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(31°32'93"N, 120°41'88"E)
20% 50% (7]
2015—2016 17.04
MIMS N,/Ar 1 344.8 mm
1 (0~ 10 cm)
2 (
) 0~20cm
1 26.6 g/kg 2.83 g/kg
C:N 94 pH 699 NO;-N 4.48 mg/kg
1.1 NH;-N 0.62 mg/kg
2015—2016 31.9% 54.8% 13.3%
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Fig. 1 Seasonal variation in daily precipitation and temperature in rice-growing seasons of 2015 and 2016
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Fig. 2 Daily mean soil temperature and soil volume water content of soil layers of 0-10 cm in rice-growing seasons of 2015 and 2016
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Table 1 Rates of fertilizer application in rice growing-season
NO P,05:K,0 (kg/hm?) 90:120 - - -
N270 N:P,05: K0 (kg/hm?) 135:90:60 27:0:0 54:0:60 54:0:0
N300 N:P,05: K,0(kg/hm?) 180:90:120 60:0:0 - 60:0:0
N375 N:P,0s: K,0(kg/hm?) 187.5:126:90 37.5:0:0 75:0:90 75:0:0
Si: Zn(kg/hm?) 225:15 - - -
(t/hm?) 2.25 0 0 0
1.3 N, Ar3 <0.03%
[18]
5 N, ( )
PVC ( 7 cm 25 cm) ( ) Ar
0~10cm ( ) N,
5L Ar N, [11,19] N,
(umol/L)
PVC [N, ]=Cf x ([N, /[Ar]),, x[Ar];
( ) cf Cf = ([N, J/[Ar]); ([N, 1/
[Ar])st; ([N, 1/[Ar])sa ([N, 1/[Ar])st
20 [18] Na:Ar ([N, 1/[Ar])y [Ar]y
Ny:Ar  Ar (pmol/L)
Weiss
[20]
N,
14 r/min 02 46 8h N,
R?
(7 ml 0.9
Labco Limited UK) N, (pmol/(L-h))
(m?) (L)
(N, kg/(hm*d))
Oh 2 4 6 8h 1.5
4 NH; [21-22]
20 pl HgCl, ( 20 cm 15 cm)
5
1.4 8~10cm
N,(N,-N, pumol/L) 25 mm 25m
[11] NH3
; 60ml 0.03 mol/L
600 ml 1L
100% 15~20
3h 4~5d
[18] 7:00—9:00 3:00—
1h / 5:00 4h
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[23] (LS13320, Beckman
1.6 Coulter, Brea, CA, USA)

2

(Vaisala, Finland) (0~ 10 cm)

(Stevens 2.1
water monitoring system, Campbell Scientific Inc.,

USA) (0.45 pm)
(Smartchem140, AMS, Italy) NO;-N, pH C/N NH-N NO;-N
NH;-N TOC  (Analytik Jena AG, Germany) 5 b
(DOC) pH ( 1:2.5) pH
pH pH (P>0.05) N270 N375
C/N (Vario Max CN, Ele- NO;-N (2015 P<0.05)
mentar, Hanau, Germany) NH;-N (2016 P<0.05)

R2 WHBPERETIEO~20cm)BLIER (=4

Table 2 Topsoil (0-20 cm) physiochemical properties under different treatments in harvest stage

