oottt botdgdoogtdood
HpN

oo oooooooooog
ISSN 09119450
ood oo,00
oo,d
ood gooooooog
a/0 10
ooooo p.51-68
ogooo 19860 3[]
0000 oooddoooooobooooooooooobooa eAa
Tsukuba Business-Academia Cooperation Support Center, Agriculture, Forestry and Fisheries Research Council oI\grinnowledge

Secretariat



[&ﬂﬁ)fﬁ]
1, 51—68(1986)

TRAEYEUANORELEOTEIL L
TEARY S~ OICH

(19854:10H 4 HXH)

BRRTOEWFEHGEFE L - T4 4 LEELTw 20T, EWEHLERL
ORFRYERNCBBTZ ZENEETH S,
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TEPEET HEWIHABY L L LBEFOYE
BiLiclS LTy, FRFBLT, HEOERK, LB
DYEAERS L CHEOBLEESIIFERICAFEL T
5,

TIERFORBEER L L ToLIERE, HICTER
BLIBEATEEELIBEREZETH S,

TEABEEZRLADES L ORBELIBET I 2O
B, BIZBM2 AT TR, BMaEREEY L
BT DL EHFPETH D,

B HIEARICE BT B, TAUAOLIR
SFEOAHTI)—i3, B, BH, KB, B8, 773 -
K CHE s TV L, HEKG S L REREEE
B, KELHETHIDQICHVGHR, $£72, 773 —%
KXot ak#En—o & L TEFHTIERE S, 15, 22°C
AHERREE LTH ST (Swith, 1967) .

THABERI KRB AVF— 4z, BEAEIZEL S
PbhoTwd, VETIHMOKTRELRHLTEEL
LT, BEHLARICCULOHBOERBRKE:, 20
PHOEDRABE L DL KBRS L, BREARK
TETHOILHGOR TS (FIB, 1981),

EYERZOSEFCI3, BEERE(5C 2L LT,
AFEHREO S CLEOBBOERAEH VLA
TV, REEBROERMEL, 45, 85, 180, 240% v
T, G- HENORS 2 s5N, 37, EEETHS
bySETHE AR AE - HEFIRESAT
v (HR, 1948 F R, 1976. F R, 1972),

SO GHERRBEOBREREHNF L LG0T, B
B ARGHEBERY LTEETHLILERLTY
r38

HAR COEMERFIBRENHRLICL - THEA R4
EEELTBY, TAFEHELELTVE, o THK
RUECIHSLHRNICBT T L 201013, $4RE
EEWIERE OBFREHO I LETAEE S BV,

EPiEH L IRE - OBREFANLZHEL L TIR=2>0
FHiEPHBH (Tablel ),

Table 1. Methods for analyzing relationship between biological activity and temperature.

1. Qo *HwA Ak

BEXICCLASEAE, RDBEI 2~ 451058, ZOFEY Q0w TRTHIE

2. AMEBEREOEN%HV 3k

EYEERETEHAORED L EOAMRERE AT 2,

N=A-(T—D)-t
N EYEEOREE,
T 2R, t; B,
3. Arrhenius DER%* BV 3 5

D EEFZLORE
A EH

EiEt (FAREERER) LEEOBICEROBENS S,

k= A - exp(-Ea/RT)

B EWEN 2 GEEER,
Ea; Rt otk s v —,

LERLPEERCTINRI P TEIRLET 2
Arrhenius (7 L= 2) ORI % HV 5 B2 ERR 2
B0 L, BEAY LIRS 7B T Arrhenius @
FERIE A ARV,

RHAROSE TR, ADHHAERELHV2HH5E W

(BaskerVILLE b, 1969; B {¥ &, 1975; WATANABE,
1978; Bk &, 1980; e, 1981 ;% H, 1982),

B L~ F i B L LT ORI Arrhenius
DEEL R BT DL VA, EFORERS
5, Bz, HEMEYOI by FITOa 7 BRI

A%
R AZBEH, T AR

(Lyons &, 1970), ¥ 2 7)) OEOHEHEE (MiNcHIN
5, 1973), BTORFEE (&%, 1976), HEMEY
DIHEEE (Yamano b, 1983) HTH 5,

IREBDOGHL WL LHETE, Qo AV
7261 (Tapatasar &, 1980), HHHERELHV]
& (FES, 1977) b » 5, BTt Arrhenius
FERIE BV BEH»E{ o> Tv B (StanForp b,
1973 : WEsTERMANN &, 1980 ; Nuske &, 1981; Ricuter
&, 1982 Appiscott, 1983 ;CampBeLL &, 1984),

LA L %A%, Arrhenius @FEA % HWTEBFTL -
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Kbphrbod, Bl ArtodEtEtbn 2L ¥
Ea THELLVT, QoiBERKE LTHELTY
% (Stanrorp &, 1973 ; WEsTERMANN &, 1980 ; CAMPBELL
5, 1984), Qu v REFEK:L LTHY 20 EHE T
Ik, H&TihNE,

T, ENERYERL CHRYSRBOSEEL RS
BODBREEMNIMEE L - TABE—TH5, £0
oG s EErHECRET A L IRBTH
2, EYBAFEFEESMERLCVuL L3, [
HREE, REROBHFOFHT -5 L ORBLES
254017, 25°C 2R JENUETHD (LHES,
1977)

