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Abstract: RothC model { Version 26.3) was used to estimate soil organic C (SOC) levels under continuous cultiva-
tion of corn in a long-term fertilization trail in the Songnen Plain, Northeast China. We compared the model output for the
changes in SOC with those measured from a Black soil { Typic Halpudoll) at Gongzhuling, Jilin Province, from the con-
trol (no-fertilization) vs. fertilized with N or NPK with/without manure addition. The sound performance of model in
simulating SOC changes suggests that RothC is feasible for Black soils in the temperate climatic region of Northeast Chi-
na. The modeled and measured results indicated that no-feriilization treatment led to a continuous decline of SOC during
the study period and N and NPK fertilization were inadequate to maintain the SOC level in the plow layer {upper 20 -
cm) unless FYM was added, associating with the current conventional management with no aboveground crop residues re-
turning intc the soil. Soil organic carbon could follow the same path of decline if the same management practices main-
tained. Model results indicate that returning the above-ground crop residues into the soil from 2002 to 2022 increased
SOC by 26% in the no-fertilization treatment, 40% in N treatment, 45% in the NPK treatment, and 38% and 46% in
the N and NPK with FYM addition treatments, compared to the levels in the corresponding treatments in 2002. The simu-

Iation results suggest that the RothC model is a feasible tool to assess SOC trend under different management practices and
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returning the aboveground crop residues into the soil will lead to a remarkable increase 1n SOC in the region.

Key words: Corn; Seil organic carbon; Black soil; Model simulation; RothC-26.3
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Table 1 Fertilization treatment used in this study
415 kb 3R N P,0s %,0 B
Treatment Description (kg-ha~ Ly Manure (t*ha™')
1 CK WtBE  No-fertilization 0 N 0.0 Q.0 0
2N F N treatment 165 0.0 0.0 0
3 NPK FBEEE NPK treatment 165 82.5 82.5 0
A4 NM B+ BE N+ manmre 165 0.0 0.0 30
5 NPKM E B + IAE  NPX + manure 165 82.5 82.5 30

B2 BIEASXMEXFEH=<K(1980 ~ 2002) KR

Table 2 Fertilization effects on the average comn yield (1980 ~ 2002)
1 {4} Xt B . . R 12 E+ BRIE X + B
Years Control (CK) N(kg ha "} NPK(kg*ha ') NM(kg ha™') NPKM(kg-ha™1)
1980 5 44650 & 807 6 758 6 803 7 028
1981 4 493 6 840 7 050 7 575 3 168
1982 3 368 6 555 7 290 7 583 7 785
1983 5 04D 8 985 9 983 9 233 9 338
1984 4 680 8 483 8 693 9 840 10 792
1985 4 958 7 800 8 430 7 943 g 408
1986 4 (43 8 048 9 300 9 195 9 818
1987 3 908 7 583 9 075 8 663 9 300
1988 3 750 6 983 9 038 7 643 9 008
1989 3 645 7 268 9 540 8 378 7 860
1950 4 350 8 430 8 790 0 015 8 670
1991 3 525 5235 6 435 7 620 6 788
1992 2 618 3 825 6 743 8 032 7 (43
1993 2 483 5 678 3 318 7 575 8 745
1994 3 190 5 225 7 550 5 180 & 155
1995 2 898 4 795 6 999 & 150 7 654
1996 3 162 3 564 6 277 7 455 6 637
1997 2 405 6 360 3 595 9 317 10 582
1998 3279 7 680 9 615 11 070 11 100
2000 2 756 3 071 4 927 6 127 6 254
2001 1 920 7 570 8 520 9 970 9 430

WEW £ 3 SOC Wit £, P L 3 SOC I RK . %1

1.3 HAMASE | PR AU O

DPM/RPM %%ﬁ}ﬁ %ﬁ%ﬁﬁﬁﬁ%ﬁﬁ% g E 40 + T e e L

FR A B H#E , RothC-26. 3 #E AU TR % R b 4B 91 8 ¥ %% E § ¢t

iy DPM/RPM B2 1.44, S E BT R A LA, "B o)

