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Short—term effect of precision agriculture on winter wheat yield and greenhouse gas emissions in the North
China Plain

LU Chuang', WANG Yong—sheng’, HU Hai—tang', DONG Xi', LI Cun—jun"

(1.Beijing Research Center for Information Technology in Agriculture, Beijing 100097, China; 2.Institute of Geographic Sciences and Natu-
ral Resources Research, Chinese Academy of Sciences, Beijing 100101, China)

Abstract: A field experiment was conducted in suburban areas of Beijing. The effect of four treatments, namely conventional tillage and fer-
tilization (CTF ), precision fertilization (PF) alone at the topdressing stage, laser land leveling(LL) alone prior to sowing, and a combination
of PF+LL, on CO,, N>O, and CH, emissions were examined. The results showed that LL significantly increased the wheat yield by 7.10%
compared with CTF, and surface soil moisture content was significantly improved. Regarding greenhouse gas emissions, the amount of CH4
absorbed by soil was significantly increased by 22.00%, but CO, and N,O emission fluxes were increased by 27.20% and 8.81%, respective-
ly. Compared with CTF, PF had no effect on wheat yield. The peak value of N,O emissions emerged after topdressing and significantly de-
creased by 15.41%. The emission fluxes of N,O between the topdressing stage and harvest stage were significantly decreased by 15.05%.

However, in the entire season of winter wheat, there were no differences in emissions of CO», N>O, and CH, found between PF and CTF. PF+
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LL significantly increased the wheat yield by 8.20% compared with CTF, and the water holding capacity of soil was enhanced, as the water

content was significantly increased by 8.81% and 7.63% in the rainy season and irrigation season, respectively. The cumulative emissions

of CO, were significantly decreased by 33.53%. The absorbed amount of CH, was significantly decreased by 31.50%. PF+LL also had no ef-

fect on the cumulative emissions of N,O in the entire season of winter wheat, but it significantly decreased the N,O emissions between the

topdressing stage and harvest stage. In summary, LL could significantly increase the winter wheat yield, but it also increased the global

warming potential. PF had no significant effect on wheat yield, but it decreased the peak value of N>O emissions, thereby showing the poten-

tial to reduce N,O emissions. In conclusion, the prospects of precision agriculture technology in increasing production and reducing emis-

sions need to be further studied.

Keywords : precision fertilization; laser land leveling; winter wheat; greenhouse gas emissions
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Figure 1 Spatial map of fertilization rates
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Table 1 The time schedules of field management in 2016 winter wheat

AbBE Treatments 2016.09.18 2016.09.23 2017.03.25 2017.03.26 2017.06.16
CTF A Hh it JIE 42 WML N118 kg-hm™ FEE 100 mm WAk
PF B it JIE 42 ol KEHERAE N118 kg+hm™ FEE 100 mm WAk
LL HWOGT-H Jit HE 47 Fol HHUMENE N118 kg+hm™ FEE 100 mm ek
PF+LL OG- it N3 il FEWEMEAL N118 kg+hm™ EIBE 100 mm Wk
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Table 2 Correlations of greenhouse emissions with soil

temperature and moisture under different treatments

S 3R Soil temperature 3R FE Soil water contents
Treatments (0, N.O CH, €O, N.0 CH.
CTF  0476%% 0.031 0222 -0274 0192 0226
PF 0.468* -0.195 0.131  -0.310  0.347%  0.231
LL 0.481%% -0.043 0316 -0.247  0.395%  0.148
PF+LL  0.451*%* -0.182 0271 -0.294 0.370*  0.157
T A2 R AE 0.05 F10.01 F FAYHISEME B3 .

Note: * and ** means the correlation is significant at the 0.05 and

0.01 level respectively.
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FEF- A it X COLHE G 2 E2EAE T, 5 CTF A H
LL Al PF+LL i HE 0 1) 2% $2 55 27.20% . 33.53%
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Table 3 Total CO», N>O and CH. emissions under different treatments (kg+hm™)

A} 1 Period AL B Treatments CO,—C N.0-N CH.~C
FEHEENE HT CTF 833.31+34.43h 0.359+0.015h -1.57+0.097h
Before precision fertilization PF 792.73+46.07b 0.361:0.014b ~1.5120.063b
LL 1 049.32+62.05a 0.399+0.019a ~1.90+0.10a
PF+LL 1084.13+52.97a 0.404+0.021a ~1.9420.086a
FEUERLIC S CTF 1339.12+62.64¢ 0.186+0.007 3a -0.43+0.028¢
After precision fertilization PF 1 485.65+86.74b 0.15820.007 2b ~0.56+0.021b
LL 1713.99492.34a 0.194+0.012a ~0.5420.020b
PF+LL 1 816.63+77.54a 0.167+0.007 9b -0.69+0.028a
SR CTF 2 172.43+55.62b 0.545+0.024hc -2.00+0.075b
Total emissions PR 2278.38+100.79b 0.519+0.021c -2.070.098b
LL 2763.31+164.76a 0.593+0.029a ~2.44+0.16a
PF+LL 2900.76+177.27a 0.571+0.025ab -2.63+0.12a

TE  ANA/NG PR R AR BRE £E 0.05 K- E 225 B3, T IR,

Notes : Different small letters mean significant difference at 0.05 level. The same below.
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Figure 5 N>O emission fluxes in wheat soil under

different treatments
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Figure 6 CH, emission fluxes in wheat soil under

different treatments
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Table 4 Comparison of GWP and GHGI under different treatments
S GWP/

GHGI/kg eqCO,- kg™

it kg-hm™ kg eqCOs-hm™ grain yield
CTF  5510.66£157.66b 8 458.08+326.83h 1.53+0.059h
PF  5695.79+208.50ab 8 564.66:570.63b 1.50+0.062b
LL  5901.54+163.85a 10328.64+533.50a  1.75:0.081a
PF+LL  5962.59+195.38a 10 815.65+665.73a  1.81=0.099a
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