Table ] D=2 D EOR#IE, &5 £YRG0OFME
fEE LT, QuErrBEFFLORED H2 0 ZRMT
DEBILLANF—Ea %KD 12dbb, H1r4EY
RGO FE 4% Arrhenius ORI S BERGERBICH
% 04E, Qo D, Ea 3HEIZFEADANTEDLI L
PEHEBRIIHREL S (S8, 1980),

R oEt bt i v F— (UF, &btz ¥—
LBET) Ea 3MLFERICEER S 2 3BEERUCEER
IZBWT, oA IIBEETHL (1118, 1968 #H
1970 /NBF, 1975), T 2T L Qo B X U D IZHEEH
BT 2Yy, FHEHERECHVLR TV
D, 2BMES EPoLFEHHFREN I8
LT 5BRADEE) L3RR L 2EHBL, EEQ
DEEFFRENY, AHENTHA LG LTRHWT
Wh (£, 1980), AR RIEBEBWTS Qub s
UDGREGBEIENSE) 0T, REEEYHEIL
TUNER S 2oL, EMLT V¥ - Ea i2iR
BEHE*HE T LEF LV (28, 1980), F0 L5
RERTCQuBH20WizD#EPRIEOEHEL LTH
VBRDIIRELETH D,

ELICHREOHA L LT, £YNEEHC X 2 WEELE
YIialb—Ya s RIS oTwE, FD LD
BEECEFLOBIIEREERL L TQuEED %
Hwviad bz, Arrhenius DX ¥ Hv 2 FH@EFITH
h, BELEV,

Z @k 52 Arrhenius ®FEB[THWV 6 A Twv 5 G
Lt nF—Eald, fRLLFHEN TV 5 Qu ik
EEND LYV IERLFHMETH L, LErLids,
HOBBREOZERTI: “HHRE" LvI)RENIEE
(®5) 4% 5D L, Arrhenius @RI % Hw 7
BEOREOIRE BE) MHEVL TR orBikT
2, #2T, Arrhenius ®ER % B 7 EWEE~

DEEERNIBRIISVTRE L,

ARXLTR, AWER~OREEEOKEL L TR
BEEHRARFREL, roFHMLRL, 512,
YT H~OBEBFIZOVWTHET 2,

0 REZTHRAN

1. RETRAMOESE

EWEM~OREEEOEEL LT, RELRARE
KOESIIEHT S,

(E%) BEERAKE L, H2ERET, H2EREL
n7-fethd, EEBECERT DL, HIZHY T
AhERbLLE-LOD,

Table 2 2B/, Wik, HEN4HOBMBYHVT,
5°C BB/ L AMOFERERL 7, 4 14308/
o, 25°CIERLARE, BETE6.4AKIZH
L1, WETXI0.7AM, WETII12.2AMIHYT 5
EVIHIEWLET D,

HOEEREY ‘S HMOEHRE" LIBRAET
b0 L, REERAKT "EEEFRELE
M THa,

REERARLHET2BICHV 6 2 EERE S,
HeE LT HEYC, TOEYIFERT LRIEOEREIC
Lo THHAYLZBEEYBELATRER RV, 4
BOFERERLORE (H#S, 1977) 12its T,
25°C ¥ EEBEL LTHYA I LIZT 5,

2. BETHAMOERR

HEEBRABROBREIRO - >OFEL H#IN B,
URE1) BELRICEEERE OBFEIIRO LS %

Arrhenius OFERIZHES o

k= Aexp(—FEa/RT) (1)
k. HEEXK (day™")
A E¥
Ea; B oiEHEfb 2 v F— (cal mol ™)
R 5tx¥ (1.987cal deg™" mol™*)
T #iRE (deg)

RE2) %1, £2, %3 FnoOEhEFhoR
% T, T, Ty T, EEEE %k, k,
byeoekn & L, F—BRIRICH S 2 CORGEME
b, to, b b T RE, FREFRORZROEAESE
Bk RICEEt 0B —ETH 5,

k- ti=k: - to=ks - t3=----- =kn tn =% (2)
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Table 2. Example of calculation of monthly DTS.

RETURDNTAFTRE

%15 (1986)

