - COLORADS STATE UHIVERSITY = Prout (303) A91-5571 = FORT COLLINS, COLORACD 82521
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+++ FXAMPLE OF DATA +++

1 2 3 4 5 F
123456789012345678901234567R901234567R9012345ATRQ(172345ATHRI)

48 PM310371117-21 TREATUMENT 1 1 NO waTeEe
48 PM310371117-21 TREATMENT 1 02 5 ML

48 PM310371117-21 TREATMENT 1 ¢3 10 ML

48 PM310371117-21 TREATMENT 1 04 15 ML

48 PM310371117-21 TREATMENT 1 05 20 ML

48 PM310371117-21 TREATMENT 2 01 NO HAY
48 PM310371117-21 TREATMENT 2 02 PLIS HAY

48 PM310371117-21 01 2742061 11
48 PM310371117-21 01 2742061 11
48 PM310371117-21 01 2742061 11
48 PM310371117-21 91 2742061 11
48 PM310371117-21 01 2742061 11
48 PM310371117-21 01 2742061 11
48 PM310371117-21 01 2742061 11
48 PM310371117-21 02 2789072 11
48 PM310371117-21 02 2789072 11
48 PM310371117-21 02 2789072 11
48 PM310371117-21 02 2789072 11
48 PM310371117-21 02 2789072 11
48 PM310371117-21 02 2789072 11
48 PM310371117-21 02 2789072 11
48 PM310371117-21 03 2803083 11
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