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Abstract: To investigate the effects of different irrigation methods on the carbon balance of the wheat
field ecosystem and to propose a water-saving, emission-reducing, and high-yield irrigation model
suitable for wheat production in the North China Plain, three irrigation methods were set up: tradi-
tional surface irrigation(FI), alternate furrow irrigation(ABI), and micro-sprinkler irrigation(MSI) ,
and three micro-sprinkler irrigation quotas of 20 mm(MSI20), 30 mm(MSI30), and 40 mm(MSI40)

under the MSI conditions were set up to explore the impacts of different irrigation methods and micro-
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sprinkler irrigation quotas on soil respiration, net carbon value of the farmland ecosystem, and soil
carbon emission efficiency in wheat fields. Compared with the FI treatment, the MSI treatments re-
duced soil respiration rate before heading stage but increased it during the grain-filling stage. The ABI
treatment had a lower soil respiration rate due to the lower irrigation amount. The carbon emissions
from irrigation power consumption accounted for 60. 3% to 75. 8% of the total carbon emissions from
production materials of all treatments, being the main carbon source in irrigation agriculture inputs.
Compared with the FI treatment, the average yields of the MSI20 and MSI30 treatments increased by
6.5% and 8.1%, respectively over the two years, and the net carbon value of the wheat field ecosys-
tem was increased by 20. 2% and 15. 5%, respectively, and soil carbon emission efficiency was in-
creased by 9.4% and 2. 9% in 2022—2023, respectively. Although the ABI treatment achieved simi-
lar or even higher net carbon values of the wheat field ecosystem and soil carbon emission efficiency,
its yield decreased by 5.1% to 9.8% when compared to that under FI treatment. Under micro-sprin-
kler irrigation conditions, the yield of winter wheat did not increase significantly with the increase of
micro-sprinkler irrigation quota. Moreover, in the case of heavy rainfall during the middle of grain-
filling stage, the yield, net carbon value of the wheat field ecosystem, and soil carbon emission effi-
ciency with higher micro-sprinkler irrigation quota(MSI40 treatment in 2022—2023) were significant-
ly reduced compared to other micro-sprinkler irrigation treatments. Under the conditions of this ex-
periment, considering water conservation, emission reduction, yield, and environmental benefits, mi-
cro-sprinkler irrigation quotas of 20 mm is the best irrigation management model.

Keywords: Wheat; Irrigation methods; Micro-sprinkler irrigation; Carbon emissions of production ma-

terials; Net carbon value; Carbon emission efficiency
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Table 1 Index of carbon emission of different

materials for agricultural production

i H W HE R 2 B % Wk
Ttem Index of carbon emission Reference
N 1.74 kg « kg ! [23]
P, 05 0.20 kg * kg ™! [24]
K, O 0.15 kg * kg ! [24]
%57 Herbicide 6.30 kg » kg ! [24]
AR M| Pesticide 5.10 kg « kg ! [24]
K # 7| Bactericidal agent 3.90 kg * kg™ ! [24]
4530 Diesel 0.94 kg « kg™! [24]
#fE Electric energy 1.14 kg« kW !+ h'! [25]
INEFIT Wheat seeds 0.11 kg » kg ™! [26]
WWEHF Micro-sprinkling hose 0.85 kg » kg™! [5]
#— A1 Every labor 0.24 kg« d™! [5]
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Fig. 2 Influence of different irrigation methods on carbon sequestration of winter wheat
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Influence of different irrigation methods on soil respiration rate, microbial respiration rate,

and root respiration rate of winter wheat from 2021 to 2022 and 2022 to 2023
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Table 2 Influence of different irrigation methods on carbon emission of different materials
for winter wheat production kg * hm™?
AT
4 py I R T T e v L E
Year  Treatment Seed [T Pesticide SO Sowing  Harvest “E‘(;‘f;‘f;ﬁ POVET sprinkling  Labor  Total
prep P hose

2021—2022 FI 33.0 401.1 3.42 38.3 10. 6 36.6 1596 0 3.18 2122

ABI 33.0 401.1 3.42 38.3 10. 6 36.6 798 0 2.31 1323

MSI20 33.0 401. 1 3.42 38.3 10. 6 36.6 912 56.7 0.96 1493

MSI30 33.0 401. 1 3.42 38.3 10. 6 36.6 1 368 56.7 1.20 1949

MSI40 33.0 401. 1 3.42 38.3 10. 6 36.6 1824 56.7 1.44 2405
20222023 FI 20,6 4011 342 8.3 10.6  36.6 1596 o 518 2110

ABI 20.6 401.1 3.42 38.3 10. 6 36.6 798 0 2.31 1311

MSI20 20. 6 401. 1 3.42 38.3 10. 6 36.6 946 56.7 0.96 1514
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Fig.5 Influence of different irrigation methods on carbon emissions of soil
respiration in wheat field(A) and net carbon value(B)
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Fig. 6 Influence of different irrigation methods on yield of winter wheat(A) and carbon emission efficiency(B)
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