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Nitrogen Mineralization from Organic Residues: Research Opportunities

M. L. Cabrera,* D. E. Kissel, and M. F. Vigil

ABSTRACT

Research on nitrogen (N) mineralization from organic residues is
important to understand N cycling in soils. Here we review research
on factors controlling net N mineralization as well as research on labora-
tory and field modeling efforts, with the objective of highlighting areas
with opportunities for additional research. Among the factors con-
trolling net N mineralization are organic composition of the residue,
soil temperature and water content, drying and rewetting events, and
soil characteristics. Because C to N ratio of the residne cannot explain
all the variability observed in N mineralization among residues, consid-
erable effort has been dedicated to the identification of specific com-
pounds that play critical roles in N mineralization. Spectroscopic tech-
niques are promising tools to further identify these compounds. Many
studies have evaluated the effect of temperature and soil water content
on N mineralization, but most have concentrated on mineralization
from soil organic matter, not from organic residues. Additional work
should be conducted with different organic residues, paying particular
attention to the interaction between soil temperature and water con-
tent. One- and two-pool exponential models have been used to model
N mineralization under laboratory conditions, but some drawbacks
make it difficult to identify definite pools of mineralizable N. Fixing
rate constants has been used as a way to eliminate some of these draw-
backs when modeling N mineralization from soil organic matter, and
may be useful for modeling N mineralization from organic residues.
Additional work with more complex simulation models is needed to
simulate both gross N mineralization and immobilization to better
estimate net N mineralized from organic residues.

NITROGEN MINERALIZATION and immobilization are
important processes in the N cycle. Nitrogen min-
eralization is the conversion of organic N into ammo-
nium N, whereas N immobilization is the conversion of
inorganic N into organic N (Alexander, 1977). Both pro-
cesses occur simultaneously in soil, with the relative
magnitudes determining whether the overall effect is
net N mineralization or net N immobilization.

Understanding the role of these processes when or-
ganic residues are applied to land is important to under-
stand N cycling in soils and to develop models that es-
timate the amount of inorganic N that may become
available to crops (Quemada and Cabrera, 1997a). Such
capability is necessary to achieve long-term sustainabil-
ity in the use of organic residues. In this work, we review
research on factors controlling net N mineralization as
well as research on laboratory and modeling efforts,
with the objective of highlighting areas with opportuni-
ties for additional research.
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FACTORS CONTROLLING NET
NITROGEN MINERALIZATION

Among the factors controlling net N mineralization
are organic composition of the residue (Whitmore, 1996),
soil temperature and water content (Kitterer et al.,
1998), drying and rewetting events (Kruse et al., 2004),
and soil characteristics (Schjonning et al., 1999; Gordillo
and Cabrera, 1997b).

- Composition of Organic Residues

Organic residues added to the soil surface or incorpo-
rated into the soil undergo decomposition by the micro-
bial biomass present in soil and/or residues. Part of the
carbon in the decomposing residues is evolved as CO,
and part is assimilated by the microbial biomass in-
volved in the decomposition process (Alexander, 1977;
Gilmour et al., 2003). For the assimilation of C to occur,
N also has to be assimilated in an amount determined by
the C to N ratio of the microbial biomass. If the amount
of N present in the decomposing organic residue is larger
than that required by the microbial biomass, there will
be net N mineralization with release of inorganic N. If
the amount of N in the residue is equal to the amount
required there will be no net N mineralization. If, on
the other hand, the amount of N present in the residue
is smaller than that required by the microbial biomass,
additional inorganic N will need to be immobilized from
the soil to complete the decomposition process (Cor-
beels et al., 1999).

