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Effects of individual bunchgrasses on potential C and N mineralization of longleaf pine savanna soils.3 J. Torrey
Bot. Soc. 131:120–125. 2004.—A recent conceptual model of grasslands in the US argues that, because of the
discontinuous cover of plants in systems strongly limited by precipitation, the presence or absence of individual
plants has significant effects on soil processes, with relatively small effects of species differences. In systems
not strongly limited by precipitation, resource limitations are thought to vary in space and time, vegetation is
more continuous, and species differences are relatively more important. We ask whether the model can be applied
to grass species effects on potential net C and N mineralization in a southeastern US savanna ecosystem. These
savannas have very sandy soils, strong soil resource limitations, and discontinuous plant cover, even though
they receive 1200 mm yr�1 rainfall. Based on the discontinuous herbaceous vegetation, an extension of the model
would predict that native perennial bunchgrasses would have strong plant presence effects, and small or no
species identity effects on these soil processes. Soils were sampled in a paired fashion, directly under a plant
(either Aristida stricta, Schizachyrium scoparium, or Andropogon ternarius) and in adjacent unvegetated loca-
tions, and aboveground biomass was collected. Net C-min was significantly higher under plants compared to
unvegetated locations, but there were also significant species identity effects, with the greatest rates observed
under A. stricta. This pattern is likely explained by the greater biomass of A. stricta, because net C-min was
positively related to biomass. For net N-min, there were neither plant presence nor species identity effects. There
was, however, a positive relationship between net C-min and net N-min for both S. scoparium and A. ternarius
soils, but not for A. stricta, suggesting a subtle, but potentially important, difference among species in their
effects on N cycling. The results suggest that individual grasses have significant effects on soil processes in this
system, but that the conceptual model developed for grasslands may not generalize to the effects of grasses on
the soils of these savannas.
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Individual plants play critical roles in terres-
trial ecosystem function, especially with respect
to their effects on soil element cycling and soil
organic matter dynamics. A recent conceptual
model of plant-soil interactions in temperate
grasslands (Burke et al. 1998, see also Vinton
and Burke 1995, 1997) makes predictions about
the influences of individual plants on their soil
environment across a large gradient in annual
rainfall. They argue that rainfall primarily limits
plant growth in low rainfall zones, and refer to
these systems as ‘‘belowground dominance’’
systems. Whereas with increasing precipitation,
plants become relatively more limited by the
availability of other resources such as light or
nitrogen, or by the actions of herbivores or fire
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and are referred to as ‘‘indeterminate domi-
nance’’ systems to reflect the temporal and spa-
tial variability of resources. Above some precip-
itation threshold, plants become primarily lim-
ited by light in ‘‘aboveground dominance’’ sys-
tems in this model (Burke et al. 1998). In
‘‘belowground dominance’’ systems plant cover
is discontinuous and the effect of the presence
of individual plants on soil processes is large
relative to areas unoccupied by plants. These in-
dividual plants may produce resource islands
that have been well described in semi-arid sys-
tems, and are primarily the result of continual
litterfall of stationary plants (Hook et al. 1991,
Reynolds et al. 1999, Derner and Briske 2001).
The differences among species in traits such as
tissue chemistry or lifespan, however, are pre-
dicted to have a relatively small effect on soil
processes in these systems. As systems become
less limited by precipitation, plant cover be-
comes more continuous and the differences
among species in litter chemistry, phenology,
and tissue lifespan become more important than
the presence or absence of individual plants
(Wedin and Tilman 1990, Epstein et al. 1998,
Van der Krift and Berendse 2001). This model
is based primarily on research in the semi-arid
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to sub-humid grasslands of North America, al-
though the authors suggest that it may apply to
grasslands worldwide. Our understanding of
grassland ecosystem function would improve
considerably if this model could be extended to
other grasslands and grass-dominated systems
such as savannas.

