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Abstract:  Objective This study was carried out to evaluate the response of paddy soil anammox bacterial activity, abundance
and community structure to rice straw returning and different tillage practices. Method Three different till treatments
(conventional till, rotary till and no-till) + rice straw returning were set up, with conventional till and no rice straw returning as
control. The potential activity, functional gene (hzsB) abundance and community structure of anammox bacteria were analyzed by
5N tracing, fluorescent quantitative PCR and Illumina sequencing, respectively. Result Anammox activity showed a significant
difference and the values ranked as no-till > rotary till > conventional till (P<0.05), while no significant difference was observed
between control and rotary tillage+rice straw. Also, no significant difference was detected in the copy number of 4zsB among
treatments. Two known anammox bacteria (Kuenenia and Scalindua) and some unidentified genera were identified by Illumina
sequencing, and the relative abundance of Kuenenia and Scalindua showed a negative correlation (P<0.05). Pearson correlation
analysis showed that anammox activity was significantly correlated with denitrification activity, but not with 4zsB abundance and
community composition. Conclusion We conclude that anammox activity and community composition but not the functional
gene abundance respond to long term straw returning and different tillage practices. Rice straw returning + conventional till in

rice field may inhibit N loss to some extent, while rice straw returning + no-tillage increased soil N loss. This study may provide a

scientific basis for nitrogen (N) management in paddy fields.

Key words: Anammox; Straw returning; Conventional till; Rotary till; No-till
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Table 1 Reaction mixture and profiles used for real-time qPCR

H R S F IS
Target gene Reaction mixture Thermal profile

407 16S rRNA

Bacterial 16s rRNA

25 uL 2xMaster Mix, 1 pL = Fii#514( 10 pmol-L™ ), 2 uL DNA

hzsB

kg, 20 pL ddH,0

10 pL 2xMaster Mix, 0.5 pL | FiE514 (10 pmol-L™'), 2 pL

DNA #i#%, 5 pL ddH,0

95°C 305, 95°C 555, 60°C, 4053k 40 4
ey
94°C 5min, 94°C 30s, 55°C 30s, 72°C

30 s 3t 30 MG, 72°CHEfH 10 min

1.6 HELESHSH

AR R 3 M AEYEER, SRR
Microsoft Excel 2016, KIJE ALK FH Sigmaplot 14.0,
IE 25 43 A K 3 5 A0 O % 4 R Bl IBM SPSS
Statistics 25, 5 225514k Duncan #:5%, 522455
K H Dunnett’s T3 £, 7E P<0.05 /K V32 4
22 5 o AH DG 53 B R FHBUR AGL 58, 430 7E 0.05 1 0.01
IRV S 3 R 0 2R G o el I A A A S

AN ST RIET
2 & R

21 ARBEAFXERBFEEI LEBLERLP
=AU
Z0d 15 AR RS AR IE S HHEE L, LRy 322
BACME T R A T ORI B AR AL, VA oG T KA
TAEIPR AL . £ Ab 3R] 3% pH o E 25, B
R A RS RIBEE 7 XK RS+ pH o i 35 1
M (2 2), CTS. RTS Al NTS 4b#HHEA PR, 4

A, BERENHESET CT 4B (CTS 28 &EKT
CT, HARBH WEHAKT ). £403 ISR
EHRAMK, WECER LM TERSA &=, CTS
FCT AbFEAMIH NH WG R% 25, B85
flXF RTS FiI NTS Zb#8, SEEARIEE AT, f5FFia |
IR BERFESERE,; ERFEHFT, i
FER SR o] 3 P i R S AR . NTS AbFEfY
TR E B T HARATE, H CT. CTS F1 RTS
AbHR IR 25 SN0, SRR o T KR LR E
22 REFENMRBELEE

[ 2R 7 B 15 % S 6 v A 98 R A 4Lk R R A
TR 1, REREFRAMET, &by 15
RAYALTEPE R N 7.45~12.33 nmol-g “h ™!, TRA &
FALTEE N 0.49~1.17 nmol-g "“h™", FRUAALIEPEE K
FIRAE S ATE P oAb BRI A Ak 6 P 5 PR AR A AU
TP Z BIFEAE BRI OGO R (8 3), CTS BYRAH
s (7.45+0.18 nmol~g’l-h7I )RR A & A AT T
(0.49 +0.04 nmol-g “h ") BEMT CT LB (4351H
9.21 +0.53 nmol-g "*h"' 1 0.61 + 0.02 nmol-g “h™'),

#2 TRHHEHRSHTTET LIRB AR

Table 2 Effects of different tillage practices and rice straw return on soil physical-chemical properties (n=3)

