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Effects of Returned Straw Type on N,O Emission, Nitrification and Denitrification

Microorganisms from Paddy Field
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Abstract: The original soil columns of a typical single-cropping paddy field in the Taihu Lake Basin were used as the research
object, N,O emission, rice yield and soil physiochemical properties were monitored under the application of three straw types
(rice straw-RS, wheat straw-WS and maize straw-MS), and the abundances of multiple functional genes related to N,O emission
were quantified to clarify soil microbial mechanism of N,O emission under different straw types. The results showed that RS, WS
and MS treatments increased N,O emissions by 162.32%, 107.11% and 9.48%, respectively, in which RS was significantly higher
than those from MS treatment. The abundance of ammonia oxidizing bacteria and ammonia oxidizing archaea (AOA, AOB) and
denitrifiers communities (nirS, nosZ) all showed a similarly change, increasing first and then decreasing with rice growth.
Compared with CK treatment (no straw), RS treatment significantly increased the abundances of AOA, AOB, nirS and nosZ by
6.14, 8.26, 4.82 and 16.96 times in the elongation stage, respectively, while no significant response was found in either MS or WS
treatment. Soil NH3-N content was generally higher than NO3-N during rice growth, with an increasing pattern until the tillering

stage, and then decreased with rice growth, while no significant difference was found among different straw treatments. The
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results of correlation analysis and the Structural Equation Modeling (SEM) showed that AOB abundance and soil NH;-N content

were the main factors affecting N,O emission in paddy field. Considering the comprehensive results of soil physiochemical

properties, rice yield and soil microbial abundance, maize straw is the most appropriate for N,O emission mitigation and yield

enhancement of single-cropping paddy field in the Taihu Lake Basin.

Key words: Straw type; N,O emission; Soil microorganisms; Structural equation modeling; Paddy field

Hi BRI T AR R RS K Y
G, RS s EfEE . B 20 L
K, EECEFHREEE LARET 3 FEERERMKE
(CO,. CH,4 Al NLO)MR FE A3 . NLO 78 KA & i
/b, ABFE 100 AR EHARX G U2 CO, 1)
298 . 2019 4E, 4Bk N,O MFHWE AT
0.332 pmol/mol , #2: 1750 4E Tl AL R /K F-(0.27 umol/mol)
() 123%050, AZsAEid 2 40 SE N AR AL, (S
A NLO HEBCE I 30%, Sl N,O f K iy 3=
FR AW, IR ERE AR R N0 2554 - N0
HEOR A 7% ~ 1%, Ht, #flREH N0 HEjik
TRV R ZE RO ) B i —

TRV A 7K oA s X S R AT K
H S8 AR K T4 T R R 1 1) Bt g o), 43¢
BRI A A A P e A 0 DR R S i AR FH ok
TS 448 NLO HE A Z IR — A Ry 5 H
SRHE K & TR o S50 B, 3N AL R A 1k
PR PERE R , 272k NLO 1Y E BB, kA
22 S Al R D A A A AR A A, e rp s S ki
P2 SN R AL B, i 2 Ak T TR (AOA) RN AL Ak
R (AOB) &ML Z AL R E A ik
VER SR AL T, Sl Wk i RSk 2 W A R 56
WA NO. N,O Fll Ny (i, o i T AE R R 7%
A5 NO A3 RS2 A A F A DG AEE B0 A R
R AR [ AR 1 AR 0 Gl , ) BB nirK
1 nirS ZfM . NLO i JHEEHEMIE N,O 55788 N,
HCHERG, HINRERER H nosz it @i HFSE 5
N,O HEBCH SC Y + 3R AE W Dy RE SE R mT 43 F 24
FAA R T NLO M HERO A,

Tl FFAA AR R — TR 4 A1 it , AT 5 A
J1. BRI MR, YR RS A B RS
NoO HEBGE W (i 38 i A B il — B a5 e . AR
B, AH ECRSFTANIE AR B, T4 H Ah 34 I 28048 n A
I N,O HERC!Y s it A HERS BT NLO HEff, i Bt /)
FREFFI MG REH N0 HEB s Bk RE s AT
PEREH NLO HEM T LA BAFGE 2 D A HE B AL T A
JEA TR FFA FXARS D NLO HERCsgm, {35 H6g
AP AURI AR DGR R b . — D T, RS FFaA Al

A=Wy T A BRI 0, B s A E M 1, IR
THFE TR R SR, AR T e S i A Ve, 4
N0 HEBM s S — i, R RS AR A A
A L35 AR BERAE P U E > NoO HE
B B, ORI RPERSFE B AR NLO HETK
AR HAG AN R P, XA A S A AL B AR P ) s el
frikE— 2B 05T

BT AT ST LA Y B 2 R A JSOIR AT S A
FEMR, BCE A, RPN 3 R 0K
FEFSFE RS, /NEFEFE WS, EOKFEFF MS) Pk FE4s
AR N,O fEiclE & . KA & TR T,
[ R > TR, # ERE TS5 N0 7R
MY FEARRS S, € R ALHESE 5 4> NLO HEH
K RE LR (A AL B AOA | & A L4l i
AOB. L IIREFEN nirS. nirK. nosZ)MIFJE,
LR NoO HEROW AN Rl R SR8 ARt 5 | & 3R Y
Ml ML, TR RS D NLO JHERSCR e AR RS T
i FRBE, Ay e FH R, 2 A HR 0 535 D5 i )
LI AR

