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ABSTRACT

In order to accurately predict carbon and energy flow through the
terrestrial ecosystem, it is necessary to understand the influence of
environmental factors on the soil respiration rate, i.e. the rate of
o, evolution from soil. Studies were therefore initiated to determine
the influence of soil water, soil temperature and grazing on the rate
of €O, evolution from soil.

Sampling locations were selected from both grazed and ungrazed
grassland sites on the Arid Land Ecology Reserve operated by the U.S.
Atomic Energy Commission in south-central Washington. The soil 002
evolution rate and surface soil water and temperature were measured
at periodic intervals from April 1, 1971 to November 18, 197z.

To provide an estimate of the rate of plant tissue decomposition

in soil, shoot and root tissues (5ggppyron spicatum) in nylon-mesh

bags were buried in the soil at sites employed for soil respiration
measurements, and the bags were retrieved at periodic intervals. Tissue
weight losses and net changes in organic C and total N were taken as
indices of decomposition.

The sensitivity of CO2 measurements was augmented by improvement
of titrimetric methods and by adjustment of the concentration of base
utilized for collection of CO,. The concentration of base was estimated
from expected co, evolution rates. The CO2 evolution rates were predicted .
from preliminary regression models employing soil water and temperature.
With the improved sensitivity, field blanks recorded in 1971 and 1972
became significant. Adjustment of all CO2 values for the field blanks
allowed detection of subtle effects of soil water and temperature on

respiration rate.




ii

Using a multiple regression model, it was possible to explain a
major portion (approximately 75%) of the variation in soil respiration
rate on the basis of changes in soil water and soil temperature. The
model was sufficiently versatile to describe marked changes in soil
respiration rate resulting from summer rains. Soil water was evidently
the limiting factor in the late spring, summer and early fall when soil
temperatures were above approximately 15°C; whereas temperature was
likely a major féctor in the late fall, winter and early spring when
soil water content was at a level approximating 50% soil water capacity.

The CO2 evolution rates on grazed fields were significantly lower
(sign test) than ungrazed fields in 1972, perhaps as a result of a de-
crease in below-ground biomass and root respiration. Grazing effects
may be expected to become more pronounced as grazing is continued in
subsequent years.

Total decomposition of shoot tissues, measured gravimetrically after
burial for periods of 12-15 months, ranged from 30 to 45% of the tissues
originally buried. Root tissues decomposed Tess rapfd]y exhibiting less
than a 13% weight loss over the same period. Grazing did not influence
the decomposition rates of shoot or root tissues.

Plant tissue organic C content generally did not change markedly with
time, and net C losses therefore approximated those lTosses measured gravimet-
rically. The C/N ratios decreased markedly on decomposition, likely as a

result of microbial conversion of tissue C to C02.



INTRODUCTION

The soil is the principal medium for return of photosynthetic energy
to the atmosphere. Soil microorganisms may be represented as receiving
reduced forms of C in plant and animal residues and ultimately oxidizing
the carbonaceous materials to the lowest energy state of C, i.e. COZ‘ The
rate of CO2 evolution from soil is largely a function of the activity of
soil microorganisms and plant root respiration but also includes respira-
tion by soil invertebrates (Kononova, 1966). Prediction of C and energy
flow through an ecosystem must be predicated upon an understanding of the
environmental factors influencing soil respiration rate. Field measure-
ments of soil respiration rate are perhaps the best means of evaluating
the integrated influence of these effects.

Previous laboratory and field studies {Katznelson and Stevenson,
1956 Kononova, 1966; Wildung, et al., 1971) have indicated the impor-
tance of soil temperature and moisture in influencing the rate of organic
matter degradation in so¢il.

Related studies {Wildung and Schmidt, 1971} were conducted in calen-
dar year 1971 on the Arid Land Ecology Reserve operated by the U. S.
Atomic Energy Commission in south-central Washington as a part of an
International Biological Program, Grassland Biome effort to determine
the influence of grazing on ecological processes. These investigations
indicated that whereas seasonal changes in soil water content were sig-
nificantly correlated with changes in soil C02 evolution rate measured
at periodic intervals from April to September, changes in soil tempera-
ture were not. However, initial predictive models were improved when

temperature was included. Temperature effects were not as pronounced
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as water effects and detection methods employed were insufficiently sen-
sitive to determine changes in 002 evolution rate resulting from small
changes in temperature.

