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The N,O consumption ability in the surface paddy soil layer and its coupling
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Abstract: Soil could produce greenhouse gas N,O and emit it to atmosphere; however, it could be retained, absorbed, and
transformed. The N,O consumption by soil has become a very important way to reduce atmospheric N,O concentration, but
the systematic research on the N,O consumption process in soil and its microbial regulation mechanism is scarce at present.
The surface paddy soil cores (0—5 cm) were incubated under laboratory conditions, by adding exogenous N,O into the
bottom of flooded soil cores, and the dynamics of N,O diffusion through the soil cores and after transportation were
monitored. The links between N,O consumption ability and the variation of the nosZ gene abundance and other soil nutrient
contents were explored to reveal the coupling relationship between N,O consumption and N, O reducing microorganisms. The
results showed that only 7.17—9.80% of the exogenous N,O added in the 5 c¢m soil depth escaped the soil surface under

anaerobic and submergence conditions, indicating that the flooded 0—35 c¢m paddy soil layer had a strong N,O interception
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capacity (over 90% ) and reduced N,O net emissions. The N,O escaped from the soil surface could also be absorbed and
transformed by the submerged soil column, and the consumption rate increased significantly as N,O increased in the
headspace, with a maximum value of 3896.75wg N m™> h™'. At the same time, large quantities of soil DOC were consumed
and the number of denitrifying microorganisms containing the nosZI gene increased significantly (P <0.01), whereas the
abundance of nosZII gene did not obviously change. This suggests that the N,O consumption ability of surface paddy soil
cores under anaerobic and flooded conditions could be promoted by high concentrations of N,O addition, and this
stimulation may be mainly regulated by N,O reducing microorganisms containing the nosZI gene, not the nosZIl gene. The
strong ability of N,O consumption of surface soil needs to be further studied to provide a theoretical basis for the practice of

greenhouse gas reduction.
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Table 1 Physicochemical properties of paddy soil

+ R NHj-N/ NO3-N/ DOC/ 2 Volume weight/ SALBE
soil depth (mg/kg) (mg/kg) (mg/kg) (g/em?®) Total porosity
0—>5 cm 72.19 7.19 389.29 0.73 0.71
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H K JE TR AT R BUR 2 20 ¢ HAETGE B A 4002, 26 IR ZGE VR, A -80°C. PRAFH A /0 7
AT, KT TR AR IS A 4°C RAEHTT NH-N \NO3-N & DOC & #5304, JF7E 72 h IN5E K
M7E
2.4 SHALEMRE, THLAA DOC il
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Fig.2 Dynamics of inputting N, O content in the headspace (a) and bottom space (b) of 0—S5 cm soil layer during flooding incubation
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F2 AEREKELHEEKEFREN,OEEEER
Table 2 N, O consumption of flooding paddy soil cores after different N, O additions

K92 Oh N,OF & Hig% 172h N, OF it N, OTH#E S &t N, OV HiHAE 3
Qb3 N, O contents at Oh/( g N,0-N) N, O contents at 172h/(pg N,0-N) N, O total N,0
Treatment JEEHR B JEEHR R consumption/ consumption rates/
Bottom Headspace Bottom Headspace (rg N,O0-N) (pg N,O-Ng'h™)
N1 703.07a 2.42a 0.24a 0.97a 704.28a 0.03a
NS 10632.18b 13.59b 1.19a 39.29b 10605.29b 0.45b
N10 20170.68¢ 29.52¢ 10.84b 265.49¢ 19923.87¢ 0.86¢

AIF/ING FREARRN, OB AN A 2 5] 22 57 3 ( P<0.05)

SR I, OTHAE B il i By FR AL 16 20(0 h) 545
HURL(172 h) B E AN, O (1 R ZRIZ A M 22K
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mg/kg, FIXFTFRE IS 5 3 NOS-N &8 N1 AbFE NOS-N JHAE HL ik 2] 72.04% , % T N5 A1 N10 4k
B (THFELLB] 16.87% 1 15.60% ) , 7 W i M BE VR NAGN, O T BEAN i 774 352 1458 NO;-N (Y IHFER Rl A2

A PEA HLBRSS H (] 40) TR FJZKRE A H DOC & AER FER 15 5 X5 T 350 me/kg, ¢ W AT A1)
Mt B F . S KIRESESR 1720 5, 4403+ DOC & i35 4% W 3 #E, N1 N5 N10 4b ¥ DOC
THAERE T 126.38 134.50,212.33 mg/kg, HFE L1735 35.60% \29.68% 48.61% , =i FE N, O US4k
FE(N10) JHFE T Z 1) DOC, T DOC 2 L4 T A= Wi 2h i B C U 001 52 ke e ok B N, O VR TRl ot 1 e 2
AR R 3
3.4 AL EUL L R R R AR AL

