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Abstract

Since the onset of the industrial revolution, atmospheric CO, concentration has increased
exponentially to the current 370 pmol mol~! level, and continued increases are expected.
Previous research has demonstrated that elevated atmospheric CO, results in larger plants
returning greater amounts of C to the soil. However, the effects of elevated CO; on C and N
cycling and long-term storage of C in soil have not been examined. Soil samples (in 0-50, 50—
100, and 100—200 mm depth increments) were collected after 3 years of cotton (Gossypium
hirsutum L.) production under free-air CO, enrichment (FACE, at 550 gmol CO, mol™'), in
combination with 2 years of different soil moisture regimes (wet, 100% of evapotranspiration
replaced, or dry, 75% and 67% of evapotranspiration replaced in 1990 and 1991, respectively)
on a Trix clay loam (fine, loamy, mixed (calcareous), hyperthermic Typic Torrifluvent) at
Maricopa, Arizona. Ambient plots (370 gmol CO, mol™" (control)), in combination with the
wet and dry soil moisture regimes, were also included in the study. Soil organic C and N
concentrations, potential C and N mineralization, and C turnover were measured. Increased
input of cotton plant residues under FACE resulted in treatment differences and trends toward
increased organic C in all three soil depths. During the first 30 days of laboratory incubation,
available N apparently limited potential C mineralization and C turnover in all treatments.
Between 30 and 60 days of incubation, soils from FACE plots had greater potential C miner-
alization with both water regimes, but C turnover increased in soils from the dry treatment and
decreased in soils where cotton was not water stressed. These data indicate that in high-CO,
environments without water stress, increased C storage in soil is likely, but it is less likely where
water stress is a factor. More research is needed before the ability of soil to store additional C in
a high-CO, world can be determined.
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1. Introduction

There is no doubt that the combined impact of population increases, industrial
expansion and deforestation has resulted in an increased atmospheric CO; concen-
tration (Holland, 1978, Smil, 1985; Warneck, 1988; Keeling et al., 1989). Further-
more, atmospheric CO, concentration is projected to double in the next century
(Bolin, 1986). If trends in the use of fossil fuels and deforestation are not reversed,
alterations in atmospheric CO, are likely to change the functioning of both natural
and agro-ecosystems. In particular, C and nutrient accumulations and rates of turn-
over in terrestrial ecosystems will probably be altered in a CO,-enriched world, and
changes in C and nutrient cycling patterns with rising CO, will probably have impor-
tant economic consequences.

A central problem in understanding global C cycling is the inability of researchers
to account for C fluxes. Despite two decades of scientific bookkeeping, the C budget is
as yet unbalanced. Whereas sources of atmospheric CO, are well documented, sinks
for C are not (Houghton et al., 1990; Schlesinger, 1991). With emissions of 5 Pg C
year ! from the use of fossil fuel and 1.8 Pg g C year~! from the destruction of
vegetation, 3 Pg C year ! are accounted for by atmospheric increase and oceanic
uptake, leaving an unknown sink of 2.2 Pg C year™' (Houghton et al., 1990; Schle-
singer, 1991). One hypothesis that has been proposed is C storage in terrestrial
ecosystems (Tans et al., 1990), as a result of higher plant productivity and fixation
induced by elevated CO, (Kimball, 1983; Allen, 1990; Lekkerkerk et al., 1990).
Carbon fixed within biomass ultimately enters the soil via plant residues, where it
may reside for hundreds of years (Parton et al., 1986).

