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Mineralization :

N mineralization is the conversion of organic N to NH,* through two reactions,
aminization and ammonification (Fig. 4-2).

Mineralization occurs through the activity of heterotrophic microorganisms
that require organic C for energy. Heterotrophic bacteria dominate the
breakdown of proteins in neutral and alkaline environments, with some
involvement of fungi, while fungi predominate in acid soils.

The end products of the activities of one group furnish the substrate for the
next and so on until the material is decomposed. Aminization converts proteins
in residues to amino acids, amines, and urea (Step 1). These are organic N
compounds that are further converted to inorganic NH4 + by ammonification
(Step 2). A diverse population of aerobic and anaerobic bacteria, fungi, and
actinomycetes is capable of converting the products of aminization to NH,*
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1.converted to NO, and NO;" (nitrification), < iilly <y il gl (N Jgad
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2. absorbed directly by higher plants (N uptake), <l Jd ¢ b il paia
(O Al palaial)

3. utilized by heterotrophic bacteria to decompose residues
(immobilization),
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4. fixed as biologically unavailable N in the lattice of certain clay
minerals (NH, * fixation) ¢alee clida 2 S8l @ G g i ddags b ol g iy
(psiga¥) Cuii)puball

5.converted to NH; and released back to the atmosphere (volatilization)
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Figure 4-22 0.20
Fraction of N mineralized
per month, k, in relation

to temperature (k was
estimated graphically for
observed average monthly
air temperatures).

{Stanford et al,, 1977, Agron. J.,
£9-303)

=
ey
o

rrrrerrerrrrrre vt il

=
—
o

0.05

FRACTION or Ny MINERALIZED
PER MONTH

k=

1 1 1 1 L 1 1 ]
10 20 30 40
TEMPERATURE (°C)

=]
o]



:\A.J4~3 aﬂ.Jﬂ‘ a—.‘J‘EJ Jﬁsu Figre 423

M MIMERALIZE D (mog.skg)

ke sol. Sany clay loam
M.\#j‘ Séu..j CJ‘ m.. Y V ! (Agehara and Wamcke, 2005, $45AJ,

- " Efect of temperature and
soil contamed 3.6% OM
and 0.44% total N. WHC
B 55

4y g @_&ﬂ\ L u_“

A ) O G- 5y =l

maisture on curmuletive
N minerazation fmg N/

JOA Aadall pa g il

-¢ M‘) C)—Abﬁj‘ G:\‘ Jiﬁ tepresents water holding
capacity

& ~ " - “ .
. "o . ®“ o
G g A Gl (e S

—
L]

=2

— —
e
T L]

[ = ]
T

;”ﬁfzuﬂc
~

-~

X

M BIMNERALIZED (mgs kgl
=

y .-"'-.FF"’

— [ =%
L]

1
0 2 4 6 8 10 12 1
INCUBATION TIME (iwasks)




G g adl) Head o) (a9 Auill Sl
Immobilization

N immobilization is the conversion of inorganic N (NH,* and
NO," ) to organic N (Fig. 4-2). If decomposing residues
contain low N, microorganisms will immobilize NH,* and
NO;" in the soil solution. Microbes need N in a C:N ratio of
~8:1; therefore, inorganic soil N is utilized by the rapidly
growing population, reducing NH,* and NO;" to very low
levels. Microorganisms outcompete plants for NH,” and NO;-
during immobilization, and plants can readily become N
deficient. Fortunately, in most cropping systems, sufficient N
is applied to compensate for N immobilization by microbes
and crop N uptake. If added organic material contains high
N, immobilization will not proceed because the residue
contains sufficient N to meet microbial demand, and
inorganic N will increase from mineralization of organic N in
the residue.
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C:N Ratio Effects on Mineralization and Immobilization
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TABLE 4-12

C:N RaTI0S OF SELECTED ORGANIC MATERIALS COMPARED TO SoiL OM

AND MICROORGANISMS

Organic Material C:N Ratio

Soil microorganisms 8:1
Soil OM 10:1
Sweet clover (young) 12:1
Barnyard manure (rotted) 20:1
Clover residues 23:1
Green rye 36:1
Corn/sorghum residues 60:1
Grain straw 80:1
Timothy 80:1

Organic Material C/N Ratio

Bitumens and asphalts 95:1
Coal liquids and shale oils ~ 125:1
Qak 200:1
Pine 300:1
Crude oil 400:1
Sawdust (generally) 400:1
Spruce 1000:1
Fir 1200:1
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Figure 4-26

General description of N
mineralization and immobi-
lization following addition of
residue to soil.