The studies further showed that 602 evolution rates and litter decom-
position on grazed and ungrazed plots were not significantly different in
the first year of grazing. It was suggested that grazing effects on soil
respiration would become more pronounced as grazing was continued in sub-
sequent years resulting in changes in plant root respiration, soil fertil-
ity and soil structure. |

In calendar year 1972, the sensitivity of the CO2 measurements was
improved by adjustment, according to expected 002 evolution rate, of the
concentration of NaOH utilized for collection of 002. This reduced the
quantity of excess NaOH regquired and allowed a more sensitive titrimetric
determination of trapped 002. The expected 002 evolution rate was pre-
dicted from a preliminary regression model employing temperature and
moisture. Measurements of 002 evolution using the modified method were
extended through 1972 to determine the effect of water, temperature and
a second period of grazing on soil respiration rate. Regression models
were developed for prediction of soil 002 evolution rate utilizing the
most influential environmental parameters. For comparative purposes
measurements of plant tissue decomposition in soil were also continued.

The results of the 1971 and 1972 studies are summarized in this report.

MATERIALS AND METHODS

The grazing studies were conducted on a field plot located at an

elevation of approximately 445 m on the northeast-facing slopes of the
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Rattlesnake Mountains in south-central Washington. The understory at

this elevation is dominated by Bluebunch Wheatgrass (Agropyron spicatum)

whereas the principal overstory shrub species is Big Sagebrush (Artemisia
tridentata).

The soil at the experimental site, a Ritzville silt loam, developed
primarily on aeolian silt parent material and contained 0.66% organic C
(Table 1).

The field plot design is illustrated in Figure 1. The field plot
(600 X 600 M) consisted of grazed and ungrazed treatments containing two
replicates (300 X 300 M). Replicates were subdivided into three strata.
To locate sites for analyses, two blocks (15 X 30 M) were randomly selec-
ted from each stratum and two plots (1 X 1 M) were randomly selected from
each block (12 sample sites per treatment). Grazing (15 head) was alter-
nated at 7 day intervals on replicates 1 and 2 from April 14 to June 10,

1971 and from April 5 to May 16, 1972,

Soil Temperature and Moisture

S0i1 temperature (10 cm soil depth) was estimated by using a dial-
reading, spike stem thermometer inserted into the soil. The thermometer
operated on the dual metallic principle. Thermometers were placed inside

the €0, collection device, inside the shade canopy and outside the shade

canopy.
Surface soil (0-8 cm) moisture content was determined gravimetrically

after drying (110°C) of samples taken concurrently with measurement of

soil respiration rate.
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Soil Respiration Rate

The soil CO2 evolution rate was measured for 24 hour periods (8 a.m.
to 8 a.m.) at intervals from April 1, 1971 to November 18, 1972. The
measurements were at most frequent intervals throughout the growing
season in the spring and early summer,

To collect CO2 evolved from the soil surface during the 1971 studies,
a polypropylene bottle with the bottom removed was inserted into the soil
to a depth of 20 cm, The polypropylene became brittle and fractured dur-
ing the winter, and therefore for the 1972 studies an aluminum pipe (10
cm dia.), driven to the same depth, was utilized (Fig. 2). A vessel
containing 0.1 to 1.0 N NaOH {10 m1) was utilized as a C02 trap. The
bottle containing the CO2 trap was sealed using a threaded 1id contain-
ing a moistened "0" ring. The aluminum pipe was covered during measure-
ments by a snap-on polypropylene cap. To reduce the possibility of in-
Creased temperature in the closed vessel, the unit was shaded using an
angled section of galvanized sheeting. Controls were placed in the
field adjacent to the treatment. The control systems were identical to
the units utilized for collection of 602 evolved from soil except the
volume of the controls was reduced to the equivalent volume above the
soil in the closed treatment vessels (Fig. 2). The CO2 in the soil
effluent gases, absorbed as 0032' in the traps, was analyzed (Stotzky,
1965) by titration (0.1-1.0 N HC1) of the unneutralized NaOH after pre-

