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Nitrogen fertilizer rates are currently estimated without considering field to field vari-
ability in N mineralization. The use of average N rates in fields with different N min-
eralization often leads to inadequate as well as excessive N applications. Therefore,
the capability to adjust N fertilizer rates according to N mineralization potential is
required for efficient N use and for prevention of groundwater pollution with NO,.

The adjustment of N rates for N mineralization can be made with the budget
or balance-sheet method (Neeteson, 1990):

N_=Y_xb-N_-N,-N-M-M-M +N_ +N,+N_+N_ [1]

where N__ is the recommended N rate, Y__ is the expected grain yield, b is the
total N uptake per unit of grain yield (inchﬁing vegetative parts and roots), N_ is
the amount of N already absorbed by the crop at the time of fertilizer application,
N,, is the initial amount of inorganic soil N (at the time of fertilizer application),
N, represents N additions through rain and N fixation, M, M, and M_ are the
amounts of net N mineralized (between the time of fertilizer application and the
time at which net N uptake is complete) from soil organic matter, residue, and
manure, respectively, N, is fertilizer N immobilized, N, and Ns_ are leaching
and gaseous N losses, and N, , is the amount of inorganic N at the end of the sea-
son. Thus, knowledge of several variables is needed for calculating correct N
rates; however, the only variables that can be known accurately at the time of fer-
tilizer application are inorganic N (N, ) and N accumulated by the crop up to that
time (N_). All other variables, including N mineralized from soil organic matter
(M) and from crop residues (M), must be estimated.
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The adjustment of N rates for N mineralization can also be made with simu-
lation models that take into account plant growth, nutrient uptake, and soil N trans-
formations (Osmond et al.,, 1992). Simulation models also use an N balance
approach, but in addition require a quantitative understanding of the biological
processes involved. Consequently, the modeling approach can provide a finer res-
olution of the fertilizer N required for economically and environmentally sound
crop production. Operationally, to calculate optimum fertilizer rates with simula-
tion models, the user would need to simulate crop yield at several N fertilizer rates,
fit the resulting yields to an equation of the form: Yield = f(N applied) and then
compute the economic optimum N rate in the traditional manner (Heady, 1956).

While the balance-sheet method requires estimates of N mineralized from
soil organic matter, crop residues, and manures, simulation models require esti-
mates of the sizes and rates of N mineralization of those N pools (Willigen &
Neeteson, 1985; Wolf et al., 1989). In this chapter, we review research on esti-
mating sizes and rates of N mineralization of soil organic matter pools, as well as
amounts of N mineralized from soil organic matter and crop residues.

NITROGEN MINERALIZATION FROM SOIL ORGANIC MATTER
Magnitude

The amount of N mineralized from soil organic matter depends on soil type
and environmental conditions. Some estimates of net N mineralized during the
corn (Zea mays L.) growing season range from 13 to 131 kg N ha™ in Nebraska
(Saint-Fort et al., 1990) and from 50 to 123 kg N ha! in Japan (Saito & Ishii,
1987). Field studies conducted for 2 yr in Kansas (Cabrera & Kissel, 1988a)
showed that N mineralized during the sorghum [Sorghum bicolor (1.) Moench]
growing season varied from 31 to 51 kg N ha™ in three soils. In the same study,
N mineralized during ~3 mo in two fallowed soils ranged from 75 to 107 kg N
ha! due to the higher water content of fallowed than cropped soils. Campbell
et al. (1988) reported that N mineralized from a Canadian soil during 92 d was
52, 81, and 86 kg N ha™ under dryland cropped, irrigated cropped, and summer
fallow treatments, respectively. These results show a large variability in N miner-
alization and indicate that in many cases N mineralized from soil organic matter
is a significant proportion of the amount of N needed by a crop.

Estimation of Potentially Mineralizable
Nitrogen with Laboratory Incubations

Potentially mineralizable N (N,) refers to an active fraction of soil N that is
mainly responsible for the release of inorganic N through microbial activity.
Stanford and Smith (1972) proposed a method for estimating N, that involves
incubating a soil-sand mixture under optimum temperature and moisture condi-
tions. The soil-sand mixture is leached periodically (0.01 M CaCl,) to remove
inorganic N, and cumulative N mineralized with time (excluding the first 2 wk)
is fitted to a single exponential model of the form: N, = N (1 — ™), where N__
is cumulative N mineralized in time ¢, N, is an initial estimate of potentially min-
eralizable N, and k is its rate constant of mineralization. The final value for N is
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calculated by adding the amount of N mineralized during the first 2 wk to the value
of N, estimated with the model. Stanford and Smith (1972) used this procedure to
estimate N, because the single exponential model could not adequately describe
the initial flush of N mineralization observed in many soils. Later, other workers
suggested modifying the single exponential model to include a constant amount of
N that mineralizes immediately after starting incubation (Jones, 1984), or after a
fixed period of time (Beauchamp et al., 1986). These models provided a better fit
to mineralization data that show an initial flush.

In an attempt to find better models to describe N mineralized, Molina et al.
(1980) and Deans et al. (1986) used two first-order equations (double exponen-
tial model) to represent two pools of mineralizable N, one of them decomposing
much faster than the other and accounting for the initial flush of N mineralization
observed in many soils. Deans et al (1986) showed that this model was better than
the single exponential model for describing data obtained in several laboratory
studies.

Several authors (Juma et al., 1984; Ellert & Bettany, 1988; Bonde &
Lindberg, 1988; White & Marinakis, 1991) reviewed other regression models for
describing N mineralization, some of which can adequately describe the lag that
occurs when the mineralization rate depends not only on substrate concentration,
but also on the size of the microbial population. Houot et al. (1989) also proposed
quantifying N by adjusting a simulation model to reproduce experimental results
and using as N, the initial N content of some of the organic N pools. Nevertheless,
the single and double exponential models are the most used ones.

