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Nitrogen mineralization dynamics in grass monocultures
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Abstract. Although Wedin and Tilman (1990) observed
large differences in in situ N mineralization among mono-
cultures of five grass species, the mechanisms responsible
were unclear. In this study, we found that the species did
not change total soil C or N, and soil C: N ratio (range
12.9-14.1) was only slightly, but significantly, changed
after four vears. Nor did the species significantly affect
the total amount of N mineralized (per g soil N) in
year-long acrobic laboratory incubations.
short-term N mineralization rates in the incubations (day

l—day 17) differed significantly among species and were

significantly correlated with annual in situ mineraliza-
tion. When pool sizes and turnover rates of potentially
mineralizable N (N,) were estimated, the best model
treated N, as two pools: a Jabile pool, which differed
among specizs in size (N, range 2-3% of total N) and rate
constant (h. range 0.04-0.26 wk™1'), and a larger recalci-
trant pool with a constant mineralization rate across
species. The rate constant of the labile pool (h) was
highly correlated with annual in situ N mineralization
(+0.96). Therefore, plant species need only change the
dynamics orf a small fraction of soil organic matter, in
this case esiimated to be less than 3%, to have large
effects on overall system N dynamics.

Key words: N mineralization -- Monocultures — Soil or-
ganic matter — Grasses

Vegetation along with climate, relief, and soil parent ma-
terial, can have a major influence on soil development
and soil nutfient cycles through time (Jenny 1941). Re-
cent research suggests that feedbacks between plant spe-
cies and soil nitrogen dynamics are stronger than
previously thought (Pastor and Post 1986; Vitousek et al.
1987; Wedin and Tilman 1990; Berendse 1990; Hobbie
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1992). If such feedbacks are strong, then relatively small,
continuous changes in driving variables (such as climate
or atmospheric N inputs) may cause large, discon-
tinuous, and even chaotic responses in vegetation struc-
ture, primary productivity, soil carbon storage and other
ecosystem attributes (Pastor and Post 1986; Cohen and
Pastor 1991 ; Tilman and Wedin 1991a; DeAngelis 1992).

Wedin and Tilman (1990) found that in situ N min-
eralization diverged significantly among monocultures of
five perennial grass species, ranging from 2 g N m~?
year~! to 12 g N m™2 year™! on initially homogeneous
soils by year 3. This divergence was highly correlated
with species differences in-litter N and lignin concentra-
tion and belowground productivity. Field measures of
net N mineralization have potential problems however,
including artificial incubation conditions caused by the
inclusion of severed roots or altered soil moisture levels
(Binkley and Hart 1989). Furthermore, in situ incuba-
tions may reflect treatment differences in microclimate
rather than differences in the quality or quantity of soil
organic matter.

To further examine the mechanisms driving the d1ver-
gence among these five grass species, we measured
changes in potential N mineralization, total C and N,
and C: N ratio in soils from four-year-old monocultures.

Laboratory incubations were used to estimate poténtial

N mineralization and to control for the effects of micro-
climate and severed roots, which can confound inter-
pretation of field incubations. More importantly, long-
term aerobic incubations with repeated measurements
can be used to estimate the pool sizes of hypothetical
fractions of soil organic matter and the turnover rates of

Lthese various pools (e.g. Stanford and Smith 1972; Deans

et al. 1986; Bonde and Rosswall 1987).

Materials and methods

The perennial grass monocultures used in this study are part of an
experimental garden at the Cedar Creek Natural History Area in
east-central Minnesota, U.S.A. Schizachyrium scoparium (Michx.)
Nash-Gould (formerly Andropogon scoparius) and Andropogon
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gerardi Vitm. are native C, bunchgrasses that usually dominate
tallgrass prairie, oak savannah, and late-suceessional grasslands at
CCNHA. Agrostis scabra Willd. is a native C, bunchgrass with
peak abundance in early successional grasslands. Agropyraen repens
(L.) Beauv. and Poa pratensis L. are chizomatous C,; grasses native
to Eurasia and have peak abundance at CCNHA in carly and
mid-successional grasslands respectively (Tilman 1988). These five
species are the most abundant species in successional grasslands on
the glacial outwash sandplain at CCNHA and have been used in
numerous studies of succession, competition and nitrogen dynamics
at CCNHA (Tilman 1988; Wedin and Tilman 1990; Tilman and
Wedin 1991b; Wedin and Tilman 1993). .