The above discussion suggests that the amounts of C
and N in residues and in decomposing microbial biomass
are important factors controlling the occurrence of net N
mineralization or net N immobilization. Research sum-
marized by Whitmore (1996) clearly shows that the C to
N ratio of residues is related to the amount of N released
and that the break-even point between net N mineraliza-
tion and N immobilization can be found between C to
N ratios of 20 and 40. Similar results were reported by
Van Kessel et al. (2000), Seneviratne (2000), and Qian
and Schoenau (2002). In some cases, however, the break-
even point has been found to be near 15 (Gilmour,
1998). The existence of a range instead of a single value
for the break-even point is probably related to variation
in the C to N ratio of the decomposing microbial bio-
mass as well as the existence of organic components with
different susceptibility to decomposition. Organic resi-
dues with similar C to N ratios may mineralize different
amounts of N because of differences in composition that
are not reflected by the C to N ratio. Because C to N ratio
by itself cannot explain all differences in N mineralization,
much effort has been spent on characterizing the different
compounds or groups of compounds present in organic
residues. Some studies have identified groups such as poly-
phenols, proteins, soluble carbohydrates, and hemicellu-
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lose-like, cellulose-like, and lignin-like compounds, and
have related them to residue decomposition (Thuriés
et al., 2002) and N mineralization (Palm and Sanchez,
1991; Vigil and Kissel, 1991; Lerch et al., 1992; Constan-
tinides and Fownes, 1994; Seneviratne, 2000; Rowell
et al., 2001). Other studies have characterized organic
residues using different spectroscopic techniques. For
example, Rowell et al. (2001) related N mineralization
from four biosolids, wheat straw, paper fines, and needle
litter to the initial chemistry, which was characterized by
BC nuclear magnetic resonance (NMR) spectroscopy.
They found that net N mineralized was more strongly
related to alkyl-C content (r = 0.86) than C to N ratio
(r = —0.75). Similarly, Qafoku et al. (2001) showed
that characterization of poultry litter by near infrared
reflectance spectroscopy may be useful to estimate po-
tentially mineralizable N (r = 0.90). A few studies have
found good relationships between potentially mineraliz-
able N and a water-soluble fraction in the organic resi-
due. For example, Qafoku et al. (2001) reported that
potentially mineralizable N was strongly correlated with
water-soluble organic N (r = 0.93) and poorly correlated
with C to N ratio (r = —0.26). Similarly, De Neve and
Hofman (1996), working with vegetable crop residues,
reported that mineralizable N was better correlated with
the water-soluble fraction in the residues (r = 0.86) than
with C to N ratio (r = —0.76). Finally, a few studies
have identified specific compounds that are strongly
related to N mineralization. For example, in a study
with 15 poultry litter samples, Gordillo and Cabrera
(1997a) found that mineralizable N was strongly corre-
lated with uric acid content (r = 0.90). It is clear from
these results that while C to N ratio is an important
variable, other composition variables also play impor-
tant roles in the N mineralization process. Research in
this area should continue to identify specific N com-
pounds or groups of N compounds that affect N mineral-
ization in different types of organic residues. Spectro-
scopic techniques seem to offer good research tools for
that purpose

Other unique properties of some organic residues,
such as pH, salinity, and heavy metal concentration, may
also affect microbial activity and N mineralization. For
example, the addition of heavy metals to sewage sludge
in some cases has increased N mineralization (Hassen
et al., 1998; Khan and Scullion, 2002) and in some other
cases has decreased N mineralization (Dar and Mishra,
1994). Additional research is needed to understand the

mechanisms involved.

Soil Temperature and Water Content

Many studies have evaluated the effect of soil temper-
ature and water content on N mineralization (Stanford
and Epstein, 1974; Ellert and Bettany, 1992; Gongalves
and Carlyle, 1994; Sierra, 1997), but most have concen-
trated on mineralization of N from soil organic matter,
not from organic residues (Griffin et al., 2002). Also,
many studies have evaluated the effect of temperature at
optimum water content (Ellert and Bettany, 1992) or
the effect of water content at optimum temperature (Stan-
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ford and Epstein, 1974; Myers et al., 1982), implicitly
assuming no interaction between these variables. Many
studies have shown, however, that there is an important
interaction between temperature and water content
with regard to N mineralization (Gongalves and Carlyle,
1994; Sierra, 1997; Knoepp and Swank, 2002). Quemada
and Cabrera (1997b) found a strong interaction between
temperature and water content in the mineralization
of N from surface-applied crimson clover (Trifolium
incarnatum L.) residues. They also found that the effects
of temperature and water content on N mineralization®
from soil organic matter were different from the effects
of temperature and water content on N mineralization
for surface-applied residues. Additional work is needed
with other organic residues to further understand the
interaction between temperature and water content in
incorporated and surface-applied residues.