EHATHLT 2R Hh ) W
Ab B pH NH,-N NO;-N
SOM TN Salinity Bulk density
Treatment 25:1 / (mgkg™") / (mgkg™)
/ (gkg") / (gkeg) / (pS-em™) / (gem™)
CT 6.10+0.15a 33.93+£2.08b 1.96+0.11b 109.61+£12.01b 21.79+6.63¢ 0.97+0.04b 1.00+0.02b
CTS 6.01+0.18a 38.074+2.70a 2.18+0.10ab 144.67+12.10a 22.92+7.01c 1.19+0.14ab 1.04+0.06b
RTS 6.08+0.32a 41.10+2.44a 2.34+0.10a 150.00+£21.07a 38.58+5.61a 1.80+0.41a 1.14+0.03b
NTS 6.05+0.11a 43.83+2.60a 2.46+0.10a 155.33+£16.62a 27.19+£7.26b 1.49+0.50a 1.23+0.04a

H: CT, B ANECH+B#HE; CTS, FFFH+EHE; RTS, R0 HIER; NTS, BAFEH . F—3 AR SRR 4k
HA) 255 B #%E (P<0.05), T, Note: CT, conventional till; CTS, conventional till+rice straw; RTS, rotary till+rice straw; NTS:

no till+rice straw. Different letters in the same row indicate significant difference between treatments ( P<0.05) . The same below.
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Fig. 1 Potential denitrification and anammox activity of soil under
straw returning and different tillage practices
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li) IR AR A B A Y LB R Bk CT>CTS>
RTS>NTS, i RS FFIE AL T R A& AL H A
XL, AR BRI RE R T AR KR b A AR T
Fefil, DL B85S, KRS RS FFA H ok s fk s Al
FTHEMENEE, HRADEMENERKTREZ
LA TR PR
24 REI[AEUEREZAN

SR, T Ab B 2 ) PR S SR A TR 1 A
BRARARL, AEARXS S BEAT BT 25 5 o 45 b B rh 354G
3| Kuenenia M1 Scalindua ( J& /K ), H Kuenenia J&
AR R 2 B S VL 74.05%~93.03%, & T
Scalindua ( 6.11%~23.37% ), MAMNAAH DR K E
FH )R (0.39%~1.87% ) (& 2b). 55 CT [k, CTS
1 NTS b Kuenenia JERIAANEE LB E 2R,
{H RTS Ab P 5 2500 5, 1 A BER I #1348 H B A )
T Kuenenia J& KA 2 AACHE IR . Scalindua BH

AbFR Treatment
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Fig. 2 Abundance of hzsB gene of anammox and total bacteria (a) and composition and relative abundance of soil anammox bacteria (b) in

soil under straw returning and different tillage practices
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SR, CTS BEMT CT b3, UiHIBIHE &M T,
il FF 3 FH AR T AT F2 B2 5 AR BB Ak 3 22 ) 3
A NTS>CTS>RTS, Ut E#EAFI T Scalindua 1
Ak L, FEFFE B REEE 7 28R oAE 7K R R
AEEAL TR R IE A AL, (H O T 2w AR X
FHE.
2.5 HEEXMESH

O3 I T AR R IRAE AN EESH
(ETENG M . THRBSE E R | BEEMT ) 5131
R T 22 [ B R AR AR DG . RIEAN B B, &
., AR S A G RZEYBEMHC, BB

W H A FEBHE G, KRE R BB 5 £
M BB A mHE M, ok, RAEATE
P 3 AR TS 1 S A G (P<0.01), 15
LA hzsB . NH, A NOLVE B TC B A0 k. A
[Fi] b B[] IR A R S AL T RESE N hzsB =E B 1
Z5 (E 2a), H5HEHE A SAXTF A 1 e L
T ¥ T FMHEVE . Kuenenia MHXT £ E 5
Scalindua W2 FUAHOE (P<0.01), LIRS FFiL H
FBEAE 5 =0T B8 X 7K g 4 G i PR AR 2 S AR TR A9 5% i)
ARl HEMAS FF A H AR R BHEA B S, KRG IR
SR A A R 2 LA T B AR

x3 FELEREIENEE. ERFE. FEEANFES TIRBAERMERHFEXE (=4

Table 3 Pearson correlations between anammox indexes and physicochemical properties in different treated paddy soils (n=4)

