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BRI RREEERE 25,

vzm‘s (4)

CoWREEA L TR ORHERLOEEN L H
<k, RDBHTH B,

NH:—N 5)

k
HBEEE—EgEsEE
(No— N N NO:—N.
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Table 1. Relationship between the rate of decomposition (R.D.) and (&°f)

R.D.&) 5 10 15 20 30 35 40 45 50
ket 0.0513 0.105 0.163 0.223 0.288 0.357 0.431 0.511 0.598 0.693
R.D.%) 55 60 65 70 80 85 90 95
ket 0.799 0.916 1.050 1.204 1.386 1.609 1.897 2.303 2.996

The rate of decomposition (R.D.) = N/No = 1 — exp(—k-t)
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No UGETOHREZERE (mgN/100g &£ 1)
N ERL-EREEERE (mgN/100g 1)
t B (day)
kEEER (day™)
O EEFLT, t=0, N= 00¥&EH+5 12
(AH»HRoh s,
N=No(1—exp(—Fk-1)) (7)
7
In(No—N)=—Fk + t+InNo (7v
AR ABRESEOSMEIGRNTRSK, KEIK
EREERORCTRE B,

SRR =N/No=1—exp(—k-t) (8)
FRESEFO0% P EEILT 2580 KX, FR -
ELHETNTENOXTRENS,

tos = 0.693/k (9)

Table 1 i53EEL -t OEFBEERL,

2. BRLEEORAEEL
EELOEEERLEBE L OBIZIERMLBENS
b, Arrhenius DX THEEI N5,
k = Aexp(—Ea/RT) (10
ko EBEEEH (day™")
AE B
Ea; R9FoESE AV F— (cal mol™)
R Atk EH (1.987cal deg™'mol™?)
T ;#xHERE (deg)

REELIZL > TEBLEESFIKECEDD, HEW
HTrLAPELLZVOITAL I L, ER{IEOEY
25 L CEECH D, Arrhenius DX H 6 HEEHK
DRERBK *EL I EHNTE, ARTEHEZINL (&
Bf, 1980),

K = Ea/RT: 1

BEEILOFEEL T * L F— Ea 125,000~ 25,000
(cal mol™!) #HEIZH B DIZx L, (XD IHRT? iF
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bt 2, COBFKIZ0, IXTRsh, BEE{LIVHE
Hhid, #EEROEIZRERLCHBIL, HFIEK
BEKTHLIEREREL TS,

b/t = expK-4T)

(K-4T)"  (K-4T)°

=14+(K-4T)+

2 1 31
12
1>(K-AT)>0 %6
b/l = 1+ K- AT a3
174 M%:1+WJTH%4KAﬂmy
22U AT = Te=T
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3. AEEEXEOERCIEE
RRERLHA T EERNIBIN T 2251085 T,
FREFFOERLSHEL LTZoofExEo N
5,
O UoBmHAEBREEER No (mgN/100g#
T/13%)

TSI HERERHOFREEZEN I b, #
TERICESLLELREOE, F-38ETH5,
IofEIEII T AERBRITOKE S ERTHE
Eths,

@ ERLEEER £025°C) (day™)

BEROEBLEEOKPERTHETSH S, BH
fLERERRECIoTELT 20T, EERE
(25°C) B BETERT. BMo@ Cia st
PR O E T A2DICHCE, ERMIZRE
X100k v 5 ¥z, 1 BCW B ERESED
1% 0 BIEILT 2 2 RTIEETH 2,

® koOBEEZEE K(25°C) (deg™) F /iddhd it
OEELZFLE— Eg (cal mol™)

ERTEEERECRITEENEEOMS LR
FIET, Kz Ea ¥ Hvwa, K &£Ea 300
RLZE D ICHEICERT A5, K X10001#13,
BEALCET 2 L EEEHE PMBENT
PERTIEET, FHNLZRERETH S, K2l
Bl TET 20T, EERE (25°C) 08
TBETET, —F Ea ZREXIEET HLEN L
WOT, BREXTREIIREITREOEROEEL
LTEs ¥ bz EELT,
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4. BEEREEFLOBRR

“1. HEERWLEREETN L EER ClatRmL
ERLEFVORCHEEN L LTOB L FIDR T EW
Too SHIZETOTEHURELEZ NS SHBOET
WEEE L (Table2),

BHMoO#MRE TN (Simple type) 13, HHREEE
ADPLBBESENFART 2B B2 A#—XK
RIBEFALTH 2,

2HBoOBMEITRE TN (Two-simple type) i1,
PBOFEEBRESEA L TBOBECAHBESEB &
Y LT 4 ERET 5 R — A ETLTH
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B, Thbb, ZOoO—REGEERXOMTRENS,
3EH LB - BLIITRIE T (Simple type
combined with immobilization) &, RENEMEL &
FHALE Y L RIS EIT T A R — kRS EF
NTHD, Thbt, HRLLERILOEEXDOHITHR
END, TOEFMIIOVTIIRTHLLBNE,
UE3EHoOBRERELEF L ERELL, bl
NoxeFr o285, [ EgEEFELERBED
REEEX~ BB & BHTER CTRT LI, FF
5 O L 2B OBRMN TR, 3ERMOTF Lo
TR BN AEETH - 12,

Table 2. Basal reaction schemes and rate equations

Type Reaction schemes Contents of scheme 1. Rate equations [I. Integral equations
Simple type A 3 N Organic matter A is 1. dN/dt = k(No— N)
mineralized directly M. N=No[1—exp(—k-t)]
N Organic matter A 1. dN/dt = ki (Nj— NY) + k2 (N2 — N)
) A——+N and B are mineral- O. N=MN{(1—exp(—F-1t))
Two-simple type k2 . .
B——— ized apart from the + N§(1 — exp(—kz-t))
others
Simple type com- D Mineralization and 1. dN/dt =k(a — n) — ki (bd — m)
bined with immobi- immobilization  ad- M. N=Niall—exp(— bin-t)])

lization

vance separately

+ Nol(1 —exp(—k5))+ C

5. Bt EHS B LHRDTTIL

TEH L HEBREAEMOERLIMRE, HHEH 5
W BMETRHOEFTVICEST AESEE Y,

LAL, FEREEMORICRTSEEREREYZ(CE
AT 572002, BREROSEDHRLARK /S EBILE
EErbmEy, —RHICEREEEIBL T2 0055,
FOEHLERNIIoVwTIE ‘[T ESEEEERERED
RICEER~ D BB & BITHR" Th~<5,

HEEL 2 EHILEEOKIEE TN % Fig 1125
L7 HEEEEA» CEBBEEENIER T 20
fTLCTHAYIREFBED ¥ HEB L THEE ST A0
VELZEBETNOASHBBEEM AT 2 L 8T
L72bDTHY, BUGEERIZRDEHICLTHN,

d

d—y; =k(a—n)—{(a—n) = aexp(—k-t)

am )
wra = bim (bd —m) — (bd —m) = bd + exp (~kim*¢)
d(n—m) dN

T == kla—n) —kim (bd —m)

dN
Sp = ka- exp(—k-t) —kim - bd * exp(—kim-t)

N = —aexp(—k-t) +bd + exp(—kim-t) +E
t=0 LA N=C t¥5¢&
E=a-bd+C
Nim= —bd, No=a &T 53¢
N = Nim(1 —exp(—kim-#)]
+No(1 —exp(—k-))+C (14)

ZITA, a. HRBEERESEEL I VIR

N, n BEESEELITOR

M, m HBELE-RESLFE0E

D, d W HEKREREBLUVEORE

b VABERERLHEE L TRAEYRAE
BT AHABCBATNAREREONTH
HERER T HEE

k D ERCEREE R

kim  HHILEEERK

No  AIBERERESES
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Nim HAB{LEEE

E  HETEHR
D
d
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A k M
_ 3 N !
(ﬂ —n) (n —m) m