Drying and Rewetting Events

Large changes in soil water content caused by drying
and rewetting events constitute another environmental
factor that may have an important effect on N mineral-
ization. Drying and rewetting effects on N mineraliza-
tion from soil organic matter have been extensively
studied (Birch, 1958; Agarwal et al., 1971; Cabrera, 1993;
van Gestel et al., 1996; Appel, 1997), but limited data
are available on the effect that drying and rewetting
may have on N mineralization from organic residues
(Clein and Schimel, 1993; Pulleman and Tietema, 1999;
Magid et al., 1999; Kruse et al,, 2004). In a recent study,
Kruse et al. (2004) found that cotton (Gossypium hirsu-
tum L.) leaves decomposing in continuously moist soils
for 185 d led to mineralization of 30% of the applied
N, whereas cotton leaves decomposing in soil subjected
to a 14-d drying-rewetting cycle for 185 d led to minimal
net N mineralization or net N immobilization. The au-
thors hypothesized that this effect resulted from the
effect of drying and rewetting on macrofauna popula-
tions that prey on bacterial populations. Clein and Schi-
mel (1993) reported lower decomposition in dried and
rewetted birch litter than in continuously moist litter.
They hypothesized that this reduction was caused by
the drought sensitivity of a key microbial population in
the litter. Similarly, Magid et al. (1999) found that drying
and rewetting decreased the decomposition of added
perennial ryegrass (Lolium perenne L.) shoot material.

Drying and rewetting events are likely to have a more
marked effect on surface than on incorporated residues,
and are probably responsible for the slower decomposi-
tion and N mineralization rates observed in surface resi-
dues (Schomberg et al., 1994). Additional work with dif-
ferent organic residues is needed to further understand
the mechanisms involved in drying and rewetting events
in both surface and incorporated residues, This work
should include evaluation of the microbial population
and microfauna involved in the decomposition process.

Soil Characteristics

Some laboratory studies on N mineralization from or-
ganic residues have shown differences in the amounts
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of N released from the same residue in different soils
(Whitmore and Groot, 1997; Gordillo and Cabrera,
1997b; Thomsen and Olesen, 2000). Differences in N
release may be attributed to adsorption of organic N
by clays (Van Veen et al., 1985), increased aeration in
sandier soils (Thomsen et al., 1999), different C to N ra-
tios of microorganisms and microfauna (Hassink, 1994;
Hassink et al., 1994), and different populations of proto-
zoa and nematodes present (Kuikman et al., 1991; Grif-
fiths et al., 1998). In a study with poultry litter, Gordillo
and Cabrera (1997b) found that the amount of N miner-
alized in nine different soils was related to the ratio of
sand content to (water content at field capacity). The
ratio of sand content to (water content at field capacity)
is related to soil aeration and to water-filled pore space
suitable for the microbial and microfauna populations
present in these soils.

Other soil characteristics, such as heavy metal con-
tent and salinity, may also affect organic residue decom-
position and N mineralization. In a laboratory study,
Aoyama and Nagumo (1997) found less C and N re-
leased from orchard grass (Dactilis glomerata L.) residue
in soil treated with 20 mmol Cu kg~! than in control
soil. Similarly, Ekenler and Tabatabai (2002) found that
the addition of metals such as Ag, Hg, and Cu inhibited
the activity of B-glucosaminidase, an enzyme involved
in N mineralization in soils. Olsen et al. (1996) reported
that an increase in the salinity of irrigation water de-
creased the flux of CO, from microcosms treated with
plant residues. Clearly, additional research should be
conducted in this area to further elucidate the effect of
soil characteristics on net N mineralization from organic
residues. As in the case of drying and rewetting events,
future research should include evaluation of the micro-
bial and microfauna populations involved.