The long-term capacity of soil to store C from CO, fertilization has not been
elucidated (Houghton et al., 1985). Schlesinger (1986, 1990) found little evidence
for soil C storage. Lamborg et al. (1984) have argued that increased soil microbial
activity caused by greater biomass C inputs in a high-CO, world would lead to
increased soil organic matter decomposition (i.e. ‘the priming effect’) and, there-
fore, atmospheric CO, enrichment would not result in accumulation of soil organic
C. Alternatively, Goudriaan and De Ruiter (1983) proposed that increased soluble,
easily decomposed C inputs as a consequence of elevated atmospheric CO, could
accentuate soil microbial substrate preference mechanisms. They further speculated
that preference for easily decomposable substrates would retard the decomposition
of plant debris and native soil organic matter. The end result of their scenario
would be an accumulation of soil organic matter. To date, neither of these hypotheses
has been rigorously tested. Nevertheless, the rate and extent of turnover of organic
C may ultimately control C storage in terrestrial ecosystems (Van Veen et al.,
1991).

Virtually no field research has addressed the effects of CO, enrichment on C cycling
in terrestrial ecosystems. In a growth chamber study, Lekkerkerk et al. (1990) found
that increased photosynthetic fixation with elevated CO, resulted in a proportional
increase in distribution of C to plant and soil compartments; thus, elevated CO,
resulted in increased C input into soil. Bazzaz (1990) reported predictions demon-
strating that decomposition rates of plant residue would be slower in environments
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with higher CO,, although no experimental evidence for this hypothesis was given.
However, Lekkerkerk et al. (1990) found an increased input of easily decomposable
root-derived C compounds in soil under elevated CO,. Their data suggest that soil
microorganisms prefer easily decomposable root-derived material over more resistant
native soil organic matter. They reported a net decrease in soil organic matter 49 days
after wheat (Triticum aestivum L.) plants were exposed to 350 ymol CO, mol~} and a
net increase in soil organic matter when wheat plants were exposed to 700 ymol CO,
mol~!. However, the results reported were for short-term effects of CO, levels on soil
organic matter, and extrapolation of their results to long-term accumulation could be
erroneous (Lekkerkerk et al., 1990).

An important issue in the C storage question is N, as it is the element most limiting
in biomass production systems and without it C cannot be fixed (Wong, 1979; Hard-
acre et al., 1986). Availability of N and other nutrients on a global scale could limit
plant response to CO, enrichment (Strain and Cure, 1985). Carbon dioxide induced
changes in soil N dynamics could reduce N availability by alterations of soil C:N
ratios. For example, changes in the composition of plant residue in a CO,-rich
environment could reduce decomposition rates (Van Veen et al., 1991), thus limiting
nutrient cycling (Trabalka, 1985).

Studies were initiated in 1989 at the Maricopa Agricultural Center for Resources
and Extension of the University of Arizona, Maricopa, to determine the effect of
elevated CO, on the plant—soil system under field conditions. The objective of this
study was to determine the cumulative impact of 3 years of free-air CO, enrichment
(FACE; 550 pmol CO, mol ') and moisture stress to cotton (Gossypium hirsutum L.)
on soil organic C and N concentrations and microbial activity.

2. Materials and methods
2.1. Study site

The cumulative impact of 3 years of FACE at Maricopa, AZ (33.07°N, 111.98°W)
on surface soil (Trix clay loam; fine, loamy, mixed (calcareous), hyperthermic Typic
Torrifluvent) organic C and N concentrations and microbial activity was determined.
Details of the design, rationale, operation and performance of the CO, exposure
system used in this experiment can be found elsewhere (Lewin et al., 1994). Briefly,
eight study plots were established in 1989, four plots at an elevated atmospheric CO,
concentration (FACE; 550 umol CO, mol™!; surrounded by 23 m FACE arrays) and
four plots under ambient conditions (control: 370 gmol CO, mol~'; surrounded by 23
m ‘dummy’ FACE arrays). FACE was maintained in 1989 for 17 weeks, ending on 17
September, in 1990 for 19 weeks, ending on 16 September, and in 1991 for 20 weeks,
ending on 15 September.