1 #MREFE

1.1 BFABETELTHERE

HEEC RO R, SR A VLR A E 2% R kA
(31.4765°N, 119.9861°E)#LM i ZFa H, +H3K507E
TLAE A B 22 B A IR 2 A T, A8 /K R i
R 46, T 2020 4F 6 A 29 HE#%, FI4E 11 H 9 H
Weak, B3 0 ~ 20, 20 ~ 40 140 ~ 60 cm —
ANTREE B 1345 FIR G515 1558, BRI 35 kg KK
NP 1S om, ARG BN 50 em B HAEN .+
HERYFEARBEALYER K. pH 6.38(mum = V =1 : 2.5),
AP S 29.2 gheg, @ATE 1.72 g/kg, 30
T 23.09 mg/kg, B E A 159.28 mg/kg, CEC
22.61 cmol/kg. BEFH/KAE . /INZ FIE K 3 FIMEYIREFT
VERBEAFEFF, FEEAPE R ANER 1 PR . i8R A58
SFEHLX B, s E 4 B 25 X IR(CK)
IKREREFFA H(RS) NEFEFFIA H(WS) . FRFEFHA
HMS), HAAbH 3 AERE, 12 k. Al
FOKRERSFE H VL IR AL B Bt | /N Tl EOKFS

http://soils.issas.ac.cn



5 4 19

IR AT REFTIE HAR TR H N,O HER L il A S RE AL Sl R 0 (9 32 i) 771

F1 HRHABFERMER

Table 1 Basic properties of tested straw types

(AR S TN(g/kg) TP(g/kg) TK(g/kg) TC(g/kg) C/N
RS 1493 £0.78 a 2.09+0.16 b 1539+123b 393.00 +5.00 a 2635+ 1.12b
S 1224+ 0.81b 0.67 +0.06 ¢ 9.12+0.13 ¢ 367.00+ 1.41 b 30.06 +2.10 ab
MS 10.43 £0.67 ¢ 19.81+0.02a 21.11+0.08a 360.00 £ 1.41 b 3459+237a

T FFIAR /NG 55 3R 4 B R] 22 53 8.3 (P<0.05), T,
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Fig. 1 Variation in N,O emission flux during rice growing season
22 N,OHEHEESKETE

HIZ 2 AT, A4 3H NLO Hil 3= 25 b e
B, e HI NoO HERL R o5 /KR8 A= 7 0 SRR Y
51.52% ~ 57.21%, HUGEHKE TR, Al
1 31.52% ~ 38.67%. 5 CK ALk, RS, WS Hl MS
Ab HL53 51138 10 NLO HETUE & 6.85,4.52 1 0.40 mg/m’,
BRI R 162.32%. 107.11% Fl 9.48%, H

N0 2 8. KIEFEFBAM~E N,0 HKE

Table 2 N,O emissions in different water managements periods, total N,O emissions, rice grain yields and N,O emissions per unit output during
rice growing season in 2020

AW N.O Wk ER N0 FHCRL (N, ) KRR A N.0 R
(N mg/m’) K s Tkl HkET (kg/m’) (N, mg/ke)
CK 422+098b 0.01+0.01a 232+0.78b 0.55+030a 133+0.32b 1.43+0.02 ¢ 291+0.74b
RS 11.07+042a 001 +£0.00a 6.06+08la 1.01+0.33a 399+045a 1.80 £ 0.03 ab 6.15+£0.26a
WS 8.74 £2.95 ab 0.04+0.02a 500+1.78ab 0.33+0.05a 3.38+1.20ab 1.84 £0.07 a 4.67+1.42 ab
MS 4.62+097b 0.01 £0.0la 238+0.29b 0.58+0.38a 1.66+032b 1.67+0.04b 2.76 +0.54 b
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Fig.2 Abundances of ammonia-oxidizing bacteria and ammonia oxidizing archaca (AOA and AOB) and denitrifiers (nirS/nirK/nosZ) during
rice growing season
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Fig. 3 Variation in soil NH3-N and NO3-N contents during rice growing season
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Fig. 4 Seasonal variations in NH3-N and NO3-N concentrations in floodwater during rice growing season

AT, S5 3 iR . NLO HERL LS nirS
AOB. nosZ. AOA . nirKk $% VU3 HIAE P<0.01 /K-
B IEARSC AR G R R B/ NHEY ) 5 14 NHa-N
TETE P<0.01 /KW ZE ARG, 513 NOs-N & it
1E P<0.05 7K 5k 25 fAH G .

DL N,O HECR Ry oty E B AR A M B R 5T
FHFXF NLO HEHCR A5, AHFSE FPaE A~ B

- AR RN iR A W BN R s e DR 2R A T R
RN 5 s, TI0L, AOB #2 DUBUHI 44 NH;-N
RN N,O HEi R R SR, BEE
P<0.05, PREfLERARRE R 0.64 A1 —0.35, R
AOB 8 DU I — M5 22 1 NL,O HER =1 0.64
AMhRifEZE, 188 NHL-N &3 n—MrifEZER N,O
HE > 0.35 M2 . nosZ Fl AOB. nosZ Fl

http://soils.issas.ac.cn



776 +

e 554 %

x3 NOHMESLEMEYMBHHEMLIREBEUETF
oE Pk
Table 3 Correlation between N,O emission, abundance of soil
microbial communities and soil physiochemical properties

AOA AOB nirS nirK nosZ NHi-N NO3;-N
N,O HE 0.5377 0.554 0.560" 0.448” 0.554" —0.455" —0.390"
il
1 : Pearson XU & MR I , n=48 ; * Fll** 53 5| /R FE P<0.05
1 P<0.01 P ARG 2

(AR50 W R AR EAL I BRAR R B SERT Sk AR 7 3k 40 R
P<0.05 il P>0.05; i3k 58 B S AR R BN R UE L ik L
B Y IE 515351 3R IEAHDCOC R R AR K E R )

5 TIREBUAETHEWFEE N,O HERFIERIEH
FiEEE
Fig. 5 Structural Equation Model for effects of soil physiochemical
properties and microbial abundance on N,O emissions
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