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Spatiotemporal Variations and Driving Factors of Maize Nitrogen Fertilizer Use Efficiency in

China over Past 20 Years

XIAO Xun'?, WANG Lu', ZHAO Lin'?, DAI Wentai'? LIU Shuhan'?, SHEN Renfang'?, ZHAO Xuegiang'*"

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
211135, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Maize is an important crop for food, feed, and industrial raw materials, with a high nitrogen (N) fertilizer application
rate but relatively low N use efficiency (NUE). In recent years, the form, rate, method of N fertilizer application and the variety
and cultivation method of maize have changed in China. However, the changes in fertilizer NUE of maize under this new situation
remain unclear. Through a bibliometric analysis of 1 216 trials on maize NUE from 2000 to 2023, we investigated the
spatiotemporal variations and potential driving factors of maize NUE in China. From 2000 to 2023, the obtained results showed
that the average apparent NUE, partial factor productivity, agronomic efficiency, and physiological efficiency for maize in China
are 32.60%, 47.03 kg/kg, 13.01 kg/kg, and 38.50 kg/kg, respectively. As N application rate increases, all these NUE parameters
show a declining trend. When N application rate ranges from 180 to 240 kg/hm? relatively high maize yields and NUE are
achieved. The NUE of maize in China exhibits significant spatiotemporal variations. In terms of temporal change, since 2000, the
trend in maize NUE in China initially declined from 2000 to 2010, followed by steady growth from 2011 to 2023. Currently, the N
apparent use efficiency from 2016 to 2023 (37.12%) is similar to that of 2000—2005 (37.39%), increased by 8.83 and 5.11
percentage points compared to the periods of 2006—2010 (28.29%) and 2011—2015 (32.01%), respectively. Regarding
regional differences, the average apparent NUE is the highest in Northeast China (36.68%), followed by Northwest (33.27%) and
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East China (32.33%), and the lowest in North and South China (30.96% and 30.41%, respectively). Random forest analysis

indicates that soil pH and organic matter are two main driving factors responsible for the regional differences in the apparent NUE.

In conclusion, over the past 20 years, there is significant spatiotemporal variation in maize NUE of China and a substantial

increase in maize NUE, and soil pH and organic matter are two main soil factors driving the differences in the NUE of maize.

Key words: Maize; Nitrogen use efficiency; Nitrogen application rate; Spatiotemporal variations; Bibliometric analysis
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Table 3 Changes of maize N application rate, yield and N use efficiency in China over past 20 years
AR K] i FER U RNEFW R AL R A A
(kg/hm?) (kg/hm?) (kg/hm?) FIFHZ (%) A 77 71 (kg/kg) MR kgkg)  FIHR(kg/kg)
2000—2005 4 (n=156) 172.58 4976.69 741293 37.39 50.79 14.88 38.90
2006—2010 4 (n=348) 243.80 7 968.71 9969.15 28.29 48.54 10.20 31.84
2011—2015 4F-(n=420) 249.23 7286.72 10 004.32 32.01 47.08 13.46 41.39
2016—2023 4 (n=292) 234.68 6383.31 9 660.06 37.12 46.68 14.62 42.57
e R on WEEAE; TR
Fz4 TRIXRFGEXRERE, mERMEDREFAYE
Table 4 N application rates, grain yields, and various N use efficiencies of maize in different regions
X3 i A Rl it ™ ANEMFHE  AEwA™D FIERS¥SE AR AR
(kg/hm®) (kg/hm?) (kg/hm?) (%) (kg/kg) (kg/kg) (kg/kg)
Ak 210.86 7197.55 10 304.20 36.68 58.06 15.75 41.06
44k 225.40 7 015.06 9015.38 30.96 45.75 10.12 31.10
R 274.22 7268.31 9 780.72 32.33 41.34 11.47 32.87
[ifE]d 237.12 6 154.50 9779.13 33.27 46.93 17.18 50.91
M 223.73 5515.62 8536.90 30.41 42.89 13.73 52.73
ENER ] 235.50 6 844.44 9513.37 32.60 47.03 13.01 38.50
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Fig. 1 Relationships between N application rate, maize yield (A) and relative maize yield (B)
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Fig.2 Changes of maize N recovery efficiency (A), partial factor productivity from applied N (B), agronomic efficiency of applied N (C) and
physiological efficiency of applied N (D) with applied amount of N fertilizer

http://soils.issas.ac.cn



54 +

e 558 &

x5 TREARETERER~ERALFHBER

Table 5 Maize grain yields and N use efficiencies at different N application rates

M (kg/hm®)  PehEE(kg/hm®)  FACERMAIHR%)  ZHCWRA Jikegkeg)  BIBKRZERCR(kgke) AN BRI R (keg/kg)
<100(n=75) 8 609.70 39.33 106.35 14.10 33.82
100~180(n=257) 8711.67 38.59 63.21 17.79 45.73
180~240(n=461) 9936.08 34.88 42.71 13.82 38.95
240~360(n=313) 10 439.29 26.36 34.01 9.41 34.25
>360(n=110) 11 653.67 22.25 27.50 8.58 36.21
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Fig. 3 Driving factors for variation of maize yield (A) and N recovery efficiency (B)
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Fig. 4 Changes of maize yield and N recovery efficiency affected by soil pH(A, B) and soil organic matfer (C, D)
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