cipitation of the C032' as the Ba2+ salt. Titrations were conducted
utilizing an automatic, continuously recording titrimeter. A typical

titration curve is iTlustrated in Fig. 3, Minimum detectable levels
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of soil evolved 002 were dependent primarily upon the concentration of
NaOH employed for CO2 collection and amounted to + 1.1 and + 17 mg 002
at 0.1 and 1.0 N NaCOH, respectively. The C02 evolved per collection
unit in 24 hours, ranged from approximately 25 to 100 mg in the poly-
propylene vessels (15 cm dia.) used in 1971 and from dpproximate]y 8 to

34 mg in the aluminum vessels (10 cm dia.) used in 1972,

Decomposition of Plant Tissues
To provide an estimate of the rate of plant tissue decomposition in

soil, shoot and root tissues {Agropyron spicatum) were chopped (2-7 cm

in Tength) and subsamples (1.0-3.0 g) placed in nylon mesh bags (15 cm
x 15 cm). The bags (15 bags of each tissue) were buried in the soil
(6-8 cm) at two locations on the grazed and at two Tocations on the
ungrazed sections of the field plot. Thus, a total of 120 nylon bags
(15 bags x 4 locations x 2 tissues) were buried at each time interval.
The bags containing the tissue were buried on March 18, April 21 and
June 4, 1971, A portion of the tissues buried in March were retrieved
on April 21, May 26 and August 17, 1971, whereas a portion of tissues
buried in April and June were retrieved on August 17, 1971, A random
selection of tissues buried in 1971 were retrieved on June 6, 1972, On

August 10, 1972,cellulose and shoot and root tissues (Agropyron spicatum)

were buried in a similar manner. Sufficient quantities were placed in
1971 and 1972 to allow retrieval at yearly intervals for a period of 3
years from time of burial,

On retrieval, the tissues were removed from the nylon bags and sub-

samples were taken for gravimetric measurement of weight loss, based on
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oven-dry (60°C) weight and for determination of elemental composition.
Tissue weight change was calculated as follows:

Percentage change Weight of original _ Weight of retrieved
in weight = ash-frée tissue = ash-free tissue X 100

Weight of original ash-free tissue

Elemental Analyses

Organic C, H, N and ash were determined on the original tissues and
on retrieved tissues exhibiting maximum weight Tosses, i.e., tissues
buried for five months or longer. The organic C, H and ash contents were
measured as described by Wildung, et al., 1970, and N contents were deter-
mined by the Dumas method as described by Welcher, 1966.

Changes in tissue organic C and N were calculated as follows:

C content of C content of
Percentage change original ash~- - retrieved ash-
in C or N = " free tissue free tissue X 700
C content of original ash-free
tissue

RESULTS AND DISCUSSION

Evaluation of Methods

The polypropylene bottles used in 1971 performed well in providing
a closed system for collection of soil-evolved COZ' However, the bottles
became brittle and cracked during the winter and aluminum pipe driven
into the ground and covered with a snap-on polyropylene cap was used for
€0, collection in the 1972 studies.

The mean C02 evolution rate using the original devices was nearly

identical for grazed and ungrazed treatments. Installation of the aluminum
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pipes early in 1972 resulted in a consistently, but not significantly,
higher CO2 evolution rate in the ungrazed plots likely due to the fact
that the new containers more closely represented the field as it was
altered by grazing over the past year. Because permanently placed col-
Tection vessels represent an unaltered microcosm, new units should be
placed each year or portable units developed.

ATthough changes in soil water had marked influences on soil 002
evolution rate monitored during 1971 and early 1972, initial predictive
models were improved when temperature was incorporated. It became
apparent that temperature was an important parameter during the early
spring, summer, late fall and winter. However, temperature effects were
not as pronounced as water effects and the detection methods employed
were insufficiently sensitive to determine changes in 002 evolution rate
resulting from small changes in temperature. To improve sensitivity,
the concentration of NaOH utilized for collection of 802 was adjusted
according to expected CO2 evolution rate, The rate was predicted from
soil temperature and water data previously obtained and sufficient ex-
cess base was allowed to ensure that less than 40% of the base was neu-
tralized. Acid concentrations utilized for titration of unneutralized
base were adjusted accordingly, Potentiometric titrations were conducted
using a continuously recording automatic titrimeﬁer on a routirne basis.
These changes improved sensitivity by an approximate factor of 10, which
allowed the detection of more subtle changes in the field.