Fig. 1. Scheme of N-mineralization combided with im-

mobilization

6. EFILORIROKME

EREEEFLICHTROBEEIC, —fRI/IT A —
SHDECEFTLDOHH, 1532 —FBOLRVET
I ABEETHMANSL R, R To@EFHIERY,

BUuEFLEESLOORBM L EEL LTAICHE
(FihoTEHEE ¥, Akaike's Information Criterion)
2B 7 (R, 1976 F)1 5, 1982),

AIC ity TE 2N, EFILDES 4 EIBTH L,
G A—sHEEeT L, 19X 1 HIZED T 5,
HBIFEHICHFELOEN KRB E, F2HPFAERHLT
AIC I L 3, AICOR/MEYX S5 25T F L%
BROTFVEHET b,

AIC=NinS+2r s

T N;F-%0¥
S BEFHA

r: /83 A -5 0¥

7. FUSEER & FBHOmRG
BEOEBRLELABETrERL T 2 EFHEY
(lag-time) O H 51 b, FHEMO D b LB 7 —
¥ % BIGEERICH TE D 5O BFNEERY: 2 BET
L7
HMETREFAEFICE 2 L, 16 IFEY A Y
RAELEFNFEELLVWEXTH Y, 9B L 008R I3 H
B EB LR TH S, Fig 2IIR LA & 91, a7
REFEHoOF— s xBRALTYHUR C ek s )l
RTCYPUHEFNERE, 20903 FEHo7— 5 %
BALTXOEE 12RO HATXYRET L E
159598
Y =A[1—exp(—k-t)]J+B(1—exp(—k:-t)] 16
Y =A(1 —exp(—ki+t))+B(1 —exp(—k:t)]
+C 17
Y=A(1—exp(—ki-(t—7)))+B (1 —exp(
~k: (t—T))) (18
63X 5 & 08, T2 A, BOER T @R HBES
EFEN, NHELwd MATEHELLLLW
{Appendix [ £8), 17X T NI, Nj @ ZHLFhN)
=A+C, Ni=BE LTUR&ENB,
Table 3 12+ % il T+ O ERILABOF— ¥ % L5
ZOoOEFEFNMIIHTIRDT, Bohisi—4,

Table 3. Fit of two simple type model regarded for lag-time to experimental results

Equations Parameters obtained AIC
N#*=N;[1— exp{— ki*t)] B =0.21 Ny =29.49 634
+ NE(1 — exp(— kaet)) k2 =0.03 Ni= 3.39
N=N(1—exp(—Fki-t)) k1 =0.26 Ny =30.59
+ N1 —exp(—Fket))+ C k. =0.03 N; = 6.63 574
¢c=-3.15
Corrected for Y intercept true Ny =27.44
N=N(1—exp(— bt —1)) ki =0.26 N =27.40
+ N1 —exp(— ks (t — D)) k» =0.03 Ni= 6.60 574

Corrected for X (¢)intercept

T=0.4

Note : AIC is Akaike’s Information Criterion, which is useful to compare with some models.
Smaller AIC-value means that a fitness of model to experimental resuits is high. Rape
cake was added to humic Andosol and was incubated for 42 days. a ; not regarded for

lag-time.
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Fig. 2. Model of nitrogen mineralization curve with lag-.
time
If there is a lag-time in incubation period, model
equation must be corrected.
(16) : no correction
(17 : the equation is corrected for Y intercept
(18 : the equation is corrected for X (t) intercept

AICHOE%ER L, 73T A —% & AIC Dflid HHHF L
THEH S 2EE0E, FEPoF—- 5 2BRHLT,
YR EFALOWR, i XPRFETLOMBRE
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Ink= —Ea/RT+In A 19
L7:#5 T, EHOBETERYITY, ThFhoRE
NFEEEHROIBFEEOFEHRIIHLTTOy T 5
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(Arrhenius 7t » f &EIENRTWVE), ZOREHLS
EHALZANF—Ea ¥ RDBIEHTE D,
EMIL AL F— %Ko 5124 Arrhenius 701 » b
FERT OB L HETH LY, ZOLBHIIIRE
BARGTHE, (EELEZTRIERLRVOT, EBILF
A b,

G R0, 25, 30°C D 3 B THERERYITV,
SonER MBI EAEL I LIZE ST, Bk A
MNE-FRODLFEEEELL,

1) &R, TRER THREXK

—RREEEFLVOMRXEFRELT, &1, 2, &
3 FnornFhoBEEE Ty, Ty Teo T, &
BEHT b, k, ks & L, H—HKE (Nx) i
AT TOEEAKREL, b, et THE, T
ORMELND,

Nx = No[1 —exp(—ki-t)]
Nx = No[1 —exp(—ket2)])

Nx = No[ 1 —exp(—kn-tn))
XD He0RIHELHN D,
kot = kart: = kacty = «o0eee :kn-tn.—_#'ﬁi‘ 20

oIz ki, E—BOSELAERTHNICET 25E
AEL, BECL-TERELZY, HEAREIEEHE
DIEIE—ETHBZEEZRLT S,

Arrhenius @8 000 & oKX A e, eIXEHS
ZENTE D,
ks

t: = b -F=ta-exp(—EaAT/RT|Tz) 21
ks

t: = t.i'? = t3-exp (Ea AT/RT.T3) 22)

7272 Ts—T:= T:—T =A T>0
2T
lz/[l =k1/k::exp(—EaAT/RT1T3)=m (23)

t2/ts = ks/k: = exp{Ea AT/RT:Ts) =1 24)
L BT

t:=m-h @25

t:=1t3 (26)

m, | #ERBEREFEY, m-h, It PEBRAK TSR,
g5, ORI R 1 BLURIOKEEAHERZOEEAS
CEBTELIERRLTV D,

Pbseon b EEREIIBT A EEAMTARIIKR
TSN b,
ts = taexp(Ea(Ta—Ts)/RTaTs) @7
ST s AEHERE Ts BT AEEA
fa  EBEOEE T2 2B 2B
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Fig. 3123 EF LY EVT, LEOBEAE D T
DIERRLE, Rl (Th, b)) ORMGETIIEMESE
A50mg AT 5 TORERARRTOB TRt =0.7T
Hb, H2 (T k) OB TEOMgERTHITO
BEAKIEISA TRt =0.7Chb, %3 (Ty, k) O
HEIZBWT S ket =0.7T, ZORMIZ—E TR
PERD T -THb I L2T5,

LdoTC, R1IOMKEER2UERYLIETER
S5, 1 OEEHRCEREEm 28 TR2 0K
EHRCEBRT LS v, FICA3I OB LR 2 O
RICEGE 2B, EREKI LR THEEAREY SR
2OREARIIERTRIELV I EXHT 5,

INEHIREEBBEYERLCEAE D L L EH#
THRIZIZELEEIERZ EIZT D,

100 F—

Ts, k3

0 50 100
time (day)

Cumulative amounts of N mineralized (mg N/100g dried soil)

Fig. 3. Model curve showing decomposition of organic
nitrogen at different rate constants. Decomposi-
tion of organic nitrogen was calculated from the
equation ; N = No[ 1 —exp(—Fk * t)) Parameters
are as follows ; No= 100mg, ¥ =0.01, £ =0.02,
k =0.04(day™').

(2) EBE20, 25, 30°C o 3ExMroEHESR{LHHESH
SEMILTANF— 2RO L
BB TERY T CRENICEEERE KD T
# 5 Arrhenius 70 v F % L CTHESILZ AL F— %K
HLREROFETIE, 7Oy FHIHLIEVOT, iF
BT AN F -2 HEEILCERKDDL I ERTEL Y,

# 15 (1986)

LAL, B TR~ ERZYHCLIEIIL ST, &
EIBROERE» SHMHEZ I VLT -2 FE L ko s
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OB E25°CItERIH GO T LRI L,
He0 Tk s,

F1(20°C)D25°C TOEFILR

N =No(1 —exp(—Fkem-t1)] 8
#2@5°C)mEFAR

N =No[1 —exp(—k:12)) 29
F#3(30°C)»25°C THEFARK

N = No( 1 —exp(—kal-t3))] {30

HhEOREFECT, dTEDETIHEOFEL A
Nbo Noldk: & EadikE I KRIBZDT, T
FTLBIIANT BN IA—FiIh t EaThb, ¥
T, EED k&£ Ea ¥fAAL T No 2 ROBREFEHH
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%
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Fig. 4. Relationship between the rate of mineralization and (k - t).

k ; rate constant,

t ; incubation period.