{Adapted from B. R. Sabey, Univ. of

Mingis.)
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A major portion of the NH,* produced from mineralization is converted to NO;
through microbial oxidation or nitrification (Fig. 4-2). Nitrification is a two-step

process where NH,;* is converted to NO, - and then to NO," . Oxidation of NH,* to
NO; is represented by:-

JSd ) dan ol gl 32wy Ales YA e NO, <l 5 (I NH,* pgi sa¥) Jga3 dutas Ll Aa il G s

NO, i (N 2 g ga¥) il gl Lgud J st A oY) Al jpal) cpiila o o A il dules Juaalig (Y-
- A e alaal) 3y NO, <l i ) A gl Lgs J gati 4001 dda jall g

Step 1 )
z

INH, + 30, ———————» 2NO,~ + 2H,O + 4H*

B N

=) increasing oxidation af N =3
Step 2

; Jrgetete

_ﬂg_ + Os nitrobactar zmﬂj_
{_:3] _____________________________________________________________________ - {+5]
increasing oxidation of N

Net Reaction

NH, Y + 20, = NO;~ + H,O + 2H*
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Figure 4-25

Effect of N content of
organic materials on ap-
parent N immobilization or
mineralization.

{Goos, 1995, J. Nat. Resources Life
Sci. Educ,, 24:68-70)
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Certain clay minerals, particularly vermiculite and mica, are
capable of fixing NH,* by replacement with cations in the
expanded lattices of clay minerals (Fig. 4-36). Fixed NH, * can be
replaced by cations that expand the lattice (Ca*?, Mg *?, Na*,
H* )but not by those that contract it (K* ). Coarse clay (0.2-2
mm) and fine silt (2-5 mm) are important fractions in fixing
added NH,* . In a high NH,* -fixing clay soil dominated by mica,
substantial amounts of added NH,* were fixed, increasing with
soil dryness (Fig. 4-37). Increasing moisture likely increases
nitrification of the added NH,* . Greater NH,* fixation occurs
with broadcast application due to increased soil-fertilizer
contact
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Figure 4-36

Diagram of an expanding
clay mineral capable of fix-
ing native or applied NH,™ .
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When soils become waterlogged, O, is excluded and anaerobic conditions

occur (Fig. 4-21). Some anaerobic organisms obtain their O, from NO, and

NO,;" , with the accompanying release of N, and N,O. Although several

possible mechanisms exist (Table 4-14), the most probable biochemical
pathway for denitrification is:

(4-21 d&i)@\ﬁ\idgjm\@aaﬂjm&ng\!\ Ol ¢ 4B Al el Ladis
cabas g« NOy 9 NO, (e b CaaS ¥ Ao Juand Al gaM) dg pgaall 4y 3N slia) (aary
Jeaad cillladll g cilband) (lany ) AdLaYL 13 | NZQ SN, din 9.‘9 O g yiadl) i) Al

R A Al (use dalead AbiasS gaall jleall g

NO; = NO; »NO—-N,0] =N,
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Conversion of NO; “to N, under anaerobic conditions can be monitored with
time (Fig. 4-38). In this example, NO, - decreases as NO, " increases, then NO, -
is replaced by N,O, which is ultimately converted to N,.

Large populations of denitrifying microorganisms exist, the most common are
the bacteria Pseudomonas, Bacillus, and Paracoccus, and several autotrophs
(Thiobacillus denitrificans and Thiobacillus thioparus). Denitrification potential
is high in most field soils, but conditions must arise that cause a shift from
aerobic respiration to a denitrifying metabolism involving NO5™ as an electron
acceptor in the absence of O,. N,O and N, losses are highly variable because of
fluctuations in environmental conditions between years, between seasons, and
within a given field. N, loss predominates, sometimes accounting for about
90% of the total denitrification, while N20 loss is greater under less-reduced
conditions
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Figure 4-38

Sequence and magnitude
of N prodlcts formed and
utiized aluring anaerobic
denitrification of Wysaro
clay (ph 6.1) and Regves
loam (pH 7.6)at 0°C.
(Cooper and St 1963, Sal 3
Soc Am. J, 27:459)
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