MODELING NITROGEN MINERALIZATION
Laboratory Conditions

Laboratory studies of N mineralization have been typi-
cally performed under temperature and water content
conditions that are optimal or close to optimal for the
mineralization process (Quemada and Cabrera, 1995;
Gordillo and Cabrera, 1997a). Under such conditions,
exponential models (single, or double) have been com-
monly used to describe cumulative net N mineralized.
The single exponential model is of the form: N, =
No[1 — exp(—kt)], where N, is cumulative net nitrogen
mineralized in time #, N, is potentially mineralizable
nitrogen, and k is the rate constant of mineralization.
The double exponential model is of the form Ny, =
Ni[1 — exp(—kft)] + N,[1 — exp(—kst)], where N is
a fast pool of mineralizable, kf is the rate constant of
mineralization of the fast pool, N, is a slow pool of miner-
alizable N, and ks is the rate constant of mineralization
of the slow pool.

The single and double exponential models are intended
to identify pools of mineralizable N within the organic
residue under consideration. In theory, these pools are
of defined sizes that should not change with environ-
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mental conditions or with the procedure used to fit the
models to the data. Research has shown, however, that
pools and rate constants in the exponential models are
inversely related, which suggests that the same fit to
available data could be obtained by increasing one pa-
rameter while decreasing the other (Paustian and Bonde,
1987). Research has also shown that increasing the length
of incubation used to collect N mineralization data can
increase or decrease the pools while decreasing or in-
creasing the rate constants, respectively (Cabrera and
Kissel, 1988a; Wang et al., 2003). These problems with
exponential models suggest that they could not be used
to identify pools of defined, fixed sizes (Sierra, 1990;
Dou et al.,, 1996; Dendooven et al., 1997). To solve this
problem, some researchers have proposed fixing the
rate constants while allowing the pools to vary to fit the
data (Wang et al., 2003). This approach has been used to
identify pools of mineralizable N in soil organic matter
(Christensen and Olesen, 1998; Wang et al., 2003), and
may be useful to identify pools of mineralizable N in
organic residues. Preliminary work in this area looks
promising. For example, in a study in which 15 poultry
litter samples were incubated with soil to measure net
N mineralized, the rate constant of mineralization of
the slow pool did not vary significantly among poultry
litter samples, with an average value of 0.036 d~! (Gor-
dillo and Cabrera, 1997a). Thus, it may be possible to
use a fixed rate constant for the slow pool. In the same
study, the rate constant for the fast pool varied among
poultry litter samples, but because the large value of the
constant (1.2 d7!) indicated that >97% of the fast pool
mineralized within the first 3 d, it would seem that, for
all practical purposes, an accurate determination of the
rate constant would not be as important as an accurate
determination of the size of the fast pool. In that study,
the fast pool was strongly related to the uric acid content
of the litter (r = 0.90). Thus, for poultry litter it may
be possible to estimate the size of the slow pool of
mineralizable N (N,) by fitting the following model to
mineralization data:

Nmin = N;i + Ni[1 — exp(—0.0361)]

where N; is the fast pool estimated from the uric acid
content of the litter, and ¢ is time in days. Further re-
search on similar approaches may prove productive with
other organic residues.

Another area that warrants further exploration is the
procedure used to fit nonlinear models to N mineraliza-
tion data. Typically, nonlinear regression is used to fit
nonlinear models to cumulative net N mineralized with
time (Dendooven et al., 1997; Wang et al., 2003). The
main problems with fitting cumulative data are that (i)
experimental loss of one measurement increment im-
plies complete loss of that replication and (ii) errors from
one measurement increment are added to those from
subsequent increments, therefore accumulating errors.
Fitting incremental data instead of cumulative data re-
duces the interdependence of observation errors and
allows the use of data with missing observatjons in some
of the measurement increments (Ellert and Bettany, 1988;
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Hess and Schmidt, 1995). Thus, fitting incremental in-
stead of cumulatlve data should be further explored.