Several factors affect the size and rate constant of mineralization of pools
identified with the single and double exponential models of N mineralization.
Among them are the regression procedure used, length of incubation, date of soil
sampling, and soil depth.

Effect of Regression Procedure

Stanford and Smith (1972) estimated N, and & using an iterative procedure to
fit their data to a logarithmic transformation of the single exponential model.
Their fitting method has the drawback of weighting the largest values of cumula-
tive N mineralized more than the smallest numbers. Smith et al. (1980) compared
the procedure used by Stanford and Smith (1972) to a nonlinear regression tech-
nique and concluded that when the errors are uncorrelated with sampling time,
the nonlinear technique had lower root mean square values than the linear method
of Stanford and Smith (1972). Similarly, Talpaz et al. (1981) compared linear
regression after log transformation to a nonlinear regression procedure for esti-
mating N, and & for the 39 soils used by Stanford and Smith (1972). They found
that for all soils, N, was smaller, k was greater, and the sum of squares of the error
was smaller with the nonlinear technique than with the linear procedure.

Ellert and Bettany (1988) showed that fitting a nonlinear model to incre-
mental data from each incubation interval is better than fitting the model to cumu-
lative data obtained by summing incremental observations. Some of the advan-
tages of using an incremental model are that the interdependence of observation
errors is decreased and that it is possible to use data with missing observations.
Thus, the use of nonlinear regression procedures, such as PROC NLIN in SAS
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(SAS Institute, 1985), to fit incremental models may provide the most simple and
precise approach to estimate parameter values for the single and double expo-
nential models of N mineralization.

Effect of Length of Incubation Time

Paustian and Bonde (1987) observed that mineralization curves with different
values of N, and k can appear very similar for short incubations, and noted that para-
meters N, and k could change as incubation time increased. Similarly, Cabrera and
Kissel (1988b) observed that as incubation time increased (from 140 to 252 d), the
size of the mineralizable N pools estimated with the double exponential model
increased whereas the corresponding rate constants decreased. These results empha-
size (i) the importance of standardizing incubation times so that comparison of pool
sizes and rates can be made without the confounding effect of time, and (ii) the need
to consider both N, and £ as indicators of the mineralizing capacity of soils.

Effect of Date of Sample Collection

Few studies have evaluated the effect of date of sampling on N, and k. El-Haris
et al. (1983) determined N, and & in spring and fall samples taken from a long-term
crop rotation-tillage experiment. They found that the average N, was 72 mg N kg™
in the spring and 131 mg N kg! in the fall, whereas the respective average k were
0.349 and 0.096 wk'. Bonde and Rosswall (1987) measured N mineralized in sam-
ples taken from four cropping systems in April, June, August, and October. They
observed that the N mineralized in a 13-wk incubation decreased from April
through August and increased from August to October. The increase observed after
August was attributed to the addition of crop residues, which probably enhanced N
immobilization and increased the amount of N in dead cells and microbial metabo-
lites. Although there is no direct evidence indicating that these forms of N may con-
stitute a significant proportion of mineralizable N in soils, a close association was
found between mineralizable N and microbial biomass (Bonde et al., 1988).

In a recent unpublished study, we measured N, (by the method of Gianello &
Bremner, 1986a), microbial biomass, inorganic N, and water content in soil samples
collected monthly (for 18 mo) from the upper layer (0-2.5, 2.5~-5, 5-10, and 10-15
cm) of plots under conventional and no-till management on a Cecil sandy clay loam
(clayey, kaolinitic, thermic Typic Kanhapludult) in Georgia. Seasonal changes in N,
were very evident in the 0 to 2.5 cm of no-till plots, and were highly correlated with
changes in microbial biomass N and C (Fig. 2-1). These seasonal changes appeared
to follow changes in soil water content. In contrast to the results obtained in soil from
no-till plots, soil from conventional-till plots did not show defined seasonal changes
in potentially mineralizable N and microbial biomass.

In summary, because N, may change during the year, it is important to collect
soil samples at the beginning of the season for which N, is to be estimated. It is clear
that more research is needed to understand the factors that affect these changes.

Effect of Soil Depth

Because organic N in soils decreases with depth, it is expected that mineral-
izable N would also decrease with depth. Stanford et al. (1974) found that poten-
tially mineralizable N, expressed both in absolute amount and as a percentage of
total N, decreased with depth in the upper three 15-cm layers of eight Idaho soils.
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Fig. 2-1. Evolution of potentially mineralizable N and soil water content in the upper 2.5 cm of
no-till and conventional-till plots on a Cecil sandy clay loam in Georgia.

Hadas et al. (1986) also found that potentially mineralizable N decreased with
depth in several Israeli soils. They did not find any consistent effect of depth on
the rate constant of mineralization. Cabrera (1986) fitted the double-exponential
model to data from the four upper 15-cm layers (0- -60-cm depth) of five Kansas
soils, and observed that the slow pool of mineralizable N (expressed as % of total
N) decreased with depth, whereas the fast pool remained constant or tended to
increase with depth. If the fast pool of mineralizable N is assumed to be caused
by drying the soil before the incubation, then the observed increase with depth in
the percentage of the total soil N constituting the fast pool may be explained by
fewer drying—rewetting cycles and less intense drying in the lower soil layers
than in the surface ones. Soils with repeated drying-rewetting cycles show a
decrease in the magnitude of the flushes due to a depletion of the organic reserves
(Birch, 1958). Therefore, soils with fewer drying-rewetting cycles would be
expected to show relatively larger flushes of N mineralization than soils with
repeated cycles of drying and rewetting.

