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4.7 Use of tracers and computer 
simulation techniques to assess 
rnrrneralization and immobilization of 
soil nitrogen 
N.G. Jtma and E.A. Paul 

1 • NAME OF K>DEL 

TRAMIN - Use of tracer and c~uter simulation techniques to assess mineralizat.im and 

imnobilization of soil nitrogen. 

2. S:(S"!F.M K>IE.ED 

The nxxlel describes the mineralization and imnobilization of soil nitrogen during 

microbial growth and decay under laboratory conditions. 

3. OBJEITIVES 

The oojectives of th.is investigation were to develop and test concep'tS of rn.icr-obial 

growt..~ and decay in soil and to study the mineralization and inmobiliz.a.tion of soil ~ 

using tracer and computer siTiulation tedmi.ques. 

4. TD£ SCALE 

The progranme was designed to simulate t..'f-te duration of t..'le laboratory exper~nts whiw~ 

lasted frm 42 to 84 days. The time resolution was fixed at 0.01 day. 

5. DIAGRAM 

The flow chart for transfer of C and N :involved in the mineralization and i..n:mJ.biliza­

tion processes is presented in Fig. 1. Four versions of the model are available depending 

on. whet.'ler tracer 1~ and/or 14c were used. In the basic version, C and N behavior i....-1 the 

mineralization-imnmilization processes were sim.llated. In the ot.~er versions, the mzmber 

of N and/or C integrals were dcubled whm 15N and/or 14c tracers were used. 

6. LEVElS 

See 7. 

7. CDVERNING EQUATICNS 

In models that describe soil organic matter turnover, the microbial bianass transfonns 

C substrates in soil (Paul and Van Veen, 1978) and is directly involved in the N mineral­

ization-i.mu:Jbilization processes. Microbial grcwth is primarily limi. ted by substrate and 

nutrient availability and by the physical ccnd:iticns prevailing in soil. Soil micro­

organisms grow on a variety of C substrates. For simulatioo purposes, the exogenrus ~1.1b-
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Fig. l. Flow chart for transfer of C and N involved in the mineralization and immobiliza­
tion processes. 

strat.es added to soil can be adequately-divided into the following categories: (1) decom­

posable fresh materials consisting of simple carbohydrates; (2) slowly decomposable fresh 

materials such as cellulose and hemicellulose; (3) materials containing C and N such as 

proteins, amino sugars, and other ni trogenrus canp01..mds; and ( 4) canplex materials such as 

lignin. In the model, tJle soil C and N stbstrates were divided into active-(C+N), st.abi­

lized-(C+N) and old-(C+N) (Fig. 1). The techniques and asstm!ptions used to detennine the 

pool sizes are described elsewhere (Paul and Juma, 1980) and are sunmarized in Table 1. 

The cmcept of an active and a passive organic N phase (Jansson, 1958) was incorporated 

into the rodel. The active organic N phase was divided into three cc:mponents: bianass. 

active- (C+N) and metabolite- (C+N). This was possible as t..~ bianass an:! active N can be 



Table I. Initial values of N pools and techniques used for pool size determination. 

Technique 

Biomass Fumigation incubation 
Active fraction and metabolites 
Old fraction 
Stabilized fraction 

167 
389 

2073 
1496 

0.072 
0. 169 
0 
0 

Isotopic dilution and curve peeling 
Associated with old carbon (carbon dating) 
By difference 

measured using the techniques sumnarized in Table 1. The passive organic N phase was 

divided into two c~nts: stabilized N with a half life of "-35 years and old N •it.h a 

half life of .....000 years. The dynamics of the rn.i.'"leralization processes are presented below: 

a. Microbial grotJth a:rui N immobilization. 

The dynamics of micrroial gn:wth and N irrmobilization were described by first-order 

kinetics. In JOOSt cases, the deconposition of C substrates is independent of wicrobial 

biaaa.ss size. In the l!Ddel, the decanposition of C from any pool occurred if C was present 

in that pool and mineral N was not equal to zero. Tims, 

dCX/dt : KX • CX • WOJF • TCOF (1) 

where 

dCYJdt the rate of substrate decomposition (mg r,- 1 soil d- 1) 

K..X the decanposi tion rate constant for substrate CX (d- 1) 

ex = the substrate c pool size (mg c g-i soil) 

WCOF and TCDF = moisture and temperature reduction factors for su....,-optimal cond.i~m.s. 

The values of these reduction factors ranged fran 0 to 1 depending upon the 

physical conditions prevailing in soil (Van Veen, 1977). 