Field Conditions

,ble and smgle exponent1al models with the

‘content have been used to estimate net N
ed from soil organic matter under field condi-
pbell et al., 1984; Cabrera and Kissel, 1988b).
approach has been used to estimate N released
'c re51dues partlcularly for res1dues that lead

t review of many of these models can be found
§ r et al. (2001). In spite of the fact that these
'deels simulate microbial N immobilization, some stud-
ies have shown that simulation models may not accu-
rately simulate N immobilization. For example, Que-
mada and Cabrera (1997a) found that the N subroutine
of the CERES models (CERES-N) did not simulate the
initial N immobilization observed during decomposition
of wheat (Triticum aestivum L.) and oat (Avena sativa
L.) cover crop residues under field conditions. In recent
work, Zubillaga et al. (2004) modified the N require-
ments of the microbial biomass in CERES-N to simulate
the immobilization of N observed after soil incorpora-
tion of cotton leaves and stems. Additional work should
be conducted in this area to improve the simulation of N
immobilization. Furthermore, emphasis should be placed
on models that, in addition to simulating N mineraliza-
tion and immobilization, also consider the dynamics of
the microbial population and microfauna present in soil
(Fu et al., 2000). These hybrid models that include pro-
cesses and organisms may be helpful in understanding
N cycling in soil and in obtaining better estimates of net
N mineralized from organic residues.

REFERENCES

Agarwal, A.S., B.R. Singh, and Y. Kanehiro. 1971. Soil nitrogen and
- carbon mineralization as affected by drying-rewetting cycles. Soil
Sci. Soc. Am. Proc. 35:96-100.

Alexander, M. 1977. Introduction to soil microbiology. 2nd ed. John
Wiley & Sons, New York.

Aoyama, M., and T. Nagumo. 1997. Comparison of the effects of Cu,
Pb, and As on plant residue decomposition, microbial biomass,
and soil respiration. Soil Sci. Plant Nutr. (Tokyo) 43:613-622,

Appel, T. 1997. Non-biomass soil organic N—The substrate for N
mineralization flushes following soil drying-rewetting and for or-
ganic N rendered CaCl,~extractable upon soil drying. Soil Biol.
Biochem. 30:1445-1456.

Birch, H.F. 1958. The effect of soil drying on humus decomposition
and nitrogen availability. Plant Soil 10:9-31.

Cabrera, M.L. 1993. Modeling the flush of nitrogen mineralization
caused by drying and rewetting soils. Soil Sci. Soc. Am. J. 57:63-66.

Cabrera, M.L., and D.E. Kissel. 1988a. Length of incubation time af-
fects the parameter values of the double exponential model of
nitrogen mineralization. Soil Sci. Soc. Am. J. 52:1186-1187.

Cabrera, J.L., and D.E. Kissel. 1988b. Evaluation of a method to pre-

J. ENVIRON. QUAL., VOL. 34, JANUARY-FEBRUARY 2005

dict nitrogen mineralized from soil organic matter under field con-
ditions. Soil Sci. Soc. Am. J. 52:1010-1015.

Campbell, C.A., Y.W. Jame, and G.E. Winkleman. 1984. Mineraliza-
tion rate constants and their use for estimating nitrogen mineraliza-
tion in some Canadian soils. Can. J. Soil Sci. 64:333-343,

Christensen, B.T., and J.E. Olesen. 1998. Nitrogen mineralization
potential of organomineral size separates from soils with annual
straw incorporation. Eur. J. Soil Sci. 49:25-36.

Clein, J.S., and J.P. Schimel. 1993. Reduction in microbial activity in
birch litter due to drying and rewetting events. Soil Biol. Bio-
chem. 26:403-406.

Constantinides, M., and J.H. Fownes. 1994. Nitrogen mineralization
from leaves and litter of tropical plants: Relationships to nitrogen,
lignin, and soluble polyphenol concentrations. Soil Biol. Bio-
chem. 26:49-55.

Corbeels, M., G. Hofman, and O. Van Cleemput. 1999. Simulation
of net N immobilization and mineralisation in substrate-amended
soils by the NCSOIL computer model. Biol. Fertil. Soils 28:422-430.

Dar, G.H., and M.M. Mishra. 1994. Influence of cadmium on carbon
and nitrogen mineralization in sewage-sludge amended soils. Envi-
ron. Pollut. 84:285-290.

Dendooven, L., R. Merckx, L.M.J. Verstraeten, and K. Vlassak. 1997.
Failure of an iterative curve-fitting procedure to successfully esti-
mate two organic N pools. Plant Soil 195:121-128.