To construct the experimental garden, the top 0.7 m of soil was
removed from a portion of an old field with a bulldozer. Nine large
soil mixtures (each 3x 12 m) were created by mixing different
amounts of black soil with the subsurface sand left at the garden
site. All mixtures were mixed thoroughly to an average depth of
23 cm by repeated passes with a rotortiller. The black soil, a Duelm
sandy loam of the Hubbard-Isanti-Duelm association, was brought
in from outside CCNHA and averaged 72% sand, 4% clay, 24% silt,
1.79% total C, 0.135% total N and pH 7.2. The subsurface sand
averaged 93% sand, 3% clay, 4% silt, 0.09% total C, 0.013% total
N, and pH 6.6. The resuiting soil mixtures ranged from 1009% sand
to 100% black soil.

In each soil mixture, 64 plots (each 0.75 m=0.75 m) were
sepurated by 25-cm deep sheet metal. These plots were planted in
May 1986 with either a monoculture of one of the five grass species
or a competition treatment containing two or more species. The
plots were fertilized annually with all nutrients except N and were
watered to ensure that N was the only limiting soil resource (see
Wedin and Tilman 1990; Tilman and Wedin 1991b for complete
methods).

For this study, we used five monocultures for each of the five
species from the high soil organic matter end of the soil mixture
gradient (i.c. 90% to 100% black soil). In May 1986. prior to sceding
and immediately following final mixing of the soils. four 20 cm deep
by 2.5 cm diameler cores were taken from each plots, pooled, dried
at 50° C, and passed through a 2 mm sieve. After four growing
seasons (November 1989), the 25 plots in this study were resampled
with three 2.5-cm diameter cores. To be consistent with the in situ
mineralization study (Wedin and Tilman 1990), the 1989 cores were
16 cm deep. These samples were air-dried and passed through a
2 mm sicve. Although visible roots were removed, the samples may
have contained fine root fragments. Subsamples from the 1986 and
1989 samples for each plot were dried at 60° C and ground with a
coffee mill. The ground samples were analyzed for total soil C and
total soil N (as %C and %N) with a Carlo-Erba NA1500 N/C
analyzer. Estimates of 1986 total C and total N were adjusted to
account for 0.5 cm of sand (total C and total N equal to zero) added
to the plots during seeding. To avoid any bias introduced by using
different soil sampling depths in 1986 and 1989, soil characteristics
from the two sampling periods were not directly compared. The
1986 samples, however, do indicate the degree of pretreatment
variance in total C, total N, and C:N ratio, and allow us to test if
significant pretreatment differences existed that could confound
interpretation of the posttreatment results. .

For each of the 25 plots, we performed two replicate laboratory
incubations. The acrobic incubation procedure followed the meth-
od of Stanford and Smith (1972) as modified by Nadelhoffer (1990),
except that CO, evolution from the incubations was not measured.
For each sample, 30 g of air-dried soil was placed on top of a
glass-fiber filter and glass wool in the upper portion of a two-cham-
bered plastic filter unit (150 ml Falcon Filter Model 7102).- The
experimental design allows repeated measurements of leachable N
Wwith minimal disturbance of the sample.

The samples were leached on day 1, 17, 39, 66, 102, 130, 164,
220, 295, 367. The initial leaching (d1) removed initial mineral N
and was not included in the calculation of net N mineralization.
Samples were leached with three increments of 0.01 M CaCl,
(40 ml+40 ml+20 ml=100 mi), followed by 25 ml of a dilute
nutrient solution containing all required plant nutrients except N
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(complete description of nutrient solution in Nadelhoffer 1990).
Approximately 0.5 h after its addition cach successive increment of
leaching solution was drawn through the sample with 75 kPa vac-
uum. The leachate was evacuated from he bottom chamber of cach
filter unit, brought up to 150 ml with 0.01 M CaCl,, shaken, and
a 20-30 ml subsample [rozen for later analysis. The filter units were
incubated in darkness at 30° C, and remoistened occasionally with
deionized H,0 to maintain them at constant soil moisture content,

Samples were analyzed colorimetrically with an Alpkem autoan-
alyzer for NOj and NH 2, Solution concentrations were converted
to mg N per kg dry soil, and net N mineralization for each sampling
period was estimated as the sum of NOj3-N and NH#-N. Only net
N mineralization, in contrast to gross N mineralization, was mea-
sured in this study and all referénces o mineralization imply net
mineralization. Cumulative mineralization at each date was the sum
of mineralization for that period and previous periods. Relative N
mineralization was calculated by dividing cumulative N mineraliza-
tion by soil total N. Results for the two replicate incubations for
each plot on cach sampling date were averaged prior to statistical
analysis with ANOVA or curve fitting. For each incubation period,
a weekly mineralization rate was also caleulated as the net min-
eralization rate divided by the number of weeks for that period.
Pairwise comparisons of mineralization and soil total C and N
results were made with protected LSD comparisons at the P=0.05
confidence level.