As the rate constant is getting smaller, the longer incubation time is needed. tos =0.693/k was proposed as a

simple method to determine the incubation period.
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High-humic Andosol (wet soil)

[o <]

[=2]

S

[\

B ] ] l
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time (day)

<

Cumulative amounts of N mineralized (mgN/100g dried soil)

Fig. 5-1. Time course of nitrogen mineralized at three temperatures for High-humic Andosol. Fit of Simple type model

(lines) to experimental results. In this case, wet soils were incubated.

High-humic Andosol (wet soil)
8 e 20°C

A 25°C

B 30°C

N = No(1—exp{—k- 1)+ C

No =10.26 £k =0.00470  Eq =21,400
C=1.02

| | | ] |

0 50 100 150 200 250
time (day)

Cumulative amounts of N mineralized (mgN/100g dried soil)

Fig. 5-2. N-mineralization curve optimized by transformation of time axis, showing that all plots are nearly traced on

the estimated curve at 25°C.
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Gray Lowland soil (wet soil)

30°C

Cumulative amounts of N mineralized (mgN/100g dried soil)

| | ]
0 50 100 150

time (day)

Fig. 6-1. Time course of nitrogen mineralized at three temperatures for Gray Lowland soil. Fit of Simple type model

(lines) to experimental results. In this case, wet soils are incubated.

® 20°C Gray Lowland soil (wet soil)
A 25°C

B 30°C

N = No[1—exp(—k-t)]+ C

No =5.44 k =0.00612 Ea =17,900
Cc =0.62
] | | |
0 50 100 150 200
time (day)

Cumulative amounts of N mineralized (mgN/100g dried soil)

Fig. 6-2. N-mineralization curve optimized by transformation of time axis, showing that all plots are nearly traced on

the estimated curve at 25°C.
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Table 4. Characteristic parameters derived from results of wet soil incubation at there temperatures.

Simple type model Other models

Soil treatment No k(25°C) Ea C S AIC S AIC
_ ) M0 10.26% 0.50  0.00470+0.00034 21,400+ 490  1.02£0.03 0.42 —25.5  0.35 —25.9¢
High-humic Andosol 14.78+ 0.91  0.00424£0.00037 21,200+ 530  1.07£0.05  0.90 3.8 0.90 9.9¢
Gray Lowland soil M0 5.44% 0.31  0.0061240.00057 17,900+ 680  0.6240.03  0.33 —33.7  0.30 ~32.24
(alluvial) M1 7.66+ 0.58  0.00523+0.00060 17,900+ 730  0.6740.04 063  -9.5  0.63 26.9¢4
Yeliow soil M 0 3.06% 0.14  0.00874£0.00075  21,800+1,010  0.34+0.03 0.2 —39.0  0.24 —40.6¢
(granitic) M I 4.58% 0.20  0.00989+0.00088  23,100+1.200  0.414+0.05  0.97 6.9 0.9 1240
MO 18.70% 3.17  0.002390.00050 23,300+ 810  1.27+0.06 1.40  20.9  1.39 26.6¢
M2 16.274 1.28  0.00422£0.00047 22,700+ 730  1.26%6.07 1.99  34.2  2.00 40.2¢
High-humic M 4 16.81% 1.79  0.00342+0.00048 23,100+ 780  1.47#0.07 1.78 0.9 172 34.6¢
areyed Andosol® M 8 27.18+ 2.90  0.00334£0.00047 19,500+ 610  1.97+0.09  3.09  50.9  3.09 56.8¢

M16 42.71% 7.25  0.00208+£0.00042 20,900+ 580  2.00%0.09  3.24  52.7 undeterminable

M3z 73.67+17.07  0.00302+0.00088 15,100+ 930  2.67+0.37 51.33  157.7 undeterminable

Note ; According to value of AIC, Simple type model fits to experimental results. AIC is Akaike's Information Criterion characterizing

the fittness of models.

No ; N-mineralization potential (mg/100g dried soil},
Ea ; apparent activation energy (cal mol™'),

; intercept of Y axis (mg/100g air dried soil), corresponding to initial level of mineral nitrogen obtained from cal-

K ; mineralization rate constant (day ™),
S residual sum of spuares,
Cc
culation,
a ; soil amended with manure applied annually at the rate of 1t/10a,
b soil amended with manure applied annuaally at the rate of 0-32t/10a,
¢

. AIC-value obtained from a fitness of Simple type conbined with immobilization model to experimental results,

d ; AIC-value obtained from a fitness of Two-simple type model to experimental results.

Incubation time was 171 days (130days at 30°C)

—7%, LB (DIK, KRN) Tid, ki idiliE

&£ 50.22 (day ") CTHREEIL3.2H, £ 120.009, 0.03
(day™") CHEMIXT7A, 238 THh-7, 7, Ea
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mol™') Tad o7,
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HREIFBEEONEVCHFOEDZ2EENE W M
bR A

KIZE—ORER LB L BE0 TR (RE 1R
EARMNFREOBROERILOSHESL LB+ 2 &,
HRE T b, b 3HIBOBEGLI Y KEL, Ea 3%
PEEBTHo7, 2O LR LFERETOEREIED
THLIEAFRESELISBLY T LD EELLR
%,

2) ThiFRaRAY, LRFHR

TRFERIT SRR, LRERTIR, FREOTIEN
RELLEWORFILL 2 ERESHOFM LI E LD
T, BEER{LOHERIE Table 2 OFBIL - EH(LIEIT
BoREEEA~OBEB LT - 72, 4B, LRFERTR
AICEOHERE» S, LERICEERIZTHEESH
BERROE S N, DEE A2 FICHEER 2 BIFCH
vy, #E % Fig.11-1, 11-2, Table8 1277 L 7=,

TABERIVHEZPCIR, EREREOFRILOEE
EL kim 130.29 (day ") T, 2.4HT50%, 7.90 TI0%
FEBL, zoRKARERIE2. Tmg L 23, 72,
Eagim 111,000 (cal mol™)) T& o7z, —F, EH{LHE
FEEE 130,008 (day™"), F#¥H87H, Ea i217,000 (cal
mol ), WA ABEEHE5.4mg (HHEERED
24%) Lot BALLREEERICE O R HE
AL, ERESZEFRLVE AR ERDBE10
HTaYy, 2oBOERH.1Img T -7,

LIREBERTIE, ERERFOFRILOEETH bin 13
0.18 (day™), WU ERESEOBRILER TR,
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Light-colored Andosol (air dried soil)

Cumulative amounts of N mineralized (mgN/100g dried soil)

| ] | | ] | ] | i
0 100 200 300 400
time (day)

Fig. 7-1 Time course of nitrogen mineralized at three temperatures for Light-colored Andosol. Fit of Two-simple type

model (lines) to experimental results.
In this case, air dried soils were incubated.

.
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g Light-colored Andosol (air dried soil)
‘g
-4 4
3
@
E
é N =N(1—exp(—k-8)+ Na(1 —exp(—k2- ]+ C
g 2r N, =1.84 b =0.0837 Ea1 =15,500
E N:=7.83 k2 =0.0037 Ea: =22,800
g — c =2.76
3
] | ] ] |
0 50 100 150 200 250
time (day)

Fig. 7-2. N-mineralization curve optimized by transformation of time axis, showing that all plots are nearly traced on

the estimated curve at 25°C.
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Gray Lowland soil (air dried soil)

Cumulative amounts of N mineralized (mgN/100g dried soil)

, | | l ! | [ 1 |
0 100 200 300 400

time (day)

Fig. 8-1. Time course of nitrogen mineralized at three temperatures for Gray Lowland soil. Fit of Two-simple type

model (lines) to experimental results.