The rate of C incmporation into the microoial bianass (CXI!\'C; mg C g- 1 soil d- 1) was 

CXINC = (Y(X)FX/ 1 00) • dCX/ d t (2) 

where YCDFX is the efficiency of utilization of ex. The rate of m2-c evolution (CXD.J2 , 

mg C g- 1 soil d- 1
) during the decanposition of ex was: 

aco2 .. (1 - (YCOFX/lOO)) · dCX/dt (3) 

The rate of N incorporation into t.~e microbial biomass (GUNC, mg N g- 1 soil d- 1) was 

OUNC • (dCX/dt)/CNB (4) 



.... ~1ert' C.'B is the C:N ratio of the microbial bicrnass. Thus, the rate of 'i uptake during 

,ni crobial grcwt..l-t was equal to the gross irrrnobili zation rate. 

b. ,l,f-o~crobial biar.ass deoa.y 

The decay of the bianass was described by first-order kinetics, i.e. the ruoount of bio­

mass that decayed per unit tine was praportiOil.t."ll to its size. The decay C and N products 

were transferred into the active (C+N) and metabolite pools. The metabolites were divided 

into two classes: ti1ose containing C and N (proteins, amino sugars) and those containing 

C only (polysaccharides} . 

In tJ1e model, SO\ of C and N of the micrroial decay products were channelled into u~ 

active (C+N) pool. The remainder of the N was char..nelled into the metabolite (C+N) pool. 
The amo.mts of the C entering the metabolite (C+N) and metabolite C pools ~re calo..Uated. 

as follcws: 

Asstmti.ng a C:N ratio of three, the aiOOunt of C transferred to netabolite (C+N) pool "'as 

t..~ree -r.ilres the amamt of N transferred into it. The remainder of the C [50\ of t'h.e total 

microoial C decay products minus C transferred into metabolite (C+N) l was channelled i."1to 

meta~olite-C pool. 

c. Minerolizat.ion o.r II 

~-hneralizatioo of N occurred during the decc~osi ~ion of ~-ubstrates containing C and N. 

The rate of N mineralization was calculated by multiplying ti1e rate of C d.ecOOJposi tion by 

the C:N ratio of the pool. Alternately, the !"ate of:~ rrd.nerali:.:atic..'n was calculated by 

multiplying the decay :ate constant ( cC i) for the (C+\) pool by the N content of tl1e pool 

(rr.g N g -l soil). The gross N mineralization rate w::1s eqwl to the sur.1 of the rates of N 

~neraliz.ation fran varirus (C+N) pools. 

d. St~ilization of C and N 

Part of the active-(C+N) is transfo~ physically or chemically into the stabilized­

CON). FUrther transformation of the stabilized-(C+N) results in th-~ formation of recal­

citrant org<.mic matter. The amamts transferred fran one pool to ai'10tlier were described by 

first-order kinetics. 

8. INPUT PARA~RS 

The initial values, decay and transfer rate ccnstants, efficie11cy of uti liz.ation of C 

substrates a."'ld C:~ ratios of various (C+N) integrals needed in the m:x!el are stmnarized in 

Table 2. 

Temperature and ooisture content were time-dependent variables. 

9. CUfPUf VARIABLES 

The basic version of TRJIMIN evaluates the foll<Ming variables that are experimentally 

verifiable: biounss C and N, mineral N and m ... -c released during .i.netbation. ,When tracer 
15N is used, the folloong additional v-ariable; are verifiable: b:icmass 1 ~, mineral 1 ~, 



table 2. Initial values, de.ca.y a...'1d transfer rate constants, efficiency of utiliun::icn of C 
substrates and C:N ratios of various (C+N) integrals used in the model. 

c 14N !SN Decay Efficiency of C:N 
Pool rate utilization ratio 

constant of C 

(ug g 
-i soil) (ng 

-I soil) (d-1) (%) g 

Biomass 
l 

!,000 167 72 0.0143 6 
Active fraction 2,302 384 167 0.0037 40 6 
Ket.abolite-C 15 1.0 60 
Metabolite-(C+N)

2 15 5 2 l.O _
4 

60 3 
Stabilized-(C+N) 17,542 I ,496 0 6.0•10_6 40 II 
Old-(C+N) 24,455 2,073 0 3.0·10 11.8 
Decomposable c 2 1.0 60 
Slowly decom-
posable C 50 O.i 60 
Mineral N 21 9 

1. Transfer rate constant of active material to stabilized fraction~ O.S·l0-3 (d- 1). 
2. Transfer rate constant of stabilized fraction to old fraction • 3.0·to-6 (d-r). 

active 1~ and active 1 ~. The model cala.llates the size of N integrals and t.heir atan \ 

abtndances. 

When 14c is used, t.he followi11g variables are verifiable: bicmass 14c, 14Cll2 -c, active 
14c (sum o£ acth-e (C+~), metabolite C a11d metabolite (C+N)). The model calculates the 

siz.e of C integrals and their specific acti\'it.ies. 

When 14c a.'1d 1\ are used all the abo\'e mentioned variables are verifiable. 