Estimation of potentially mineralizable N

Stanford and Smith (1972) proposed a first-order exponential func-
tion (Eq. 1) to estimate the amount of potentially mineralizable N
in soils based on acrobic Jaboratory incubations.

Nl = No(l _c_h) (Eq 1)

N, is the cumulative amount of N mineralized at time ¢, N, is
potentially mincralizable N, and k is the mineralization rate con-
stant (per week).

Other researchers (c.g. Deans et al. 1986; Bonde and Rosswall
1987) have proposed using a model (Eq. 2) that considers two pools

“of potentially mineralizable N rather than one.

N, = Ngs(1—e~")+ N (1 -s)(1 —ek) (Eq. 2)

N,s and h represent the pool size and rate constant of a labile or
readily mineralizable pool of organic N, while N,(I-s) and k corre-
spond to a recalcitrant pool of potentially mineralizable N. The
remaining fraction of total soil N (i.c., total soil N minus N_) can
be considered the passive pool of organic N (Deans ¢t al. 1986).
However, the number of functional pools with which soil organic
matter is considered, the names of those pools, and interpretation
of their significance vary widely (see Paul 1984; Parton et al. 1988;
Binkley and Hart 1989 for alternative treatments of soil organic N).

Equations (1) and (2) can only be fitted to experimental results
if mineralization rates approach zero over the course of the incuba-
tion. Bonde and Rosswall (1987) observed that mineralization rates
remained positive and failed to converge on zero during long-term
aerobic incubations of agricultural soils. They proposed that min-
cralization of N from the recalcitrant pool of soil organic N was
constant rather than decreasing over the course of their laboratory
incubation. Thus, they presented a model with two pools of soil
organic N mineralizing according to:

N, =N;(I—-cM)+ct (Eq. 3)
where N, and h are the pool size and rate constant for the labile
pool, and c is the constant mineralization rate for the recalcitrant
pool of potentially mineralizable N.

We fitted these three models to the incubation results for each
of the five species using the non-linear curve fitting routine of SAS
(Gauss-Newton method SAS 1988). All of our estimates of poten-
tial N mincralization are based on rclative N mineralization results.
Adequacy of curve fits was tested by observing residual plots (non-
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random patterns in residuals indicate an inadequate model), as well -

as minimizing the residual sum of squares. Although we present
95% confidence intervals for the parameter estimates generated by
SAS, comparisons among species using these intervals do not
necessarily have the same statistical validity as comparable com-
parisons of parameter estimates from least-squares (linear) regres-
sion. To test the robustness of our parameter estimates, the models
were fitted to the data a second time using both the highest and
lowest parameter estimates from the set of five species as starting
values for iterative curve fitting. In all cases, refitting gave essential-
ly the same parameter estimates (differences between estimates less
than 1 x 10—3%).

Comparisons of field and laboratory measurements

To compare estimates of in situ N mineralization measured in the
monocultures in year 3 of the study (Wedin and Tilman 1990) with
the laboratory incubation results, the in situ annual estimates for
each plot were also converted to relative N mineralization (net
mineralization per unit soil total N per year). Because parameters
for Eq. 1-3 were estimated for each species rather than for in-
dividual replicate plots, correlations among various field and lab-
oratory measures were made using mean values or estimates for
each species (2=5 for each correlation). Correlations were also
calculated between in situ mineralization and both weekly min-
eralization rates and cumulative mineralization on a plot by plot
basis. Because slightly different sets of monocultures were used in
the field and laboratory studies, only 15 plots had both types of data
for the plot by plot comparisons.

Results

Species effects on soil total C and N, and C: N ratio

After four growing seasons, total soil C and total soil N

did not differ significantly among monocultures of the

five grass species (1989 values of %C and %N in Table .
In contrast, C:N ratio differed significantly (P<0.001)
among monocultures of the five species after four grow-
ing seasons, ranging from 12.9 for Agrostis to 14.1 for
Schizachyrium (1989 values, Table 1).