® 20°C
A 25°C
10

B 30°C

Gray Lowland soil (air dried soil)

N=~N\{(1—exp(—k )+ Ni(1 —exp(—k:- )]+ C
N) =1.93 b =0.167 Ea: =12,000
2r N: =8.92 k2 =0.0047 Ea: =19,800
c =3.00

] ] | | ] |
0 50 100 150 200 250 300
time (day)

Cumulative amounts of N mineralized (mgN/100g dried soil)

Fig. 8-2. N-mineralization curve optimized by transformation of time axis, showing that all plots are nearly traced on

the estimated curve at 25°C,
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Table 5. Characteristic parameters derived from results of air dried soil incubation at three temperatures

Simpl
Two-simple type mode} imple type
model
Ny ki (25°C) Ea: AIC AIC
Soil treat t
o reatmen N2 k2(25°C) Ea: ¢ S S
PK 1.58+0.17 0.105 £0.019 10,600£3,570 6.9740.07 37.2 99.5
6.1740.54 0.0055+0.0011 22,900+ 770 : 1.5 4.8
ight- + + —
Light-coloed NPK 1.84+0.12 0.0837+0.0092 15,500%1,880 2.76+0.04 14.7
Andosol 7.83+0.90 0.0037+0.00075 22,800+ 450 0.6
2.16+0.13 0.157 £0.020 11,200+2,710 41.9 142.3
NPK+ manure 2.81+0.08
10.48+0.66 0.0050+0.00061 21,400+ 480 1.6 10.1
High-humic 3.61+0.18 0.178 +0.019 14,300%2,300 80.6 199.2
NPK 4.81+0.11
greyed Andosol 13.4840.86 0.00511+0.00064 21,800+ 514 3.2 27.0
) NPK 1.93+£0.09 0.167 +£0.017 12,000+2,150 3.0040.06 1.8 127.3
Gray Lowland soil 8.9240.52 0.0047£0.0005 19,800+ 410 ° 0.8 7.8
Note ; Comparing the two AIC-values, Two-simple type model was adopted.
N} . N} N-mineralization potential (mg/100g dried soil),
ki k2 ; mineralization rate constant (day ).
C - intercept of Y axis, corresponding to initial level of mineral nitrogen obtained from calculation,
Ea1, Eaz ; apparent activation energy (cal mol™}),
S . residual sum of squares.

Duration of soil treatment is 6 years from 1976 to 1981 at Tokachi district in Hokkaido {NPK ; applied three major nut-
rients, manure ; applied at the 2t/10a annually).

Incubation period was 398 days at 20°C, 257 days at 25°C, 105 days at 30°C.

The first 10 days, mineral nitrogen was determined in short interval.

The rate of rapidly decomposable nitrogen (N}) was 17-21% of N-mineralization potential (N§ + Nj)in soil.

Table 6 . Characteritic parameters derived from results of air dried soil incubation

Two-simple type model Simple type model
treatment Ne b (30°C) c S AIC s AIC
reatmen 3 s
N; k2(30°C)
1.84+£0.85 0.474 £0.375
M 0t/10 1.31+0.93 1. . . .
anure 0t/10a 11.5740.57 0.0124£0.0019 13 1.8 201 1644
3.93+0.67 0.330 £0.114
1 1. . . . . .
Manure 8t/10a 16.5140.90  0.010 +0.0016 16+0.71 1.27 13.58 | 6.21 33.39
4,27+£0.41 0.355 +0.067
16t/10 1.67+£0.45 0.45 —1. . 33.
Manure 16t/102 o oo 0 67 0.000 +0.00074 18 1.92) 6.20  33.36
5.2410.51 0.240 £0.052
M 32t/10 1.58+0.47 0.89 8.18}1 9.9 40.41
anure S2/102 5 6140.76  0.010 £0.0011 2
Note ; Comparing the two AIC-values, Two-simple type model was adopted.
N}, N3 ; N-mineralization potential (mg/100g dried soil),
k1, k2 ; mineralization rate constant (day '),
C ; intercept of Y axis, corresponding to initial level of mineral nitrogen obtained from calculation,

S ; residual sum of squares.
The field of High-humic greyed Andosol was amended with manure applied annually at the rate of 0-32t/10a for
three years in Tohoku Natl. Agricultural Experiment Station.
Only in this case, soils were incubated at 30°C.
The rate of rapidly decomposable nitrogen (N}) was 17-21% of N-mineralization potential (Nj+N§)in soil amended with

manure.



144 RERFSUFV RS

Cumulative amounts of N mineralized (mgN/100g dried soil)
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High-humic Andosol amended with manure (air dried soil)
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Fig. 9. Time course of nitrogen mineralized from the soil amended with manure. Fit of Two-simple type model (lines) to

experimental results.
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Fig. 10-1. Time course of nitrogen mineralized at three temperatures for sewage sludge (municipal). Fit of Two-simple

type model (lines) to experimental results.
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Fig. 10-2. N-mineralization curve optimized by transformation of time axis, showing that all plots are nealy traced on

the estimated curve at 25°C.



146 RERLHHEFBE $£ 15 (1986)

Table 7. Characteristic parameters derived from results of sludge incubation at three temperatures

Two-simple type mode! Simple type

model

N b (25°C) Ea: AIC AIC
Sludge N k2(25°C) Eaz ¢ S S

Sewage sludge 6.45+0.50 0.265 =£0.041 13,500+2,890 9 9940.52 211.0 300.6
(digested ; D-10) 17.94+2.07 0.00469+0.00089 25,000%+1,250 19.8 84.3
Sewage sludge 8.75+0.55 0.269 £0.034 12,150+2,270 4.5140.57 214.6 322.5
(digested, D-30) 14.78+0.72 0.008361+0.00096 26,100+1,220 21.9 126.3
Sewage sludge 13.73+0.63 0.136 =*0.013 11.000+1,500 —1.7640.42 234.2 304.7
(not digested, D-53) 9.10+1.69 0.00740%£0.00337 16,000%2,090 28.1 89.6
Sludge 20.35+0.84 0.220 +0.011 10,000+ 430 9.05+0.94 183.4 306.6
(chemical factory, DIK) 3.78+0.38 0.0090 +0.0025 15,000%1,790 5.84 22.4
Sludge 7.49+£0.33 0.220 +£0.014 9,000+ 690 0.3840.13 15.01 66.2

(brewery, KRN) 2.48+0.29 0.030 =+0.010 18,000+2,380 1.02 2.94

Note ; N} values of DIK and D-53 were corrected as follows, because these samples gave lag-time after incubation started.
“estimated N}"= N} + C + N} (see Appendix 1) . For example, N of DIK is the value of 11.3 and total N-mineralization
potential is calculated as 15.08.

Rate of N-mineralization as against T-N is 55% in D-10, 50% in D-30, 46% in D-53, 59% in DIK, 42% in KRN, respectively.
Incubation period of D-10, D-30 and D-53 were 161 days at 20°C, 147 days at 25°C. 133 days at 30°C. DIK and KRN were incu-
bated for 140 days and 56 days at three temperatures, respectively.

Table 8. Characteristic parameters derived from resuits of sludge incubation at three temperatures

Simple type combined with immobilization
Nim =—2.69%0.15 kim =0.29 £0.030 Eaim=11,000%+1,780

Sludge compost N, = 5.41%+0.24 & =0.0080+0.0080 Ea =17,000x 740 C =3.21%0.16
(TAM) AIC =100.3 S =2.46
Two-simple type combined with immobilization
AIC =106.3 S =2.46

Two-simple type combined with immobilization

Nim =—17.20+ 3:85 hin=0.184 10.035  Eaim= 8,800%11,470
N, = 15.51+ 3.11 &k =0.0451 +0.0147 Ea = 7.350%1,860
Sludge(C-20)  \u _ 17 31139.41 k =0.00159+0.00480 Ear =21.20047,160 C =8.81%0.53
(human waste) AIC = 20.0 S =14.2
Simple-type combined with immobilization
AIC =240.7 S =31.0

Note ; Sludge compost was incubated for 140 days at 20°C, 25°C and 30°C.
Sludge (C-20) was incubated for 161 days at 20°C, for 147 days at 25°C, for 133 days at 30°C.
Nim : amounts of immobilized nitrogen (mg), Ny, Ng ; N-mineralization potential (mg),
kim : immobilization rate constant (day~?). k , k1 : mineralization rate constant (day '),
Eaim, Ea, Ea1 ; apparent activation energy (cal mol™1).