We report here a study of the effects of dom-
inant, C4 perennial bunchgrasses on soil micro-
bial respiration (potential net C mineralization:
net C-min) and inorganic N production (poten-
tial net N mineralization: net N-min) in labora-
tory incubations of field-collected soils. Aristida
stricta Michx. (wiregrass), Schizachyrium sco-
parium (Michx.) Nash (little bluestem), and An-
dropogon ternarius Michx. (splitbeard blue-
stem) are C4 perennial bunchgrasses native to
Pinus palustris Miller (longleaf pine) savannas.
These savannas are characterized by a very open
overstory of longleaf pine trees and subordinate
oaks (Quercus spp.), and an herbaceous layer
dominated by these grasses. Physiological, dis-
tributional and successional differences between
the study species suggest that A. stricta is more
stress-tolerant (sensu Grime 2001) than the blue-
stems (West 2002, West et al. 2003). Aristida
stricta dominance tends to increase on the most
nutrient-poor, xeric sites of the sandhills where
the bluestems are rarely found, although these
species often co-occur on sites with intermediate
soil resource availability where this study was
conducted. Aristida stricta does not readily col-
onize after a soil disturbance, whereas the blue-
stems often do so (Lemon, 1949, Grelen, 1962).
Aristida stricta has green leaves year-round,
whereas the bluestems are winter deciduous,
and, consistent with a nutrient retention strategy
(Aerts and Chapin 2000), the roots of A. stricta
exhibit considerably higher lifespans than those
of S. scoparium (West et al. 2003). Finally, com-
parisons of leaf tissue C:N ratios from several
sites revealed consistently higher C:N ratios in
all tissues for A. stricta (leaf C:N � 98.64) rel-
ative to the bluestems (S. scoparium � 44.54,
A. ternarius � 41.24; West 2002). Trait differ-
ences such as these have been found to result in
significant species identity effects on soil pro-
cesses in other species (e.g., Wedin and Tilman
1990, Epstein et al. 1998, Van der Krift and Ber-
endse 2001).

Mean annual precipitation at our site is
1200mm, placing these savannas towards the
high end of the precipitation gradient described
by Burke et al. (1998). However, the soils are
very sandy (� 90% sand), and show strong soil

resource limitation (Christensen 1988, Wilson et
al. 1999, West 2002). In addition, consistent
with significant soil resource limitation, plant
cover on the intermediate to sandiest sites is of-
ten discontinuous (West, pers. obs.). As a result,
although precipitation is relatively high, based
on the discontinuous nature of the vegetation,
we believe that this savanna ecosystem is most
appropriately classified as a belowground-dom-
inance system (Burke et al. 1998). Therefore, we
predicted that (1) plant presence would signifi-
cantly increase net C-min and net N-min relative
to unvegetated locations, and (2) in spite of
known trait differences among the study species,
species identity would not significantly affect
net C-min or net N-min.

Materials and Methods. The fieldwork for
this study was conducted at the Carolina Sand-
hills National Wildlife Refuge (CSNWR, near
McBee, South Carolina, USA). This site selected
for sampling was burned in spring 2000 and has
received frequent prescribed burns (approxi-
mately 5-yr return interval) for 20 years. It was
dominated by a relatively sparse overstory of P.
palustris and a mixture of Quercus species. In
April 2001, 20 blocks were located along an ap-
proximately 100 m transect within the Alpin
(Typic Quartzipsamment) soil series on the site.
The soils contain � 90% sand and are very N
poor (West 2002). Each block contained one in-
dividual of each species (A. stricta, S. scopar-
ium, and A. ternarius) located less than 1.5 m
from each other. The aboveground biomass of
each entire tuft was clipped and placed in paper
bags. Soil was sampled from the mineral soil
surface to a depth of 10 cm (5.5 cm diameter
core) in a paired design. A core was taken from
the center of each plant and another from an
unvegetated location (15 cm away from the edge
of the target plant and at least 10 cm from any
other stem). Contrary to what is observed for
arid and semi-arid grasslands (Burke et al.
1999), no raised hummocks are evident in our
system, so the surface of the soil ‘‘under’’ plants
is at the same elevation as those in the ‘‘open’’.
Each core was quickly placed in a plastic bag
and then stored in a cooler with ice until all of
the cores were moved to a 3� C cold room (less
than 8 hr later).

Laboratory incubations were conducted to de-
termine potential net C mineralization and net N
mineralization rates for the sampled soils (Hart
et al. 1994b). The bagged, moist soil samples
were sieved (2mm diameter mesh) to remove
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Fig. 1. Mean potential net C mineralization (a) and
N mineralization (b, � 1 SE) for locations under in-
dividual plants and paired unvegetated locations for
each species. There was a significant effect of plant
presence (P � 0.02) and species identity (P � 0.0001)
on potential C mineralization, and a significant inter-
action of plant presence and species identity (P �
0.05). There were no significant effects of plant pres-
ence or identity on N mineralization (see Table 1 for
results of the statistical analysis).