In the 1971 studies, the 602 Tevels in the controls did not exceed

the determined variation between replicate treatments, and therefore the
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values for soil CO2 evolution rate in 1971 were uncorrected for 002 present
in the atmosphere within the vessels, However, with the improved sensi-
tivity, it became necessary to correct for field controls, j.e. the CO2
present in a capped vessel of volume equivalent to that above ground in

the soil collection vessels, These modifications markedly improved corre-
lations between temperature and 802 evolution rate and differences between
grazed and ungrazed treatments appeared significant in the fall of 1972,
Additional data to be collected in the spring of 1973 will assist in vali-
dation of these initial observations,

Subsurface (10 cm soil depth) soil temperatures under the shaded
collection vessel and outside the shade canopy were approximately equiv-
alent throughout the monitoring period. Surface soil (2 cm) temperatures
outside the shade canopy seldom exceeded surface soil temperature under
the canopy by 5°C. Measurements of soil in the morning (8 a.m.) before
maximum ambient temperatures were reached likely served to minimize
differences between shaded and unshaded surface temperatures. Subsur-
face soil temperatures were employed for all evaluations., However, most
of the soil microbial activity 1ikely occurs in the surface (0-3 cm) of
the soil. If precise estimates of the influence of temperature on the
microbial contributions to soil respiration are required, measurements
of soil surface temperature should be employed.

Estimation of plant tissue decomposition by gravimetric determina-
tion of weight loss after field burial and retrieval was satisfactory
provided degradation exceeded approximately 10% of the original tissue

weight. If tissue degradation amounted to less than 10%, interpretations
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were tenuous due to replicate variation. Variation may have arisen from
subsampling errors (although 6 replicates were emp]oyed); the presence
of fresh plant roots or from moisture in the interlayers of soil clay
minerals retained by the roots after retrieval. Interlayer moisture may
be considered stable at 60°C; the oven temperature at which the tissue
was dried. In 1971, the decomposition of shoot tissues over the grow-
ing season was sufficient to allow valid comparisons between treatments,

however root tissues decomposed more slowly;and evaluation of treatment

effects on root decomposition over the same time interval was not feasible.

In 1972, the burial period for both shoots and roots was extended to
approximately 1 year; but after 1 year, decomposition of roots was still

not sufficient to allow a comparison of treatment effects.

Seasonal Changes in Soil Temperature and Moisture

Soil temperature (Fig. 4), with the exception of several sharp de-
creases during rain storms, generally exhibited a gradual increase from
6.6°C in April to 31,0°C near the end of July, 1971. This temperature
was maintained evidently through most of August. On September 1, 1971,
the soil temperature had decreased to 19°C and it apparently continued
to decrease to a low of 0.5°C in February. A similar temperature cycle
occurred in 1972, except that the maximum recorded temperature (23.8°C
in August) was lower than 1971,

Soil water content (Fig. 4) decreased from a high of 10.9% on April
1, to 2.5% at the end of May, 1971. In the interim, a light rainfall on

May 13 increased the soil water from 2,3 to 2.9%. A rain storm added
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Seasonal changes in soil temperature and soil water on combined
grazed and ungrazed treatments. Each value is the mean of 24
field replicates. Soil temperature and water were not signi-

ficantly different for grazed and ungrazed fields.
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approximately 2.5 cm of new water to the soil on June 3, raising the soil
water content to near field water capacity (22%). Following the storm,
surface soil water content decreased to 1.2% on August 12, due apparently
to downward water movement, evapotranspiration from the surface and con-
sumptive use by vegetation. Deviating from the usual climatic pattern in
which July, August and September are dry months, a storm on September 1,
which deposited approximately 1.3 cm of rainfall, raised the soil water
level to 13.4%. Although records are not as detailed during the fall of
1971 and winter of 1972, soil water apparently increased through the fall
reaching a maximum in the winter. The highest recorded maximum in 1972
occurred in March. This was followed by a general decrease during the
summer but included a sharp increase in early May, 1972 as a result of a
light rain. Records for 1972 were not as detailed as 1971, and it is
likely that soil water content measured at more frequent intervals would

reflect the several rains which occurred in the spring of 1972.