Hadas et al. (1986) estimated that the relative contribution of the top 20 cm
of soil to the total N mineralization in the upper 60 cm varied from 45 to 75%.
Similarly, in a 13-wk incubation, Cassman and Munns (1980) found that the total
N mineralized from the upper 18-cm layer made up 42% of the total N mineral-
ized in the upper 108 cm of soil. Cabrera (1986) estimated that the top 15 cm of
soil contributed from 45 to 56% of the total N mineralized in 120-cm profiles of
three Kansas soils, and that ~90% was mineralized in the top 45 cm.
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The results summarized above indicate that subsurface layers may signifi-
cantly contribute to the total N mineralized in a soil and may need to be consid-
ered when estimating N mineralized during a growing season. The relative impor-
tance of N mineralized from subsurface layers may increase when moisture is
limiting in the surface soil, but not in subsurface layers.

Estimation of Potentially Mineralizable Nitrogen and Rate
Constant from Chemical and Physical Tests

Stanford and Smith (1972) and Oyanedel and Rodriguez (1977) concluded
that a common k value could be used for all the soils they studied. According to
their results, only N, would need to be estimated to predict N mineralized in the
field. This prompted a search for chemical methods of determining N, that would
not be as time-consuming as long-term incubations. Stanford (1982) summarized
studies that showed that N, could be predicted from the NH N extracted by auto-
claving the soil for 16 h in 0.01 M CaCl, (Stanford & Smith, 1976), or from the
NH_-N released by treating the soil with acid permanganate (Stanford & Smith,
1978). Recently, Gianello and Bremner (1986b) developed two chemical meth-
ods of soil N availability that showed high correlation with N,. One method con-
sists of determining the NH,-N produced by steam distilling the soil sample with
phosphate—borate buffer solution of pH 11.2. The other method involves measur-
ing the NH,-N produced during treatment of the soil with 2 M KCl at 100°C for
4 h. Also, a high correlation between total N and N, was found by some workers
(Marion et al., 1981; Gianello & Bremner, 1986b).

Recent results indicate that k may not remain constant within a soil profile or
among soils (Griffin & Laine, 1983; Juma et al., 1984; Hadas et al., 1986; Cabrera
& Kissel, 1988a). These results suggest the need for rapid methods to estimate both
N, and k. Cabrera and Kissel (1988¢) found that N, and k for 16 undisturbed soil
samples could be estimated from total N and clay contents. Similarly, Myers (1989)
reported that N, and k values for 30 undisturbed soil cores could be predicted from
cation-exchange capacity and total N and clay contents. Clearly, more work is
needed to elucidate the nature of organic pools contained in N, so that better pre-
dictive equations and better methods of measurement can be developed.

Use of Nitrogen Mineralization Potentials and Rate
Constants to Predict Nitrogen Mineralized in the Field

Values for N, and k are developed from laboratory incubations at optimum
temperature and soil water content. To use these parameters for estimating N min-
eralization in the field, it is necessary to apply correction factors for field tem-
perature and soil water content.

Stanford et al. (1973a) found that the effect of temperature on k could be
described with a modified Arrhenius equation. A pooled regression for 39 soils
(log,, k = 6.16 — 2299/T) indicated Q, values (change in reaction rate for every
10°C increase in temperature), of 1.9, 1.8, and 1.8 for 5 to 15, 15 to 25, and 25 to
35°C, respectively. Campbell et al. (1981) also used a modified Arrhenius equation
to describe the effect of temperature on & in five Australian soils. They found that
for samples from the upper 15 cm of soil, the average Q,, values were 1.88, 1.81,
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and 1.74 for 10 to 20, 20 to 30, and 30 to 40°C, respectively (log,, k = 6.14
~2285/T). For samples from the 15- to 30-cm layer, Q, ; values were 1.68, 1.62, and
1.57 for the same temperature ranges described above (log,, k = 4.81 — 1861/T).

Addiscott (1983) studied the effect of temperature on k in three British soils.
He used a zero-order kinetics model and found that the Arrhenius equation prop-
erly described the dependence of k on temperature. The Q, values measured
between 5 and 15°C ranged from 2.31 to 3.18, whereas those observed between
15 and 25°C varied between 1.81 and 2.55.

In a subsequent study, Campbell et al. (1984) determined Arrhenius relation-
ships between k and absolute temperature for 33 Canadian surface (0-15 cm)
soils from five different zones. Because there were no significant differences in
Arrhenius relationships among soils within each soil zone, average equations
were developed for each zone (average Q,, values ranged from 2.0 to 2.75).
Comparing their results with those of other workers, Campbell et al. (1984) noted
that O, values tend to increase from warm climates to colder climates, possibly
an indication of the resistance to degradation of the organic materials in soils of
different climates. Thus, determination of Q, ; values for a given area may be nec-
essary to accurately represent the effect of temperature on N mineralization.

Prediction of N mineralized in the field also has to take into account the effect
of soil water content. Stanford and Epstein (1974) used nine U.S. soils to study the
relationship between soil water content and N mineralization. They found that if the
values of cumulative N mineralized were expressed on a relative basis with respect
to maximum N mineralized, then the effect of water content could be described as:

Relative N mineralized = soil water content/optimum water content

Similar results were obtained by Cavalli and Rodriguez (1975) with nine Chilean
soils. In contrast, Myers et al. (1982) noted that the above expression was not
suitable for five Australian and 32 Canadian soils. Instead, they proposed a model
of the following form, constrained to pass throughX =0, Y=0;X=1,Y=1:

Y=bX+(1-b)X?

where Y = relative N mineralized
X = [SWC - SWC(—4.0 MPA)|/[OWC — SWC(-4.0 MPa)]
b = regression coefficient
SwC = soil water content
SWC(—4.0 MPa) = SWC at 4.0 MPa
owcC = optimum water content (about —0.03 MPa)

They found that in one Australian and nine Canadian soils, N mineralized showed
a curvilinear response to X, a relationship that was described with b values ranging
from 1.22 to 2.18. For the other soils b was equal to 1, giving a linear response with
respect to X,

Therefore, it would appear that in certain cases the simple approach pro-
posed by Stanford and Epstein (1974) may not be adequate to represent the
effect of soil water content. In addition, Cassman and Munns (1980) showed
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that N mineralization may be affected by a soil water content x temperature
interaction. This interaction is not considered in the model proposed by Stanford
and Smith (1972).

