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Simulation of Soil Carbon Contents and Crop Yields in Long—term Fertilized Cropland in Guanzhong Area
Using DNDC Model
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Abstract: Land use changes may have great impacts on dryland agriculture in the Loess Plateau of China, one of the most fragile agro—e—
cosystems in the world. Here we investigated the variation of soil organic carbon(SOC) and crop yields in dryland under long—term different
fertilization in Guanzhong plain area during 20 years using DNDC model. There were five treatments including no fertilization control (CK),
inorganic fertilizers (NPK ), NPK combined with straw (SNPK ), NPK combined with low manure (MINPK ), and NPK combined with high
manure( M2NPK ). In the CK treatment, SOC and crop yields were significantly reduced. The NPK treatment promoted crop production, but
had little effect on SOC, which was similar to that in CK. However, both SOC and crop yields were increased in the SNPK, M1NPK and
M2NPK treatments, with the greatest effect observed in the M2NPK. These observed data were used to calibrate and verify DNDC model.

The model showed good fitting to measured SOC and crop yields, and thus could be used to predict SOC and crop yields dynamics. The pre—
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diction by the model indicated that combination of inorganic fertilizers and manure could not only enhance crop aboveground and under—

ground biomass and heterotrophic respiration, but also increase soil carbon storage. This result would shed light on fertilization practices in

this region.

Keywords: DNDC model; fertilization; soil organic carbon; carbon cycling; crop yields
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Table 1 Plan of experimental treatments
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CK ANt e ANt e
NPK N+P,05+K,0(165+132+82.5) N+P,05+K,0( 187.5+56.25+493.75)
SNPK FEFF+N+P,0s+K0( 165+132482.5) , 247 £ K FEFF N+P,0s+K,0(187.5+56.25+493.75)
MINPK 42 4N+P0s+K0(165+132+82.5) , 428 n( LASEI 554 N 7580 N+P,05+K,0(187.5+56.25+93.75)
M2NPK 4 FN+P0+K0( 165+132+82.5) , 4+ 2% 1.5n( IS5 N $155) N+P,0s+K,0(187.5+56.25+93.75)
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Table 2 Input parameters of DNDC model
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Table 3 Changes of average yields of wheat and maize under different fertilization treatments

it h
AbBE
1991—1995 4 1996—2000 4 2001—2005 4 2006—2010 4% SEH(H
CK 3114+390b 3465£161b 3003+299b 2888+71b 3118+130b
NPK 9941+175a 11 270+698a 13 074+1178a 11 935+118a 11 555+411a
SNPK 10 560+213a 12 079+753a 12 967+1183a 12 264+327a 11 967+390a
MINPK 10 135+270a 12 134+708a 13 904+1607a 12 887+503a 12 265+529a
M2NPK 10 853+542a 12 758+624a 14 187+730a 12 859+339a 12 664+383a
S 2P bt IR BCR /R N 5 B AL IR 22 521 59% 5 Bk .
R4 TRABIELETZFELBEANHIENESR
Table 4 Changes of soil organic carbon contents under different fertilization treatments
o LA PR g ke
1991—1995 4 1996—2000 4 2001—2005 4 2006—2010 4% 1991—2010 4¢
CK 7.02+0.10¢ 7.04+0.29d 7.88+0.10d 7.62+0.18d 7.39+0.12d
NPK 7.36+0.15¢ 8.20+0.27cd 8.02+0.07d 8.62+0.04d 8.05+0.13d
SNPK 7.99+0.15bc 8.97+0.48¢ 10.46+0.44¢ 10.75+0.23¢ 9.55+0.30c
MINPK 9.30£0.50ab 12.42+0.84b 13.20+0.78b 14.54+0.37b 12.37+0.53b
M2NPK 10.57+0.73a 14.48+1.03a 17.12+0.29a 17.35+0.46a 14.88+0.70a
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Figure 1 Comparisons between observed and simulated values of winter—wheat yields(a,b),corn yields(c,d) and soil organic carbon
contents(e,f) under no fertilization control(CK) ,inorganic fertilizer(NPK ), inorganic fertilizer with straw( SNPK) , inorganic fertilizer with
low manure(M1NPK ) and inorganic fertilizer with high manure( M2NPK ) treatments
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Table 5 Accuracy of simulated results by DNDC model