Influence of Soil Temperature and Moisture on Soil Respiration Rate

To determine the effect of soil temperature and soil water on soil
respiration, simple correlations of temperature and water content versus
soil CO2 evolution during 1971 and 1972 were evaluated for the ungrazed
treatment (n = 31). In contrast to data accﬁmu]ated in 1971 (Wildung and
Schmidt, 1971), in which there was a strong correlation between soil res-
piration rate and soil water, neither soil water nor temperature were
significantly correlated (P = 0.05) with changes in soil respiration rate
when data from 1971 and 1972 were combined. However, it was apparent from

qualitative comparisons of these parameters (Figs. 4 and 5) that both soil
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Multiple regréssion model (R = 0.86) describing the influence

of soil temperature {t) and soil water content {m) on rate of
carbon dioxide evolution (y) from ungrazed soil over a two-
year period. Each observed value is the mean of 12 field

replicates.
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water and temperature played an important role in influencing soil res-
piration.

Increases in soil water content due to rainfall in the late spring
and summer, when soil temperatures were above approximately 15°C (Fig. 4),
resulted in marked increases (Fig. 5} in CO, evolution rate. If this
water content was maintained for extended periods at these soil tempera-
tures, total CO2 evolution would have been much higher on an annual basis.
However, soil water was inversely related to soil temperature (r = 0.67,
P < 0.01) as a result of (i) climatic factors, i.e. rainfall was usually
accompanied by reduced ambient temperatures, and (i1) increased evapo-
transpiration from soil at higher temperatures. The latter effect re-
sulted in rapid decreas2s in soil water after a summer rainfall. Thus,
over an annual period, marked effects of summer rains on soil respiration
rate were less important.

It is likely that the effects of temperature and water content on
soil microbiological activity and plant root respiration were complex
and interrelated and that temperature and moisture were both highly im-
portant. Moisture was evidently the limiting factor in the late spring,
summer and early fall, when temperatures were above approximately 15°C,
and temperature a major factor in the late fall, winter and early spring,
when water content was greater than approximately 50% soil water capacity
(22%). Using multiple regression technigues, it was possible to explain
a major portion (approximately 75%) of the vériat1on (R = 0.86) in soi
respiration rate during 1971 and 1972 on the basis of soil water and soil

temperature (Fig. 5). The model appeared to have excellent predictive
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capability and was sufficiently versatile to describe marked changes in

soil respiration rate resulting from summer rains. A model using the

same parameters and approximately equivalent coefficients performed

eqha]ly well (R = 0.91) when applied to the grazed treatment (Fig. 6).

To reduce residual variance, parameters other than temperature and mois-
ture should be included, e.g., barometric pressure and ambient or soil
surface (3 cm) temperature. Future studies will be oriented toward re-
finement of the model through identification and measurement of these param-
eters and validation of the model by measurement of soil respiration rate

after manipulation of influential parameters in the field.

Influence of Grazing on Soil Respiration Rate

Comparison of soil respiration rates on grazed and ungrazed plots
using the "t" test indicated that the treatments (Figs. 5, 6) were not
significantly different (P = 0.05). Using the sign test, the treatments
were not significantly different in 1971, but the grazed site was signi-
ficantly lower (P = 0.01) than the ungrazed site in 1972. In contrast to
the "t" test, the sign test, when applied to these data, takes direction
of change with time into account.