pH (g/em’) (g/kg) (g/kg) C/N NH;-N(mg/kg) NO;-N(mg/kg)
2015 NO  7.01+0.03b 096+0.04a 264+0.1b 270+008a 9.77+031a 6.06+022a 3.12+0.13 b
N270  7.03+0.01b 098+0.07a 272+04ab 268+02la 980+036a 6.04+0.15a 469+082a
N300 7.04+0.04b 1.03+0.06a 27.6+12ab 283+026a 9.79+0.56a 6.04+026a 3.77+024b
N375 7.16+0.06a 096+0.07a 283+14a 280+0.18a 10.11+0.65a  6.06+041a 5.12+048a
2016 NO  698+0.08ab 0.85+0.05b 272+09a 280+0.16a 9.73+047a 7.90+0.92b 3.24+037b
N270  6.95+0.06b 0.87+0.02b 265+09a 263+02la 10.13+0.64a 823+0.82ab 3.51+0.32 ab
N300 6.89+0.11b 087+0.04b 268+04a 268+0.19a 1007+0.74a  7.52+1.14b 3.30£0.11 ab
N375  7.06+0.04a 0.88+0.07b 27.7+09a 285+0.10a 9.74+0.13a 933+025a 3.67+021a
P<0.05
NO N270 N300 2015—2016 6%
N375 2015 2016 5% 375 kg/hm?,
7.4~10.5t/hm*  7.65~10.83 thm*(  3) (P<0.05) N300
10% 2015—2016
33 /m? 13%  11%
#=3 ARELEEMEMFTZ. (EYRE=E. REAAR,. RELRSELEREER
Table 3  Grain yields, N uptake, NUE, weighted mean N,-N fluxes and NH;3-N fluxes under different treatments
NO N270 N300 N375
(t/hm?) 2015 7344027 ¢ 9.87 £ 0.35 ab 9.28+0.25b 105+0.5a
2016 7.65+0.17 ¢ 10.22 + 0.94 ab 9.75+0.54 b 10.83+0.74 a
(N, kg/hm?) 2015 1258+32¢ 2024+124b 201.9+63b 2585+17.0a
2016 1353+ 1.66 ¢ 195.9+15.9b 207.6 +13.3b 261.9+11.7a
(kg/kg) 2015 95+12a 7.1+£0.8b 9.7+09a
2016 9.47+35a 70+1.8a 84+20a
(%) 2015 221+42a 166+12b 21.1+1.9ab
2016 2236+3.69a 17.01 £2.76 b 19.70 +2.31 ab
(N, kg/(hm>d)) 2015 0.164 +0.040 ¢ 0.269 +0.103 b 0.325+0.003 b 0.428 +0.025 a
2016 0.319+0.010 ¢ 0.422+0.025b 0.491+0.052 b 0.593 £0.043 a
(N, kg/(hm*-d)) 2015 0.089 +0.007 d 0.233+0.010 ¢ 0.283+0.027 b 0.336 £ 0.009 a
2016 0.123 +0.009 d 0.364 +0.020 ¢ 0.520+0.038 b 0.606 +0.035 a

)/ (%o)=(

P<0.05

)
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Fig. 3 Daily variations of dissolved N,-N fluxes from different plots over rice growing seasons in 2015 and 2016
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Fig. 4 Daily variations of NH3-N volatilization fluxes from different plots over rice growing seasons in 2015 and 2016
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Fig. 6 Correlation between N application amount with denitrification rate and ammonia volatilization
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Quantitative Determination of N Loss Through Denitrification Under
Different N Fertilizer Application Rates by Membrane Inlet Mass
Spectrometry (MIMS)

WANG Shuwei'?*, YAN Xiaoyuan'?", SHAN Jun'?, XIA Yongqiu'~, TANG Quan'??, LIN Jinghui'?

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 Changshu Agro-ecological
Experimental Station, Chinese Academy of Sciences, Changshu, Jiangsu 215555, China)

Abstract: In this study, using membrane inlet mass spectrometry (MIMS), the impacts of different rates of N fertilizer
application on denitrification, as well as ammonia (NH;) volatilization, were investigated over two rice-growing seasons in the
Taihu Lake region of China. In N300 treatment, N loss through denitrification and NH; volatilization were N 54.8 kg/hm? and
54.0 kg/hm® per year, respectively, and were 18.3% and 18.0% of N fertilizer application, respectively. The amount of N loss
through denitrification and NH; volatilization were increased as the N fertilizer application increasing, and were significantly
affected by NH;-N, NO;-N, DOC and pH of surface water. In N270 treatment, compared with N300, the rate of N fertilizer
application was reduced by 10%, but the rice yield approximately increased by 5.5%, N losses through denitrification and NH;
volatilization were decreased by 1.1% and 3.1%, respectively, and agronomic nitrogen efficiency (NUE) was increased by 5.5%.
In N375 treatment, compared with N300, NUE was increased due to increased grain yield, but the amount of N losses through
NH; volatilization and denitrification was also the largest. Thus, the aim to reduce N fertilizer application and increase rice yield
and NUE could be achieved through integrated soil-crop system management (ISSM).

Key words: Denitrification; Membrane inlet mass spectrometry (MIMS); N,/Ar technique; NH; volatilization; Agronomic

nitrogen efficiency
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