Table 1. Characteristics of monoculture soils used in incubations.
Means and standard errors of total soil C (%C), total soil N (%N)
and soil C:N ratio of five replicates for each of five perennial grass
species prior to planting (May 1986) and after four growing seasons

N mineralization in laboratory incubations

The total amount of mineral N (NO3 plus NH;) re-
leased per gram of soil during the.l. year laboratory
incubation differed significantly among the five species
(Table 2). However, these differences among species
largely reflect’ random pretreatment differences in the
initial quantity of soil organic matter in the plots (Ta-
ble 1). Cumulative N mineralization, after 1 year was
significantly correlated with 1986 total soil C (n=25,
r*=0.491, P<0.0001) and 1986 total s0il N (c2=0.501).
Therefore, we will focus on differences in relative N
mineralization (i.e. mg N g~! soil N) to correct for
pretreatment plot differences in organic matter quantity
and more accurately compare species effects on soil or-
ganic matter quality and N mineralization dynamics.
After 1 year of incubation, soils from the five species’
monocultures did not differ significantly in cumulative
values for relative N mineralization (Table 2). For all
species, cumulative N mineralization "after 1 year was
approximately 10% of total soil N. Over 99% of the N
mineralized occurred as NO3. Although all species con-
verged on a comparable value for relative N mineraliza-
tion by the end of the incubation, mineralization differed
significantly among species from the beginning of the
incubations through the fourth sampling date (102 d)
(Fig. 1a).

The initial differences among species in cumulative N
mineralization corresponded to large initial differences in
weekly mineralization rates (mg N g=! N week™1)
(Fig. 1b). The initial mineralization rates (period ending
d17) were significantly higher for Agrostis than for
Agropyron and Poa, which had significantly higher rates .
than Schizachyrium and Andropogon (Table 2). On d39
and d66 Poa had the highest mineralization rate, while
after d102 Schizachyrium had the highest rate. By d66,
Agrostis had dropped from the highest to the lowest rate.
Thus between d17 and d102 there was a complete rever-
sal in the species ranking for weekly N mineralization
rate. By the fifth sampling date (d130) significant dif-

(November 1989). Means sharing the same lower case letter in rows -

do not differ significantly using PLSD multiple comparisons \

(P<0.05). See text for details

Agrostis scabra Agropyron repens  Poa pratensis Schiz. scoparium  Andro. gerardi Faiq0
%C 1986 1.74 1.64 1.58 1.56 1.43 . 0.78 ns
(0.08)a 0.1D)a (0.13)a (0.12)a (0.19)a -~
%N 1986 0.131 0.126 0.119 0.115 0.108 . 0.83ns
(0.006)a (0.009)a (0.010)a (0.009)a (0.014)a
C:N Ratio 1986 13.29 13.09 13.30 13.29 13.21 1.50 n.s.
(0.09)a (0.16)a (0.13)a (0.09)a (0.26)a
,%C 1989 1.63 1.80 1.57 1.49 142 1.29 n.s.
. . (0.08)a’ (0.13)a 0.11)a (0.12)a (0.18)a
Ei £N 1989 . 0126 0.136 0.121 0.106 0.103 1.92 n.s.
La Eriiaie-, - X (0006)a (0.010)a (0.010)a (0.006)a (0.013)a
>:$f j—tﬁg 1989. 5 12.94:, 1322 | 13.03 14.06 13.75 9.36%*+
BT nnsy 009z Lro 013 - (021)a 021)b ©.12)b
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Table 2. Various measures of net N mineralization in soils from
monocultures of five grass species. Means (7=15), standard errors
and pairwise comparisons (means sharing lower case letters do not
differ significantly using PLSD at P <0.05) are presented for cumu-
jative N mineralization, relative N mineralization (cumulative), and
initial N mineralization rate (average over days 1-17). Values of Ng

189

(potentially mineralizable N), k (rate constant for Ng), N, (labile
fraction of potentially mineralizable N), and h (rate constant for
N,) are parameter estimates {from non-linear curve fits with 95%
confidence intervals. Means (with s.e. and pairwise comparisons)
for in situ N min are based on Wedin and Tilman 1990. See text for
details