Ab3p WiH RMSE N-RMSE/% d
Xt CK INEE P 118.96 11.99 0.967 7
FAT 180.53 8.49 0.935 0
SOC &t 0.54 7.26 0.976 1
ABEH NPK N R 649.83 11.87 0.898 9
B/ S s 499.00 8.21 0.928 4
SOC & 0.44 5.47 0.986 1
FEFE+EUBS SNPK INEE P 544.27 9.95 0.924 1
FAT 555.04 8.68 09125
SOC & 0.80 8.43 0.985 7
R HUIE+ AR MINPK INEE PR 664.68 11.66 0.932 6
Tk 534.24 8.14 0.932 0
SOC & & 1.02 8.31 0.985 7
AP+ M2NPK INFE TR 653.40 11.01 0.893 0
FAT 662.09 9.84 0.9217
SOC & 1.12 7.59 0.986 2

TE 72 RMSE 1, /N2 FR i AL kg - hm™; A HLER(SOC) SRR g C-ke's

B X —id i, B2 SOC H52ih CO, BT 7 fift
4G HLHR ( Dissolved organic carbon,DOC ), 338 i HE
T RIS S e R SR A DRI, -3 LR P 1 R/ N2
HIVEW U8 7 400 04 o e A AR IE 1 C s A A D %
53 SOC 1Y C a2t 72 22 18] (18- v R 19 o
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XA HLR B9 43 fif B 5 40 1 ( Heterotrophic respira—
tion, RH) FEHCHY CO, £ LRI it n) T )28 &
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tho R 6 oK, S HNEAL AT 2 G b b K T AR
P&t , SR ER M2NPK Ab PR AT 5 4 A% 0 Ak NPK
SNPK MINPK ZbBEAITE 235 22 5% 0 #0352, WIAFERR

YEIRSAE , it FHCHLAE AEWIFSFE DL KA HUIE S e
EVEMIERARIG C AL, $5 5 i “BRIC R ), H
rh DL ICAILIE e bt v A MUIE SR e i o

R ARG T IEFIR A CO, 2ok A
I WAL A i (B S SR i ) L R A FH
H ) AR 2R P (B 48UHF I, Aerobic respiration,
RA)®I, MifE DNDC BRIl fE b, e Y
CO, FfCk A T RAENFI . 3K 6 ATLUE Y, BA
HE B %o B AR B, 4% it A Ak B R 347 S 38 38 im - R 4R
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PUIER REfE ik 5 P, $ s 1380 “Bili " g
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* 6 AEERLER C WNER C BWHE (kg C-hm™)

Table 6 Carbon inputs and outputs in different fertilization treatments (kg C+hm™)

AREE SN N BN SNE C VNG b AR WTAEME RATRE O ECE  CHALE  Chas C i
CK 0 0 2 456.85¢ 330.67¢ 342.45¢ 21.87a 330.67¢ 364.32¢ -33.65¢
NPK 3525 0 8372.65h  120941b  1101.29d 20.83b 120941d  1122.12d 87.29bc
SNPK 382.81 1822.02 8407.89b  1215.80b  2733.04c 20.12b 303782 2733.04c 284.66b
MINPK 463.61 4200 8426.50b  1217.77b  5074.55b 17.79¢ 5417.77b 5 074.55b 325.43b
M2NPK 5125 6300 937874a  136873a  6967.96a 17.98¢ 7668.73a 6 967.96a 682.79a

TE : R SNBa J5 AN R /INE 5 BERoR AR B A 22 53k 5% 35K
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