Morioka Tsukuba Chikugo
April il DTS Soil DTS Soil DTS
Day Temp Daily Sum Temp. Daily Sum Temp.  Daily Sum
1 4.1 0.150 0.150 9.3 0.247 0.247 9.0 0.240 0.240
2 4.2 0.151 0.301 9.5 0.251 0.498 11.0 0.289 0.529
3 3.8 0.145 0.447 10.7 0.281 0.779 12.4 0.329 0.858
4 3.5 0.141 0.588 11.6 0.306 1.085 13.2 0.354 1.212
5 3.6 0.143 0.7 12.5 0.332 1.417 11.0 0.289 1.502
6 3.7 0.144 0.875 12.8 0.342 1.759 12.0 0.317 1.819
7 4.5 0.156 1.030 12.6 0.335 2,094 12.4 0.329 2.148
8 3.9 0.147 1.177 12.1 0.320 2.414 12,5 0.332 2.4%
9 4.1 0.150 1.327 12,7 0.338 2.753 14.0 0.381 2.861
10 4.4 0.154 1.482 13.5 0.364 3.117 15.8 0.449 3.310
11 4.5 0.156 1.637 14.0 0.381 3.498 16.7 0.486 3.796
12 4.9 0.162 1.799 12.8 0.342 3.839 14.6 0.402 4.199
13 6.6 0.191 1.990 11.4 0.300 4.140 13.6 0.367 4.566
14 7.9 0.216 2.206 11.7 0.309 4.448 14.5 0.399 4.965
15 8.6 0.231 2.437 11.% 0.314 4.763 14.5 0.399 5.364
16 8.7 0.233 2.670 12.3 0.326 5.089 14.1 0.38 5.749
17 9.2 0.244 2915 12.9 0.345 5.433 13.5 0.364 6.113
18 8.1 0.220 3.135 12.7 0.338 5.772 14.1 0.385 6.497
19 8.1 0.220 3.3%5 124 0.329 6.101 14.7 0.406 6.903
20 8.4 0.227 3.582 13.1 0.351 6.452 16.5 0.478 7.381
2] 10.4  0.273 3.855 13.6 0.367 6.820 15.4 0.433 7.814
22 10.7 0.281 4.136 14.4 0.395 7.215 18.0 0.546 8.360
23 10.4  0.273 4,410 150 0.417 7.632 17.8 0.536 8.896
24 9.5 0.251 4.661 15.0  0.417 8.049 17.3 0.513 9.409
25 10.3  0.271 4.932 14.7 0.406 8.456 16.0 0.457 9.865
26 11.3  0.297 5.229 15.7 0.445 8.900 18.0 0.546 10.411
27 11.2 0.295 5.524 15.8 0.449 9.349 16.2 0.465 10.876
28 10.8 0.284 5.808 15.4 0.433 9.781 14.4 0.395 11.272
29 11.0 0.289 6.097 159 0.453 10.234 16.1 0.461 11.732
30 10.4  0.273 6.371 16.5 0.478 10.712 17.2  0.508 12.241
Mgrj[fgly 6.4days 10.7days 12.2days

DTS is the number of days transformed to 25°C.

The equation of calculation ; Daily DTS = exp(Ea (T —298) /5967 )

Where T is absolute soil temperature (10cm )and Ea is taken 15,000.
Morioka ; daily mean soil temperature of Apr. 1976
Tsukuba ; daily mean soil temperature of Apr. 1985
Chikugo ; daily soil temperature at 9 o'clock of Apr. 1985
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Kz, BERE T B2 EEERE b F—KIE

B33 COREBE%XL T2 E, (BE@QKX2H
KA HrhD,

t=t “ k/ks =t - exp(Ea (T-Ts)/RTTs) (3)
exp(Ea(T-T)/RTTs)=m &+ i, REAHKE 5,
=t m (4)

@RTL Y REERAN, m ¢ TREREFS,

BFXp by s LI, HELTANF - Ea 2 EN
EBTROHLZENTENT, WEET (BREH T
TORCBER ¢ % AEEE TORICEM 6 KR T 5 2
ENTEL,

Tig. 1 XIRENERYIREBEROEF N TH B, A
EXRZNITHEYOme BT 2 TCORBI R
whh, BEt EEEEREEOBE—ETHH I LN
bhd, tt-7T, THEBRm LHVT (T, k) K
YEORETCOMBICERGELIENTES, T2,
ERRECBTLTBMREER T AL L TES,

EPREEFLE LTE~BK D 5, (T TEA
BHoREFTLVE LT—HRIZEDLR TV S (STANFORD
&, 1972:Nuske &, 1981;CampBeLL 5, 1984), (61X
HHEAERYBRTEEFLELTEDRTWY S (Hosr,
1977 ; Jenkinson, 1977 ; Hareer &, 1981; Van VEEn &,

mg

Ts, ks

Amount of Organic Matter Decomposition

Reaction Time {(day)

Fig.1. Model curves of organic matter decomposition at
different temperature.

Decomposition of organic matter was calculated
from N = No (1 —exp (—k-t)) and parameters
such as No = 100mg, kv = 0.01, k2 = 0.02, ks =
0.04 day™*.

1981 : MuraYaMma, 1984), (T)B X 8Kz T Fh—#
IfFRENTYWBLIEFLVTH S,

TREWITMEFTNL N=No(1—exp(—k-t))
(5)
TIREWYREETIL N=Noexp(—k-t) (6)
QY AF 4 v 78 N=A/(1+Bexp(—k-t))
(
(

93

)
MR N=Noexp(—u-t) 8)

tELk, pidEEER, N, A, BUIEER

CHhLDREIIOVTREZHEI LD LRESHICH
hd, L L, BELEFLTIR, RE2HEIFTON
B, FRELOF —ZTRHT2LEND 5,

BETHBARLHETIADICR, 6P LOHENE
BAiT- T, &Lz ANF -2 RO TBLLENS D,
EHEIZAVF -2 RO 2k, EHOBETERY
TV, TAFROBEICBIIHAEEERYL KD, KikD
Arrhenius plot DEEL LRKHLOF—BHTH 5,

WROWAOH¥EE L 2ORFBONL,

Imk=IimA — Ea/RT (9)

MR DML RIS, Ink BREMICE > TERIL
7= % @ %% Arrhenius plot T#& %, Arrhenius plot ®
Tk, —BROCRAOGREETIERI 25, La
L, RicMom®, LE_ER »s-ROEEDIL
BRECHEMIZHFELH Y, ToRREERE (1970)
HHELIRL TS,

