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Abstract: [ Objectives ] The DNDC and RothC models with different levels of complexity were used to
simulate the dynamics of soil organic carbon (SOC) for dryland field under different amounts of straw return. The
model results were compared and the causes for the differences of model simulations of two models were
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investigated, which provides references for model selections of cropland SOC modeling. [ Methods ] The
experimental data (climate, soil, crop, etc.) were obtained from the long-term field experiment at Changping Soil
Quality National Observation and Research Station, which started in 2008 and included three treatments, namely,
single application of chemical fertilizer (NPK), chemical fertilizer plus crop straw (NPKS) and chemical fertilizer
plus organic fertilizer (NPKM). The DNDC and RothC models were used to simulate the dynamic changes of
SOC in the dryland, and the measured 0—20 cm SOC density in the tillage layer was applied to calibrate and
validate the models. Based on the validated models, the simulation results of SOC dynamics were compared and
analyzed under the scenarios of different straw return rates (0, 2250 and 4500 kg/hm?). [ Results ] Overall, both
models achieved good simulation results for the SOC in the tillage layer, with the nRMSE less than 20%, the
absolute value of nARE less than 15%, and the » ranging from 0.69 to 0.91, which indicated that both models were
suitable for simulating the SOC dynamics of the dryland in this study area. With the increase of simulation years,
the SOC densities under different straw return scenarios all showed a gradual increase, but the increase rate
gradually slowed down, and the more straw return, the more obvious the increase in SOC density. Due to
differences in how the two models calculate root-derived carbon input, the predicted changes in SOC also vary.
By the 190th year of the projection, the DNDC model showed that under the scenarios of no straw return, half
straw return, and full straw return, SOC density increased by 39%, 95%, and 147%, respectively, compared to the
first year of the projection. In contrast, the RothC model predicted increases of 104%, 206%, and 307% in SOC
density under the same scenarios. [ Conclusions ] Both the DNDC and RothC models performed well in
simulating SOC dynamics in dryland soils and showed similar trends in predicting SOC changes under different
straw return scenarios. Due to its simpler structure and fewer input parameters, the RothC model is suitable for
rapid SOC simulation and assessment. In dryland soils, it can replace the DNDC model for predicting SOC
dynamics under straw return practices. On the other hand, the DNDC model simulates complex crop growth and
soil biogeochemical cycles, making it more suitable for comprehensive simulation and assessment of the
agroecosystem.

Key words: DNDC model; RothC model; soil organic carbon; straw return; dryland farmland
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Table 1 Calibration results of crop parameters in the DNDC model

VIS8 PRIAMH Default value FE{E Calibrated value
Crop parameters F K Maize /NAZ Wheat E K Maize /NFZ Wheat
FERLER KA 9 Maximum grain biomass [C kg/(hm?-a)] 4123 3120 4123 3120

e H CFFRE T 2X) Biomass fraction (grain : leaf : stem) 0.4 :0.22:0.22 0.41:021:0.21

KPRk & L C/N ratio in grain

B LL C/N ratio in leaf

ZERRA L C/N ratio in stem

RARMKEA L C/N ratio in root

B Thermal degree days for maturity (°C)
7K & Water demand (water g/g DM)
ZUEEFREUN fixation index (Crop N/N from soil)

FoE IR Optimum temperature (°C)

0.4:021:0.21 0.41:020:0.20

50 40 50 40
80 95 60 90
80 95 60 90
80 95 60 90
2250 1300 2250 1300
150 200 150 200
1 1 1 1
30 22 30 22
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Table 2 The initial allocation value of carbon pools
before simulation in RothC model

AL TR L
ib s Total organic Allocation of each carbon pool
Treatment
carbon DPM RPM BIO HUM IOM
NPK 21.59 1.23 358 036 1480 1.62
NPKS 21.94 1.25 363 037 1503 1.65
NPKM 26.15 149 432 044 17.88 2.02

TE: NPK—HUGIL; NPKS—RILAYESFEFT; NPKM—LALHN
AL, DPM—5 Ik s RPM—UESMFAE ISR ; BIO—
WAMEY =, HUM—EFEALE LR, IOM—IEHEA L. KT
FRSBRIZELE VAR N B9 20 R 8 4 (), DPMy10.0, RPM240.3,
BIO}0.66, HUM 40.02, Ayanaba®%:281i@ 14 ¥4 DPM/RPM tb{H
({81%DPM/RPM=3.35), iz fHIRothCHIR &7 B8l 1 HAui 4 X
VCHRIC Y SR A TR TR )y A7 At B, PRIAS I S0R A8 T Y &
KRR DPM/RPMIE H3.35.,

Note: NPK—Single application of chemical fertilizer; NPKS—
Chemical fertilizer plus crop residue; NPKM—Chemical fertilizer plus
organic fertilizer. DPM—Decomposable plant material; RPM—
Resistant plant material; BIO—microbial biomass; HUM—Humified
organic matter; IOM—Inert organic matter. The decomposition rate
constants (k) for each carbon pool within one year are set as follows,
DPM is 10.0, RPM is 0.3, BIO is 0.66, HUM is 0.02. Ayanaba et al.1?*]
successfully simulated the decomposition process of '“C-labeled
ryegrass and maize leaves in tropical regions using the RothC model
by adjusting the DPM/RPM ratio (assuming DPM/RPM = 3.35).
Therefore, in this study, the DPM/RPM ratio of the returned maize
residues is set to 3.35.

K3 . B 2 Al dan, Wb ) 45 Ab HE SOC % B
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3 A4 B A HE 5 0 (B 2 18] /Y nRMSE 43514
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] i) nRMSE 43518 6.0% . 6.7% i1 12.3%. FHILAT
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3 A Ak BB EL(E 5 00 A 22 8] 9 nARE 4351 R
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WA Z (8] 9 nARE 7351 4-2.7% . —1.0% H1 5.4%,
FT A Ab PR ) nARE 48X B /N T 15%, 32 B 78 Fii
-5 LI K4 =2 18] A AR SR 22 4N, RO R
AL FE SOC %5 B LI 55 B AU =2 [1] (4 4F 5 53 BT 45
JEULIE 3. A 3 AT LA Y, Wﬁﬂﬂﬁﬁa‘éﬁ&ﬁi
4 0.69~0.91, HIEE| T HE K (P<0.05), iX
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Fig. 2 Comparison between simulated and observed
SOC density

TE: SOC—HEfpLk; NPK—IEILIE; NPKS—LHEIERS
;3 NPKM—LAEIA HLAE

Note: SOC—Soil organic carbon; NPK—Single application of chemical
fertilizer; NPKS—Chemical fertilizer plus crop residue; NPKM—

Chemical fertilizer plus organic fertilizer.
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