BRI D LRI B AR ERE RSO R E R R RATiE 147

L Sewage sludge (human waste)C-20 30°C

Cumulative amounts of N mineralized (mgN/100g dried soil)
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Fig. 11-1. Time course of nitrogen mineralized at three temperatures for sewage sludge (human waste). Fit of Two-sim-

ple type combined with immobilization model (lines) to experimental results.
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Fig. 11-2. N-mineralization curve optimized by transformation of thme axis, showing that all plots are nearly traced on

the estimated curve at 25°C.
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Kinetics of Mineralization of Organic Nitrogen in Soil
Susumu SUGIHARA®, Takamitsu KONNO* and Kazuo ISHII**

Summary
Nitrogen availability in soil is very important to establish reasonable methods of N-ap-
plication to crop fields and the preservation method of natural environment. The quantitative
prediction of N-dynamics, particularly N-mineralization in soils plays an important role in
establishment of those methods. In this report, the authors studied the mineralization dynamics
of organic nitrogen in soils and obtained a simple model for predicting the N-mineralization
process. The results obtained through experiments and analysis can be summarized as follows.
1) It was found that an equation of the first order reaction for enzymatic reaction can be
applied to describe the time process of N-mineralization in solis. By comparing experimental
results and the reaction equation, the following three N-mineralization models were proposed
to simulate the N-mineralization process in soils.
simple type model N=No(1—exp(—k-t))
two simple type model N=N[1—exp{—k-)]J+N:[1 —exp(—k:+t)]
simple type model combined with immobilization
N =Nin(1 —exp(—kimn*t)]} + N (1 —exp(—F-t)]+ C
where N (mg/100g soil or % ); amounts of mineralized nitrogen
No(mg/100g soil or %); N-mineralization potential {Ng, N;: 1 and 2 is the index
of the different component. N; and N; show component such as rapidly
decomposable one (N}) and moderately decomposable one (N;).
Nim (mg/100g soil or %); amounts of immobilized nitrogen
k, ki, k2(day'); mineralization rate constant, (Half time is shown as 0.693/k:)
kim {(day™'); immobilization rate constant
2) The respective models mentioned above were well characterized by the following char-
acteristic parameters
No, k, K (or Ea)
K and Ea is connected with each other by K = Ea/RT>
where K (25°C) (deg™); temperature coefficient of rate constant
Ea(cal mol™); apparent activation energy
Apparent activation energy (Ea) was determined separately for rapidly decomposable (Ea.) and
moderately decomposable (Ea.) components in organic nitrogen
3) The criterion of minimum incubation time needed to find out a typical decomposition
curve of organic nitrogen in soil can be evaluated by the following relation.
ER/100 < (1 —exp(—Fk-tm/2)])*/ 2
where  ER ; percentage of measurement error to No

*National Institute of Agro-Environmental Sciences. Yatabe, Tsukuba, Ibaraki, 305 JAPAN
**National Agriculture Research Center. Yatabe, Tsukuba, Ibaraki, 305 JAPAN
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k ; rate constant
tm ; minimum required incubation time
However, for the simplicity, the next approximate relation was used practically in stead of the
above accurate relation to determine the magnitude of tm.
tm =0.693/%

4) The following relation was obtained from Arrhenius’ law to transform of process time

at arbitrary temperature (Ta) to that at a standard temperature(Ts).

ts = ta exp (Ea (Ta"‘Ts) /RTaTS)

where s, ta ; the process times at temperatures of Ts and Ta

R(1.987 cal deg™ mol™); gas constant

Using the above relation, experimental results obtained under various temperature conditions
can transform into that at the standard temperature (25°C). Decomposition data of soil organic
nitrogen transformed into that at the standard temperature condition were used to determine
the three characteristic paramaters such as No, # and Ea important for the decomposition mod-
els. Curve fitting and determination of the characteristic parameters were made by an itera-
tion method on a personal computer.

5) The value of Akaike's Information Criterion (AIC = N In S + 2r, where N ; number of
data, S ; residual sum of squares, r ; number of parameter) was used to evaluate the fitness of
the reaction models to experimental results. The results so obtained are shown Table 3, 4,
5, 6, 7, 8. The conclusion to be drawn from the results presented in Figs. 5-11 is that the
time course of nitrogen mineralized for wet soil incubation experiments is well approximated
by the simple type model (i. e., single exponential function), while that for air dried soil incubation
experiments is well approximated by the two simple type model consisting of two exponential
functions. This suggests that a part of organic nitrogen in solis changed into rapidly decom-
posable one by air drying treatment. The rate of rapidly decomposable organic nitrogen (N;) in air dried
soil was found to be between 17 and 21% of N-mineralization potential given by (N; + N¢).

The following values were obtained for the characteristic parameters by processing ex-
perimental results.

k of wet soil at 25°C is 0.002—0.010(day™"),

ki, k2 of air dried soil at 25°C are 0.08—0.18 and 0.004—0.006, respectively,

Ea of wet soil is 15,100—23,300 (cal mol™*), and

Ea: and Ea-: of air dried soil are, respectively, 10,600—15,500 and 19,800—22, 900.
It was found that the value of Ea is smaller for Gray Lowland soil than for other soils and that
FEa decreases with increasing the amount of applied manure.

6) The time course of mineralized nitrogen obtained from the incubation experiment of air dried soil

with the application of sludges was well approximated by the two simple type model as described above.

Providing that applied sludge cbntains rapidly decomposable organic carbon source, the
time course of N-mineralization was approximated by the simple type combined with immobi-
lization model. Experiments indicated that N-immobilization process in soils containing sludges
is more rapid as characterized by kim = 0.29. Due to larger value of kim, N-immobilization in
that soil practically ceased about 10 days after the start of its incubation.
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AN = No(1 —exp(—k-tm/2)) ——‘Z—O[l —exp(—ktm)]
No
= ~2~[1 —expl{—k-tn/2)])* {3)
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Attached Fig. 1. Model curves are showing how to decide
the mimimum incubation time to distin-

! . R .
/ guish exponential curve from linear
curve. [ is linear relation. m is a first

order reaction curve.

z

tm ; minimum incubation time (day),

AN ; the difference between ! and m
at half time of ¢m,

No ; potentially decomposable nitrogen,

Mineralized nitrogen

Nm ; mineralized nitrogen at tm.

tn/2 tm

Incubation time
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Attached Table 1. The criterion of judgement for deter-

mining minimum incubation time

ER (%) 1 2 3 4 5
ktm 0.305 0.446 0.562 0.665 0.760

ER (%) 6 7 8 9 10
ktm 0.851 0.937 1.022 1.104 1.186

Note ; ER is the percentage of measurement error to No.

k- tm is product of rate constant and minimum
incubation time.
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Attached Table 2-1. Amounts of applied nitrogen to soil for incubation experiments

(mg)
Applied organic materials Mineral-N Organic-N Total
Sewage sludge (municipal) (D-10) 2.50 44.18 46.68
Sewage sludge (municipal) (D-30) 5.09 47.29 52.38
Sewage sludge (municipal) (D-53) 0.17 45.82 45.99
Sewage sludge (human waste) (C-20) 5.07 46.08 51.15
Sewage sludge (human waste) (C-21) 6.05 44.33 50.38

Attached Table 2-2. Amounts of applied nitrogen to soil for incubation experiments

(mg)
Applied organic materials Mineral-N Organic-N Total

Studge from chemical factory (DIK) 0.25 25.58 25.83

Sludge from brewery (KRN) 0.50 23.60 24.10

Sewadge sludge compost {TAM) 2.91 22.51 25.42

Attached Table 3. Influence of shape of incubation vessel on N mineralization.
(mg)

Vessel 1 2 4 7 14 21 28 35 49 70 156 day
conical®
flask 2.28 3.00 6.61 11.59 18.02 20.21 21.55 22.83 23.31 24.73 27.06

beaker® 2.45 3,02 5.59 11.78 17.82 20.83 21.16 22.83 23.41 24.89 27.69

a;200ml, b;100ml, 60mg of sludge N was added to 50g of soil.