Cotton (‘Deltapine 77°) was grown at the study site during all 3 years of the
experiment. The study site was managed as a conventionally tilled, irrigated produc-
tion system, with the goal of optimum cotton lint yields. Recommended cultural
practices (tillage, fertilization, pesticides, etc.) for the area were used. Row spacing
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was | m, and within-row plant spacing was 0.1 m. Further details on management of
the cotton crop can be found elsewhere (Mauney et al., 1994).

2.2. Experimental design and data analyses

The experimental design was a split plot, arranged as a randomized complete block
with four replications. Main plot treatments were atmospheric CO, concentrations
(FACE and control). Subplots were irrigation regimes, either wet (100% of evapo-
transpiration replaced) or dry (75% and 67% of evapotranspiration replaced in 1990
and 1991, respectively). Differential irrigation regimes were not imposed during 1989,
when the plots were irrigated to replace 100% of evapotranspiration. Irrigation was
supplied via subsurface drip tubes. Additional information on irrigation scheduling
has been provided by Mauney et al. (1994).

Analyses of variance were performed using the Statistical Analysis Systems Insti-
tute Inc. (SAS Institute Inc.) package (SAS Institute Inc., 1982), testing for all main
effects and their interactions. Unless noted otherwise, treatments and their interac-
tions were considered statistically different at the o = 0.10 level.

2.3. Sampling and chemical analyses

Soil samples were collected in mid-September 1991 from all combinations and
replications of the atmospheric CO, and water regime treatments at Maricopa.
Composite soil samples from 30 soil cores per plot were randomly collected at
depth increments of 0-50, 50-100, and 100-200 mm, for measurement of soil
organic C and N concentrations, potential N mineralization, microbial respiration,
and C turnover. Soil samples were immediately cooled to approximately 5°C, and
transported to Auburn University (Auburn, AL) within 1 day. On arrival, soil sam-
ples were maintained in their field-moist state at 5°C for 2 days until analysis and
initiation of incubations.

Soil potential C and N mineralization were quantified using techniques described
by Wood et al. (1990). After sieving to pass 2 mm, 25 g (dry weight basis) aliquots of
each soil sample were weighed into plastic containers. Deionized water was added to
bring the soils to a moisture content equivalent to —20 kPa at a bulk density of 1.3 Mg
m~>. Soils, in their plastic containers, were placed in 11 jars containing 20 ml of water
to maintain humidity and a vial containing 10 ml of 1 M NaOH to trap respired CO,
(Anderson, 1982). The sealed jars were incubated in the dark at 25°C, and removed
after 30 and 60 day periods.

Duplicate samples of preincubation soils from each plot—soil depth combination
were dried (60°C) and analyzed for organic C by the Walkley—Black procedure
(Nelson and Sommers, 1982). Duplicate samples were dried (60°C), ground to pass
0.15 mm and analyzed for organic N with a LECO CHN-600 analyzer (LECO Corp.,
St. Joseph, MI, USA). Soil NO;-N plus NO,-N and NH,4-N were extracted with 2 M
K Cl and measured (before and after incubation) by standard colorimetric procedures
(Keeney and Nelson, 1982) on a Lachat autoanalyzer (Lachat QuickChem Systems,
Mequon, WI, USA). Carbon dioxide in NaOH traps was determined by titrating
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excess base with 1 M HCI in the presence of BaCl, (Anderson, 1982). Potential C
mineralization was calculated as the difference between CO,-C captured in individual
base traps and the mean of CO,-C captured in four blanks. Potential N mineraliza-
tion was calculated as the difference between final and initial contents of inorganic N
for each incubation. Carbon turnover was calculated as potential C mineralization
divided by total organic C.

To estimate the amount of cotton residue C returned to the soil, cotton biomass
samples at physiological maturity were collected from all treatments and replications
during all 3 years of the field experiment. Methods used for collection and processing
of these above-ground and below-ground cotton biomass samples have been given
elsewhere (Rogers et al., 1992).

