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Optimization of Nitrogen Fertilizer and Straw Measures to Control Ammonia and
Stabilize Nitrogen Yield in Summer Maize Farmland Based on DNDC Model
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Abstract; In order to clarify the significance of suitable fertilization straw measures for summer maize
farmland in Guanzhong region in the future climate conditions to control ammonia and stabilize yield and
cope with climate change, based on the two-year field experiment conducted in 2019—2020, the impact
of different nitrogen fertilizer types and different straw returning modes on soil ammonia volatilization and
crop yield in farmland was studied. The DNDC model was calibrated and validated according to the field
measured data, and the validated model was used to simulate the effects of different fertilization — straw
measures on summer maize yield and soil ammonia volatilization accumulation under future climatic
conditions. Taking into account the yield and the cumulative amount of soil ammonia volatilization of
maize per production unit, the optimal ammonia control and stable yield fertilization — straw measures for
summer maize farmland in Guanzhong area under future climatic conditions were finally put forward. The
results showed that the corrected DNDC model could well simulate summer maize growth and soil

ammonia volatilization accumulation under different fertilization — straw measures. Under future climatic
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conditions, straw returning would significantly increase summer maize yield and reduce soil ammonia
volatilization accumulation per unit yield of maize. Under the RCP4.5 emission scenario, in the future
from 2030 to 2090, the soil ammonia volatilization accumulation amount per unit yield of maize was lower
and the yield was higher when the full amount of straw was returned to the field and 180 kg/hm” stable
nitrogen fertilizer was applied to the field. Under the RCP8. 5 emission scenario, in the future of 2030—
2050 and 2070—2090, the full amount of straw was returned to the field with 180 kg/hm® of stable
nitrogen fertilizer and the full amount of straw was returned to the field with 162 kg/hm” of stable nitrogen
fertilizer production unit, the soil ammonia volatilization accumulation in yield maize was lower and yield
was higher. Therefore, under the RCP4.5 emission scenario, the full amount of straw returned to the
field and the application of 180 kg/hm® stable nitrogen fertilizer was more optimal fertilization — straw
measure for controlling ammonia production and stabilizing production in Guanzhong area from 2030 to
2090. Under the RCP8. 5 emission scenario, the combination of 180 kg/hm” stable nitrogen fertilizer and
162 kg/hm’ stable nitrogen fertilizer combined with the full amount of straw returning to the field were the
optimal fertilization — straw measures for 2030—2050 and 2070—2090 in Guanzhong area, respectively.
The results can provide a reference for the realization of sustainable agricultural development and stable
yield and emission reduction in Guanzhong area.

Key words: summer maize; straw returning; ammonia volatilization; DNDC model; climate change
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X3 RCPAS BEETARBREYTFENEFTEMFEETANIESELERE

Tab.3 Crop yield and soil ammonia volatilization accumulation of maize production unit in different scenarios under RCP4. 5

1/(gkg™") P4t/ (kgohm %)
b3 126 144 162 180 198 216 234 126 144 162 180 198 216 234

kg/hm* kg/hm’? kg/hm? kg/hm? kg/hm® kg/hm* kg/hm® kg/hm®> kg/hm® kg/hm? kg/hm? kg/hm* kg/hm* kg/hm*
2030 45 2.60 2.40 2.26 2.13 2.15 2.25 2.46 6688 7818 8944 10972 11035 11239 11239

2050 4 2. 41 2,22 2.08 1.99  2.05 2.21 2.37 7446 8590 9731 10816 11299 11299 11299
BEAF 40kt

2070 4 2.37  2.18 2.04 1.96 2,02 2.15 2.29 7538 8661 9780 10780 11194 11194 11194

2090 4 2.35  2.19 2.07 2.01 2.11 2,25 2.38 7695 8791 9883 10824 10974 10974 10974

2030 4= 2.37 2.20 2.08 2.00 1.94 1.98 2.18 5745 6887 8024 9158 10281 11117 11228

2050 4 2.34  2.15 2.03 1.93 1.87 1.96 2.18 6160 7314 8465 9614 10739 11299 11299
REAFf ki :

2070 4F 2.37  2.18 2.04 1.94 1.88 1.95 2.14 6139 7274 8406 9534 10608 11194 11194

2090 4 2.38  2.20 2.07 2.01 1.96 2.07 2.27 6214 7332 8429 9521 10579 10953 10953

2030 45 3.18 3.00 3.12 3.45 3.87  4.39 4,90 4651 5939 7026 7988 8786 9456 10085

2050 4 3.30  3.21 2.98  3.08 3.21 3.38  3.62 4625 5846 7018 8077 9086 10068 10859
HEAF ARSI

2070 4 3.38  3.21 2.97 2.94 3.08 3.27 3.56 4772 6145 7516 8829 9917 11046 11886

2090 4= 3.35 3.10 3.22 3.18 3.38 3.60 3.91 4771 5951 7077 8176 9164 9980 10700

X4 RCP.SEBEETARBEEYFENMETAMFEEANIESRELXERE

Tab.4 Crop yield and soil ammonia volatilization accumulation of maize production unit in different scenarios under RCPS8. 5

I/(gkg™") FodE/ (kg-hm %)
b3 126 144 162 180 198 216 234 126 144 162 180 198 216 234

kg/hm? kg/hm? kg/hm? kg/hm? kg/hm* kg/hm* kg/hm? kg/hm® kg/hm? kg/hm? kg/hm? kg/hm* kg/hm* kg/hm?
2030 4= 2.60 2.40 2.25 2.15 2.15 2.28 2.48 6773 7925 9073 10775 11027 11310 11310

2050 4 2.47 0 2.27 2,12 2,03 2.09 2.25 2,40 7359 8507 9653 10756 11300 11310 11310
BT B

2070 4 2.57  2.42  2.33  2.34  2.46 2.61 2.77 7584 8656 9661 10350 10530 11530 11530

2090 4= 2.66 2.58 2.56 2.60 2.75 2.90 3.05 7307 8080 8778 9312 9312 9312 9312

2030 4 2.38  2.19  2.07 1.98 1.93 1.99 2.19 5802 6973 8133 9289 10402 11192 11310

2050 4 2.40 2.20 2.06 1.96 1.90 2.00 2.20 6084 7251 8408 9562 10705 11300 11300
B AP L

2070 4 2.54  2.37 2,27 2,23 2,26 2,40 2.62 6190 7315 8406 9424 10222 10530 10530

2090 4F 2.67 2.47 2.46 2.43  2.53  2.73 2,94 5981 7069 7905 8622 9260 9312 9312

2030 4F 3.31 3.09  2.97 2,94 297 2.96 3.01 4474 5614 6755 7748 8844 9910 10951

2050 42 3.35  3.09 2.93 2.96 3.0 3.10 3.25 4406 5582 6898 8264 9491 10647 11650
i A

2070 4= 3.43  3.10 2.94 3.00 3.13 3.33 3.50 4576 6037 7512 8858 10066 11167 11581

2090 £ 3.76  3.43 3.30 3.33 3.53 3.85 5.21 4193 5339 6438 7465 8326 9123 9899
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