Attached Table 4. Time course of the rates of nitrogen mineralized
(%)
Added sludge N 3 5 7 14 21 28 35 42day

0 mg - - - - - — - —
15 12.9 19.1 22.2 27.2 29.1 29.1 31.3 33.2
30 13.3 20.3 23.1 28.8 29.9 30.3 31.2 33.2
45 13.1 19.9 23.0 28.6 29.9 29.6 30.9 32.4
75 13.0 20.7 23.0 28.5 30.5 30.4 31.1 32.0

105 13.2 20.5 23.3 29.1 30.6 30.8 31.2 32.7
135 13.4 19.9 23.9 29.2 30.7 30.9 31.7 32.6
165 13.6 20.4 23.8 29.0 31.0 31.5 32.1 33.1
195 13.7 20.8 24.1 28.7 30.4 30.9 32.0 32.6
225 13.7 20.9 24.0 29.4 31.5 32.2 32.3 32.7

Note ; The rates of nitrogen mineralized were similar to each other in spite
of an increase in sludge application rate. This shows that the sludge
nitrogen applied at the rate of 0 to 225mg/50g is mineralized nor-
mally by soil microbes. soil ; humic Andosol (Yatabe soil), studge ;
derived from the brewery (KRN).
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Attached Table 5. Time course of NH:-N and NOs-N in incubated soil

(Yatabe soil)

(mg)
Added sludge N 14 21 28 35 42 day

0 mg NH.-N 0.34 0.12 0.11 0.04 0.01
NOs-N 4.43 4.86 5.04 5.17 5.39

15 NH«-N 3.13 0.42 0.06 0.05 0.05
NQOs-N 6.04 9.12 9.78 10.18 10.66

30 NH:-N 6.91 1.60 0.13 0.09 0.10
NOs-N 7.14 12.88 14.76 15.12 15.90

15 NH:-N 10.94 1%.59. 0.07 0.05 0.09
NOa-N 7.66 15.68 19.37 20.00 20.87

75 NH.-N 18.93 8.53 0.31 0.17 0.13
NOs-N 8.78 20.80 29.25 29.92 30.87

105 NHs-N 28.15 15.02 1.62 0.43 0.36
NOs-N 9.41 24.16 38.13 39.73 41.61

135 NH4-N 35.81 22.98 5.56 0.68 0.38
NO3-N 11.23 26.15 44.15 50.19 51.89

165 NH:-N 47 .87 31.65 13.16 5.33 0.92
NOs-N 7.98 27.83 47.48 56.38 62.64

195 NH:-N 57.63 40.13 23.79 12,12 7.08
NQOs-N 7.26 28.23 45.76 59.70 65.96

995 NH4-N 68.99 52.71 26.84 19.98 13.17
NOs-N 6.80 27.70 55.50 62.75 70.54

Attached Table 6.

incubated soil

Time course of pH(KCI)in

Added sludge N 14 21 28 35 42 day

0 mg 48 4.6 4.9 45 4.4
15 4.8 4.4 4.7 44 4.2
30 5.0 4.4 4.4 4.4 4.2
45 5.3 4.3 45 4.4 4.2
75 5.8 4.3 4.3 4.3 4.0
105 6.2 45 43 44 4.1
135 6.4 4.4 4.1 4.3 4.2
165 6.6 46 4.2 4.3 4.1
195 6.8 4.6 43 4.4 4.6
225 6.9 46 4.3 4.5 4.2

Note : Yatabe soil ; humic Andosol
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Attached Table 7-1. Cumulative amounts of nitrogen mineralized (wet soil)
(mg N/100g)

Soil A-1 Soil A-II Soil B-1

Incubation time —_— —
20°C 25°C 30°C 20°C 25°C 30°C 20°C 25°C 30°C

0 day 1.09 1.09 1.09 1.29 1.29 1.29 0.63 0.63 0.63
2 1.17 1.34 1.12 1.44 1.54 1.37 0.73 0.77 0.73
7 1.55 1.35 1.23 1.82 1.58 1.52 0.89 0.71 0.72
14 1.99 1.41 1.32 2.77 1.99 1.62 1.23 0.97 0.72
21 2.62 2.06 1.59 3.48 2.56 2.02 1.66 1.32 0.95
28 3.15 2.20 1.65 4.22 2.84 2.16 2.04 1.53 1.06
35 3.72 2.58 1.91 4.65 3.4 2.58 2.30 1.71 1.36
44 4.31 2.88 2.14 5.49 3.9 2.77 2.59 1.99 1.63
58 5.09 3.54 2.37 6.79 4.76 3.21 3.01 2.31 1.81
79 6.17 4.03 2.97 7.89 5.14 3.74 3.47 2.67 2.09
109 7.17 5.20 3.47 9.54 6.49 4.38 4.14 3.14 2.37
130 7.82 5.66 3.73 10.45  7.50 4.77 4.66 3.61 2.57
171 9.96 6.68 4.92 13.36  9.30 6.28 5.17 4.33 3.02
Soil A ; High-humic Andosol, Soil B ; Gray Lowland soil, 1; ordinary application of N, P, K.
11:50% increament as against I and 1t/10a of manure.
Attached Table 7-2. Cumulative amounts of nitrogen mineralized (wet soil)
(mg N/100g)

Soil B-II Soil C-1 Soil C-1I
20°C 25°C 30°C 20°C 25°C 30°C 20°C 25°C 30°C

Incubation time

0 day 0.70 0.70 0.70 0.30 0.30 0.30 0.45 0.45 0.45

2 0.83 0.87 0.73 0.42 0.47 0.35 0.52 0.61 0.50

7 1.08 0.84 0.77 0.62 0.46 0.42 0.69 0.68 0.63
14 1.54 1.16 0.84 0.94 0.68 0.48 1.33 1.01 0.70
21 2.13 1.55 1.13 1.26 0.90 0.64 1.82 1.31 0.94
28 2.40 1.63 1.23 1.44 1.05 0.66 2.26 1.36 1.07
35 2.66 1.99 1.39 1.65 1.31 0.97 2.75 1.71 1.40
44 3.20 2.39 1.71 1.89 1.37 1.00 3.10 1.98 1.41
58 3.59 2.77 1.99 2.16 1.56 1.15 3.56 2.42 1.61
79 4.11 3.23 2.45 2.26 1.98 1.20 3.66 2.82 1.74
109 5.15 4.08 2.73 2.89 2.31 1.50 4.70 3.63 2.25
130 5.82 4.63 3.24 3.21 2.49 1.74 4.11 3.85 2.64
171 6.72 5.56 3.55 3.67 2.58 1.89 5.92 4.52 2.89

Soil B ; Gray Lowland soil. Soil C ; Yellow soil (granitic), I ordinary application of N, P, K.
11; 50% increament as against 1 and 1t/10a of manure.
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Attached Table 8-1. Cumulative amounts of nitrogen mineralized from soil® amended

BB R AT R

with manure (wet soil)

#1%5 (1986)

(Nmg/100g)

