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Responses of soil organic carbon and crop yield to surface mulching
with straw and plastic film in winter wheat field using DNDC model
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Abstract: The long-term trends of winter wheat field soil organic carbon (SOC) and crop yield to straw mule-
hing and plastic film mulching were modelled using the Denitrification-decomposition ( DNDC) model based on a
winter wheat mulching field experiment on the Loess Plateau of China. Strong consistence was found between the
modelled values with field observations for both SOC and yield, indicating that DNDC was a useful tool to test the
long-term effects of surface mulching on these two indicators. At a 50—year scale, the SOC content at 0~50 c¢cm depth
showed a downward trend under no mulching and plastic film mulching, with an average annual change of —11.3
kg + hm™ and —25.2 kg - hm™, respectively. On the contrary, the SOC content presented an increasing trend under
straw mulching at rates of 4 500 kg + hm™ and 9 000 kg - hm™, with an average annual change of 116.3 kg « hm™
and 256.9 kg + hm™, respectively. It was manifested as a trend of more increments in the first 5 years, and a de-
crease in later increments and reaching equilibrium in the 40 ~ 50 years. The simulated wheat yield ranged from
5713.3 kg - hm™ to 7 046.7 kg + hm ™. Compared with no mulching, wheat yield increased by 2.7%, 9.8% and
13.4% with plastic film mulching, and straw mulching at 4 500 kg + hm™ and 9 000 kg + hm™ averaged across 50
years , respectively. There was a significant positive correlation between the modelled SOC content and wheat yield. In

general , compared with no mulching, plastic film mulching and straw mulching could be a reliable management practice
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for long-term carbon sequestration and yield increase in the dryland agricultural systems on the Loess Plateau.

Keywords: DNDC model; straw mulching; plastic film mulching; soil organic carbon; yield; winter wheat
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Fig.1 Comparison of simulated and measured soil organic carbon content under different mulching treatments
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Table 1 Accuracy analysis of SOC content simulation using DNDC model
AbFH Treatment TiH Ttem 2009 2010 2011 2012 2013 2014 2015 2016 R r
RMSE/ (g - kg™ 0.19 0.53 0.71 0.75 0.58 0.64 0.79 1.24
K (g-ke™) 0.657 0.840
NRMSE/ % 2.00 5.36 6.96 7.13 5.57 6.14 7.44 10.93
RMSE/ (g - kg™") 0.22 0.22 0.16 0.15 0.24 0.79 0.85 0.81
PM 0437  0.720"
NRMSE/ % 245 234 1.79 1.66 2.49 747 7.96 7.79
RMSE/ (g - kg™) 0.25 0.39 0.93 0.36 0.33 0.26 0.05 0.11 B
LSM 0495 0.753*
NRMSE/ % 2.30 3.55 7.38 3.13 2.74 1.9 0.36 0.83
RMSE/ (g - kg™") 0.14 0.22 1.08 0.21 0.42 0.39 0.48 0.86 )
HSM 0.736  0.880" "
NRMSE/ % 1.45 2.18 9.01 2.04 3.9 343 4.05 6.81

11 : RMSE-AHXS BT AR 22 | NRMSE-FRIEAL I TR 2% 5 = + B E /K (P<0.01), * EIKF(P<0.05), FFE,

Note: RMSE~- root mean square error, NRMSE—- normalized root mean square error. * * and * indicate significant differences at P<0.01 and P<

0.05 levels, respectively. The same below.
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Fig.2 Comparison of simulated and measured crop yields under different mulching treatments
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Table 2 Accuracy analysis of wheat yield simulation using DNDC model

AbFF Treatment WiH Ttem 2009 2010 2012 2013 2014 2015 2016  R? r
RMSE/ (kg - hm™2) 148.97 205.41 675.74 14627 229.16 289.42 201.21 379.43 .
CK 0.486 0.748"
NRMSE/% 3.19 446 2130 424 365 462 849
RMSE/ (kg - hm™) 238.30  610.04 313.23 562.8 22349 189.91 27045 373.71 .
PM 0.658 0.873
NRMSE/ % 529 1330 746 874 453 254 535 676
- RMSE/ (kg - hm™2) 16411 329.61 21544 45054 51537 121544 84S0 L7601 0
NRMSE/ % 352 663 430 725  10.09  19.03 1296 24.62 ‘
RMSE/ (kg - hm™2) 182.73  681.09 67245 51.57 476.85 781.79 344.91 946.75 .
HSM 0.725 0.841

NRMSE/ % 3.93  13.83 1496  0.83 9.40 11.70 5.18  20.81
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