N KRR
- !ﬁ\i 5
kst APLBT 2R HE . 168 e
pH NO;-N  NH,-N  Bulk hzsB  Kuenenia Scalindua
Index SOC TN Salinity rRNA Anammox
density
activity
HHLF SOC  -0.326
%A TN -0.331  0.999**
s
-0.578 0.930 0.940
Salinity
NO; -N 0.009 0.801 0.819 0.780
NH,"-N 0.250 0.562 0.586 0.544 0.943
B
-0.123  0.966* 0.958*  0.804 0.747 0.525
Bulk density
16S rRNA -0.289  0.966* 0.955%* 0.834 0.647 0.380  0.980%*
hzsB -0.828  0.319 0.345 0.644 0.330 0.212 0.063  0.144
Kuenenia -0.175  0.235 0.274 0.465 0.667 0.750 0.050 -0.023 0.694
Scalindua 0.189 -0.214 -0.253 -0.452 -0.645 -0.729 -0.025 0.044 -0.706 —0.999**
PRAR A SE AT
0.080 0.778 0.754 0.505 0.450 0.240 0.906 0.894 -0.313 -0.357 0.383
Anammox activity
SR AT
Denitrification 0.249 0.644 0.618 0.326 0.344 0.177 0.816 0.787 -0.496 —0.471 0.496 0.980*

activity

e R, *, **5rFRAE 0.05 F1 0.01 KB 3E A E, Note: two-tailed test, *, and * * showed significant correlation at 0.05

and 0.01 levels, respectively.
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WEE 73X —WE e (& 2a). SRMM, £ Ab3EE KA
ZEMARFE TR EEZER (K 2a), H#ENSZATF]
RS2 o — 5T, 25 A0 B A 98 v e h vk i 45
e (EUR PR R Vi FE 3 31, DR AR AL TR X A PR
WIFIHAZR s o5 — 5T, R e AN ERAT HIL 3 &
WES TR (F 1), ATReEH 7IRAE A ER
AR, PR R B U SO AR A iR AL T
SRR AR, A i R 5 T IR AR s A T, X
— SPEA P BV A R RIS B 245 2] EPERO) (R
JSEFEFF I H AR R B O Xk 1 L e e
BT, $EE TOKRE IR K, (BIRAE A E R A
KTz i LIRS R 2 o [FIE, AHOCHE
SR, DR AT B S S M A 1 e Ak
P JC A CME (R 3), RAT R AR ALLE
DNA JK-V-#E 17 PR A A TEE W -2 o b, ok
WA B I PR DR A VA AR 1 B . AR URT |
JBoKFE AT A, ZEARBENEmW, R
413 3 R AR A SR A T T BE Ak TR BRCIR S
33 RESSNEHERNEARBERFRXSHET

it H

=R S SN < © A TUR DB PN =0 = i = W LR
Brocadia 1 Kuenenia, KW 38 %€ 1 Kuenenia 1
Scalindua, RAJHESEERTA K, TEAFKHRT 1y
K B[R E B Kuenenia™, Ui B H AT & 1 g H
B RS Scalindua il H 5 FEH VI, WFE
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e 59 &

bR R PE DAL RER N B Scalindua®™, AE37 11 A1
TULRI T Scalindua 53 FE 5 VIR P 38 # 7K F
T E SRS AR R E R, I E R
LEIK R - BRI B — i FBEWY Scalindua . X EE
FH 7K A 4 B 92 BRI A AL - JC AL C it A )5 b 2%
Pem T RHEEE AT Scalindua 1KY X AR
A b XA KRS LR KB Scalindua J& IR 4R
AR | AR 1T RE S AR e RN A e
AW KRS L RE B AR VDU, RS
(% 1), HEULATRIE—E &R Scalindua, ¥R
S Fris HAL PR Kuenenia 1 Scalindua F%}
FREWTC I E R, HEHNFS AL A ERn
R A W 5 AR B kA T W AR (&l 2b),
Ui B RS AF I B RIREAE [ B 5 i) 1 DR AR 2 SR AL T 1 A
P A o G AT A H e X 7K LA [R) R B B
AHRT Kuenenia WA . MIRHTRY, ANFEHHE
FREGFEFFE HAN PR 2 [8] Kuenenia 1 Scalindua #
XPEERA BE A, BEEHETEELR,
R AT fE 5 LA 22 A G #E Kuenenia W REXT
T IERFEA TR, AR i LSRR REE AR T
Scalindua WK .

4 4w

A A R BT S R AT 8 I T, R
HAAMTETE R AR, EREE A RE
BN FEILREEZER, REEEREEFMIAR
KA BB HAN SRR A T AR, RE A AT R
RTRESZ HIERS AL R 2R R iR, DU
T A] E i R IR AR R A R R ARG AT A T T
B
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