3. Results and discussion

FACE increased cotton above-ground and root biomass compared with the
control in all 3 years of the field study (Table 1). Total cotton biomass was
increased approximately 38% under FACE compared with the control. These
data are consistent with results reported for cotton response to elevated CO, in
growth chamber studies (Mauney et al., 1978; DeLucia et al., 1985), and suggest
that greater amounts of C were being added to soil under FACE than under the
control conditions. In addition, water regime had a significant effect on cotton
biomass production in 1991; cotton biomass dry weight was 24% greater for the
wet than for the dry regime.

Differences in cotton plant residue input to the soil apparently influenced soil
organic C concentrations. In the 0—50 mm soil depth increment, a significant effect
of moisture level and an interaction between moisture level and CO, level on soil
organic C was observed (Table 2). In this soil depth increment, soil organic C con-
centration increased under FACE in combination with the wet treatment. For the
100—200 mm depth, FACE increased soil organic C, with a similar trend (P = 0.180)
observed in the 50—100 mm increment. Below 50 mm, no significant effect of moisture
regime on soil organic C concentration was observed.

Our observations of increased soil organic C under FACE are supported by iso-
topic fractionation studies conducted at the FACE site by Leavitt et al. (1994), who
found that 6% of the organic C residing in the 0-300 mm soil depth after cotton
harvest in 1991 in FACE plots was derived from FACE inputs. Although differences
were not statistically significant, their data indicated that FACE plots contained more
soil organic C than control plots. Because soil organic C is typically concentrated near
the soil surface, lack of a significant difference between FACE and control soil
organic C in the Leavitt et al. (1994) study, as opposed to the significant differences
observed in our study, may have been caused by dilution of soil organic C in their 0—
300 mm composite samples (our samples were coilected from a shaliower soil depth,
0-200 mm).

Except in the 100-200 mm depth, soil organic N concentration was not signifi-
cantly affected by CO, or moisture regime (Table 2). A significant interaction between
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Table 1
Cotton above-ground and below-ground biomass (in Mg ha™!) at physiological maturity as affected by
atmospheric CO, concentration and water regime at Maricopa, AZ*

Year Above-ground Below-ground

Control FACE Control FACE
1989 18.6 (1.1) 25.2 (1.4) 0.7(0.1) 1.3(0.1)
1990 15.9 (1.0) 22.7(1.2) 0.9 (0.1) 1.2 (0.1
1991 8.7 (0.4) 11.5(0.5) 0.5(0.1) 0.9 (0.1)

Moisture regime

Dry Wet Dry Wet
1990 19.1 (1.8) 19.6 (1.6) 1.1(0.1) 1.1(0.1)
1991 9.0(0.4) 11.2(0.5) 0.6 (0.1) 1.8 (0.1)
Parameter Analysis of variance (P > F)°
CO, Level (C) Moisture regime (M) CxM

1989

Above-ground 0.146

Below-ground 0.014
1990

Above-ground 0.051 0.707 0.512

Below-ground 0.040 0.588 0.793
1991

Above-ground 0.023 0.001 0.456

Below-ground 0.003 0.010 0.977

* Values represent means of four replicates; standard error of the mean is given in parentheses. Because the
CO, level by moisture regime interaction was not significant in any case, data for the effect of CO, level on
biomass production are averaged across water regimes. Likewise, data for the effect of water regime on
biomass production are averaged across CO, levels.

b Probability of a greater F.

CO, level and moisture regime occurred in the 100-200 mm depth, with FACE and
the wet moisture regime resulting in the greatest organic N concentration.

Net N mineralization in laboratory incubations was erratic, especially during the
30—60 day incubation period (Table 3). During the 0-30 day incubation period, N
mineralization decreased significantly for the wet treatment in the 0~50 and 50-100
mm soil depths. In the 100—-200 mm depth, a significant interaction between CO, level
and moisture regime was observed with FACE in combination with the wet treat-
ment, resulting in increased net N mineralization. This interaction corresponds to the
interaction observed with organic N concentration, with more organic N available for
mineralization. No significant treatment differences were observed for N mineraliza-
tion during the 30-60 day or total incubation period.