De Neve, S., and G. Hofman. 1996. Modelling N mineralization of
vegetable crop residues during laboratory incubations. Soil Biol.
Biochem. 28:1451-1457.

Dou, Z., I.D. Toth, J.D. Jabro, R.H. Fox, and D.D. Fritton. 1996.
Soil nitrogen mineralization during laboratory incubation: Dynam-
ics and model fitting. Soil Biol. Biochem. 28:625-632.

Ekenler, M., and M.A. Tabatabai. 2002. Effects of trace elements on
B-glucosaminidase activity in soils. Soil Biol. Biochem. 34:1829-1832.

Ellert, B.H., and J.R. Bettany. 1988. Comparison of kinetic models
for describing net sulfur and nitrogen mineralization. Soil Sci. Soc.
Am. J. 52:1692-1702.

Ellert, B.H., and J.R. Bettany. 1992. Temperature dependence of net
nitrogen and sulfur mineralization. Soil Sci. Soc. Am. J. 56:1133-1141.

Fu, S., M.L. Cabrera, D.C. Coleman, K.W. Kisselle, C.J. Garrett, P.F.
Hendrix, and D.A. Crossley, Jr. 2000. Soil carbon dynamics of
conventional tillage and no-till agroecosystems at Georgia Pied-
mont—HSB-C models. Ecol. Modell. 131:229-248.

Gilmour, J.T. 1998. Carbon and nitrogen mineralization during co-
utilization of biosolids and composts. p. 89-112. In S. Brown, J.S.
Angle, and L. Jacobs (ed.). Beneficial co-utilization of agricultural,
municipal, and industrial by-products. Kluwer Academic Publ,,
Dordrecht, the Netherlands.

Gilmour, J.T., C.G. Cogger, L.W. Jacobs, G.K. Evanylo, and D.M.
Sullivan. 2003. Decomposition and plant-available nitrogen in bio-
solids: Laboratory studies, field studies, and computer simulation.
J. Environ. Qual. 32:1498-1507.

Gilmour, J.T., and V. Skinner. 1999. Predicting plant available nitro-
gen in land-applied biosolids. J. Environ. Qual. 28:1122-1126.

Gongalves, J.L.M., and J.C. Carlyle. 1994. Modelling the influence
of moisture and temperature on net nitrogen mineralization in a
forested sandy soil. Soil Biol. Biochem. 26:1557-1564.

Gordillo, R M., and M.L. Cabrera. 1997a. Mineralizable nitrogen in
broiler litter: I. Effect of selected litter chemical characteristics.
J. Environ. Qual. 26:1672-1679.

Gordillo, RM., and M.L. Cabrera. 1997b. Mineralizable nitrogen in
broiler litter: II. Effect of selected soil characteristics. J. Environ.
Qual. 26:1679-1686.

Griffin, T.S.,C.W. Honeycutt,and Z. He. 2002. Effects of temperature,
soil water status, and soil type on swine slurry nitrogen transforma-
tions. Biol. Fertil. Soils 36:442-446.

Griffiths, B.S., R W. Wheatley, T. Olesen, K. Henriksen, F. Ekelund,
and R. Rgnn. 1998. Dynamics of nematodes and protozoa following
the experimental addition of cattle or pig slurry to soil. Soil Biol.
Biochem. 30:1379-1387.

Hassen, A., N. Jedidi, M. Cherif, A.M. Hiri, A. Boudabous, and O.
van Cleemput. 1998. Mineralization of nitrogen in a clayey loamy
soil amended with organic wastes enriched with Zn, Cu, and Cd.
Bioresour. Technol. 64:39-45.

Hassink, J. 1994. Effect of soil texture on the size of the microbial
biomass and on the amount of C and N mineralized per unit of




CABRERA ET AL.: N MINERALIZATION FROM ORGANIC RESIDUES 79

microbial biomass in Dutch grassland soils. Soil Biol. Biochem.
26:1573-1581.

Hassink, J., A.M. Neutel, and P.C. De Ruiter. 1994. C and N mineral-
ization in sandy and loamy grassland soils: The role of microbes
and microfauna. Soil Biol. Biochem. 26:1565-1571.