J. ~.tRVATICNS 

Enriched 15N soil samples were ootained fran a field experiment cor.duc.-ted on Weirdale 

loam, a Gray-Black Olernoz.eJD.:ic soiL These surface sanples were inai>ated in the la...~ra­

tory for 12 weeks at field capacity rooisture content and 28±1 °C. :CUring the inabation, 

total N, bimass N, active N and mineral N a."'ld their atan \ 15N abundances were determined. 

Also, bicmass-c and co2-c evolved were measured. Detailed experimental procedures are 

StDmS..tized elsewhere (Paul and Jma., 1980). 

The 'ffiiMIN prognmne was used to s:i.nula"te t.*'le 1 ~, 1~ and C transformations. 

11 • CCMPARISON OF RESULTS 

Tile predicted values·of total organic 15N rena1.mng in soil and curulative m2-c evulved 

were slightly higher tha.'l'l the experimental values (Table 3); the mineral 15N level p:re­

dicted was lower t.~ the actual value. 1he other outputs were similar indicating t.l-:.at the 

gross, transfer rate constants and pool sizes used (Table Z) were of proper magr...i.t:ude. 

The dynamics of various 14N and 15N pools as predicted by the model are sho.n in Table 

4. Ibring the 12 weeks ina.bation, when no e:xogenrus C was s~lied, the biauass with an 

initial size of 72 (ng g-i) i.rrmobilized 56 ng 15N g-i soil and decayed by 76 ng- 1 resulting 

in a final size of 53 ng g- 1 (Fig. 2). The metabolite N mineralized rapidly and constituted 



Table 3. Comparison of experimental data vith simulation ~odel outputs at the end of 12 
veeks incubation. 

Pool 

1 . 15 • • • '1 T?ta or'~~c N rema1n~ng 1n so1 
B1omass- N 

15 
.~tive fraction + metabolite- N 
Stabiliz~- 1 5N fraction 
Mineral- N 
Mineral- 14N 
Cumulative co2-c evolved 

Table 4. Dynamics of various N fractions 

Fraction Sinllated values 

Inital size Inputs 

J.~~ (ng g -1 soil) 
Biomass-N 72 56 
Metabolite-N 2 38 
.Active-N 166 38 
S tabil ized-N 0 7 
Old-N 0 0 
Mineral-N 9 86 

14 -1 
N (IJ.g g soiZJ 

Bicmass-N 167 163 
Metabolite-N 5 94 
Active-N 384 94 
Stabilized-N 1496 15 
Old-N 2073 0. l 
Mineral-N 21 263 

Experimental Simulated 

(lJg g -I soil) 

0.203 
0.052 
0.152 

0.045 
115 
938 

0.21 J 
0.053 
0.150 
0.007 
0.039 

121 
1153 

in soil during 12 weeks incubation. 

Experimental 
value at end 

Outputs Size at end of 12 weeks 
of 12 weeks 

76 53 52 
39 1 !52 
54 ISO 
o. 1 7 
0 0 

56 39 45 

187 143 152 
98 1 

125 352 
55 1456 
0.4 2073 

163 121 115 

only a small pool at any time. The active N with an initial size of 166 ng 15N g -I in­

creased by 38 ng g- 1 and released 54 ng resulting in a final size of 150 ng g- 1
• A sm.ll 

portion (7 ng g -I) of the 1~ released fran act.ive-N was transferred to the stabilized 

fraction while the rest was mineralized. At the end of the 12 weeks ina.lbation, the 1~ 
ccntent of the stabilized-N shOked a net increase while the 1~ content of bianass and 

active N showed a net decrease. furi.ng the 12 weeks inabation, the JOOdel predicted a net 

mineralization of 30 ng g- 1 1 ~. The relative net dtanges of the 1 ~ pools expressed as a 

fraction of 1 ~ mineralized were biam.ss (-63\), active-N (-53\), retabolite-N (-3\), 

stabilized-N (+23\), old-N (0\). At present, it is not possible to measure the 15N in 

st4bilized-N and old-N. 

Illring the 12 weeks incubation, the bian.ass with an initial size of 167 lJ& 1 ~ g- 1 soil 

:i.lmlcbilized 163 ~,tg g -l and, decayed by 187 ug g -I resulting in a net decrease of 24 !Jg g -I 

(Fig. 3) • The metaboli te-N and acti ve-N vi th equal inputs also declined. The stabilized-N 

shOft'ed a net mineralization of 40 ug g -I while the old N cootributed 0. 3 ug g -I. Gross 
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Fig. 2. Biamass- 15N: cumulative growth and decay rates. 

mineralization during this period &1KX.mted to 263 t.:g g -l, whlle the net mineralization v.-as 

100 llg N g -I. The relative net contribution of N fractions to mineral 1 ~ were biomass 

r~~\), metabolites (4%), active-N (32\), stabilized-N (40\), old-N (0.3\). At present, it 

.tot possible to detennine the sizes of rret.abolite-N, active-N, st.abilized-N and old-N. 