No significant difference in soil respiration during the 0-30 day incubation period
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Table 2
Soil organic C and N (in g kg™!) as affected in atmospheric CO, concentration and water regime at
Maricopa, AZ?

Soil Organic C Organic N
depth (mm)

Control FACE Control FACE

Dry moisture regime

0-50 7.6 (0.6) 7.1(0.3) 1.2(0.1) 1.2 (0.1)
50-100 6.8 (0.1) 6.9 (0.1) 1.1(0.1) 1.3 (0.1)
100-200 5.2(0.2) 54(0.1) 1.1(0.2) 0.9 (0.1)
Wet moisture regime
0-50 7.7 (0.7) 8.8 (0.6) 1.2(0.1) 1.2 (0.1)
50-100 6.5 (0.3) 6.8 (0.2) 1.1(0.1) 1.2 (0.1)
100-200 5.1(0.3) 5.6 (0.1) 0.9 (0.1) 1.1 (0.2)
Parameter Analysis of variance (P > F ®
CO, Moisture regime (M) Cx M
Organic C
0-50 mm 0.545 0.046 0.059
50-100 mm 0.180 0.420 0.442
100-200 mm 0.024 0.900 0.528
Organic N
0-50 mm 0.783 0.556 0.932
50—100 mm 0.650 0.743 0.274
100-200 mm 0.339 0.889 0.059

# Values represent means of four replicates; standard error of the mean is given in parentheses.
® Probability of a greater F.

was observed at any soil depth, although a trend (P = 0.201) for FACE to increase
respiration in the 0—50 mm depth existed (Table 4). During the 30-60 day and total
incubation period, FACE significantly increased soil respiration in the 50-100 and
100200 mm depth increments. In addition, a trend (P = 0.113 and P = 0.123 for 30—
60 day and total incubation period, respectively) toward FACE increasing soil
respiration in the 0—50 mm depth was observed. Moisture regime had no significant
effect on soil respiration for any incubation period or soil depth increment, although a
trend for the wet treatment to enhance respiration was observed for the 100—200 mm
depth during the 0-30 day (P = 0.168) and total (£ = 0.234) incubation periods.
The lack of a significant treatment response for soil respiration during the first 30
days of incubation could have been caused by reduced N availability. Research has
indicated that N supply limits microbial utilization of C compounds (Merckx et al.,
1987; Van Veen et al., 1991). Reduced N availability under FACE was evidenced by
the significant reduction in N mineralization (Table 3) and a significant increase in the
C/N mineralized ratio (Table 5). For C/N mineralized, significant effects for moisture
level in the 0—50 mm depth and an interaction between CO, level and moisture regime
in the 50-100 and 100-200 mm depths were observed (Table 5). The ratio of C/N
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Table 3
Soil N mineralization (in mg kg ™) in laboratory incubations as affected by atmospheric CO, concentration
and water regime at Maricopa, AZ*

Soil Control FACE
depth (mm)
30 days 60 days Total 30 days 60 days Total
Dry
0-50 15.5(5.0) 7.0 (5.3) 22.5(8.7) 13.3 (3.6) 14.5(3.8) 27.8 (7.3)
50-100 8.8 (3.9 8339 17.0 (7.8) 6.5 (1.3) 10.3(1.4) 16.8 (2.7)
100-200 5.5(1.6) 7.3(1.5) 12.8 (2.9) 4.3(0.8) 7.0 (0.6) 11.3(1.3)
Wet
0-50 10.8 (5.3) 11.0 (2.3) 21.8 (6.7) 9.0 (1.8) 153 (3.7) 24.3 (5.49)
50-100 5.3(2.3) 20.3 (14.3) 25.5(16.3) 6.0 (0.6) 10.0 (0.9) 16.0 (1.5)
100-200 4.3(1.3) 6.3(1.2) 10.5 (2.4) 8.5(1.5) 14.0 (6.0) 22.5(7.0)
Parameter Analysis of variance ( P > F)?
CO; Level (C) Moisture regime (M ) CxM
30 days
0-50 mm 0.473 0.005 0.821
50—100 mm 0.761 0.087 0.176
100-200 mm 0.360 0.259 0.062
60 days
0-50 mm 0.208 0.342 0.507
50—100 mm 0.643 0.331 0.312
100-200 mm 0.249 0.383 0.256
Total
0~-50 mm 0.344 0.498 0.658
50~-100 mm 0.663 0.463 0.385
100-200 mm 0.263 0.305 0.144