Grazing may be expected to influence soil respiration rate by alter-
ing conditions which influence microbial activity and plant root respira-
tion, e.g., soil fertility levels, availability of readily available
sources of C, disturbance of surface soil structure and plant harvest.
These effects should become more pronounced as grazing is continued. How-
ever, over the short-term, it is likely that changes in soil respiration

rate would be most markedly influenced by changes in soil structure as this
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Multiple regression model (R = 0.91) describing the influence
of soil temperature (t) and soil water content (m) on rate of
carbon dioxide evolution (y) from grazed soil over a two-year

period. Each observed value is the mean of 12 field replicates.
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influences soil water holding capacity, temperature and 802 diffusion;

and in total plant biomass, which is related to consumptive use of soil
water and the rate of root respiration. It is difficult to quantify
changes in soil structure. Soil water content and soil temperature on

the grazed and ungrazed sites were not significantly different when all
data were considered. However, the total, above-ground biomass of per-
ennial grasses on the grazed and ungrazed sites (Rickard, 1972), not sig-
nificantly different in spring, 1971, prior to initiation of the first
grazing period, was approximately 25% lTower on the grazed than the un-
grazed sites in early spring, 1972, prior to initiation of the second
grazing period. The differences between treatments were accentuated

with grazing and amounted to approximately 50% in June, 1971 and 1972
after grazing was terminated. If reduction in 1ive, above-ground biomass
was accompanied by a reduction in live, below-ground biomass, the observed
decrease in C flow on grazing may have resulted, in part, from a reduction
in total reoot respiration. Future studies should be designed to test this
hypothesis and determine the relative influence of other factors which may

account for grazing effects on soil respiration rate.

Decomposition of Plant Tissues in Soil

Gravimetric measurements. Decomposition of Agropyron spicatum shoot

tissues, measured gravimetrically, generally increased with burial time
(Table 2). 1In 1971, when several burials and retrievals were made at in-
tervals during the spring and summer, decomposition of shoots ranged from

11.2 to 26.6% and from 5.8 to 20.3% for the grazed and ungrazed treatments,
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respectively. For shoots buried in March on the grazed treatment, total
decomposition of tissues retrieved in August was significantly higher

(P = 0.05) than decomposition for tissues retrieved in April and May.
Decomposition of tissues buried in April and retrieved in August was
significantly (P = 0.05) higher than tissues buried in March and retrieved
in April. Decomposition of tissues buried in June and retrieved in August
was significantly lower (P = 0.05) than tissue buried in April and retrieved
in August. In the case of the ungrazed treatment, decomposition of tissues
buried in March was significantly different (P = 0.05) for April, May and
August retrievals, increasing with increased burial time. Decomposition

of tissues buried in June and retrieved in August was significantly greater
(P = 0.05) than tissues buried in March and retrieved in April. No other
differences in shoot decomposition were significant within treatments and
grazing did not appear to affect decomposition rate.

Shoot decomposition on grazed and ungrazed treatments increased by an
approximate factor of 2, amdunting to 29.8 to 45%, when length of burial
time was extended through June, 1972. However, there were no significant
differences in decomposition resuiting from length of burial time or graz-
ing treatment in the long-term studies.

Root tissues decomposed more slowly than shoot tissues (Table 2) and
decomposition did not exceed 13% of the tissues originally buried after
incubation for periods exceeding 1 year. There was considerable variation
in decomposition as determined by these methods, as previously discussed.

Grazing did not have a significant effect on root tissue decomposition.
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Carbon, hydrogen and nitrogen measurements. Total organic C and H

were determined for shoot and root tissues prior to burial on March 18,
April 21 and June 4, 1971 and after retrieval on August 17, 1971. The
results of analyses for tissues buried on March 18, 1971 have been pre-
viously reported (Wildung and Schmidt, 1971). The results of C, H and N
analyses for tissues buried at the other time intervals in the spring of
1971 and recovered on June 6, 1972 are given in Tables 3 and 4.

As in the case of gravimetric analyses, there was considerable varia-
tion in the elemental analyses of retrieved tissue. In general, there did
not appear to be a significant change in C, H or C/H ratios (Table 3) with
tissue type, burial time or treatment except in the case of the June, 1971
burial. After recovery of these tissues from grazed and ungrazed treatments,
organic C had decreased significantly, amounting to approximately 10 and
20% for shoot and root tissues, respectively.