Table 1. Results of mixed-model ANOVAs for po-
tential net C and N mineralization. The effects of spe-
cies identity, location (paired samples: under a plant
versus open soil), and the interactions were tested.

Source nDF dDF F P

C mineralization
Species
Location
Species * Location

2
1
2

87
87
87

4.77
28.83

3.03

0.01
�0.0001

0.05

N mineralization
Species
Location
Species * Location

2
1
2

90
90
90

0.44
1.56
0.01

0.64
0.22
0.99

large roots and litter prior to extraction. Four-
gram subsamples were placed in flasks with 20
ml of 2 M KCl. These were shaken for 1 hour,
then the solutions were centrifuged and the clear
supernatant was pipetted into vials. The vials
were stored at 3�C until analysis by continuous
flow colorimetry (Alpkem RFA300, OI Corp.,
College Station, TX). Soil incubations (20g soil
wet wt.) were conducted in glass incubation
chambers. The chambers consisted of 400 ml
Mason jars that included a vial with 4 ml of 1.5
M NaOH to serve as a CO2 trap (Zibilske 1994).
To ensure the atmosphere in the chamber re-
mained water saturated, 10 ml of distilled water
was added to the bottom of the jars. ‘‘Blank’’
chambers were also set up and incubated with-
out soil for baseline CO2 determination. All
chambers were closed tightly and incubated in
the dark at 23�C for 31 days.

Following the incubation, a 4 g soil subsam-
ple was extracted and analyzed as before. A sec-
ond subsample was used to determine gravimet-

ric moisture content. Potential net N-min was
calculated as the amount of inorganic N accu-
mulated during the incubation (Hart et al.
1994b). Potential net C-min was calculated from
titration of the NaOH traps with standardized
1% HCl. The quantity of CO2 evolved was cal-
culated as the difference between the mean nor-
mality of the ‘‘blank’’ traps and the normality of
the sample traps (Zibilske 1994). Rates are ex-
pressed on a dry soil weight basis per day.

Mixed-model ANOVAs (block as a random
effect, and plant presence: under plant / unveg-
etated, and species identity: A. stricta / A. ter-
narius / S. scoparium as fixed effects; Littell et
al. 1996) were carried out to determine the ef-
fects of plant presence and species identity on
net C-min and net N-min. For all ANOVA-based
analyses data were transformed as necessary to
satisfy model assumptions. Correlation analyses
were also conducted to determine the relation-
ships between plant biomass and net C-min and
net N-min, and the relationships between net C-
min and net N-min for each species.

Results. Net C-min was greater for soils col-
lected directly under individual plants as com-
pared to the paired, unvegetated locations (Fig-
ure 1a). This effect of plant presence on net C-
min, however, differed among species, with the
highest rate found under A. stricta plants (Table
1). This difference among species is partially ex-
plained by the significant, positive relationship
found between aboveground plant biomass and
net C-min (Figure 2). Aboveground biomass
was significantly greater for A. stricta (mean �
30.71 g, 1 S.E. � 3.06) than for the other two
species (A. ternarius � 12.77 g � 3.06, S. sco-
parium � 12.05 g � 3.06, F2,38 � 16.27, P �
0.0001), consistent with the higher rates of net
C-min observed in the soils from A. stricta.
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Fig. 2. The relationship between biomass and po-
tential net C mineralization (P � 0.01, Spearman cor-
relation coefficient � 0.51).

Fig. 3. Relationships between potential net C min-
eralization and net N-mineralization for A. stricta (P
� 0.60), S. scoparium (P � 0.01, Spearman correlation
coefficient � 0.61), and A. ternarius (P � 0.05, Spear-
man correlation coefficient � 0.46).

Contrary to the results for net C-min, how-
ever, there was no significant effect of plant
presence or species identity on net N-min (Fig-
ure 1b) and no relationship was found between
biomass and net N-min (data not presented).

The relationship between net C-min and net
N-min differed between species (Figure 3).
There was a positive relationship between net C-
min and net N-min for S. scoparium and A. ter-
narius, showing greater net inorganic N produc-
tion with increased microbial respiration. There
was also a positive relationship between net C-
min and net N-min for unvegetated locations (P
� 0.01, data not presented). However, no sig-
nificant relationship between net C-min and net
N-min was found for A. stricta (P � 0.60).