® Values represent means of four replicates; standard error of the mean is given in parentheses.
® Probability of a greater F.

mineralized is an index of labile substrate availability (Nadelhoffer et al., 1991), and
large proportions of available C relative to N can result in net N immobilization
(Wood and Edwards, 1992). The higher C/N mineralized under the wet treatment
indicates that N availability may have limited soil respiration (Table 4). During the
30-60 day incubation period, no significant treatment effects were observed for the C/
N mineralized (Table 5). Apparently, N was no longer limiting during this incubation
period, which resulted in a trend (P = 0.208 and P = 0.249 for 0—50 mm and 100-200
mm depth, respectively) for increased N mineralization (Table 3) and allowed an
increase in soil respiration (Table 4).

Lamborg et al. (1984) hypothesized that increased C input into the soil would result
in increased decomposition and, thus, an increase in soil microbial respiration.
Although increased soil respiration was observed under FACE during the 30-60
day incubation, no significant effect of FACE was observed during the 0-30 day
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Table 4
Soil microbial respiration (in mg CO,-C kg™!) in laboratory incubations as affected by atmospheric CO,
concentration and water regime at Maricopa, AZ®

Soil Control FACE
depth (mm)
30 days 60 days Total 30 days 60 days Total
Dry
0-50 220 (24) 304 (27) 524 (50) 266 (21) 433 (64) 699 (82)
50-100 177 (9) 247 (24) 424 (29) 191 (17) 299 (20) 490 (36)
100-200 131 (8) 178 (10) 309 (7) 143 (7) 212 (10) 355 (15)
Wet
0-50 238 (26) 320 (36) 558 (61) 282 (37) 464 (85) 746 (119)
50-100 188 (11) 284 (7) 472 (16) 179 (3) 308 (22) 487 (25)
100-200 145 (12) 192 (11) 336 (18) 169 (21) 241 (26) 410 (44)
Parameter Analysis of variance (P > F)°
CO, Level (C) Moisture regime (M ) CxM
30 days
0-50 mm 0.201 0.399 0.943
50-100 mm 0.847 0.952 0.366
100-200 mm 0.417 0.168 0.642
60 days
0-50 mm 0.113 0.295 0.727
50—100 mm 0.004 0.355 0.576
100-200 mm 0.011 0.343 0.723
Total
0-50 mm 0.123 0.287 0.867
50—100 mm 0.654 0.498 0.444
100-200 mm 0.067 0.234 0.671

? Values represent means of four replicates; standard error of the mean is given in parentheses.
®Probability of a greater F.

incubation (possibly owing to N limitation). The depression of C respiration observed
during the 0—30 day incubation indicates that changes in nutrient cycling in a high-
CO, world may restrict decomposition of organic matter, which may result in C
accumulation as a response to increased C input.