There is some debate concerning the method used to correct for soil water
content. In some studies (Campbell et al., 1988; Griffin & Laine, 1983), the
water content factor, y, has been used to correct k as in: N, = N, (1 - ™),
but Olness (1984) suggested using y to correct N mineralized as in: N, = N,
(1 - ™) y. Campbell et al. (1988) and Griffin and Laine (1983) observed that
the first model produced slightly larger predictions than the second one.

The correction for temperature and soil water content has been performed
using hourly (Campbell et al., 1984, 1988), daily (Cabrera & Kissel, 1988a),
weekly (Smith et al., 1977; Marion et al., 1981), monthly (Oyanedel & Rodriguez,
1977; Stanford et al., 1977; Prado & Rodriguez, 1978), and yearly (Verstraete &
Voets, 1976) time steps. Also, most workers have used Euler’s integration method,
whereas Campbell et al. (1984, 1988) used the integrated form of the model to
estimate N mineralized within each time step.

Stanford (1982) summarized the first studies that attempted predictions of N
mineralized from soil organic matter under greenhouse (Stanford et al., 1973b)
and under field conditions (Prado & Rodriguez, 1978; Smith et al., 1977). We
shall concentrate on subsequent studies.

Marion et al. (1981) used an approach similar to that proposed by Stanford
and Smith (1972) to predict annual N mineralized in two chaparral soils. They
incubated soil samples from the upper 30 cm of soil (in 10-cm increments) and
determined N, and & by fitting the experimental data to a model of the form:

log,(N, - N,;,)) = log N, — ",

where b is a regression coefficient and all other variables and parameters are as
defined earlier. Predicted N mineralized agreed to within +10% with independent
estimates of N mineralized based on N balance equations.

Campbell et al. (1984) used N, and k values for the top 2.5 cm of a loam
soil to predict N mineralized in the laboratory and in the field, taking into
account soil water and temperature conditions. The model predicted well the N
mineralized in the laboratory and tended to underpredict the N mineralized in
the field at the two lowest water contents. These underpredictions were attrib-
uted to the accidental entry of water into some bags, which could have caused
wetting and drying cycles and induced flushes of N mineralization (Campbell
et al., 1988).

In another study, Campbell et al. (1988) conducted a more rigorous field eval-
uation of Stanford and Smith’s (1972) approach. They used N, and & values for the
upper two 7.5-cm layers of a loam soil, together with estimated temperature and
soil water content, to predict N mineralized in lysimeters (15 cm diam., 120 cm
long) subjected to summer fallow, dryland wheat (Zriticum aestivum, L) and irri-
gated wheat treatments. Predicted N mineralized agreed with measured values
during the first 45 to 60 d, and tended to underpredict observed values afterwards.
Underpredictions for the entire growing season amounted to 16, 26, and 31% for
irrigated wheat, summerfallow, and dryland wheat, respectively. The authors
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explained the underpredictions as due to the model not accounting for the flushes
in N mineralization that typically occur as a result of wetting-drying cycles.

In a Japanese study, Saito and Ishii (1987) measured N mineralized from the
organic matter of four soils during the corn growing season. They estimated N,
and k values and evaluated the dependence of k on temperature to predict N min-
eralized, adjusted for field temperature. In most soils, predicted amounts of N
mineralized agreed closely with observed values in 1983, and tended to overpre-
dict measured values in 1984 (Table 2—1). The authors attributed part of the over-
predictions to the existence of dry conditions in 1984. Because the model used
did not have adjustments for soil water content, it would be expected to overpre-
dict N mineralized under dry field conditions.

Cabrera and Kissel (1988a) evaluated Stanford and Smith’s (1972) approach
in three Kansas soils during two sorghum seasons. Using the upper three 15-cm
layers (0- —45-cm total depth), they obtained overpredictions ranging from 114 to
343% of the actual amounts of N mineralized (32-51 kg N ha™'). When only the
upper 15-cm layer was considered, the overpredictions ranged from 7 to 181%
(Table 2-2; Cabrera, 1986). Cabrera and Kissel (1988a) hypothesized that the
overpredictions could have been due to an improper function for adjustment of
the amounts of N mineralized based on soil water content, and to the crushing of
the soil samples (to pass 2-mm sieve) before incubation. In a follow-up study,
Cabrera and Kissel (1988c) showed that even after subtracting the initial N flush,
samples that had been dried and crushed to pass through a 2-mm sieve showed
higher N mineralization than undisturbed soil samples. These results suggest that
with some soils it may be necessary to use undisturbed, field moist samples for
determination of mineralization parameters.

In summary, the limited research results available indicate that it may be pos-
sible to predict N mineralized under field conditions following Stanford and
Smith’s (1972) approach. It would appear, however, that best results can be
obtained if the soils samples are disturbed as little as possible to avoid an artifi-
cial enhancement of N mineralization. In addition, it may be necessary to include

Table 2-1. Measured and predicted N mineralized from four Japanese soils in two com growing
seasons (131-142 d) (adapted from Saito & Ishii, 1987).