0t/10a 2t/10a 4t/10a

Incubation time —_— —

20°C 25°C 30°C 20°C 25°C 30°C 20°C 25°C 30°C
0 day 1.33 1.33 1.33  1.27 1.27 1.27  1.53 1.53 1.53
2 1.46 1.38 1.49 1.4 1.38 1.51 1.62 1.65 1.65
7 1.30 1.44 1.79  1.39 1.62 1.94 1.53 1.81 2.04
14 1.56 1.80 2.37  1.76 2.09 2.83 1.9 2.21 2.79
21 1.69 2.17 3.07  2.07 2.55 3.8 2.12 2.63 3.56
28 1.84 2.40 3.68 2.26 2.98 4.59 2.26 3.01 4.37
35 2.14 2.97 4.13 2.69 3.59 5.44  2.61 3.47 4.88
44 2.10 3.13 4.67 2.84 3.94 6.09 2.69 3.84 5.72
58 2.54 3.71 5.91  3.36 4.94 7.40 3.16 4.52 7.11
79 3.06 4.48 6.68 4.03 5.98 8.59 3.76 5.13 8.09
109 3.39 5.07 8.44 4.41 6.99 10.41 4.02 6.63 9.82
130 3.98 5.96 9.52 4.96 7.64 11.62 4.8 6.99 10.81
171 4.83 8.33 11.15 6.3¢ 10.59 14.91 5.88 9.83 14.30

Soil ; High-humic

years).

greyed Andosol, a ; Manure was applied annually at the rate of 0-32t/10a {for 6

Attached Table 8-2. Cumulative amounts of nitrogen mineralized from soil* amended

with manure (wet soil)

(Nmg/100g)

Incubation time 8t/10a 16t/10a 32t/10a
20°C 25°C 30°C 20°C 25°C 30°C 20°C 25°C 30°C
0 day 2.04 2.04 2.04 2.05 2.05 2.05 3.18 3.18 3.18
2 2.13 2.15 2.27  2.17 2.24 2.31 3.37 3.55 3.69
7 2.16 2.41 2.90 2.21 2.52 3.13 3.81 4.13 5.09
14 2.63 3.21 4.15 2.69 3.28  4.29 4.42 568 7.54
21 3.16 3.79 5.19 3.16 4.04 5.75 5,50 7.10 9.86
28 3.35 4.49 6.06 3.39 462 6.58 6.02 8.66 11.95
35 3.96 4.91 7.17  3.72 5.21 7.24 7.08 9.78 14.22
44 4,28 5.59 8.27 4.29 5.90 8.69 6.61 11.87 16.69
58 4.89 6.79 9.58 5.09 7.13 10.46 9.62 14.95 20.28
79 5.82 8.11 11.77 5.96 8.53 12.35 11.69 18.96 23.19
109 6.41 9.72 14.60 6.79 10.53 15.17 15.54 25.99 30.18
130 7.79 11.72  15.64 7.60 11.96 18.76 17.73 29.74 33.58
171 9.45 15.01 20.03 9.85 15.66 21.75 22.89 35.12 41.13

Soil ; High-humic greyed Andosol,

years).

a : Manure was applied annually at the rate of 0-32t/10a (for 6
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Attached Table 9-1. Cumulative amounts of nitrogen mineralized (air dried soil)

(mg N/100g)

Light-colored Andosol

Inc"‘bati(’“ PK NPK NPK + Manure 2t/10a
time 20°C 25°C 30°C  20°C  25°C  30°C  20°C  25°C  30°C
0 day 6.88 6.8 6.8 2.63 2.63 2.63 2.67 2.67 2.67
1 7.09 6.8 7.23 2.8 3.09 3.02 3.14 3.31 3.37
2 7.55 7.44 7.67 3.06 3.16 3.29  3.43 3.60 3.75
3 7.29 7.3 7.74 3.11 3.29 3.69 3.46 3.87  4.20
5 7.76  7.94 8.27 3.28 3.56 4.00 3.78 4.29  4.79
7 7.66 7.98 8.16 3.52 3.78 4.11  4.55 4.59  4.90
10 8.07 8.18 8.69 3.67 4.18 4.50 4.58 5.00 5.46
14 8.19 8.59 9.28 3.92 4.35 4.99 4.63 535 6.06

21 8.61 9.08 9.72 4.25 4.82 5.50 5.18 5.8  6.67
28 8.8 9.35 10.01 4.48 5.39 6.02 547 647 7.22
35 8.98 9.46 10.18 4.76 5.41 6.37 5.8  6.84  7.65
50 9.33 10.08 11.04 5.13 5.92 6.69 6.31 7.32 8.76
63 9.41 10.19 11.11 5.35 6.30 7.45 6.8 812 9.34
78 9.86 10.74 11.89 5.78 6.58 7.83  7.05 8.50 10.07
91 9.86 10.89 12.22 5.78 6.81 8.10 7.31 8.92 10.91
105 10.67 11.57 12.91 5.98 7.03 8.68 7.74 9.42 11.25
126 10.42 11.82 — 645 7.23  — 7.0 9.74  —
169 10.91 12.53 —  6.65 8.14  — 8.51 11.11  —
257 11.66 13.26 —  7.90 9.48 —  10.34 12.83  —
282 .77 - - 7718 - -~ 1060 - -
314 11.99  — - 797 - - 1053 - -
356 12.57 — - 862 - - 1155 - -
398 12.55 - - 876 - - 11.56 -~ -
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162 RERREMTRAEE HB15 (1986)

Attached Table 9-2. Cumulative amounts of nitrogen mineralized
(air dried soil)
(mg N/100g)

Incubation High-humic gleyed Andosol Gray Lowland Soil
) NPK NPK
fime 20°C 25°C 30°C 20°C 25°C 30°C
0 day 4.53 4.53 4.53 3.00 3.00 3.00
1 5.06 5.46 6.05 2.91 3.18 3.54
2 5.82 6.23 6.85 3.37 3.77 4.04
3 6.42 6.74 7.28 3.66 4.01 4.35
5 6.82 7.38 7.78 4.14 4.30 4.60
7 7.28 7.87 8.66 4.34 4.61 4.90
10 7.30 8.26 8.97 4.60 4.88 5.24
14 7.87 8.87 9.59 4.84 5.19 5.66
21 8.71 9.66 10.88 5.13 5.63 6.14
28 9.30 10.26 11.37 5.40 6.04 6.87
35 9.61 10.75 12.27 5.70 6.26 7.08
50 10.16 11.70 13.51 6.20 6.86 7.69
63 10.82  12.71 14.18 6.48 7.19 8.40
78 11.35 13.09 15.34 6.73 7.69 9.17
91 11.51 13.60 16.09 6.95 8.06 9.50
105 11.78 13.76 16.58 7.31 8.45 10.16
126 12.40 14.86 - 7.47 8.91 -
169 13.17  16.31 - 8.05 9.74 -
257 14.92 18.66 - 9.30 11.28 -
282 15.23 - - 9.38 - -
314 15.98 - - 9.79 - -
356 16.97 — - 10.41 - -
398 17.37 - - 10.72 - -
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Attached Table 10. Cumulative amounts of nitrogen mineral-

ized (air dried soil)

(mg N/100g)
Incubation Amounts of manure applied
time 0t/10a 8t/10a 16t/10a  32t/10a
1 day 2.12 2.50 3.14 3.17
2 2.85 3.50 4.15 3.72
3 3.10 3.87 5.24 4.77
4 3.22 4.41 5.49 5.70
5 3.63 5.02 5.95 5.99
7 4.33 6.45 6.97 7.34
10 4.67 6.72 7.83 8.93
14 5.05 7.18 8.28 9.25
21 5.50 7.88 9.17 10.43
28 6.68 9.10 10.59 11.79
40 7.43 10.53 12.39 13.89
60 8.79 12.05 14.52 15.94
90 11.36 15.29 17.10 19.29
132 12.95 17.47 20.45 22.23
180 13.06 18.62 22.39 24.08

Soil ; High-humic greyed Andosol
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RERGEWNHETHE H15 (1986)

Attached Table 11-1. Cumulative amounts of nitrogen mineralized (sludges)