Because organic C concentration was mainly affected by moisture regime in the 0-50
mm depth (Table 2), the soil respiration results (Table 4) do not correspond to the
concentration of organic C found in the soil. These results indicate that factors other
than total organic C concentration contributed to respiration rates. A possible explana-
tion for these results is that an increase in easily decomposable C compounds (increased
quality) resulted from FACE. Lekkerkerk et al. (1990) reported an increase in the easily
decomposable C compounds with 700 zmol CO, mol ™! compared with 360 pmol CO,
mol~!. Their results are consistent with the results of this study; they reported a 74%
increase in soil plus root respiration for their 700 yumol CO, mol™! treatment.
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Table 5
Soil C and N mineralization ratio (in g g™') in laboratory incubations as affected by atmospheric CO,
concentration and water regime at Maricopa, AZ*

Soil Control FACE
depth (mm)
30 days 60 days Total 30 days 60 days Total
Dry
0-50 14.2 (3.9) 28.9 (5.8) 18.1 2.4) 239 (5.4) 33.3(5.4) 28.4 (4.2)
50-100 17.7 (3.7) 27.6 (6.7) 22.8 (5.2) 31.6 (4.2) 30.7 (3.9) 31.0 (4.0)
100-200 279 4.7) 32.1(12.6) 29.4 (8.4) 36.6 (5.9) 30.6 (1.6) 32.53.1)
Wet
0-50 25.5(12.0) 328 (71.7) 24.2 (8.3) 34.7 (6.4) 32.2(2.9) 3293.9)
50-100 31.0 (8.1) 44.1 (19.5) 26.9 (10.3) 30.5 (2.5) 31.1 (1.6) 30.8 (1.6)
100-200 53.2(23.3) 34.4 (6.8) 39.3(10.9) 20.7 (1.9) 22,6 (4.2) 21.0 (3.1)
Parameter Analysis of variance (P > F)®
CO; Level (C) Moisture regime (M) CxM
30 days
0-50 mm 0.490 0.032 0.941
50-100 mm 0.178 0.058 0.033
100-200 mm 0.393 0.673 0.101
60 days
0-50 mm 0.848 0.668 0.839
50-100 mm 0.426 0.858 0.741
100-200 mm 0.488 0.472 0217
Total
0-50 mm 0.066 0.123 0.793
50-100 mm 0.524 0.512 0475
100—-200 mm 0.428 0.806 0.013

# Values represent means of four replicates; standard error of the mean is given in parentheses.
®Probability of a greater F.

The abstraction that C substrate quality was affected by FACE is supported by our
C turnover results. Carbon turnover was significantly affected by the interaction of
CO; level and water regime in the 0—50 mm depth during the 30-60 day and total
incubation period (Table 6). Although no significant effect was observed as a result of
N limitation of soil respiration, a similar trend (P = 0.111) for C turnover during the
0-30 day incubation period as affected by the interaction between CO, level and
moisture regime was observed. At this depth, FACE resulted in increased C turnover
under the dry treatment, but had no effect on it under the wet treatment (Table 6).
Likewise, the wet treatment increased C turnover under control conditions, but
decreased it under FACE compared with the dry treatment.

The most plausible explanation for these results is that increased quantity of C
input under the wet treatment interacted with the increased quantity and quality of C
input under FACE. The increased quality of C substrate under FACE resulted in
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Table 6
Soil C turnover (in g (100 g)_') in laboratory incubations as affected by atmospheric CO, concentration and
water regime at Maricopa, AZ?