N Mineralized (kg ha-1)

Year Measured Predictedt % Error
Ishidoriya

1983 80 74 -8

1984 115 145 26
Kuriyagawa

1983 86 85 -1

1984 113 127 12
Matsukawa

1983 50 52 4

1984 93 131 41

Toshima
1983 83 103 24
1984 123 124 1

{Predicted considering only the upper 20 cm of each soil.
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Table 2-2. Measured and predicted N mineralized from three Kansas soils in two sorghum growing
seasons (105-162 d) (adapted from Cabrera, 1986).

N Mineralized (kg ha-1)
Year Measured Predictedt % Error
Haynie
1983 43 58 3s
1984 46 49 7
Kahola
1983 32 90 181
1984 51 107 110
Richfield
1983 31 69 123
1984 36 50 39

tPredicted considering only the upper 15 cm of each soil.

the effects of drying and rewetting cycles to simulate N mineralization in soils
where these cycles are common. Cabrera (1993) showed that in addition to caus-
ing an initial flush of N mineralization, drying and rewetting soils may also
increase background mineralization when compared with soils that remain moist.
More research in this area is needed to understand the mechanisms involved.

NITROGEN MINERALIZATION FROM CROP RESIDUES

Several complete reviews summarized how soil water content, temperature,
and the physical and chemical nature of a crop residue affect the amount and rate
of N mineralized or immobilized when that residue is mixed with soil
(Bartholomew, 1965; Smith & Peterson, 1982; Sommers & Giordano, 1984).
How we relate this information to fertilizer recommendations is still open to
question. In the previous section, we described two methods for estimating N fer-
tilizer rates, the N balance method, and the use of a simulation model. Both meth-
ods require estimates of N mineralization from crop residues. The next section
will summarize some of the recent literature concerned with modeling and pre-
dicting the amounts and rates of crop residue N mineralization.

Magnitude

The amount of N mineralized or immobilized from crop residues will depend
on soil type (Christensen, 1985, 1986), residue characteristics (Smith &
Peckenpaugh, 1986; Vigil & Kissel, 1991), and environmental conditions (Boddy,
1983). Field experiments showed that residues with C/N ratios >50 initially
immobilize N and eventually release a relatively low amount of N to subsequent
crops (White et al., 1986; Seligman et al., 1986). In contrast, residues with C/N
ratios <25 can supply considerable amounts of N to subsequent crops (Bowen et
al., 1993; Wagger, 1989; Ranells & Wagger, 1992).

Estimating Nitrogen Mineralized from Crop Residues

Vigil and Kissel (1991) evaluated plant residue C, N, and lignin for the pre-
diction of total seasonal net N mineralization. From that work, several linear
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regression models were developed to estimate the maximum amount of N that
may mineralize in a season from incorporated crop residues of different N con-
tents. The best fitted model was of the form: Y = 0.62 + 1.338 N - 0.875 L/N,
where Y is the amount of N mineralized expressed as a percentage of the residue
N applied, and L and N are lignin and N concentrations (g kg™') in the residue,
respectively. Whereas this equation predicts the seasonal net N mineralization, it
is not valuable for assessing short-term mineralization or mineralization kinetics.
Soil environmental factors such as soil water content, temperature, and crop
residue management would all alter the rate of N mineralization. The use of a
simulation model to predict N mineralization rates makes it possible to take into
account soil environment and soil or crop residue management factors.

Vigil et al. (1991) evaluated a simulation model to predict field N mineraliza-
tion of N-labeled sorghum residues incorporated into a Smolan silt loam (fine,
montmorillonitic, mesic Pachic Argiustoll) in Kansas. In that study, a N transforma-
tion subroutine derived from Version 2.0 of the CERES-Maize model (Jones &
Kiniry, 1986) closely predicted the N mineralized after 110 d of decomposition (Fig.
2-2). Bowen et al. (1993) further evaluated the N submodel from CERES-Maize
version 2.10 and found agreement between measured and simulated values of N
mineralized from legume green manures incorporated into Brazilian soils.

In the two studies mentioned above, the model was tested for accuracy in
simulating N mineralized from residues incorporated into the soil. In no-till and
minimum-till systems, however, crop residues are either left intact on the soil sur-
face, or are only partially buried. Additional modeling studies are needed to
assess decomposition and N mineralization under those conditions. This requires
the development of methods to measure or predict soil and crop residue water
contents and temperature at the soil surface because these variables are major fac-
tors controlling microbial activity.

Bristow et al. (1986) developed a model for simulating heat and water trans-
fer through a surface residue-soil system. Stroo et al. (1989) used Bristow’s

w
o
.
E

251 27e -
25

-20 } 20 -
15 .

10 37 30w 7

MEASURED N MINERALIZED (%)

5 10 15 20 25 30
PREDICTED N MINERALIZED (%)

o

o

Fig. 2-2. Measured and predicted (by CERES N submodel) N mineralized from sorghum residues
after 110 d of field decomposition in a Smolan silt loam in Kansas (numbers next to symbols indi-
cate the C/N ratio of the sorghum residue; adapted from Vigil et al., 1991).
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model and the model of Knapp et al. (1983) to develop a model for predicting
residue decomposition at the soil surface. Stroo’s model accurately predicted the
mass loss of surface-placed wheat residues at both Bushland, TX, and Lafayette,
IN. While the model calculates N mineralized or immobilized, it has not been
independently validated for its ability to accurately assess N mineralization and
immobilization of surface-placed residues.

The results reviewed above indicate that simulation models are promising
tools for predicting N mineralized from crop residues. Further research and
development of models is needed to improve their predicting capability.

CONCLUSIONS

Nitrogen mineralization is a complex process that depends on soil properties,
crop residue quantity, and quality, as well as climatic conditions. Because of this
complexity, computer simulation models will be very useful tools in the future for
gaining a better understanding of the rate of N mineralization in the field. We also
believe that these models can be used in soil testing programs for direct estima-
tion of the amount of N that will be mineralized in individual farmers’ fields.