Agrostis scabra Agropyron repens  Poa pratensis Schiz. scoparium Andro. gerardi
Cumulative N min. after 367d  116.04 132.28 122.25 106.63 97.60
(mg N kg~! soil) (2.37)ab (6.29)a (2.04)ab (6.71)be (9.73)
Relative N min. after 367d 93.38 97.73 103.93 101.59 96.41
(mgNg~*N) (5.21)a 2.71)a (8.20)a (3.99)a (3.13)a
Initial N min. rate 5.18 4.41 3.92 1.40 1.61
(mgN g~ Nwk~?1) (0.42)a (0.35)ab (0.63)b (0.2)c (0.28)c
No 118 128 148 214 200
(mgNg-!N) (23) an (45) (66) (53)
k 0.027 0.025 0.022 0.012 0.012
(wk=1) (0.009) (0.005) (0.010) (0.005) (0.004)
N, 19.0 23.0 28.1 30.6 23.7
(mgNg~!'N) (2.3) (L.7) (5.8) (7.0) 4.4)
h 0.262 0.155 0.098 0.044 0.054
(wk=1) (0.160) (0.048) (0.064) 0.021) (0.023)
In situ N min. 31.95 9.86 8.60 2.94 3.99
(mgNg-! Nyl (2.95)a (1.61)b 3.7 (0.99)c (0.21)be

ferences in weekly N mineralization rate among species
had disappeared and all five species had converged on a
N mineralization rate of approximately 1.4 mgN g=! N
wk~! (Fig. 1b).

When the incubation results were fitted with equation
1, Agrostis and Agropyron had lower N, values and
higher k values than Schizachyrium and Andropogon
(compared using 95% confidence intervals, Table 2).
However, because the soils were still mineralizing N after
one year (Fig. 1a), the confidence intervals associated
with the N, estimates were quite large. Non-random
residual patterns from the curve fits also indicated lack
of fit to the data: for Agrostis, Poa and Agropyron the
single exponential model (Eq. 1) underestimated miner-
alization early in the incubation (i.e., positive residuals)
and overestimated it during the middle of the incubation.
Residuals for Schizachyrium and Andropogon showed the
opposite pattern. The double exponential model (Eqg. 2)
fitted the data poorly, failing to converge on parameter
estimates for three out of five species (Table 3).

Of all the models, Eq. 3 was the best fit to the data and
had lower residual sums of squares and more randomly
distributed residuals for all species (Table 3). This model
assigns the recalcitrant pool a constant mineralization
rate (c), which we defined as 1.4 mg N g™! N week™*.
This is approximately the mineralization rate on which
all species converged by the midpoint of the incubations
(Fig. 1b). Figure 1c shows cumulative relative N min-
cralization results for the hypothesized labile pool fol-
lowing adjustment of mineralization rates by c. The ad-
justment essentially rescaled mineralization rates in
Fig. 1b so that 1.4 became 0.0. The species differed in esti-
mates of both N, and h (Table 2). In general, the rank
order of the species estimates for N, and h paralleled

those for N, and k from the single exponential model
(Eq. 1). However, species differences in h, the rate con-
stant of the labile pool, were much larger than those
observed for k, the overall rate constant from Eq. 1. The
labile rate constant ranged from 0.044 week™! for
Schizachyrium to 0.262 week ™! for Agrostis. N, ranged
from 1.9% of soil total N (i.e., 19 mg N g~* N) for
Agrostis to 3.1% for Schizachyrium.

Correlation of field and laboratory measurements

When in situ N mineralization estimates (Wedin and
Tilman 1990) and weekly mineralization rates from the
laboratory incubations were compared on a plot by plot
basis (= 15), the correlation was significant (P<0.01)
on the first sampling date (r= +0.661) and decreased
sharply after that, becoming negative by d66, the third
sampling date (Fig. 2). Correlations between field min-
eralization and cumulative mineralization in the labora-
tory also decreased after the first sampling period, and
were not significant by d66 (Fig. 2). The correlation on
a plot by plot basis between annual in situ mineralization
and cumulative laboratory mineralization after one year
was +0.047.

