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Abstract

Object: In order to improve the poor soil aeration in maize root zone caused by mulched drip irrigation and
promote maize growth and yield, a two-year field experiment was conducted in this study for investigating
the effects of aerated irrigation and fulvic acid application on soil aeration in the maize root zone drip
irrigation, and revealing the response characteristics of maize physiological growth, dry matter accumulation,
yield, and on-farm carbon emission to aerated irrigation and fulvic acid application, so as to provide a
reference for the production of maize under mulched drip irrigation in Xinjiang, and to provide a scientific
guideline and a theoretical basis for the sustainable development of water-saving irrigated agriculture.
Methods: Taking “Fengyu 33” as the maize test variety, a field experiment with a complete randomized block
experimental design was conducted in Xinjiang, China, in 2023 and 2024, involving two irrigation methods
(AO: unaerated conventional drip irrigation, A1: aerated drip irrigation) alongside four fulvic acid application
rates (FO: 0.00% of urea weight, F1: 0.25% of urea weight, F2: 0.50% of urea weight, F3: 0.75% of urea
weight). Consequently, a total of 8 treatments were set up with 3 replications for each.
Results: (1) Both aerated drip irrigation and fulvic acid application can significantly increase soil oxygen
content, temperature and respiration rate, and reduce soil pH. However, with the increase of fulvic acid
application, the soil oxygen content, temperature and respiration rate all increased first and then decreased,
reaching a peak at the fulvic acid level of the 0.50% of urea weight. With no application of fulvic acid, the
soil oxygen content, temperature and respiration rate significantly increased by 15.35%~16.60%,
5.23%~7.30% and 54.44%~56.84% respectively under aerated drip irrigation compared with those under
non-aerated drip irrigation. Under non-aerated drip irrigation, compared with no application of fulvic acid,
when fulvic acid accounted for 0.25%, 0.50% and 0.75% of the urea application rate was applied, the soil
oxygen content, temperature and respiration rate significantly increased by 1.81%~3.78%, 5.44%~8.84%,
2.65%~6.06% (soil oxygen content), 3.54%~3.99%, 8.31%~9.39%, 5.10%~5.92% (soil temperature) and
23.16%~26.09%, 49.18%~56.26%, 45.33%~49.74% (soil respiration rate) , respectively. It is worth noting
that the coupling of aerated drip irrigation and fulvic acid has a better effect on increasing soil oxygen content,
temperature and respiration rate, as well as reducing soil pH. The entropy weight-TOPSIS method was used
to conduct a comprehensive evaluation of soil aeration, suggesting that fulvic acid at 0.50% of the urea
application rate under aerated drip irrigation was the optimal in improving soil aeration.

(2) Both aerated drip irrigation and fulvic acid application can significantly increase the plant height,
stem diameter, leaf area index and dry matter accumulation of maize, and are conducive to enhancing the

photosynthetic characteristics of maize. However, with the increase of fulvic acid application, the above



indicators all increased first and then decreased, reaching a peak at the fulvic acid level of the 0.50% of urea
weight. Among them, with no application of fulvic acid, the maize dry matter accumulation in the upper part
significantly increased by 7.05%~28.45% under aerated drip irrigation compared with that under non-aerated
drip irrigation. Under non-aerated drip irrigation, compared with no application of fulvic acid, when fulvic
acid accounted for 0.25%, 0.50% and 0.75% of the urea application rate was applied, the maize dry matter
accumulation in the upper part significantly increased by 1.93%~53.77%, 10.40%~40.04% and
6.17%~30.55%, respectively. It is worth noting that the coupling of aerated drip irrigation and fulvic acid has
a better effect on promoting maize growth, which is significantly increased by 3.57%~37.06% and
7.11%~27.05% respectively compared with aerated drip irrigation only and fulvic acid application only.

(3) Both aerated drip irrigation and fulvic acid application can significantly increase maize yield.
However, with the increase of fulvic acid application, the maize yield increased first and then decreased,
reaching a peak at the fulvic acid level of the 0.50% of urea weight. With no application of fulvic acid, the
maize yield significantly increased by 16.97%~34.11% under aerated drip irrigation compared with that
under non-aerated drip irrigation. Under non-aerated drip irrigation, compared with no application of fulvic
acid, when fulvic acid accounted for 0.25%, 0.50% and 0.75% of the urea application rate was applied, the
maize yield significantly increased by 9.04%~15.31%, 29.65%~35.06% and 19.86%~23.97% respectively.
It is worth noting that the coupling of aerated drip irrigation and fulvic acid has a better effect on increasing
maize yield, which is significantly increased by 9.57%~40.50% and 19.00%~27.45% respectively compared
with aerated drip irrigation only and fulvic acid application only. During the two years, the highest maize
yield was observed at the fulvic acid level of the 0.50% of urea weight under aerated drip irrigation, which
were 17423.51 kg-hm (2023) and 20922.86 kg-hm (2024), respectively. The soil carbon emission
efficiency over the two years decreased with the adoption of aerating and the increasing application of fulvic
acid. However, the decrease in carbon emission efficiency caused by aerated drip irrigation and the
application of fulvic acid was much smaller than the increase in yield they produced. Through a
comprehensive evaluation of all treatments, the study concluded that fulvic acid at 0.50% of the urea
application rate under aerated drip irrigation was the optimal treatment for this study.

Conclusion: Aerated drip irrigation and fulvic acid application can effectively improve the soil aeration in
maize root zone, promote the growth and development of maize plant, enhance the photosynthetic
characteristics and promote the dry matter accumulation of maize, thereby increasing maize yield and
promoting soil carbon emission. However, under the application of aerated drip irrigation and fulvic acid, the
reduction of carbon emission efficiency is much smaller than the increase of yield. Considering the effects
of aerated drip irrigation and fulvic acid application on the aeration of maize root zone, physiological growth

of maize, maize yield and soil carbon emission of maize farmland, the study concluded that the combined
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application of aerated drip irrigation and fulvic acid has high practical significance in realizing the
coordination of economic benefits and environmental protection. Fulvic acid at 0.50% of the urea application
rate with aerated drip irrigation was the optimal treatment in this study.

Key words: maize; mulched drip irrigation; aerated irrigation; fulvic acid; kernel yield
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