The turnover tirre of any pool can be calculated fran the tracer data provided the sys­

tem is in steady state conditioos. The soil system generally is not in a steady state 

cood.i.ticn oo a short term basis. 1herefure, it is necessary to use simulation tectuuques 

to get a good estimate of the fluxes in and rut of various pools. In the present version 

of the TRAMIN model, the C, 1~ a."ld 1 ~ transfonnations were simulated. The major advan­

tage of silrulating the N isot:opes separately is that it helps to quantify these fluxes 

accurately. For any pool, the 14
N is a good indication of changes in siz.e while the 1 5N is 

an excellent index: of the activity within the pool. Sensitivity analysis shaored that the 

decay or transfer rate constants used in the JOOdel had a very narrow range of values. 

Jansson (1958) showed that mineralization and .i..nmvbilization of N were conti.rn..lx.ls 

processes and demonstrated the internal cycling of N. The rodel predicted that 1 ~ in soil 

tm:iergoes rapid turnover. furing the 12 weeks inctbation, 36\ (86 ng g -I) of the 1 ~ ini­

tially present in soil was mineralized while 23\ (56 ng g -I) was reinloobilized. The net 

change of 30 ng g -l was "'13\ of the total 1 ~ at the beginning of the experi.Jrent. Thus, 
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Fig. 3. Total microbial biomass-N: cumulative growth and decay rates. 

net mineralization was 1/3 of the gross mineralization, i.e. of every 3 1.mi ts of N that 

were mineralized, 2 were reinmobilized, resulting in a ret mineralization of 1 unit. There­

fore, the half life of 1~ in soil organic mtter is very loog due to the internal cycling 

of N. 

Jansson (1958) suggested that the active organic N phase was the major source of min­

eralized N. Stanford and Smith (1972) used lmg tenn ina.i>ations and mathematical tech­

niques to estimate the size and decay rate constant of the m:ineralizable N pool for 39 

soils which were in net mineralizatioo conditions. Thus, ~ decay rate constant they ob­

tained was related to net m.ineralizatioo ooly. The TRAMIN JOOdel after considering gross 

mineralization and :i.moobilization rates predicted that all the N fractions in soil con­

tributed to the mineral N. In this study the active organic N phase comprised of the bio­

mass, active-N and metabolic-N and accomted for alloost all of the 15N mineralized, but 

cmtributed ...00\ of the 1~ mineralized. The stabilized-N and old-N accounted for the rest 

of 1 ~ mineralized. The IIDdel predicted that various organic N pools are m.ineralizable and 

have different mineralization rate a:mstants. Therefore, it is difficult to describe the 

soil processes involved inN mineralization by a single first-order decay equation, es-



pecially when a net mineralization rat:e coostant is used in the equation. 

12. IJMI'IS Ai'ID LOOTATICNS 

The mdel assuoos aerobic conditioos at all the times and does not consider nittifica­

tioo or N losses and gains. Tne N in soil was divided into biaDa.Ss. active-N, metabolite-N, 

stabilized-N and old-N, althoogh it is well kn01rm that the N catp:Xmds in soil form .a ccn­

tinuum fran simple soluble to recalcitrant c~. These ~ were grouped into 

the above n:entimed pools based on the decay rates of tre pools as determined by tracer 

and isotopic dilution tedmiques. At present, it is not possible to measure the size and 

decay rate constants of the stabilized-N and old-N, however, a wealth of infonmtion 

exists in the literature which supports tre concept that large pools or fractions with 

long half lives exist (Oades ani Ladd, 1977). 

The mi.neralization process described in the DDdel assuues that when a smsttate con­

taining C and N is decoorposed, the N is first cawerted to N-1:. Thus, ccmprunds like sim­

ple amino acids and amino sugars are demn.ina:ted before being taken up by the biomass. The 

ann.mt of N inmobilized is governed by the a.roomt of C incorporated into the biormss and 

by the C:N ratio of the biana.ss. 

13. CDfi'UTER 

IBM 360/370. 

14. p~ I..A.~Gl!AG: 

C5Ml III. 

15. RimiNG TI~/ffiST 

1.5 CPU minutes, cost $16.00 for simulating 84-day laboratory experilrent. 

lEERS 

The progran:me has been recently developed, however, the ccncepts developed cruld be 

applied to other soil systems where the role of micro-organisms is explicitly defined in 

the minera.lizatioo ani i.nm:>bilization of N. 

17. IEVELCPERS AND PRINCIPAL CTh'TACf 

Noorallah G. Juma and E.A. Paul 

Department of Soil Science 

Uliversity of Saskatchewan 

Saskatoon, Saskatchewan 

Canada S7N Cl'K> 
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