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Effects of logging residue management on soil nosZ-type denitrifying bacteria

community diversity in a Chinese fir plantation
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Abstract ; Denitrifying bacteria was the key factor of soil nitrous oxide (N,0) emission. Taking Chinese fir plantation as the
research object, four treatments of logging residues were set up ( RF, reference; RB, residue burning; MT, mulching
treatment; NR, no residues) , using high-throughput sequencing technology and nosZ as marker gene, the composition and
abundance of soil nosZ-type denitrifying bacteria community were determined from September 2018 to September 2020. The
results showed that more than 90% of soil nosZ-type denitrifying bacteria came from Proteobacteria in the four treatments,
and the dominant bacteria included Azospirillum, Mesorhizobium, Zoogloea, Burkholderia, Acidovorax, Bradyrhizobium ,
Pseudomonas , Azoarcus and Achromobacter. The results of significance analysis between samples in different species showed

that the nosZ gene abundance at Betaproteobacteria level was significantly increased in RB compared with RF after the
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treatment of half a year. After one year, the Rhodospirillales, Rhodospirillaceae and Azospirillum in RB were significantly
higher than those in MT. Compared with NR, the abundance of nosZ gene was significantly increased in
Gammaproteobacteria and Alcaligenaceae in MT after one year of treatment. The nosZ gene abundance at Proteobacteria
level was also significantly higher in MT than that in RF and RB after two years of treatment. The alpha diversity data
showed that the Shannon and Simpson indexes in MT were significantly increased compared with those in RF and NR after
one year of treatment. After two years of treatment, ACE and Chaol indexes in MT and RB were significantly lower than
those in RF. The four different logging residue treatments in Chinese fir plantation had significant effects on the composition
and abundance of soil nosZ-type denitrifying bacteria community , which changed significantly with the study time, providing
a data basis for comprehensively understanding of the microbial mechanism of N,O emission of soil nitrogen cycling process

under different forest cutting and regeneration methodology.

Key Words: Chinese fir plantation; logging residues; denitrifying bacteria; nosZ gene abundance; nitrous oxide
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Fig.2 Relative abundance of nosZ-type denitrifying bacteria community in each sample on phylum and genus levels
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MT2( P<0.05) . MT4 5357 v-“E I 16 24X ( Gammaproteobacteria ) F1 7= §f & B ( Alcaligenaceae ) 7K [ i 2 5 T
NR4, 1l RB4 W3 AIAEZL #2358 H ( Rhodospirillales ) \Z1#2 & F ( Rhodospirillaceae ) | [5 R B J& ( Azospirillum ) %
i (uncultured_Azospirillum_sp ) 7KF I .35 5 F MT4( P<0.05) , ILAh, MT5 i& 7E A8 JE 1 ] ( Proteobacteria ) 7K
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Table 1 Analysis of inter-group differences in abundance of nosZ-type denitrifying bacteria at different classification levels

I T Y2 8K &2 FEIE (24 1) B (4 2) 0
Classification Microorganism Group 1 & Group 2 Mean ( Group 1) Mean ( Group 2)

4 Class B-ZEIIH 4N Betaproteobacteria RB2&MT2 0.0944+0.0074 0.0432+0.0078 0.0000
4 Class B-ZEIL 4N Betaproteobacteria RB2&RF2 0.0944+0.0074 0.0313+0.0103 0.0000
H Order £I3FH A Rhodocyclales RB2&MT2 0.0495+0.0017 0.0124£0.0039 0.0000
A} Family Zoogloeaceae RB2&MT2 0.0495+0.0017 0.01240.0039 0.0000
J& Genus R Zoogloea RB2&MT2 0.0490+0.0018 0.01220.0040 0.0000
Fil' Species Zoogloea_sp RB2&MT2 0.0490+0.0018 0.0122:£0.0040 0.0000
4 Class -4 Gammaproteobacteria MT4&NR4 0.0289+0.0002 0.0244+0.0013 0.0000
H Order 41327 H Rhodospirillales RB4&MT4 0.19300.0008 0.18200.0010 0.0000
#} Family LT IZ TR AL Rhodospirillaceae RB4&MT4 0.1930+0.0008 0.1820+0.0010 0.0000
B Family FEHRFE R Alcaligenaceae MT4&NR4 0.0297£0.0012 0.0246+0.0001 0.0000
J& Genus & FIRER Azospirillum RB4&MT4 0.1890+0.0008 0.1780+0.0005 0.0000
Fift Species uncultured_Azospirillum_sp RB4&MT4 0.1880+0.0011 0.1770+0.0007 0.0000
Fift Species Bradyrhizobium_oligotrophicum_S58 MT4&NR4 0.0000+0.0000 0.0001:0.0000 0.0000
it Species Bradyrhizobium_oligotrophicum_S58 RF4&NR4 0.0000+0.0000 0.0001:£0.0000 0.0000
[T Phylum LT 1] Proteobacteria RB5&MT5 0.9870+0.0028 0.9970+0.0002 0.0000
1T Phylum AL Proteobacteria MT5&RF5 0.9970£0.0002 0.9920+0.0022 0.0000