The best methodology to model N mineralization from soil organic matter at
this time is with long-term, multi-week incubations that allow one to determine
the potentially mineralizable N for a soil, N, as well as its rate constant of min-
eralization, k. Such a procedure, however, is not a practical method for our tradi-
tional soil testing programs that require rapid determinations and completed
reports on soil nutrient availability within 2 or 3 d. It appears more likely that the
model parameters needed for computer simulation of soil N mineralization could
be determined from a quick soil test. Research is needed to evaluate the feasibil-
ity of this approach.

In order to make progress on N mineralization from crop residues, we must
continue to refine the appropriate models. We cannot directly test a crop residue for
N mineralization, so we must continue to study how crop residue characteristics
such as its composition of lignin or hemicellulose affect the rate of decomposition
and the N mineralization rate. Because of the recent emphasis on reduced tillage
and no-till, we need to understand better how crop residues placed on the soil sur-
face will behave with regard to rates of decomposition and N mineralization. The
contact between residue and soil is clearly less under no-till management and the
array of decomposing organisms will be different than for the case of crop residue
buried in the soil. We must also understand and predict the temperature and water
content more accurately at the soil surface so that we can provide the correct val-
ues of temperature and water potential for driving these models.

Finally, since N fertilizer recommendations are typically made prior to
planting the crop, and since there is considerable uncertainty in future weather
conditions (and therefore uncertainty in predicting future soil temperature and
soil water content), it will not be possible to predict with high accuracy the
amount of N that will be mineralized. It will be possible, however, to quickly
simulate the estimated N mineralized for several years, having a range of cli-
matic conditions. This would allow one to determine an average estimate of the
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N likely to be mineralized. The other possibility is to use real time climatic data
for early in the growing season to predict the N mineralized up to the time when
N fertilizer is applied in a sidedress treatment. A similar modeling approach
might also have considerable value in cropping systems that have fallow periods
(such as in the Great Plains) during which N can mineralize and accumulate in
the soil. The climatic conditions during these fallow periods and the soil and
crop residue conditions can vary considerably, depending on the location and the
year, and therefore result in quite different amounts of N mineralized. By using
records of the climate in real time and by having measurements or estimates of
crop residue properties, reasonably accurate simulations of N mineralizations
should be possible under fallow conditions.

In summary, we believe that efforts should continue to gain a better under-
standing of the complex process of N mineralization, which supplies a substan-
tial, and in some cases most of the N needed by crops. Our ability to predict the
quantity of N mineralized in soils has been much improved by recent research.
Further efforts to improve our ability to predict N mineralized under field condi-
tions will help to increase the efficiency of use of N fertilizers to achieve eco-
nomically and environmentally sound crop production.

REFERENCES

Addiscott, T.M. 1983. Kinetics and temperature relanonshlps of mineralization and nitrification in
Rothamsted soils with differing histories. J. Soil Sci. 34:343-353.

Bartholomew, W.V. 1965. Mineralization and immobilization of nitrogen in the decomposition of
plant and animal residues. p. 285-306. In W.V. Bartholomew and F.E. Clark (ed.) Soil nitrogen.
Agron. Monogr. 10. ASA, CSSA, and SSSA, Madison, WI.

Beauchamp, E.G., W.D. Reynolds, D. Brasche-Villeneuve, and K. Kirby. 1986. Nitrogen mineraliza-
tion kinetics with different soil pretreatment and management histories. Soil Sci. Soc. Am. J.
50:1478-1483.

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

Boddy, L. 1983. Carbon dioxide release from decomposing wood: Effect of water content and tem-
perature. Soil Biol. Biochem. 15:501-510.

Bonde, T.A., and T. Lindberg. 1988. Nitrogen mineralization kinetics in soil during long-term aero-
bic laboratory incubations: A case study. J. Environ. Qual. 17:414-417.

Bonde, T.A., and T. Rosswall. 1987. Seasonal variation of potentially mineralizable nitrogen in four
cropping systems. Soil Sci. Soc. Am. J. 51:1508-1514.

Bonde, T.A., J. Schaurer, and T. Rosswall. 1988. Microbial biomass as a fraction of potentially min-
eralizable nitrogen in soils from long-term field experiments. Soil Biol. Biochem. 20:447—452.

Bowen, W.T., J.W. Jones, R.J. Carsky, and J.0. Quintana. 1993. Evaluation of the nitrogen submodel
of CERES-Maize following legume green manure incorporation. Agron. J. 85:153-159.

Bristow, K.L., G.S. Campbell, R.I. Papendick, and L.F. Elliot. 1986. Simulation of heat and moisture
transfer through a surface residue-soil system. Agric. Forest Meteorol. 36:193-214.

Cabrera, M.L. 1986. Studies on the prediction of nitrogen mineralized from soil organic matter under
ficld conditions. Ph.D. diss. Kansas State Univ. (Diss. Abstr. DA8705829).

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. Evaluation of a method to predict nitrogen mineralized from
soil organic matter under field conditions. Soil Sci. Soc. Am. J. 52:1027-1031.

Cabrera, M.L., and D.E. Kissel. 1988b. Length of incubation time affects the parameter values of the
double exponential model of nitrogen mineralization. Soil Sci. Soc. Am. J. 52:1186-1187.
Cabrera, M.L., and D.E. Kissel. 1988¢c. Potentially mineralizable nitrogen in disturbed and undis-

turbed soil samples. Soil Sci. Soc. Am. J.52:1010-1015.



28 CABRERA ET AL.

Campbell, CA., Y.W. Jame, and R. de Jong, 1988. Predicting net nitrogen mineralization over a grow-
ing scason: Model verification. Can. J. Soil Sci. 68:537-552.