RN AL R SR P A R (& 5) R S5 RS UG A AN B 3 nosZ T SEPHHE DB T 1R
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Fig.4 Dynamics of NH;-N concentration (a), NO3-N concentration (b) , and DOC concentration ( ¢) at Oh and 172h of surface paddy

soil layer
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Fig.5 Dynamics of nosZ gene abundance at at Oh and 172h of surface paddy soil layer
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3.5 HEERIZKRE LN, ORI A THFEH R S AHOC LI F X R

M AT R TR K DA IR A PN, OSBRIt 5 [ T R 2 /KR8 HHEN, O X T FE s R TCHL
FRAMHAERE (NHS-N NO3-N DOC ) F 4 Ak WV 2603 Jir il 56 PR =F B2 1 it (nosZ T il nosZ 1) IR AR Ak, AH OGP 1Y
KE TR B EKFE(P <0.01), HFN,ORME S NO;-N IHFER A nosZ I i [H 2 e i 3 HAH &, 5N,0
SEERHFEH ZE NH; -N JHAES \DOC JHAFER Al nosZ 1 FEDHF 1S & 2 IE ARG, Ab, 855 2 rh 3 DoC
THFEIR 5N, O V- FEH R A IR A nosZ T FEDIFE DUBW B in i i 28 IEAHC (P < 0.01) (R 5 H3ETHLA
F it (NH;-N \NO;-N) 1 nosZ Il JEPH F RS w BB C R AR E

#3 RREKABIN,ONEREEN,OFMBRALLHEFHELRS

Table 3 Pearson’s correlation coefficients for relationships between N, O consumption rates and N, O addition, relative soil variables of surface

paddy soil layer

N, 04 nosZ 1 nosZ Il
NOWME  gipes N IRER NONWER  poC iGN MEMUMANG MG
A b - DOC sZ 1 sZ 11
N, O additions N,O consumption NH3-N NO3-N . S T
consumption consumption consumption gene copies gene copies
rates increment increment
N, O i i
- 1.00
N, O additions
N, O %
. 0.98*" 1.00
N, O consumption rates
NH; -N Ji4#E ) ,
N . 0.83*" 0.83*" 1.00
NH} -N consumption
NO5-N {H#EH: _
_ . -0.82"" -0.86"" -0.91"" 1.00
NO3-N consumption
DOC JH#E=: )
HFELE 0.87° 0.79* 0.50 ~0.50 1.00
DOC consumption
7 1 JEPR ,
nost LIPS 0.93" 0.86"" 0.68" -0.62 0.92" 1.00
nosZ 1 gene copies increment
sZ 11 PR g fin i . s s
e it -0.84° -0.86° ~0.95"" 0.88"" -0.53 ~0.67" 1.00

nosZ Il gene copies increment
w % FRMETE 0.01 /K- 23 Correlation is significant at the 0.01 level (2-tailed). * . F5&HEFE 0.05 7K [ i3 Correlation is significant at
the 0.05 level (2-tailed).

4 itig

Al 3N, OHE I I B BRI 2 — | B3 N, O 2 i — R 5 H IR Y E IR s r= A 09,
M5 N, O AR AE e i N E RS 985, 3 0w 3 Al AL S A W R It — 25 Ak o /(N ) L 3 Bl A B
1E 30K LB AR A BELIN, O HEH ek L3R I FE—FBN,0)5 , £EN,0
HECE I A S S L g m b 2RUN, 077 A= & A OC . Gao S5 4 B A1 W I & A0 B8 7K (03] B2 5
HERAR N, O & B & W [RIAT, 3N, OHE & I oK i 35 A8k, I W] 58 R AR RS AR B WE K MR T 48 h B2
UGN, OFE R & L RATE PR IAEY . AW R 0—Sem A JEFBAMNFE G N, O AR A 7 75, #5548
T 2R Sem HIERE AN, OUAIE R o LA 5 HE A, 453 BoR IKERAMET B =S EAIN,0
SPGB R B T KRG A (Gl A S HER S BN, O f i (RN 5 38 n s e 1 7.17—9.
80% , 157 0—5 em FRJZIKFE HAEHE AR ECARE T T #EE L THAE Sem WREN,OFL R &1 90% L) I, Wang 553l
X 0—20 em JFURAHE L AEH N, O F 5 A+ LN, OHE U sh B & KRR KB, 0—5 em )24
N,OKF 2, 45 RN, OHERC AL 5 i 2 B 109% 4545, 249 90% FIN, O DL AU B AR T REH 2 1 L 3843
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