MR %O Arrhenius plot i3, HBMBSORE
o, BROZHOEAEEOHKT A RENVRAENT, B
NHREAETHEBRCZAHEE, IWRERIZL DY
SrhaftshTtwsd (Lyons b, 1970; MincHIN 5,
1973 ; £%F, 1976: Yamano 5, 1983},

AEBZ OB MA@, Arrhenius plot HEMRE % >
TV ABREBRICELN TV, I ERIC R BEE
12, WHORELHICLT, HriEmtiboin¥F—%
Kb LENDH D,

BiE, ¥#%512 L3 D X 5 % Arrhenius plot #
W, HREBYIMOEELI AN F—ERDLS
$E LT, 20, 25, 30°C DiREEFIMREHM £ 25°C i
I ERSE s FELRELAL WL, 1986),
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I EEORLZBKOEMEMEDIER

1. BN 25°'C THREM

PRI ES B TR BB THE Y LRI
ENTVE, 20L& LAEWEEOE V% HISHII LK
TAHHEEE LT, 5°CERARIIEYTH 2,
BRI LIz, T, 8HHAEEFELT, Table
JILEhFLOMEO AEHRER, AFYhiRs L UR
ERBERL,

APHRiRE L CAFEEBREHCT, B0 14£
M 025°C M AKEEE LT Table 4, SiZRL7,
S CRBAKOEBIIH 25T, BADISEIE

%15 (1986)

BHEETHHEL, BANISH I CEHAMIBES(LY
20 LEELT, HEHRE (22 13E) 2R T,
BRETHCT, 1HEOBCERBRLEHEL, +4h
rNELT, EHMLAHM S L UEMD25°C £HRA
BEEH L7, 82 Ea = 10,000, 15,000, 20,000
cal mol "' B /o,

Table 4 DRED 5 RKD 25 CERARY RS &,
1833650 » 2 0°, 2O Ea TRL b, tLig<id
78~150H, PEfE77~151H, REM94~167H, K128~
1998, LE158~2028, f@RMI176~2358, BEIEE200~
252H, BP298~32B NEHICH 72, SO EIEH
BCRARICEL 213 3E0EWiEEMNSE - L %

Table 3. Monthly mean air temperature, monthly mean soil temperature and warmth index at different locations.

Place Jan. Feb. March  April May June July Aug. Sep. Oct. Nov. Dec. Mean “II::::}I
oo AT 49 42 04 62 120 159 02 213 169 106 40 -16 80 e8]
soil —1.8 —2.2 —0.4 59 123 17.2 2.2 226 182 11.6 4.7 2.0 87 74.0

tkogae | AT 736 732 04 64 14 150 193 22 172 113 49 06 B3 6.9
sil =07 ~1.1 0.9 6.9 121 168 209 23.1 19.3 12.9 6.4 1.6 10.1  78.4

, air —2.5 -1.8 1.6 83 13.9 17.9 21.8 228 18.0 11.6 5.6 0.4 9.8  79.9
Morioka 5 0.2 00 22 85 143 19.2 233 25.2 2.0 147 81 2.7 11.6 943
_ sr 25 31 62 1.7 162 19.6 23.3 24.8 21.0 154 10.0 4.9 13.2 103.2
Mito sil 2.7 3.6 7.3 12.8 18.1 22.0 25.8 27.5 23.9 17.8 1.7 5.5 14.9 122.4
o ar 4.3 49 7.8 133 176 21.2 5.6 26.8 22.8 17.0 1.5 6.6 15.0 120.2
Hiroshima . 59 6.6 9.8 150 19.8 235 27.6 205 2.5 19.4 13.6 8.6 17.1 144.8
sir 5.7 6.4 9.3 142 184 220 267 273 234  17.8 127 8.1 16.0 132.0

Fukuoka 0 6.8 7.3 104 150 196 2.1 2.1 286 2.2 19.6 144 95 17.2 146.6
Koo BT 70 B2 112 161 198 20 22 27 A9 196 UI 92 173 W82
soil 81 9.0 12.2 167 209 23.9 2.0 288 2.3 20.9 15.8 107 18.4 161.3

Neba air  16.0 16.4 18.0 21.0 237 2.1 28.1 27.8 27.1 24.3 21.3  18.1 22.4 207.9
sl 15.8  16.2 18.1 21.6 24.9 27.2 29.8 20.2 282 24.6 2.4 17.9 22.9 214.9

Air temperature
Maruzen, 1985.
Soil temperature ;
try of Meteorology, 1982.

. The mean value of 30 years from 1951 to 1980 quoted from Chlonological Scientific Tables, ed. Tokyo Astronomical Observatory.

10cm in depth. quoted from the data on soil temperature, published from Ministry of Agriculture, Forestry and Fisheries, and Minis-

Table4 . ADTS caiculated from air temperature at different locations.

Period Ea Sapporo Hakodate Morioka Mito Hiroshima Fukuoka Kagoshima  Naha
10,000cai 109 108 120 137 133 160 170 195
Summer
15,000 86 84 98 120 141 151 165 201
(May ~Oct.)
20,000 68 66 81 106 131 144 161 208
. 10,000 41 43 47 62 69 75 82 127
Winter
15,000 20 22 25 37 43 49 56 107
(Nov.~ April)
20,000 10 1 13 22 27 32 39 90
10,000 150 151 167 199 202 235 252 322
Annual 15,000 106 106 123 157 184 200 221 308
20,000 78 77 94 128 158 176 200 298

ADTS ; The annual number of days transformed to standard temperature (25°C).