Henriksen, T.M., and T.A. Breland. 1999. Decomposition of crop
residues in the field: Evaluation of a simulation model developed
from microcosm studies. Soil Biol. Biochem. 31:1423-1434,

Hess, T.F., and S.K. Schmidt. 1995. Improved procedure for obtaining
statistically valid parameter estimates from soil respiration data.
Soil Biol. Biochem. 27:1-7.

Kitterer, T., M. Reichstein, O. Andren, and A. Lomander. 1998.
Temperature dependence of organic matter decomposition: A criti-
cal review using literature data analyzed with different models.
Biol. Fertil. Soils 27:258-262.

Khan, M., and J. Scullion. 2002. Effects of metal (Cd, Cu, Ni, Pb, or
Zn) enrichment on sewage-sludge on soil micro-organisms and
their activities. Appl. Soil Ecol. 20:145-155.

Knoepp, J.D., and W.T. Swank. 2002. Using soil temperature and
moisture to predict forest soil nitrogen mineralization. Biol. Fertil.
Soils 36:177-182.

Kruse, J., D.E. Kissel, and M.L. Cabrera. 2004. Effects of drying
and rewetting on carbon and nitrogen mineralization in soils and
incorporated residues. Nutr. Cycling Agroecosyst. 69:247-256.

Kuikman, P.J., A.G. Jansen, and J.A. Van Veen. 1991. “N-nitrogen
mineralization from bacteria by protozoan grazing at different soil
moisture regimes. Soil Biol. Biochem. 23:193-200.

Lerch, R.N,,K.A. Barbarick, L.E. Sommers, and G.G. Westfall. 1992.
Sewage sludge proteins as labile carbon and nitrogen sources. Soil
Sci. Soc. Am. J. 56:1470-1476.

Magid, J., C. Kjaergaard, A. Gorissen, and P_J. Kuikman. 1999. Drying
and rewetting of a loamy sand soil did not increase the turnover
of native organic matter, but retarded the decomposition of added
C-labelled plant material. Soil Biol. Biochem. 31:595-602.

Myers, RJK., C.A. Campbell, and K.L. Weier. 1982. Quantitative
relationship between net nitrogen mineralization and moisture con-
tent of soils. Can. J. Soil Sci. 62:111-124.

Olsen, M.W,, R.J. Frye, and E.P. Glenn. 1996. Effect of salinity and
plant species on CO, flux and leaching of dissolved organic carbon
during decomposition of plant residue. Plant Soil 179:183-188.

Palm, C.A., and P.A. Sanchez. 1991. Nitrogen release from the leaves
of some tropical legumes as affected by their lignin and polypheno-
lic contents. Soil Biol. Biochem. 23:83-88.

Paustian, K., and T.A. Bonde. 1987. Interpreting incubation data on
nitrogen mineralization from soil organic matter. Int. Ecol. Bull.
15:101-112.

Pulleman, J., and A. Tietema. 1999. Microbial and N transformations
during drying and rewetting of coniferous forest floor material.
Soil Biol. Biochem. 31:275-285.

Qafoku, O.S., M.L. Cabrera, W.R. Windham, and N.S. Hill. 2001.
Rapid methods to determine potentially mineralizable nitrogen in
broiler hitter. J. Environ. Qual. 30:217-221.

Qian, P., and J. Schoenau. 2002. Availability of nitrogen in solid
manure amendments with different C:N ratios. Can. J. Soil Sci. 82:
219-225. .

Quemada, M., and M.L. Cabrera. 1995. CERES-N model predictions
of nitrogen mineralized from cover crop residues. Soil Sci. Soc.
Am. J. 59:1059-1065.

Quemada, M.,and M.L. Cabrera. 1997a. Nitrogen released from cover
crop residues under no-till conditions: Evaluating the CERES-N
submodel. Agron. J. 89:723-729.

Quemada, M., and M.L. Cabrera. 1997b. Temperature and water
effects on nitrogen mineralization from surface-applied cover crop
residues. Plant Soil 189:127-137.