Soil Control FACE
depth (mm)
30 days 60 days Total 30 days 60 days Total
Dry
0-50 2.9(0.2) 4.0 (0.2) 6.9 (0.4) 3.7(0.2) 6.0 (0.7) 9.8 (0.8)
50-100 2.6 (0.1) 3.7(0.9) 6.3 (0.5) 2.8(0.3) 4.4(0.3) 7.2(0.5)
100-200 2.5(0.1) 3.5(0.3) 6.0 (0.3) 2.6 (0.1) 39(0.2) 6.6 (0.3)
Wet
0-50 3.2(0.5) 42(04) 7.3(0.9) 3.2(0.3) 5.2(0.7) 8.4 (0.9)
50-100 2.9(0.1) 4.4 (0.1) 7.3(0.2) 2.6 (0.1) 4.5(0.3) 7.1(0.3)
100-200 2.8 (0.3) 3.8(0.2) 6.6 (0.4) 3.0(0.3) 43(04) 7.4 (0.7)
Parameter Analysis of variance (P > F)®
CO, Level (C) Moisture regime (M) CxM
30 days
0-50 mm 0.428 0.551 0.111
50-100 mm 0.621 0.781 0.264
100-200 mm 0.688 0.139 0.885
60 days
0-50 mm 0.167 0.274 0.092
50-100 mm 0.007 0.258 0.425
100-200 mm 0.028 0.413 0.895
Total
0-50 mm 0.220 0.311 0.062
50-100 mm 0.048 0.348 0.374
100-200 mm 0.170 0.262 0.884

# Values represent means of four replicates; standard error of the mean is given in parentheses.
® Probability of a greater F.

increased microbial respiration and therefore higher C turnover under the dry treat-
ment, whereas the increased C input under the wet treatment compared with the dry
treatment did not significantly affect respiration or C turnover. Thus, even though soil
respiration tended to be higher with FACE, the increased C under the wet treatment
resulted in decreased C turnover when these treatments were combined (Table 6).

This conclusion is further validated by results from dehydrogenase activity studies
conducted at Maricopa during June and August 1991 by Runion et al. (1994). In their
study, elevated CO, significantly increased dehydrogenase activity at both sampling
periods. Runion et al. observed no significant effect of water regime or an interaction
with CO, level. Their results indicate that FACE stimulated soil microbial activity,
most likely as a result of increased concentration of easily decomposable C com-
pounds.

Below 50 mm, there was no significant difference in C turnover among treatments
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during the 0-30 day incubation period (Table 6). During the 30-60 day incubation,
FACE resulted in a significant increase in C turnover, in both the 50—100 and 100-
200 mm depths. Carbon turnover during the total incubation period was significantly
increased by FACE in the 50-100 mm depth, with a similar trend (P = 0.170)
occurring at the 100-200 mm depth. These results are consistent with microbial
restriction owing to N limitation during the 0-30 day incubation and with increased
quantity and quality of C substrate as a result of increased root growth (Table 1)
under FACE.

4. Summary

After 3 years of CO, exposure under field conditions, it appears that soil C and N
cycling patterns may be altered by elevated atmospheric CO,. However, potential
changes in long-term C storage from these alterations remains unclear, as evidence to
support contradictory hypotheses can be found in these data. For example, during the
0-30 day incubation period, decreased levels of N mineralization and increased ratios
of C/N mineralized indicated that N may be limiting for decomposition under FACE.
These data support the hypothesis that decomposition rates in soil under elevated
CO, would be slower, resulting in increased C storage in soil (Bazzaz, 1990). These
data also support the hypothesis of Strain and Cure (1985) that nutrient limitations
on a global scale would limit plant response to CO, enrichment and thus limit long-
term C storage in soil. Likewise, although N limitation did not appear to be a factor
during the 30-60 day incubation period, interpretation of these data could lead to
contradictory extrapolation to long-term C storage in soil. During this period, micro-
bial respiration was increased whereas C turnover was decreased by FACE in com-
bination with the wet treatment. These data support the hypothesis of Goudriaan and
De Ruiter (1983) that microbial preference for easily decomposable C substrates
under conditions of elevated CO, would result in reduced C turnover. However, on
including field water stress, which would probably be present on a global basis, C
turnover increased along with soil microbial respiration. These data support the
hypothesis that increased microbial activity as a result of increased C input would
limit the long-term storage of C in soil (Lamborg et al., 1984). More research is
needed on C and N cycling patterns after long-term exposure to elevated CO, in
various soil-plant systems before interpretation of data can be extrapolated to the
long-term C storage question.
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