FEa ; Apparent activation energy.
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Table 5. ADTS calculated from soil temperature at different locations.
Period Ea Sapporo Hakodate Morioka Mito  Hiroshima Fukuoka Kagoshima Naha
Summer 10,000 116 119 134 158 175 171 180 207
(May~Oct) 15,000 94 97 117 149 173 167 180 221
20,000 77 80 102 141 172 164 181 236
Winter 10,000 44 48 52 66 78 80 88 127
(Nov.~ April) 15,000 22 25 29 41 52 54 62 108
20,000 11 13 16 26 35 37 44 91
10,000 160 167 186 224 253 251 268 334
Annual 15,000 116 122 146 190 225 221 242 329
20,000 88 93 118 167 207 201 225 327
BHRLTwA, AmpogoesT AR
B e Ao+ Ro &, FLRTI32.7-6.818, Y =pA(1 —exp(—Fk-t)) (10
KETi32.2~4.81%, IRBTi21.5~2.318C, EHItH ZZT
5 XM O EWERESEFTICEVERS L KTV Y. 5838 E (mg/100g dry soil )
5, A BEBYWE (mg/100g dry soil )
Table 5 3 #iRd &Ko 225°C ERBEBT, T p AR O SEMEEREE (%)
i P TOEYIT & B WRE ¥ BT BT 2 ko REETER 25°C, deg ™)
EeHEmTehBs, BAE, BCHETHEFERELT t RER (day)
WRELEABRIET D, TOEBKTIR~160H Tk Wi, 1FEOFMELR LT DL
ZAMER AT 1 EMoE(LIcHL L, 167~ R=Yu/pA =1 —exp{—Fk-t,) an
224BMTE I 2YWHELGKFTH 1 EFH LI It
HL, HBOEHTE APHELHIBHETH 1 £H 0 Yy, 1 M OERY B E
BALICHU T2 EX B EHTE S, ty; 1EMO25°CEREEK

ZOLEIREEHORL LB TOERIFROIE
ELTS CERAKIENTSH 5,

2. WRRIOBERMEMOEE

TP B 2 HMMOTRE L, HERYOSESENSE
LA SN 2HROBEEMFICL > TRE B,

BARTEEShZERYF TR IR BIZE
DMDEETHB AN, +RBER WIS = & id,
BRRONA I A% F M+ 5 L TCHETHB, $72,
REMADEBRDEN K —EMILORESRT 028
5k, ABMEMLEHTI ECRITROESHTH
B,

HBYOSRBENEE LTEo08E4REL: B2
B, 1986), W MMEAERMER, THREEER &
EEBOBREAE (- uEH btz ar¥—-) ThHs,
ZOZODIHPIENERYLRHDD Z LN TED,

IR DOREKEMEME L FER2SCERAE, S, M
HoERMEMIEEL RO Z EMTE L, FANE
XKOFEHYTH B,

o T, ENEBR, LW TREERYEEp L TR
EEHE C5°CTo) BXWERILLFLF— Ea 3K
HoE, WRNOERMERMTBRLRKODL LN TE
%,

WEROEESMEIZ R L Ea LRBTFT— Y TiRT A
DT, FOHERLER LT LEMNTH L, (IR %
By TEHER#1E L7 (Attached Table 1 ~6),

Attached Table DV HiZROEY Th 5,

AW AR L RE L OBROHFER L VDT,
TRABEZEROERLOFI L BT Tih~2,

MHBEHCTERERERL LT, TEOFHES
FoBB{LoBtEr ke, THBHEREERS M4
Nmg/100g %+, ER{CEEEH (25°C) 0.0061, iE
HAET R L F—18,000 6N T D (BES, 1986),

CONBEEROMIIEAARSHIISH T S LIKE
L T, Attached Table 4 (iFtfb= & L F¥—17 5000 %)
>, 1EMCERET 2R2F0H AR, AWTL%,

— -
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KET65%, BHEIT72%, HWT8E% &\ ) MELIHS
hz, 2oLz, RO 1EMO25°C £ ALK,
FRENORIROEWEE L FMHT 2 L THEHTH 5,

NV 4$ESHEES CORETRE N E ORBR

HRERGERGERERE kR L TR SR, MR
ROZWEBLHF CREREROATK SN TS
(HR, 1948, F K, 1976, FH, 1972),
ERIERESSCERAREDMEEIR SO,
FLBR %100 & L C & Hi S OMatE % Ko T Table 6 127R
Lo ENobrd i, HHltz i V¥ —Ea =
15,0000025°C # B oMl & REHR KO HTE &
HE(—HLTwD, £ THEHREOHBMAFRLHANT
Hb &, KRR 5RO HE L MRS Ko Bl
Fl—HE&ELiZHsZ Lhbhor (Fig2),

%15 (1986)

COZLIRBENEEMNSCERERE BT
TMTEZILFERL TV A, BREOBENITRD
iﬁy)?j);-)o

WI = 0.677D — 4.03 12
ST wniREREK
D ERB25°C BHRA M

MROBEL AV 5 &, HFROEBRER TGS
LEMB CERARLTFMT A IENTED, 20K
B Table7 IZRENTWA, Thbb, YV FI0E
Bi25°C 2o A 23 0 ~28, TR S BAIMRI228~72,
HIREEEERI372~ 132, BBIRTLEMAKIL132~272,
THATHRIL272~360, BAHHRIZI601Z%4 %,