The N contents of both shoot and root tissues (Table 4) generally
increased on burial in the soil and generally were highest, regardless of
treatment, in the tissues buried on June 4, 1971, the burial time which
resulted in the largest reduction in organic C. It is noteworthy that
this burial took place at a time when soil temperature and moisture (Fig. 4)
were near optimum for microbial activity as indicated by a soil respiration
rate (Figs. 5, 6) which approached the maximum for the year.

The increase in N content was accompanied by a corresponding decrease

in C/N ratio, probably as a result of microbial conversion of tissue C to C02.

However, it is possible that the tissues absorbed N, likely as N03-N,_from

the soil solution. The lack of a change in total C content of the
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tissue does not necessarily indicate that decomposition did not occur
because the tissues consist of a number of components of varying C con-
tent. Decomposition can only be estimated by gravimetric means, i.e.,
directly, as reported in the previous section, or by calculation of the
net C Toss.

Decomposition, as measured by net C loss, of shoots on grazed and
ungrazed fields after 12-15 months burial, ranged from 30 to 59% of the
C in the tissue prior to burial (Table 5). Roots lost 8 to 31% of C in
the original tissue after burial for the same time period (Table 5).
Shoot and root decomposition measured by C loss, therefore, broadly
agreed with gravimetric measurements of decomposition. However, as in
the case of gravimetric'measurements alone, variation between replicates
for both shoot and root tissues was considerable and there were no sig-
nificant differences in decomposition resulting from length of burial

time or grazing.



Table 5. Decomposition (organic carbon loss} of shoot and root tissues
(Agropyron spicatum) in soil.

Decomposition
Date of Date of Grazed Ungrazed
Burial Retrieval Shoots Roots Shoots Roots
__________________ %1,2___‘_*_Mﬂ_~_______,
3-18-71 6-6-72 41+ 12 26+ 9 30+ 1 2+ 7
4-21-71 6-6-72 59 + 16 8+ 8 45 + 20 8 + 18
6-4-71 6-6-72 44 + 18 30 + 32 50+ 10 31+ 23

]Based on oven-dry (60°C) ash-free weight

% +S.D.,n=4
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APPENDIX I
FIELD DATA
€02 Evolution Collected at the ALE Site
The C0p evolution data were collected on form NREL-4E. The grams
C0,/24 hr/mZ for each sample were calculated at the site. The IBP
designation for CO2 evolution data collected at the ALE Site is A2U4047.

Examples of the data form and data follow.



LZ908  00VY0I0D “SNITI03 1404 - 1£55-16% (£0E£) 3INOHL = ALISHIAINN 31VLIS 0QVHM0TI0D - AMOLVHOAYT ADOT0DI3 3IJ¥N0SIY IVUALYN  3n-T13dN

JBpu||AD Nuelg
d3pui | A2 {eludwliadxy |

le3uawadxy

NM - ¥S3

N - ¥S3

K - ¥sS3

0 - ¥s3

AABRY 131Q
ajedapow 3aiq

14b 1934
»ﬂcw_Lmuwn

juaa4nd peazedbup 4
pezesb A1aeay ¢
pazesb Ajaiedapoy €
4

!

oL B0 WL g

pazeab Agiybi
pazeabun
Judwlead |

zl
aaumeqd ||

xajuegd Q|
sbesgy 60
epeuwior  go
uinbeor ues /o
shey gp
uosuiNa1g S0
poomu03l103 Ko
4sbpiig €0
uosig 20

I_i0
T

Z

uoLIn|oAa “ga 3
adky ejeq

Lt
=

-
L2
E
~™
P~

LL-L9 59-19 65-99 £9-64 A Y

—
.:Ir
M~
o
¥
)
U
o~
o~
(=
[hal

gz-S7 | £2-0¢

o
—

=L &

—
-
-

£L-T1{L1-01| 6-8 L-§ | n-£

o™
1

Jeay {yjuoy| Aeg

ity

der

cate
1s

imental
1 Water
1
in
itia
Site
Data Type

Trapped

HC1
Hours CD2
In

Area
i
Treatment

Molar
Cyl
Repl

ajeq

Q
Temperature

Exper

Mg 002/25 hr
Mg COZ
B-E
ml HC1
Mean of
Blanks

So

o] C02/2ﬁ hr/m2

NOILNTOAT €02 - ABOI0IS04DIH--133HS viva 41314

WYMD Oxd TvII901018 TIVNOILYNHILNI ‘SN

INOIF MNVY1ISSVvYdHD J71



-32-

##FXAMPLE OF DATA+#¢
1 2 3 o 5 6 T L.