FEiR IR R SERN 31.0%. EXE4 2 w0l

AXRER .0 HFRE 10 Al s, KB dBPHER 0

P b L BS (K BRM). KR, % 11 e

AraarEXBREAIKBEEASELE, 113

kit |
M 10 ABISKAER 5 HER., BARRIEE, X HE Pied Messured
NH CK ®
HEBHLELEFIRASFHANEES(E ). B ERE NPK n
W + BE NPFKM - A

W R AN E SR SOC F 8, S8 wim " #sA, K
BEAEARTREMAR S AR 0.057 t*ha™ ", 6
HR0.137t-ha™',7 H20.560 t-ha™',8 A% 1.108
t*ha™',9 H 77 0.298 {*ha™', RothG-26.3 X1 &
8 IR A0 b6 ) S 1 A LB B Rk T A
TREB, EFF A2 -8BE EHEEH
i s AT e R AR BIRAER 47 teha MU

Ml XBRCK).EREBNPRNERE + RIDAE T INE
Hl RothC-26 .3 SR Sl 45 5 5 30 4l A9 3T B

Comparisons of modeled values of soil organic carbon ver-
sus measured values from the CK, NPK, and NPK plus
manure {reatments

Fig. 1
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TR T £ R GH VLA AR BRI L E
W R R AR B S 0N E Y BB P AL FE A R
RAMELAEERR(E2) ., ZRARMEXK
FRITEARLHENEVRTEER AR, X RL
BTN 2.16 vha™ '  Hb D EE 5% 02.28 ¢
cha " RALH R HE T &R A 3.09 t-ha™' My EFP
AR 3.9 t-ha L EBFAENSBTE SRR
3.26 tvha ! H EEAAER A 4 .67 toha 3 + EHEAL
AT A4 N 3.28 t-ha™ !, b E #7884 4.76
teha ' EBEH + AL BEAHB T EH KA 3.30 ¢
ha ', # b3R8 4.87 tha™'s ANHEAE (O BB ) &b
HEERABEAERB N 0.49, Hit, X R4k
ENEVBRE AR IEABRSLBENRE AR
0.49%%. HE A HAENKEARBME K HEIT
Rk, TTERBEENLE, EFK 1.3 1-ha™’
BB T 11 ARELKBEA LE,

ML 1 3 SOC 4L 24 1980 £ 87, 1980 ~ 2001
A F1 2002 ~ 2022 4E 3 DB, 1980 FFRTR LA
MBS BB E N EE LAY 120, RHHR
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R~ RiTRARMN, HFFELINE R
SREHLIME B EAEE T i, XHEH E o HY
BRIEFER, 2002 FELISH L BB VBRI R TE 2
ARERET HTH: (DEB 2002 /5 L BHHE
AR MRS 1980 ~ 2001 AR #B R A, b 304
EMBRARER;(2) TRMEEREHAR B

et DAY RERCE, R E{EBREEER
XA FAPRL R I 1.45 HENS,

% T X EBE BRI A, KA Smith F0R
M7 B XTI R T PR, A TRERES
A0 PR B B MBCR R 3 A & SR A PR R B L A A
e B S, A8 — B T R AR AT . TR,
# F RMSE( root mean square error) , EF{ modeling effi-
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BRI R T . AEIFHS T EEARE
ik, 5% Smith Z W,