BRENIVEES CErRW L —BOAHHEIEE

Table 6 . Relative values of warmth index and ADTS at different locations.

place

Item Sapporo Hakodate Morioka  Mito  Hiroshima Fukuoka Kagoshima Naha
Warmth Index 100 98 117 152 177 194 218 305

Air Ea =10,000 100 101 111 133 135 157 168 215
Temp. | ADTS Ea =15,000 100 100 116 148 174 189 208 291
Ea =20,000 100 99 121 164 203 226 256 382

Warmth Index 100 106 127 165 196 198 218 290

Soil Ea =10,000 100 104 116 140 158 157 168 209
Temp. | ADTS Ea =15,000 100 105 126 163 194 191 209 284
Ea =20,000 100 106 134 190 235 228 256 372

Note ; Warmth Index and ADTS were normalized using these values at Sapporo.

300p—

O Air Temperature

200~ @ Soil Temperature

WI = 0.677 D —4.03
r = 0,991**

Warmth Index (WI)

] ] ] 1
100 200 300 400

ADTS (day)

Fig.2. The relation between warmth index (WI) and
ADTS (D).

Thio, APRFEERENENTCH 6TV AIEFEN
Db N F—FEa L ZHEICERTELZ L
12, BEICHE L7 (2%, 1980), \5{E5°C $# B 7:
BEEKE, HHMALTFALF—15,000% v 22 EH
CERAREAFLICHIET B 2 i, FRABH
MEBFRMOPOBEREFOLEREL TS S
DEBbhzY, CTOMRYEEWEENT LIREY
BEMIZHOPIIT A -BOREILETH L,

V BEBENHZIBEELVRENDCER
AxnE

BAKEOEWEL+ TS 254, tOHMICL -
TRFHOBERXBORINEL O VWEENH L, A
FHREXEHT L LV IZATHEREEFERAL T4
EaEIal, B, ORGRE, BRERELHV
FHEHEIEE L,
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Table 7. Classification of plant climate and ADTS.

. . Warmth Index ADTS

Plant Ecological Climate Type (°C - month) (Ea =15.000)
Tundra (polar zone) 0~ 15 0~ 28
Subpolar coniferous forest 15 ~ 45 28 ~ 72
Cool temperate deciduous broad-leaved forest 45 ~ 85 72 ~ 132
Warm temperate broad-leaved forest 85 ~ 180 132 ~ 272
Subtropical forest 180 ~ 240 272 ~ 360
Tropical forest 240 360

B CEMARTEET 56, HEHRELAV
o, BEELEBLLBELIIEVEE 22
(Appendix B), - THEICEAZEL+EELT
SHEATAUEND L,

LA L&de, BMICX-Tid, BELEBEELS
WIBELHBOT, TOHKE TS DOFHER L 1K
LT Table8iZq L7z, A obA s LI, AEMHER
BETROLBELEEARLLEERL (R LALBED
B CERABOEG, EHILTANF-HKREThE
K&, 37, BESEENKEIThITIAE LS, 20
fi, BFEHREHIEVEB CERAKOERIETKE
(b,

VI A9 2RASTEE & TR E £ AV - T8
NHEENIHRROFRE

RSN EE TEERE L 2 AT, 1P s
TAEBMTMEETAT LI HEEERL
BEETRABIEAREORE + SRR T ERL -
LDTHaHhH, ENEBOGERY L BRKEOAYE
HEFHTL2HEOLLDIZE ST D,
FRIFERZSOFFD o> Td, T0OE 1 I2HHE
WARBOEMEIRKOLIZAERTH), H2IHE
F— EEHL RN F -t SREERAREEET
A2EATHY, FIGREETRORLERILETL2S

Table 8. Differenece between DTS based on daily mean data and that based on

daily range data.

(%)
Daily Mean Soil Temp.
Ea Daily Range
5°C 10°C 15°C 20°C 25°C 30°C
5°C 0.59 0.55 0.51 0.48 0.4 0.41
10 2.37 2.20 2.05 1.91 1.78 1.66
10,
000cal 15 5.36 4.98 4.63 4.31 4.02 3.75
20 9.59 8.90 8.27 7.69 7.17 6.69
5 1.39 1.29 1.20 1.12 1.05 0.98
10 5.60 5.20 4.84 4.51 4.20 3.92
15,000¢
al 15 12.74 11.83 11.00 10.24 9.54 8.90
20 23.04 21.36 19.84 18.44 17.17 16.01
5 2.52 2.35 2.19 2.04 1.90 1.78
20.000cal 10 10.25 9.52 8.85 8.24 7.69 7.18
’ 4 15 23.62 21.90 20.33 18.91 17.61 16.42
20 43.42 40.16 37.21 34.53 32.10 29.88
5 4.00 3.72 3.47 3.23 3.02 2.82
10 16.41 15.23 14.16 13.18 12.28 11.46
25.000cal 15 38.43 35.57 32.98 30.62 28.48 26.52
20 72.23 66.58 61.51 56.92 52.78 49.02

Note ; Daily variation in soil temperature was approximated by a sine-function.
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Fig.3. Estimated mineralization of soil nitrogen com-
pounds at Morioka (northern part of Honshu
island).