Discussion. Consistent with our predictions,
the presence of individual plants significantly
stimulated the microbial activity of soils in
which they were growing. Soils collected under
individual plants showed greater net C-min than
did soil collected 15 cm away from the edge of
the plant canopy, consistent with the effect of
litter input from root and leaf turnover of indi-
vidual plants. However, in disagreement with
our predictions, there were also significant dif-
ferences among species in their effects on net C-
min. The positive correlation between above-
ground plant biomass and net C-min suggests
that larger plants supply greater amounts of litter
to soils, thus increasing microbial activity (Ro-
bles and Burke 1997). Although we specifically
attempted to choose a site where plants were of
similar sizes, A. stricta plants were significantly
larger than either of the other two species, and
this likely explains the significant species effect
we found. The greater size of A. stricta is con-

sistent with previous arguments of greater nitro-
gen use efficiency in this species (Chapin 1980,
West et al. 2003). Higher nitrogen use efficiency,
as indicated by higher tissue C:N ratios and long
root lifespans, as well as winter photosynthesis
supporting winter shoot and root growth (West
et al. 2003), may provide a long-term growth
advantage to A. stricta in this nutrient-limited
system (Aerts and Chapin 2000). Although we
cannot rule out such effects as small-scale dis-
turbances and differential colonization ability
among these species (Grelen 1962), our results
suggest that species differences in resource use
efficiency may have significant consequences
for soil microbial activity in this system.

This clear influence of plant presence and spe-
cies identity on microbial respiration, however,
did not result in any direct effect of these grasses
on net N-min. These results are consistent with
a previous sampling of two additional sites (both
also with discontinuous plant cover and similar
soil types) that showed no significant effect of
these species on net N-min (West 2002). Given
the observed increase in net C-min due to plant
inputs and the species-specific nature of that ef-
fect, what explains the absence of a species-spe-
cific effect on net N-min? The relationships be-
tween net N-min and net C-min for soils col-
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lected under A. ternarius and S. scoparium
showed positive relationships between microbial
respiration and net production of inorganic N (as
was also the case in unvegetated soils, data not
presented). This would be expected if the micro-
bial communities are more limited by carbon
than nitrogen in those soils (Cheng et al. 1996)
and if, as has been suggested (Hart et al. 1994a),
increased microbial respiration indicates in-
creased gross N mineralization. In A. stricta
soils, however, there was no such relationship,
although a wide range of net C-min was ob-
served. This may indicate greater microbial N-
limitation in A. stricta soils, which would be
consistent with the greater C:N ratios of the litter
input of this species.

Our results suggest that individual plant influ-
ences on soil processes in this system are not
well predicted by the Burke et al. (1998) model,
and further that these influences may be process-
specific. Some caveats are required in interpret-
ing our results. First, further research that ex-
plicitly included variation across sites would sig-
nificantly improve our ability to generalize about
these savannas. In addition, our results represent
potential mineralization rates. Microbial activity
in the field is subject to changes in moisture and
temperature and other factors that can signifi-
cantly affect these processes. Finally, we know
that the influences of trees on soil processes are
important in this system (Espeleta 2002). How-
ever, it is not known how these influences inter-
act with the effects of grasses. In addition, since
these are fire-maintained systems, fire, plants,
and soil resources likely interact and these in-
teractions are even less well understood. As has
been argued previously, savannas may represent
a unique biome where predictions developed for
grasslands or forests may not directly apply
(Scholes and Archer 1997, Reich et al. 2001),
and more research into the dynamics of these
interesting biomes is clearly needed.

Conclusions. Individual, dominant bunch-
grasses influenced soil microbial activity in this
system. We found partial support for the con-
ceptual model of Burke et al (1998), but no con-
sistency in the effects on the two soil processes
observed. For net C-min this was likely due to
the species-specific differences in plant size we
observed. The relatively larger individuals of A.
stricta caused increased rates of microbial activ-
ity in the soils they occupied. We observed no
direct effects of individual plants on net N-min
suggesting that factors other than the presence

or absence of individual grasses may be more
important for net N-min in this system. We
found support for differences among species in
how they affect the relationship between C and
N mineralization. As has been suggested before
(Hart et al. 1994a), more detailed analyses of the
linkages between C and N cycling and how
plants affect those processes would considerably
improve our understanding of plant-soil inter-
actions.
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