2 HR5H5W

2.1 EEEIT

RothC-26.3 BB W PATHE R &4 #1E i 1980 ~
2001 FEXT R (R W4 BB + ERAE L B b SOC W)
BEHLINE M LB R BIEA (B 1,5 3). AHEIEAE
B AL BRI A M RIRE /DT X AR + BACAL
R, BT EOEE S S 18 0 2 B i R
= B RAETEMEEER S FRH.
Feed + RIELL B EF, U 0 8 1L 65 SR 10 4 i K Bk
T H + WAV TES £ 20 48 M E BT
BEFMRERAHLH S, A BB + BRIELER
CD & > 1, TR VIR AL & LRI R
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(M) Y RothC BERAEAE T AL BRI F/ K I,
BT E /D LR, i AR B R TR M
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=3 RothC26 3BT REATREIINENMPYGLERIHY

Table 3 Describing the performance of models in simulating soil organic carbon of monoculture corn in a black soil in Northeast China (-

ha-1)
%f i Control FBH NPK EBESE + BAE  NPRKM i
i, Bl £, Ll £ X
Measured Predicted Measured Predicted Measured Predicted .
F{0  Years
1983 40.4 40.0 40.6 41.3 41.9 441
1990 33.6 37.9 4]1.1 41.8 45.9 46.1
1991 38.3 37.6 9.7 41.2 47.1 45.9
1996 37.6 36,6 40.6 40.4 47.8 47.2
1997 37.7 36.7 40.2 40.5 48 .0 47.2
it % Statistical performance
RMSE 3.7 3.9 7.1
EF 0.4 -2.2 0.7
CD 0.5 0.3 3.8
M 0.8 -0.6 Q.1
t{ M) 26.2 -3.4 .1
Yori, 2. 5% +3.5

F— —

Do R S ¥ RMSE(ro
Depicted above are

uare ercor) , EF{ modeling efficiency) , CD{ coefficient of determination ) 1 ¢( M) % [19)

g ; root mean standard error { RMSE ), modeling efficiency (EF), coefficient of determination (CD), mean difference
(M), and 1{ M)} value for M with eritical 2.59% levels shown, based on the methods described by Smith et al. {1997)
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Fig.2 Retuming sboveground com residues to soil or not affects on

changes of soil organic carbon
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i EEREFAEEHSE, X R 20 4 50C T4k
LB B AR (K 4, B 2), EFRIERFE 2 FEE
A= B A MRS H A8 18 B B A #9874
T, AR 2 MORFR ERFEF Ay T 17
(1) EXRFEAAEHE2A); (2) EXFBFALH
(B 2B), #MERRH, R¥K 20 F# EFEP R
CEBFRNT/AT SOCHEMERB R, 5
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i H AR G HE Arh 28 A0 B A ROAE 4 28 44 SOC ¥ 3 3l F
fe 6% M 2%, M. BMEFTALH, RS ARE
S &b S EC TE JEEHE o, AR 2002 SEKSEEEL B SOC F
B en, HALHHEBHEMSoC & (K
2B, 7 4), EXRFEHHAL L8, 2022 FX5 O4HA
SOC & B ¥ 2002 £ 10 26% , 8 1980 MG S
BN 1%, XA XT A7 4L B ) 1980 4E #2002 4
SOC &8, B4 hn 40% M 29% , B B 4 b 7 1
1N 45 % F0 38% , BACHE A PLAEHE 1 38% 1 60% , &
WP BCHE A VLB 3N 46 % N 63 % -

%4 #EEMEFTEESTHENE 20 £02002~ 202 F)THANHE LR (20 cn) I

Table 4 Impacts of returning aboveground corn residues to soil or not on seil organic carbon (20 cm)

2022 F 2022 A.D.

zoo%ﬁ). REEH HE + 2iTH

Root Root + shoot
%t B8 No-fertilization (CK) 35.8 33.3 42 .1
HE N 39.4 38.6 53.9
EE MM NPK 40.0 39.6 57.6
HER A NM 46.0 48.3 66.6
HEEBEEH + BEAE  NPKM 46.0 48 .4 67.9

3 Wit

Bt EPEYH T REN T ERRAARRE
& B TR TR RS R . H e AT
Tk A BN 2 AR A AR AR S
<& Ab B R ORL S R R A AL B B R R B Y B R
HHEER, A, BUE EOKR# T 8t A B FH B
EHXR. Bif  WEREXSE EB2EDERE