Mineralization of soil nitrogen was calculated
from N = No (1 — exp (— £+DTS)] using daily
mean of soil temp. and parameters proposed by
SuciHaRra (1986) (No =9.85 Nmg/100g dry soil, k
=0.0050 day ™!, Ea=22,000 cal mol™').



B - B L LREMEE~ORELBOE L L TRERM IR~ DL 61

b

%
60 |—

Mineralization Rate
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Fig 4. Estimation of mineralization of nitrogen compounds in sewage sludge applied to soil.

3.

4

5

6.

Assuming that sewage sludge is applied to soil on May 1st at respective locations, mineralization of nitrogen

compounds was estimated from N = N[ 1 —exp(—ki+DTS)}+N (1 —exp(—k:*DTS)Jusing daily mean data

of soil temperature at these locations and parameters proposed by Sucinara (1986) (N, =13.73, N:=9.10
Nmg/100g dry soil, k1 =0.1358, k2=0.0074 day™', Ea1 =11,000, Ea: =16,300 cal mol™!)
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Temperature Index for Characterizing Biological Activity in Soil
and
Its Application to Decomposition of Soil Organic Matter

Takamitsu KONNO* and Susumu SUGIHARA®

Summary
Arrhenius’ law for chemical reaction was applied to derive a temperature index for char-
acterizing biological activity in soil. The temperature index so obtained was used to study the
decomposition of soil organic matter in relation to soil climate. The results obtained through
investigations can be summarized as follows.

1. Temperature index (DTS) for biological activity in soil was derived from the following

two assumptions.
@ Biological activity in soil obeys Arrhenius’ law.
@ Product of rate constant and reaction time is constant for a certain ammount of reaction
independent of temperature.
Temperature index (DTS) indicates the number of days needed for proceeding of a cer-
tain chemical reaction under temperature conditions of 25°C . It was found that tempera-
ture index obtained at different temperatures can be easily transformed into DTS.

2. Annual values of DTS (ADTS) calculated from weather data in Japan were successfully
used to evaluate quantitatively the strength of biological activity in soil at different re-
gions with various climates. ADTS obtained using air temperature changed over a range
from 78-150 days at Sapporo to 298-322 days at Naha, as shown in Table 4.

3. ADTS at different regions and experimental data of decomposition characteristics of soil
organic matter (rate of easily decomposable part in soil organic matter, decomposition rate
of soil organic matter and apparent activation energy) were used to evaluate the annual
decomposition rate of soil organic matter in respective regions of Japan. The result are
tabulated in the attached Tables 1 — 6.

4. It was found that ADTS can be transformed into warmth index (WI) that is an important
climatic index in plant ecology, by using the following relation.

WI = 0.677 (ADTS) — 4.03
This means that ADTS can be easily obtained from the data of WI and that ADTS can be
also used for the classification and comparison of plant climate.

5. Comparison of DTS calculated using daily mean temperature data and daily range data of
temperature shows that DTS based on daily mean data is somewhat lower than that based
on daily range data. The difference between the two DTS-values increased with increment
in the daily range of temperature variation and in apparent activation energy, as shown in
Table 8.

*National Institute of Agro-Environmental Sciences. Yatabe, Tsukuba, lbaraki, 305 JAPAN
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6. The method for estimating the decomposition of organic matter in soil was proposed. Us-
ing soil temperature data and the proposed method, the mineralization of organic nitrogen
compound for the period May 1st to Oct. 31th was estimated in three years (1976, 1978
and 1979) with different weather conditions at Morioka (northern part of Honshu island).
The results indicated that N-mineralization in the 1978 with higher summer temperature
is larger at 2.5kgN/10a than in the 1976 with lower summer temperature.

This method was also used to estimate the mineralization speed of nitrogen compound in
sewage sludge applied to soil. It was concluded from calculations that the mineralization
speed at Naha (Okinawa prefecture)is 2.4 times as large as that at Sapporo (Hokkaido) .

Appendix
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Attached Table 1. Annual decomposition rate of organic matter at different locations
(Ea=10,000 cal mol ).

(%)
£(25°C) Sapporo Hakodate Morioka Mito Hiroshima Fukuoka Kagoshima Naha
0.020 96 96 98 99 99 99 100 100
0.016 92 93 95 97 98 98 99 100
0.014 89 90 93 96 97 97 98 99
0.012 85 87 89 93 95 95 96 98
0.010 80 81 84 89 92 92 93 96
0.009 76 78 81 87 90 90 9 95
0.008 72 74 77 83 87 87 88 93
0.007 67 69 73 79 83 83 85 90
0.006 62 63 67 74 78 78 80 87
0.005 55 57 61 67 72 71 74 81
0.004 47 49 52 59 64 63 66 74
0.003 38 39 43 49 53 53 55 63
0.002 27 28 31 36 40 39 41 49
0.001 15 15 17 20 22 22 24 28
ADTS 160 167 186 224 253 251 268 334

Attached Table 2. Annual decomposition rate of organic matter at different locations
{Ea=12,500 cal mol ™').