Among our estimates of the pool sizes and turnover
rates of potentially mineralizable N, the only significant
correlate of annual in situ N mineralization was h, the
rate constant for the labile fraction of potentially min-
eralizable N (correlations based on species means, n=35,
Table 4). Soil C:N ratio, the only bulk soil measure
which species affected significantly within four growing
seasons, was positively correlated with N, and negatively
correlated with k (Table 4). Soil C:N ratio was also
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Fig. la—-c. Net N mineralization over 367 d in laboratory incuba-

tions of soils from monocultures of five grass species: a cumulative

N mineralization (per g soil N); b weekly N mineralization rates;

¢ cumulative N mineralization from the hypothesized labile pool of

soil N. See text for details

negatively correlated with the initial mineralization rate
in the laboratory incubations.

Discussion

After four growing seasons, we did not find significant
changes in either total soil C or N that corresponded to
the divergence in N mineralization rates observed in the
field among these five grass species (Wedin and Tilman
1990). Although soil C:N ratios diverged significantly
among the five species, these changes were relatively
small, ranging from 12.9 to 14.1 (Table 1). Nor did the
species significantly affect the total amount of N min-
eralized (per g soil N) in year-long aerobic laboratory

incubations (Table 2). Together, these resulis suggest
that the species had had little effect on the bulk of the soil
organic matter in the monocultures after four years.

In contrast there were large and highly significant
differences among the five species in their short-term N
mineralization dynamics in the laboratory incubations.
These differences were significantly, correlated with dif-
ferences in N mineralization observed in the field. The
largest difference among species in N mineralization rates
(mg N g~! N week~!) occurred over the first 17 days of
the study. By day 102 of the laboratory incubations,
there had been a complete reversal in mineralization rates
among species. Agrostis, which had the highest minerali-
zation rate in the field and on day 17 in the laboratory,
dropped to the lowest rate by day 102. Schizachyrium on
the other hand, had the lowest mineralization rate in the
field and on day 17 in the lab, but had the highest
mineralization rate after day 102 in the lab. Schimel
(1986) observed a similar pattern in laboratory incuba-
tions with cropland and grassland soils. In his study, N
mineralization rates for cropland soils were initially high
but declined sharply with time, while rates for soils from
nearby intact grasslands were initially low but increased

by day 30. In our study, the correlation between weekly

mineralization rates in the laboratory and annual in situ
mineralization was not significant after day 17, and be-
came negative after day 66.

Of all our various estimates of pool-sizes and asso-
ciated rate constants for fractions of potentially min-
eralizable N based on the laboratory incubations, the
best correlate of annual in situ N mineralization was the
rate constant for the labile pool of mineralizable N (h in
Eq. 3, see Tables 2 and 4). Our estimates for the size of
this labile pool (N, in Eq. 3, Table 2) range from 2% to
3% of total soil N for the five species.

Therefore, our results suggest that species need only
affect the dynamics of a small, but highly active, fraction
of soil organic matter to have large affects on N turnover.
Studies using aerobic incubations have often emphasized
differences in N, rather than differences in k, in other
words, the pool size of mineralizable N rather than its
dynamics (Stanford and Smith 1972). In doing so, re-
searchers may be underestimating differences in the N
dynamics of soils with distinct disturbance, vegetation or "'
management histories (Paul 1984): The consideration of
multiple fractions of soil organic matter (e.g., Eq. 3) may
help to address this problem. Again, however, we con-
clude that the activity (i.e. the rate constant) of our
hypothesized labile fraction, rather than its size, was our
best correlate of N mineralization observed in the.field.

The fraction of soil organic matter responsible for
short-term N mineralization dynamics in laboratory in-
cubations is poorly defined (Paul 1984 ; Binkley and Hart
1989). 1t may contain dead microbial biomass resulting
from the air-drying of the soils prior to incubation, root
detritus, fine roots, mycorrhizal hyphae disturbed during
sampling, and various low molecular weight organics
such as root exudates associated with rhizosphere sym-
bionts. Various studies suggest that the C, grasses
Schizachyrium and Andropogon, both dominant species
in North American tallgrass prairie, create a high poten-
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Table 3. Summary of non-linear regression models using equations
1=3 for results from lyr acrobic laboratory incubations. Cumulative
N mineralization results were fitted iteratively with the Gauss-
Newton method (SAS 1988). Convergence of parameter estimates
on constant values was tested using the Residual Sums of Squares
and standard criteria of SAS. “Yes” indicates that convergence

191

criteria were met. R? for cach model was calculated as: (corrected
total sum of squares-residual sum of squares)/(correcied total sum
of squares). Parameler estimates and 95% confidence intervals for
cquations I and 3 are in Tuble 2. Sec text for discussion of residual
plots associated with the various models