FBEHA AR L EFHANREBEW SRR
B8, B 2002 ~ 2022 E E R AR L
BASAYLRE (M LA FRE) . B HIE
WA KX SOC M wm et B BRERDFE =B
REEAZ, ME LU — 2t 2 FE o 8] 1 1 25 W 1
mi2, EA20 HE 0 ERBRBR EXFBHE
FEUNESENHEE(RBRER), FUSHR
BB RN A, 2R A 1980 ~ 2002 481 6] &
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b3 A SF B K BB 2002 ~ 2022 £ SOC /Y
Al A, TR E R £ KA B A A3
IMER AT RERE N SOC M & B, B AR A R
20 4 )5 & AL A SE B SOC 7K R,

RothC 88 &) S % A B HE 890 0% o 0 WO N 4 ol 38
S BB R (DPM) I BN E Y R
(RPM) . & FHRIS SOC K I F1EH B3 F 347,
R T DPM/RPM H. oA 1.44, 2002 4ELLETE K AR
ZREDWYR SOC HE—RE HEUEFFEE
R, RN ZSE, BRI 2002 FRIFEHKE
FMARFE AT S R RN GE RS
INRBEEREE, HAIREVELEYRIMHE
1 (20 2] 4 A& K SOC 69 71wk Lk 22 XF SOC By 51 Bk
ok, R A B 8B B Gt 2002 ~ 2022 4R A [E]
1 SOC HE & .

EhEANLTEH#HERTSAHEHELEMN
b, B FF B R B DT B X B R, KA Y 100 ~
200 NS — ik X B ZR B HEHE
MEFET 3 TBE: (1) 20 48 70 S48 LIAD, fE®Y
A A AR BT 1+ 8 e SR A6 IR MR R A T ULAE S
(2)70 FEACE 90 ST, 1k A 4E B 3% I (5 5
REE) ,EWNIEE R T R, R H 56 R 5% 50
fOEMRBFRBEREH. (3)90 FRPHLIE,
BMAIX+HEHFAS IR LALEMA#E LT
B R EUESh B IR B TR IENERE MK, R
B FFEBEMTHERBELH, —RAN, BH
WHmEMREEDETR, BLESE —HEHA
T KEB SOC, £/ K FEH Soc KB
50%"'5") ;X 5 Davidson £ W5 BE—B Ay, B
e ERENBTEYEBREARIS, 70 £43 90
SR, EDEREMMERNEYR RSB
BEAMEHENERL SOCTEE M, KAKXKE
BEL ) SOCTSBNEZERELKA - HXRER
SEAEM B, BR, EhHEEEMEDIREREH, W
BALER AR, B4 50C FRIEEFETR.

A RAE SRR BB L SOC K FEXRE
B, RothC-26 3 B ERRH, EHMHERT
AXTRAEALESSHRE L SOC EBFEZT M,
A AHMEHFARTRL SOC FEEXE KX,
TE R ¥ 20 4E 7Y, B W RS A2 H (6] e B e AL A 4 4
HPs b soc HadEn— ¥, BIEANKERRIE, &
B AR B 4 2 i 7] A sr i R A R ek B R 4
SOC J et &k B i) | TEXREI T H g 55
REIERX SOC HFFEM KR . RothC-26.3 BAHILS

WMLl S EEPLE Y ELH (FFNBRS) EK
BREFE O EMAERDPEEEBERNR L
SOC &  BERILE LR FEFAHEES -

B A S A X B SR M A RothClhtp://www. wiz.
uni-kassel . de/model-db/mdb/rothe-26 . 3. himl) , B 8 & Fh & &
FAEERIPEFRBEAXBAAKE T, LE Pete
Smith @ EAEMERRH BB LAXR AT LRATHEY
i
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