Campbel], C.A., Y.W. Jame, and G.E. Winkleman. 1984. Mineralization rate constants and their use for
estimating nitrogen mineralization in some Canadian prairie soils. Can. J. Soil Sci. 64:333-343.

Campbell CA,, RJK Myers, and K.L. Weier. 1981. Potentially mineralizable nitrogen, decomposi-

rates and their relationship to temnperature for five Queensland soils. Aust. J. Res.
19: BB-BBZ.

Cassman, K.G., and D.N. Munns. 1980. Nitrogen mineralization as affected by soil moisture, tem-
perature and depth. Soil Sci. Soc. Am. J. 44:1233-1237.

Cavalli, J.C., and J. Rodriguez. 1975. Effect of moisture on nitrogen mineralization of nine soils of
Santiago Province. Cienc. Invest. Agrar. 2:101-111.

Christensen, B.T. 1985. Wheat and barley straw decomposition under field conditions: Effect of soil
type and plant cover on weight loss, nitrogen and potassium content. Soil Biol. Biochem.
17:691-697.

Christensen, B.T. 1986. Barley straw decomposition under field conditions: Effect of placement and
initial nitrogen content on weight loss and nitrogen dynamics. Soil Biol. Biochem. 18:523-529.

Deans, J.R., JJA.E. Molina, and C.E. Clapp. 1986. Models for predicting potentially mineralizable
nitrogen and decomposition rate constants. Soil Sci. Soc. Am. J. 50:323-326.

El-Haris, M.K., V.L. Cochran, L.F. Elliot, and D.F. Bezdicek. 1983. Effect of tillage, croppmg, and
fertilizer management on soil nitrogen mineralization potential. Soil Sci. Soc. Am. J.
47:1157-1161.

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

Gianello, C., and J.M. Bremner. 1986a. A simple chemical method of assessing potentially available
organic nitrogen in soil. Commun. Soil Sci. Plant Anal. 17:195-214.

Gianello, C., and J.M. Bremner. 1986b. Comparison of chemical methods of assessing potentially
available organic nitrogen in soil. Commun. Soil Sci. Plant Anal. 17:215-236.

Griffin, G.F,, and A.F. Laine. 1983. Nitrogen mineralization in soils previously amended with organic
wastes. Agron. J. 75:124-129.

Hadas, A., S. Feigenbaum, A. Feigin, and R. Portnoy. 1986. Nitrogen mineralization in profiles of dif-
ferently managed soil types. Soil Sci. Soc. Am. J. 50:314-319.

Heady, E.O. 1956. Methodological problems in fertilizer use. p. 3-21. In E.L. Baum et al. (ed.).
Methodological procedures in the economic analysis of fertilizer data. lowa State College Press,
Ames, TA.

Houot, S., J.A.E. Molina, R. Chaussod, and C.E. Clapp. 1989. Simulation by NCSOIL of net miner-
alization in soils from the Deherain and 36 Parcelles fields at Grignon. Soil Sci. Soc. Am. J.
53:451-455.

Jones, C.A. 1984. Estimation of an active fraction of soil nitrogen. Commun. Soil Sci. Plant Anal.
15:23-32.

Jones, C.A., and J.R. Kiniry. 1986. CERES-Maize—a simulation model of maize growth and devel-
opment. Texas A&M Univ. Press, College Station.

Juma, N.G., E.A. Paul, and B. Mary. 1984. Kinetic analysis of net nitrogen mineralization in soil. Soil
Sci. Soc. Am. J. 48:753-757.

Knapp, E.B., L.F. Elliot, and G.S. Campbell. 1983. Carbon, nitrogen, and microbial biomass interre-
Inuonshlps during the decomposmon of wheat straw: A mechanistic simulation model. Soil Biol.
Biochem. 15:45.

Marion, G.M.,, J. Knmmerow, and P.C. Miller. 1981. Predicting nitrogen mineralization in chaparral
soils. Soil Sci. Soc. Am. J. 45:956-961.

Molina, JAE., CEE. Clapp, and W.E. Larson. 1980. Potentially mineralizable nitrogen in soil: The
simple exponential model does not apply for the first 12 weeks of incubation. Soil Sci. Soc. Am.
J. 44:442-443.

Myers, R.G. 1989. BEstimation of nitrogen mineralization from soil organic matter. M.S. thesis—
Kansas State Univ. of Agric. and Applied Science, Manhattan.

Myers, RJ.K., C.A. Campbell, and K.L. Weier. 1982. Quantitative relationship between net nitrogen

mineralization and moisture content of soils. Can. J. Soil Sci. 62:111-124.
Neeteson, J.J. 1990. Development of nitrogen fertilizer reccommendations for arable crops in the
Netherlands in relation to nitrate leaching. Fert. Res. 26:291-298.

Olness, A. 1984. Re: Nitrogen mineralization potentials, N and correlations with maize response.

Agron. J. 76:171-172.



POTENTIAL NITROGEN MINERALIZATION 29

Osmond, D.L., D.J. Lathwell, and S.J. Riha. 1992. Prediction of long-term fertilizer requirements of
maize in the tropics using a nitrogen balance model. Plant Soil 143:61-70.

Oyanedel, C., and J. Rodriguez. 1977. Estimation of N mineralization in soils. Cienc. Invest. Agrar.
4:33-44

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

Prado, O., and J. Rodriguez. 1978. Estimation of nitrogen fertilizer requirements of wheat. Cienc.
Invest. Agrar. 5:29-40.

Ranells, N.N.,, and M.G. Wagger. 1992. Nitrogen release from crimson clover in relation to plant
growth stage and composition. Agron. J. 84:424-430.

