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Measurement of denitrification, Anammox, DNRA rates, and net N; flux in paddy soil using a membrane inlet
mass spectrometer
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Abstract: Denitrification, anaerobic ammonium oxidation (Anammox), and dissimilatory nitrate reduction to ammonium (DNRA) are the
three nitrate reduction processes that largely control the fate of chemical N fertilizers in flooded rice paddies. Previous studies related to the
nitrate reduction process mainly focused on one or two independent processes (e.g., denitrification and Anammox ), whereas a simultaneous
investigation of denitrification, Anammox, and DNRA and their relative contributions to total nitrate removal is lacking. Because of method -
ological limitations, the near in situ measurement of net N, flux is also rare. In this study, using membrane inlet mass spectrometry (MIMS)

combined with laboratory soil slurry—based "N tracer and soil core incubation—based N./Ar techniques, denitrification, Anammox, DNRA,
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and net N; flux were investigated in five paddy soils collected from different rice regions of China (Yingkou, YK; Yixing, YX; Jinhua, JH;

Guilin, GL; Guangan, GA ). The measured rates of denitrification, Anammox, DNRA, and net N, flux across all paddy soils were (358.63+
25.37)~(479.96+22.12),(-14.81+0.22)~(5.29+1.22),(25.76+12.71) ~(109.87+3.88), and (33.33+11.16) ~(72.74+14.18) ¢ N-hm™-

h™', respectively, which were comparable with previous studies. The soil NO3, DOC (dissolved organic carbon), and Fe®* contents were the

three dominating factors affecting denitrification. By comparison, the Anammox rates only correlated with the soil NO3 content, whereas the

DNRA rates closely related to the soil DOC and Fe® content. These results demonstrate that the MIMS combined with laboratory soil slur-

ry—based "N tracer and soil core incubation—based N»/Ar techniques is a viable, rapid, and precise method for the measurement of denitrifi-

cation, Anammox, DNRA rates, and net N; flux in flooded paddy soil, with an obvious advantage that a smaller sample size is required for

determination compared to other methods.

Keywords : paddy soil; °N tracer; denitrification; Anammox; DNRA
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Table 1 Physicochemical properties and available component of the five paddy soils

+ B il L i WAk HHUR B WAL FRRLS R ORISR AR
Soil sample pH NHi/mg-kg"  NOv/mg-kg'  Fe*/mg-kg’ SOC/%  TN/%  DOC/mg-kg'  Clay/%  Sil/%  Sand/%
EI(YK) 49 3.64 31.12 26.23 29 0.12 60.05 36.5 31.7 31.8
H24(YX) 6.4 0.78 27.8 29.08 1.43 0.13 105.69 16.4 39.5 44.1
4AE(TH) 6.2 7.53 19.47 31.83 1.27 0.11 316.02 27.7 45.7 26.6
FEMR(GL) 6.4 131 36.19 14.76 1.98 0.43 85.1 40.3 334 26.3
J"%(GA) 7.2 6.08 2231 31.97 2.45 0.12 165.05 39.9 33.5 26.6
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Figure 1 Schematic diagram of near in—situ core incubation

system of rice paddy field
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Figure 2 Concentration of N, and *’N,in five paddy soils after incubation for 0,3 and 6 h
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3 and 6 h(b)
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Figure 4 Concentration of **N:in five paddy soils after incubation

of 0,24 and 48 h
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Figure 5 Potential rates of denitrification, Anammox and DNRA (n=3)(a) and relationship between denitrification and

DNRA rates(b) in the five paddy soils
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