(mg N/50g)
Incubation D-10 D-30 D-53
time 20°C 25°C 30°C 20°C 25°C 30°C 20°C 25°C 30°C
1 day 3.92 4.82 5.48 6.45 6.48 7.37 1.50 1.43 1.16
2 4.84 6,18 6.85 7.16 8.42 10.36 1.42 1.48 1.55
3 5.72 6.90 7.77 8.08 10.06 11.11 1.40 1.48 1.55
4 6.38 7.35 8.58 9.30 10.99 12.24 1.82 3.36 5.46
5 6.72 7.86 9.17 9.99 11.59 12.89 2.35 5.12 7.25
7 7.69 9.27 10.37 11.24 12.84 14.45 5.04 7.81 9.38
10 8.84 9.82 11.08 12.77 11.67 14.91 7.71 9.42 11.60
14 9.87 10.53 11.17 13.78 15.31 16.08 9.25 10.94 13.09
18 10.24 11.00 13.09 15.47 16.70 18.10 12.30 13.01 13.78
21 10.48 10.39 11.84 14.99 14.97 17.04 11.27 12.28 13.15
28 10.78 11.67 13.07 15.45 16.68 18.08 12.28 13.00 13.76
35 11.03 11.83 13.95 15.07 16.36 18.92 12.14 13.70 14.80
42 10.83 12.36 15.02 15.17 17.20 21.08 12.98 14.49 15.74
49 11.30 13.09 15.46 15.52 17.81 22.57 13.30 14.96 16.01
56 11.67 14.09 17.15 16.02 18.96 22.59 13.39 14.48 15.90
63 12.05 13.33 17.22 16.20 19.82 22.98 13.49 15.24 16.61
7 12.75 15.74 19.58 16.97 20.67 - 14.71 16.31 17.37
91 13.03 16.85 20.92 17.25 21.42 25.59 15.00 17.05 17.79
105 12.81 15.36 20.97 18.11 23.02 25.66 15.83 16.72 18.81
119 13.49 18.53 19.43 19.06 22.59 26.06 15.54 18.21 18.44
133 14.60 17.96 22.82 18.91 22.70 25.89 16.66 17.46 18.80
147 13.92  17.61 - 19.30 23.78 - 16.34 18.14 -
161 14.54 - - 20.93 - - 16.88 - -

D-10, D-30. D-50 ;

Andosol (subsoil).

municipal sewage sludge, D-10, D-30 were digested anaerobically. Soil ; Humic
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Attached Table 11-2. Cumulative amounts of nitrogen mineralized (sludges)

(mg N/50g)
Incubation DIK KRN TAM

time 20°C 25°C 30°C 20°C 25°C 30°C 20°C 25°C 30°C

1 day 1.42 1.53 1.55 1.79 1.95 2.35 2.69 2.46 2.42

2 1.62 1.73 2.02 2.53 3.30 3.73 2.32 2.17 1.88
3 1.86 2.42 3.47  3.29 4.16 4.94 2.23 1.91 1.61

4 2.27 3.26 4.87 4.17 5.08 5.90 1.87 1.28 1.37
5 2.67 4.28 6.31 4.70 5.95 6.66 1.73 1.14 1.38
6 3.91 6.21 8.04 5.69 6.46 7.18 1.23 1.20 1.19
7 4.66 7.30 8.88 5.89 7.05 7.77 1.30 0.88 1.22
8 5.58 7.92 10.00 6.15 7.03 7.82 1.20 1.05 1.21
9 7.02 8.72 10.24 6.72 7.35 8.07 1.20 1.22 1.39
10 7.50 9.68 11.07 6.97 7.62 8.42 1.00 1.13 1.29
12 9.30 10.40 11.60 7.35 7.88 8.71 1.31 1.14 1.46
14 9.91 10.80 11.66 7.36 8.20 8.96 1.30 0.70 1.37
16 10.14 11.25 12,50 8.08 8.50 9.02 1.21 1.28 1.72
18 10.49 11.07 12.21 8.39 8.67 9.51 0.73 1.07 1.59
21 10.48 11.12 12.07 8.56 9.31 9.54 0.91 1.24 1.70
28 11.14 12.18 12.83 8.83 9.18 9.83 1.21 1.16 2.09
35 11.79 11.99 12.48 9.14 9.38 10.03 1.41 1.76 2.35
42 12.11  12.97 13.40 - - - 1.70 2.31 3.21
49 12.45 13.01 13.28 - - - 1.71 2.36 3.15
56 12.55 13.01 13.14 9.34 9.89 10.10 2.09 2.50 3.32
63 12.54 12.92 13.20 - - - 2.27 2.92 3.67
70 11.94 12.79 13.18 - - - 1.80 3.01 3.45
77 12.36 13.02 13.82 - - - 2.15 2.99 3.70
84 12.81 13.55 13.58 - - - 2.45 3.06 3.99
91 12.63 13.47 13.86 - - - 2.61 3.32 4.38
98 13.30 13.64 13.89 - — - 2.41 3.38 4.11
105 12.71 13.06 14.04 - - - 2.66 3.56 4.50
112 13.12  13.17 14.36 - - - 2.96 3.53 4.70
119 13.02 13.63 14.31 - - - 2.93 3.66 4.97
127 13.46 14,08 14.35 - - - 2.97 4.11 4.94
133 13.46 14.15 14.66 - - - 3.02 4.03 5.18
140 13.62 14.29 14.56 - - - 3.22 4.14 5.16

DIK ; sludge from chemical factory, KRN ; sludge from the brewery.
TAM : sewage sludge compost with high content of CaCOs.

Soil ; Humic Andosol {subseil).
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166 RERBHMFRAFARE H15 (1986)
Attached Table 11-3. Cumulative amounts of nitrogen mineralized (sludges)
(mg N/50g)
Incubation control C-20 Cc-21

time 20°C 25°C 30°C 20°C 25°C 30°C 20°C 25°C 30°C
1 day 1.18 1.20 1.19 6.15 6.41 5.95 28.00 26.75 26.83
2 - - - 6.37 5.31 4.76  26.17 26.13 26.50
3 - - - 4.28 3.83 2.93 26.62 26.15 26.29
4 - - - 3.72 2.49 1.21 27.16 27.24 26.89
5 - - - 3.15 1.23 0.22 27.05 22.09 22.30
7 1.17 1.11 1.08 1.58 0.28 0.27 26.61 26.59 25.77
10 - - - 0.13 0.35 0.63 26.38 26.09 26.39
14 1.25 1.22 1.29 0.31 1.07 1.76 25.46 25.85 24.97
18 - - - 0.87 2.49 3.18 26.91 25.98 26.32
21 1.31 1.25 1.30 0.61 1.46 2.68 26.45 24.44 28.01
28 1.12 1.11 1.04 1.41 2.68 3.99 26.01 25.59 25.00
35 1.15 1.15 1.19 3.99 2.12 7.51 25.56 26.13 24.45
42 1.20 - 1.29 4.90 6.02 7.86 24.84 26.55 26.27
49 1.16 1.21 1.27 5.51 6.74 8.30 27.45 26.80 26.72
56 - - - 5.95 7.34 8.82 27.65 25.96 24.17
63 - - - 6.55 7.91 8.50 27.01 26.72 24.92
77 - - - 7.17 9.21 10.57 24.58 27.10 26.54
91 1.42 1.40 1.51 8.09 9.41 10.70 26.01 25.23 26.01
105 - - - 8.12 9.48 11.93 26.28 27.38 27.81
119 1.20 1.21 1.34 8.01 9.97 12.01 27.86 27.82 27.36
133 1.31 1.31 1.38 8.87 10.57 12.53 27.93 26.18 28.92

147 1.34 1.36 - 9.24 10.85 - 23.99 25.15 -

161 - - - 9.33 - - 26.27 - -

C-20, C-21 ; Sewage sludge (human waste). C-21 was digested anaerobically.

Soil ; Humic Andosol (subsoil).