Saito, M., and K. Ishii. 1987. Estimation of soil nitrogen mineralization in corn-grown fields based
on mineralization parameters. Soil Sci. Plant Nutr. 33:555-566.

Saint-Fort, R., K.D. Frank, and J.S. Schepers. 1990. Role of nitrogen mineralization in fertilizer rec-
ommendations. Commun. Soil Sci. Plant Anal. 21:13-16.

SAS Institute. 1985. SAS user’s guide. Statistics. Version 5 ed. SAS Inst., Cary, NC.

Scligman, N.G., S. Feigenbaum, D. Feinerman, and R.-W. Benjamin. 1986. Uptake of nitrogen from
high C-to-N ratio, *N-labeled organic residues by spring wheat grown under semi-arid condi-
tions. Soil Biol. Biochem. 18:303-307.

Smith, J.H., and R.E. Peckenpaugh. 1986. Straw decomposition in irrigated soil: Comparison of
twenty-three cereal straws. Soil Sci. Soc. Am. J. 50:928-932.

Smith, J.H., and J.R. Peterson. 1982. Recycling nitrogen through land application of agricultural, food
processing and municipal wastes. p. 791-797. In F.J. Stevenson (ed.) Nitrogen in agricultural
soils. Agron. Monogr. 22. ASA, CSSA, and SSSA, Madison, WI.

Smith, J.L., R.R. Schnabel, B.L. McNeal, and G.S. Campbell. 1980. Potential errors in the first-order
model for estimating soil nitrogen mineralization potential. Soil Sci. Soc. Am. J. 44:996-1000.

Smith, S.J., L.B. Young, and G.E. Miller. 1977. Evaluation of soil nitrogen mineralization potentials
under modified field conditions. Soil Sci. Soc. Am. J. 41:74-76.

Sommers, L.E., and P.M. Giordano. 1984. Use of nitrogen from agricultural, industrial, and munici-
pal wastes. p. 208-220. In R.D. Hauck (ed.) Nitrogen in crop production. ASA, CSSA, and
SSSA, Madison, WI.

Stanford, G. 1982. Assessment of soil N availability. p. 651-688. In F.J. Stevenson (ed.) Nitrogen in
agricultural soils. Agron. Monogr. 22. ASA, A, and SSSA, Madison, W1.

Stanford, G., J.N. Carter, and S.J. Smith. 1974. Estimates of potentially mineralizable soil nitrogen
based on short-term incubations. Soil Sci. Soc. Am. Ptoc. 38:99-102.

Stanford, G., J.N. Carter, D.T. Westermann, and J.J. Meisinger. 1977. Residual nitrate and mineraliz-
able soil nitrogen in relation to nitrogen uptake by irrigated sugarbeets. Agron. J. 69:303-308.

Stanford, G., and E. Epstem. 1974. Nitrogen mineralization-water relation in soils. Soil Sci. Soc. Am.
Proc. 38:103-107

Stanford, G., M.H. Fme, and D.H. Schwaninger. 1973a. Temperature coefficient of soil nitrogen min-
cralization. Soil Sci. 115:321-323.

Stanford, G., J.O. Legg, and S.J. Smith. 1973b. Soil nitrogen availability evaluations based on N min-
emliz:ﬁon%potenﬁals of soils and uptake of labeled and unlabeled nitrogen by plants. Plant Soil
39:113-124.

Stanford, G., and S.J. Smith. 1972. Nitrogen mineralization potentials of soils. Soil Sci. Soc. Am.
Proc. 36:465-472.

Stanford, G., and S.J. Smith. 1976. Estimating potentially mineralizable soil nitrogen from a chemi-
cal index of soil nitrogen availability. Soil Sci. 122:71-76.

Stanford, G., and S.J. Smith. 1978. Oxidative release of potentially mineralizable soil nitrogen by acid
permanganate extraction. Soil Sci. 126:210-218.

Stroo, H.F,, K.L. Bristow, L.F. Elliot, R.I. Papendick, and G.S. Campbell. 1989. Predicting rates of
wheat residue decomposition. Soil Sci. Soc. Am. J. 53:91-99.

Talpaz, H., P. Fine, and B. Bar-Yosef. 1981. On the estimation of N mineralization parameters from
incubation experiments. Soil Sci. Soc. Am. J. 45:993-996.

Verstracte, W., and J.P. Voets. 1976. Nitrogen mineralization tests and potentials in relation to soil
management. Pedologie 26:15-26.

Vigil, M.F,, and D.E. Kissel. 1991. Equations for estimating the amount of nitrogen mineralized from
crop residues. Soil Sci. Soc. Am. J. §5:757-761.

Vigil, M.F, D.E. Kissel, and S.J. Smith. 1991. Field crop recovery and modeling of nitrogen miner-
alized from labeled sorghum residues. Soil Sci. Soc. Am. J. 55:1031-1037.



30 CABRERA ET AL.

Wagger, M.G. 1989. Time of dessication effects on plant composition and subsequent nitrogen release
from several winter annual cover crops. Agron. J. 81:236-241.

White, G.S., and Y.D. Marinakis. 1991. A flexible model for quantitative comparisons of nitrogen
mineralization patterns. Biol. Fertil. Soils 11:239-244.

‘White, P.J., 1. Vallis, and P.G. Saffigna. 1986. The effect of stubble management on the availability of
'SN-labelled residual fertilizer nitrogen and crop stubble nitrogen in an irrigated black earth.
Aust. J. Exp. Agric. 26:99-106.

Willi;en, de P, and J.J. Necteson. 1985. Comparison of six simulation models for the nitrogen cycle
in the soil. Fert. Res. 8:157-171.

Wolf, J., C.T. de Wit, and H. van Keulen. 1989. Modeling long-term crop response to fertilizer and
soil nitrogen. Plant Soil 120:11-22.