l234567890123¢5678901?34567H901?345678901234567Rq01?34567890l2345673901234“67300

SENITG 08047111179410.5 5,30 1 24.0 00.R1
4E0L1TH 08047311179410.5 5430 1 24.0 P09
4EDLTH 0B04T111179410.5 5.30 1 2440 00.57
GECLTG QHO4T111179410.5 5.30 1 2440 0l1.20
SE0LTG 08047111179410.5 5,30 1 24.0 0l.5%0
4E01TG 0B04T7111179410.% 5,30 1 24.0 00,78
4ENLTG 08067112179.10.5 6.20 1 2440 D0.57
4E0LTE 08047112179.10.5 6,20 1 P4,0 00.70
4EDLITE DR04T112179.10.5 6.20 1 Pb4e0 00.4R
4E01TG 0B047112179.10.5 6.20 1 Z4.0 01,21
GEDLITG 0804T7112179,10.5 6.20 1 24,0 00,38
4EOLTG 0804711217941 045 6420 1 2440 -0.21
4E01TG 0GA04TISI179410.45 5.30 1 2440 00.71
4E01TG 0R047151179.10.5 S5.30 1 24.0 03.0%
4EQLITG 08047151179410.5 5.30 1 24.0 : . 01.85
4E01T6 0804T7151179.10.5 5.30 1 24.0 01.24
4E01TG 0804T7151179.10.5 5,30 1 2a,.0 . 01.34
4E01TG 0RD47151179.10.5 $5.30 1 24,0 00.67
4EDLTG 0R04T152179.10.5 S.10 1 2440 02,38
4ECLITG 08047152179.10.5 5.10 1 24.0 01,24
4E0LTG 0804T7152179.10.% %410 1 24,0 . 00,47
4FE01TG 0R04T1IB2179.10.5 S5,.10 1 24.0. 01.80
4ED0]1TG 0B047152179.10.5 5.10.1 24.0 0l.1r
4ED1TG 0B04T152179.10.5 5.10 1 24.0 01.13
4E0LTG 15047111179.10.1 5.20 1 24,0 01,68
4EO0LTE 15047111179.1041 5.20 1 26,0 0r.20
4E01TG 15047111179.41041 5.20 1 24.0 . 01.5%8
AE01TG 15047111179.1041 5.20 1 24.0 0l.4R
4ED1TG 15047111179.10.1 5.20 1 24.0 02.46
4ENLTG 15047111179.10.1 5.20 1 26440 01.53
SEOLITG 15047112179.10.1 4.60 ) 24.0 01.33
4ENLTG 15047112179.1041 4460 1 24.0 0,25
4E01TG 15047112179.10.1 4,60 1 24.0 01.54
4E01TG 15047112179e10.1 4480 1 2440 0l.4a
4E01TG 15047112179.10.1 4,60 1 24.0 0l.25
4E01TG 15047112179.10.1 4.60 1 26.0 : 02.03
4E0L1TG 15047151179410.1 5410 1 24.0 01.52
4E01TG 15047151179410.1 S.10 1 24.0 01.8A
4EQLTG 15047151179.10.1 S.10 1 24.0 0l1.57
4BED1TH 15047151179.10.1 5,10 1 24.0 0l.2A
AE0LTG 15047151179.10.1 5410 1 2440 01.73
4E01TG 15047151179.10.1 5410 1 24,0 01,34
4E01TG 15047152179.10.1 5.10 1 24,0 0l.24
4EDLITG 15047152179.10.1 S.10 1 2440 0l.an
4E01TH 15047152179.10.1 5.10 1 24.0 01,218
4E01TG 15047152179.10.1 5,10 1 P4.0 0l.76
4ED1TG 15047152179410.1 5,10 1 24,0 : 01.3R
4EQLITG 15047152179.10.0 5,10 1 P4.0 0l.70
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