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Abstract:[ Objective] The effects of long-term different fertilizations on soil physical and chemical

characteristics, wheat yield and N, O emission were investigated to provide basis for reducing emission from
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farmland soil by reasonable fertilization. [Method) From 2016 to 2018, based on the long-term fertilizer ex-
periment of winter wheat/summer fallow system started in 1990 as “National Monitoring Base of Soil Fer-
tility and Fertilizer Efficiency on Loess Soil” in Yangling,Shaanxi,different treatments including farmland
without fertilization (CK),N fertilizer (N),N and K fertilizer (NK),P and K fertilizer (PK),N and P fer-
tilizer (NP) ,as well as N,P and K fertilizer (NPK) were selected. The physicochemical properties of soil
samples, N, O emission characteristics and wheat yield of different treatments were measured,and the rela-
tionship between total N, O emission and soil physicochemical properties was analyzed by redundancy anal-
ysis (RDA). [Result] The effects of different treatments on soil physical and chemical properties were dif-
ferent. Soil organic carbon, total nitrogen,inorganic nitrogen (ammonium nitrogen and nitrate nitrogen) .,
microbial biomass carbon (MBC) and microbial biomass nitrogen (MBN) contents in NP and NPK treat-
ments were significantly higher than that in other treatments. Soil pH in treatments decreased significant-
ly. Total N; O emissions from different treatments during 2016 —2017 and 2017 — 2018 were 0. 48— 1. 31
and 0.41—1. 18 kg/hm?, respectively. The total N, O emissions of nitrogen fertilization treatments (NK,
NP and NPK) were significantly higher than that of CK. The average soil N, O emissions were in the order
of NPK>NPK>NK>N>PK>CK. Among all nitrogen fertilization treatments,the NPK treatment had
the highest average N, O emission factor of 0.59% ,and it was significantly higher than that of other treat-
ments. In 2016 — 2017 and 2017 — 2018, the wheat yields of all fertilization treatments were significantly
higher than that of CK with the highest in NP and NPK treatments. N treatment had the highest yiled-
scaled N, O emission and it was significantly higher than other treatments. CK, NK and NPK were lower
without significant difference. NP and PK treatments were the lowest without significant difference. RDA
analysis showed that the correlation coefficient between soil N, O emission and soil physical and chemical
properties was in the order of TN>>NO, -N>SOC>NH, " -N>MBN>MBC. [Conclusion) For rain-fed
farmland in Lou soil area,long-term combined application of nitrogen and phosphorus (NP) or combined
application of nitrogen, phosphorus and potassium (NPK) can significantly increase soil fertility, wheat
yield and cumulative emission of N, O. The two treatments are suggested fertilizer application methods in
the study aera.

Key words: long-term fertilization; winter wheat-summer fallow cropping system;N,O emission factor
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Table 1 Soil physicochemical properties with different fertilization treatments
/ / / / / /
Treatment (g kg b (g kg b pH (mg » kg™ 1) (mg + kg™") (mg -« kg 1) (mg + kg™ )

c SOC TN NH, "-N NO; -N MBC MBN

CK 7.84 d 0. 89 bc 8.32 ab 0.39 ¢ 7.94 ¢ 279.7 ¢ 18.49 d

N 8.38 ¢ 0.98 b 8.31 ab 0.46 b 18.95 b 264.6 d 16.58 e

NK 8.76 b 1.03 a 8.29 b 0.46 b 18.36 b 225.9 e 18.88 d

PK 8.66 b 0.93 be 8.34 a 0.38 ¢ 7.83 ¢ 322.5b 25.11 ¢

NP 10.31 a 1.09 a 8.23 ¢ 0.51 ab 20.66 a 337.0 ab 30.35 b

NPK 10.31 a 1.08 a 8.20 ¢ 0.54 a 20.64 a 339.8 a 36.10 a

P<C0.05

Note: Different lowercase letters indicate significant difference (P<C0. 05). The same below.
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Table 2 N, O emission and emission factor with different fertilization treatments in 2016—2018
2016—2017 2017—2018 Mean
/ /% / /% / /%
Treatment (kg * hm ?) Emission (kg » hm ?) Emission (kg » hm ?) Emission
Emission factor Emission factor Emission factor
CK 0.48 e — 0.41 ¢ — 0.45 e —
N 0.81d 0.24 ¢ 0.78 b 0.28 b 0.80 d 0.26 d
NK 0.89 ¢ 0.30 ¢ 0.80 b 0.31b 0.84 ¢ 0.29 ¢
PK 0.51 e — 0.42 ¢ — 0.47 e —
NP 0.97 b 0.36 b 0.81b 0.30 b 0.89 b 0.33 b
NPK 1.31 a 0.61 a 1.18 a 0.57 a 1.24 a 0.59 a
2.3 N, O o ,
3 , 2016 — 2017 2017— 2018 ,
1 685.8~5 683. 5 kg/hm?, NP NPK 1 090.8~2 443. 6 kg/hm?, NP NPK



112 ( ) 48

o 2 , N, O )
1392.3~4 024. 6 kg/hm?*, NP N, O 2016 — 2017 ,

NPK . PK ;N N,O
3 ,2016—2017 N, O , o 2016 — 2018

174.1~487. 9 mg/kg, N , N; O . N ,

;CK NK , ;CK.NK NPK ,
s PK.NP NPK ; NP ; NP PK
N, O , 174. 1 mg/kg., o

2017—2018
3 2016—2018 N, O
Table 3 Wheat yield and yield-scaled N, O emission with different fertilization treatments in 2016 —2018
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(ngil;lIS ) Yicld*sgalgl N, O (ngi}c}E ) Yicld*s%‘al?d N, O <ng12$ ) YiCld*SL"al'L‘d N, O
emission emission emission
CK 1685.8 ¢ 294.5 b 1283.9 ¢ 320.15 ¢ 1392.3d 303.6 b
N 1693.7 ¢ 487.9 a 1090.8 ¢ 727.55 a 1484.8 d 581.5 a
NK 3240.2 b 273.8 b 2 110.9 ab 379.38 ¢ 2675.6 b 315.2 b
PK 2 265.5 ¢ 230.0 ¢ 1921.6 b 220. 36 d 2093.6 ¢ 224.1 ¢
NP 5683.5 a 174.1d 2 365.8 ab 349.29 ¢ 4024.6 a 223.2 ¢
NPK 5253.0 a 249.9 ¢ 2 443.6 a 492.17 b 3848.3 a 324.1b
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Fig. 1 RDA analysis on relationship of N, O emission and soil physical and chemical

properties with different fertilization treatments
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