Agrostis scabra Agropyron repens  Poa pralensis Schiz. scoparium Andro. gerardi

Equation 1:

Convergence yes yes yes yes yes

R? 0.92 0.96 0.89 0.97 0.98

Equation 2:

Convergence no yes no no yes

R? 0.93 0.94 0.90 0.97 0.94

Equation 3:

Convergence yes yes yes yes yes

R? 0.95 0.98 0.90 0.98 0.98

--eo-- Weekly N Mineralization
—s&—  Cumulative N Mineralization

0.81
P<0.01

P<0.05

061
0.41
0.2

0.01 N ,

Correlation with
In Situ N Mineralization

-0'2- R \\ ,-.-__’__——.' ————— -

-0.4

0 100 200 300 400
Incubation Period (days)

Fig. 2. Correlation cocfficients between two laboratory measures of
N mineralization (cumulative relative N mineralization, mg N g~*
N, and weekly N mineralization, mg N g=! N week~!) and esti-
mates of annual in situ N mineralization (se¢ Table 2). Correlations
were done on a plot by plot basis for each sampling period using
the 15 plots in which both field and laboratory measures were made.
Correlation coeflicients greater than 0.62 are significant at P<0.01
and those greater than 0.49 at P<0.05

Table 4. Correlations between species means for various laboratory
measures of N mineralization and cither in situ N mineralization
(Table 2) or the C:N ratio of soils used in the laboratory incuba-
tions (Table 1). Correlations marked* are significant at P<0.05 for
N=35

Mineralization parameter

In situ 1989 Soil
Net N Min C:N Ratio
Relative N Min. —0.656 +0.221
after 367d
Initial N Min. Rate +0.792 —0.947*
N -0.753 +0.948*
k +0.761 —0.932*
N, -0.775 +0.593
h +0.960* —0.789
1989 Soil C:N -0.711

tial for N immobilization in litter and soil organic matter
because of their high rates of belowground carbon al-
location and their low litter quality (Pastor et al. 1987;
Wedin and Tilman 1990; Ojima et al. 1990; Seastedt et
al. 1991). In contrast, Agrostis, which has a ten-fold
smaller root mass and much higher litter quality (root
C:N ratios of 25-30) than either Schizachyrium and An-
dropogon, presumably has little or no N immobilization
during root decomposition (Wedin and Tilman 1990).
Johnson et al. (1992) also found large differences in both
the size and the species composition of the mycorrhizal
community among monocultures of these five grass spe-
cies. Thus, under field conditions, both the quality and
quantity of organic matter entering the labile fraction of
soil organic matter appear to differ sharply among these
species. However, in the absence of fresh organic matter
contributions to the soil and under optimal conditions,
as in our laboratory incubations, these differences in the
dynamics of the labile fraction disappear quickly.

The plant-soil systems we studied in our experimental
monocultures had clearly not equilibrated after four
growing seasons. Long-term (10-100 year) simulations of
soil organic matter dynamics for these monocultures
predict that total soil C, total soil N, and soil C: N ratio
will diverge among these species as a consequence of
species differences in the quality and quantity of litter
inputs (unpublished simulations using the CENTURY
model, D. Wedin and W. Parton, see Parton et al. 1988
for model details). These simulations also suggest that
the divergence in N mineralization observed among these
species in the field (Wedin and Tilman 1990) was not a
short-term transient effect. If, however, species need only
affect a relatively small, labile pool of soil organic matter
to have large effects on N cycling, than the feedbacks
between vegetation dynamics and soil nutrients may be
much stronger and more dynamic than the observation
of long-term species effects on soil organic matter de-
velopment might suggest. Studies in tallgrass prairie have
shown that disturbances such as fire (Ojima ct al. 1990;
Seastedt et al. 1991) or grazing (Holland and Detling
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1990: Holland et al. 1992) that affect the N use and
carbon allocation patterns of Schizaclyrium and An-
dropogon can lead to relatively rapid shifts in N min-
eralization (i.e. less than 1 year). If soil nutrient dynamics
can rapidly track shifts in the species composition of
vegetation, or even the physiological status of dominant
species, than the possibility exists for strong positive or
negative feedbacks in the plant-soil system (DeAngelis
1992). Such non-linearities can have important conse-
quences for ecosystem dynamics and stability.
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