Rowell, D.M., CE. Prescott, and CM. Preston. 2001. Decomposi-
tion and nitrogen mineralization from biosolids and other organic
materials: Relationship with initial chemistry. J. Environ. Qual. 30:
1401-1410.

Schjonning, P., LK. Thomsen, J.P. Mobert, H. de Jonge, K. Kreisensen,
and B.T. Christensen. 1999. Turnover of organic matter in differ-
ently textured soils: I. Physical characteristics of structurally dis-
turbed and intact soils. Geoderma 89:177-198.

Schomberg, H.H., J.L. Steiner, and P.W. Unger. 1994. Decomposition
and nitrogen dynamics of crop residues: Residue quality and water
effects. Soil Sci. Soc. Am. J. 58:372-381.

Seneviratne, G. 2000. Litter quality and nitrogen release in tropical
agriculture: A synthesis. Biol. Fertil. Soils 31:60-64.

Shaffer, M.J., L. Ma, and S. Hansen (ed.) 2001. Modeling carbon and
nitrogen dynamics for soil management. Lewis Publ., New York.

Sierra, J. 1990. Analysis of soil nitrogen mineralization as estimated
by exponential models. Soil Biol. Biochem. 22:1151-1153.

Sierra, J. 1997. Temperature and soil moisture dependence of N miner-
alization in intact soil cores. Soil Biol. Biochem. 29:1557-1563.
Stanford, G., and E. Epstein. 1974. Nitrogen mineralization-water

relations in soil. Soil Sci. Soc. Am. Proc. 38:103-107.

Thomsen, LK., and J.E. Olesen. 2000. C and N mineralization of
composted and anaerobically stored ruminant manure in differ-
ently textured soils. J. Agric. Sci. 135:151-159.

Thomsen, LK., P. Schjgnning, B. Jensen, K. Kristensen, and B.T.
Christensen. 1999. Turnover of organic matter in differently tex-
tured soils: I1. Microbial activity as influenced by soil water regimes.
Geoderma 89:199-218.

Thuriés, L., M. Pnasu, M.-C. Larré-Larrouy, and C. Felier. 2002.
Biochemical composition and mineralization kinetics of organic
inputs in a sandy soil. Soil Biol. Biochem. 34:239-250.

Van Gestel, M., R. Merckx, and K. Vlassak. 1996. Spatial distribution
of microbial biomass in microaggregates of a silty-loam soil and
the relation with the resistance of microorganisms to soil drying.
Sail Biol. Biochem. 28:503-510.

Van Kessel, J.S., J.B. Reeves, and J.J. Meisinger. 2000. Nitrogen and
carbon mineralization of potential manure components. J. Environ.
Qual. 29:1669-1677.

Van Veen, J.A., J.N. Ladd, and M. Amato. 1985. Turnover of carbon
and nitrogen through the microbial biomass in a sandy soil and a
clay soil incubated with [“C(U)]glucose and [*N] (NH,), SO, under
different moisture regimes. Soil Biol. Biochem. 17:747-756.

Vigil, M.F,, and D.E. Kissel. 1991. Equations for estimating the
amount of nitrogen mineralized from crop residues. Soil Sci. Soc.
Am. J. 55:757-761.

Wang, WJ., CJ. Smith, and D. Chen. 2003. Towards a standardized
procedure for determining the potentially mineralisable nitrogen
of soil. Biol. Fertil. Soils 37:362-374.

Whitmore, A.P. 1996. Modeling the release and loss of nitrogen after
vegetable crops. Neth. J. Agric. Sci. 44:73-86.

Whitmore, A.P., and J.J.R. Groot. 1997. The decomposition of sugar
beet residues: Mineralization versus immobilization in contrasting
soil types. Plant Soil 192:237-247.

Zubillaga, M.M., M.L. Cabrera, and D.E. Kissel. 2004. Liberacion de
nitrogeno desde residuos de algodon en suelos del Plano Costero
de Georgia, EEUU: Calibracion del submodelo CERES-N. p. 193.
In XIX Congreso Argentino de la Ciencia del Suelo. Asociacion
Argentina de la Ciencia del Suelo, Buenos Aires.