(%)
£(25°C) Sapporo Hakodate Morioka Mito Hiroshima Fukuoka Kagoshima  Naha
0.024 96 97 98 99 100 100 100 100
0.020 93 94 96 98 99 99 99 100
0.016 91 92 95 98 99 99 99 100
0.014 88 90 93 96 98 98 98 99
0.012 80 82 86 91 94 94 95 98
0.010 74 76 81 87 91 90 92 96
0.009 70 72 77 84 88 88 90 95
0.008 66 68 73 81 85 85 87 93
0.007 61 63 68 76 81 81 83 90
0.006 56 57 63 71 76 76 78 86
0.005 49 51 56 64 69 69 72 81
0.004 42 43 48 56 61 61 64 73
0.003 33 35 39 46 51 51 53 63
0.002 24 25 28 34 38 37 40 48
0.001 13 13 15 19 21 21 22 28

ADTS 135 142 164 205 236 235 254 331
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Attached Table 3. Annual decomposition rate of organic matter at different locations
(Ea=15,000 cal mol ~*).

(%)
£(25°C) Sapporo Hakodate Morioka Mito Hiroshima Fukuoka Kagoshima  Naha
0.026 95 96 98 99 100 100 100 100
0.020 90 91 95 98 99 99 99 100
0.018 88 89 93 97 98 98 99 100
0.016 84 86 90 95 97 97 98 99
0.014 80 82 87 93 96 95 97 99
0.012 75 77 83 90 93 93 95 98
0.010 69 70 77 85 89 89 91 96
0.009 65 67 73 82 87 86 89 95
0.008 60 62 69 78 83 83 86 93
0.007 56 57 64 74 79 79 82 90
0.006 50 52 58 68 74 73 77 86
0.005 44 46 52 61 68 67 70 81
0.004 37 39 44 53 59 59 62 73
0.003 29 31 35 43 49 48 52 63
0.002 21 22 25 32 36 36 38 48
0.001 1 11 14 17 20 20 21 28
ADTS 116 122 146 190 225 221 242 329

Attached Table 4. Annual decomposition rate of organic matter at different locations
(Ea =17,500 cal mol ™).

(%)
k(25°C) Sapporo Hakodate Morioka Mito Hiroshima Fukuoka Kagoshima  Naha
0.030 95 96 98 100 100 100 100 100
0.024 91 92 96 99 99 99 100 100
0.020 87 88 93 97 99 99 99 100
0.018 84 85 90 96 98 98 99 100
0.016 80 82 88 94 97 97 98 99
0.014 76 77 84 92 95 95 96 99
0.012 70 72 79 88 92 92 94 98
0.010 64 65 73 83 88 88 90 96
0.009 60 61 69 80 85 85 88 95
0.008 55 57 65 76 82 82 85 93
0.007 51 52 60 71 78 77 81 90
0.006 45 47 54 65 72 72 75 86
0.005 40 41 48 59 €6 65 69 81
0.004 33 35 41 51 58 57 61 73
0.003 26 27 32 41 47 47 50 63
0.002 18 19 23 30 35 34 37 48
0.001 10 10 12 16 19 19 21 28

ADTS 101 106 130 177 214 211 234 327
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Attached Table 5. Annual decomposition rate of organic matter at different locations
(Ea =20,000 cal mol ~1).

(%)
£(25°C)  Sapporo Hakodate Morioka Mito  Hiroshima Fukuoka Kagoshima  Naha
0.034 95 96 98 100 100 100 100 100
0.030 93 94 97 99 100 100 100 100
0.024 88 89 94 98 99 99 100 100
0.020 83 84 91 96 98 98 99 100
0.018 79 81 88 95 98 97 98 100
0.016 76 77 85 93 96 96 97 99
0.014 7 73 81 90 94 94 96 59
0.012 65 67 76 87 92 91 93 98
0.010 59 61 69 81 87 87 89 96
0.009 55 57 65 78 84 84 87 95
0.008 51 52 61 74 81 80 83 93
0.007 46 48 56 69 77 76 79 90
0.006 41 43 51 63 71 70 74 86
0.005 36 37 45 57 64 63 68 81
0.004 30 31 38 49 56 55 59 73
0.003 23 24 30 39 46 45 49 63
0.002 16 17 21 28 34 33 36 48
0.001 8 9 11 15 19 18 20 28
ADTS 88 93 118 167 207 201 225 327
Attached Table 6. Annual decomposition rate of organic matter at different locations

(Ea=22,500 cal mol 7!).

(%)
k(25°C) Sapporo Hakodate Morioka Mito Hiroshima Fukuoka Kogoshima  Naha
0.038 95 96 98 100 100 100 100 100
0.030 90 92 96 99 100 100 100 100
0.024 85 86 93 98 99 99 99 100
0.020 79 81 88 96 98 98 99 100
0.018 75 78 86 94 97 97 98 100
0.016 71 73 82 92 96 96 97 99
0.014 66 69 78 89 94 93 95 99
0.012 61 63 73 85 91 90 93 98
0.010 54 56 66 79 87 86 89 96
0.009 50 53 62 76 84 83 86 95
0.008 46 49 58 72 80 79 83 93
0.007 42 44 53 67 76 74 79 90
0.006 37 39 48 61 70 69 73 86
0.005 32 34 42 55 63 62 67 81
0.004 27 28 35 47 55 54 59 73
0.003 21 22 28 38 45 44 48 63
0.002 14 15 19 27 33 32 36 48
0.001 8 8 10 15 18 18 20 28

ADTS 78 83 108 158 201 195 220 328
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