BRIN P<0.05, &I 0<0.05 F4Fl; 1—5 10K 5 A RAEIHY], 73500 2018 4F 9 H 2019 4F 3 H .6 H .9 H I 2020 429 H

2.4 13 nosZ RIS AL AN A TEIE ) o Z2HEPE

AN RAR TR AP Ak BE5E X —4F (2019 4F 9 H ) FIBEAERT (2020 4F 9 H ) 1) 43 nosZ IR AL 4N BETS o
RIS R IR 2,

AL FR5E I —4EI MT (%) Shannon F1 Simpson 544341 it % & T RF #l NR( P<0.05) ; ACE F Chaol 5%X7E
FALPRB Z R AT E (P > 0.05), AbHE5E A AERY Shannon F1 Simpson 8 KAk # 1] 22 5% A B 3, ACE Hll
Chaol 8443}y RB I MT b3 2K T RF(P<0.05) . ] W, AbFH5E i —4F APy e A 38 25 186 1 443
nosZ B H AL AN TR V& 0 21k
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Table 2 Alpha diversity index of soil nosZ-type denitrifying bacteria community under different treatments

fist ] b3 Shannon 41 Simpson f541 ACE 5% Chao 1 454
Date Treatment Shannon index Simpson index ACE index Chao index
2019-09 RF 7.35£0.05b 0.99£0.00ah 499.0112.34a 501.07+14.00a

RB 7.4420.03ab 0.99:0.00ab 491.25+21.49 497.42+18.49a
MT 7.43£0.01a 0.99:£0.00a 507.95+12.10a 511.80=11.63a
NR 7.3420.07ab 0.98+0.00b 528.71x12.48a 530.15+11.08a
2020-09 RF 4.8220.25a 0.880.04a 318.80+36.15a 319.01:38.43a
RB 5.2220.12a 0.95:0.01a 259.55+10.58b 227.14£2.67c
MT 4.4120.31a 0.89:£0.03a 234.1623.69¢ 236.08+2.14h
NR 4.98+0.20a 0.9320.01a 281.03+30.33ab 261.22+13.25ab

AR FE B AN ] /NG B 3R A ) A B ] 22 55 .3 ( P<0.05)

3 it

AHIFGE LA A SR i (NOS ) IS EEIE R nosZ A 2R 56 42 I i A 40 TR A A i, SR FH v 38 3210 ) 45 R 43
T 4 FioRARRI WAL B 20T A2 AR N T AR 38 nosZ 7 SRS A 40 BT B B 78 A RN 2 RE PR AR, 245010
T, ANAE BT -3 nosZ BY AL B R IR 7E AN ) 93 28270k L IR A e 22 R 3
3.1 RAGEI AL EL 5 SO 1 nosZ YIS Al Ak 20 TR FE 7 2EL A 5 T

3% nosZ USRS Ab A TRRE T 4L 7 AR B 20 S R AT 5 R A b RN TR S 4
INT -3 nosz BAALAN B REE ROERE , K T8 + AN A A4 > AW 5 v e Ab B 5 A2
AER, JOBEMAERE T X HRAE B-AE T 1 4R 7K bt 38 nosZ B A AN B R 95 10 =E B /KA BB 4R THE 5 e oh
KGEAEAL PRSE A — AR B e o0 ) T 408 e B AR E A AR B 8 M uncultured _Azospirillum_sp 7KF I
WA RIETFHEM . Kennedy %0 (HFFE th 2 W1 K TP 38 n S i Ak AN i iE v 208 . RIRW Kbe e, 1k
TE R 5, BEFES PN A 3 B B 7% 43, HL pH (B 2 Tkt DTGB i 52 i £k 40 B 1) = 18, B
W H AR pH 2IRZE N,O i LAY R 5 A2 e ™) (EARERSE O AT B OB AR TR i, 138 nosZ U Al fk 40
WRE FEEAEIE T IKF E R ERER, — 0T A RESE T 58 K3 J5 3 32 W9 7K v ] 25 J5E A1 3 J 40 X 4 3 5
SRR AR B AR AR AR NI e Xot SR Ak 4 B B VR S R 0 0 2R 7 A BRSO ES  5
—J7 T, WA B B[R] DS B 22 M R B FR A A e, o SR W R T - B BN T R AL A
MFBEAKT o BT K RAEAL 56 B — 4 By AR TR B, © 4893 TR -7 T8 TR AN R Bl T R KT | i
FWINT nosz FEH -, JF HAEALBRSE AR, AE AR T KPR TR IR Ry iR b B rp R A L
W) 0 A FH B I 7K 4028 2 6 1 K i 11 - S R S R R AR R R
BEAI o B 114 T 4 0 7 i AE M RGN T Tl x4 b K R B g T AR, DT R A 3R LT 23 B A e S o, il
Ao SRR KA, BEA R 0 L e 0 s L S ) o A AR T SR R
HMEFR S i A BB I e R AL BB RS BRR AT R AR TR B AR 55 | B B, &K
BEAG, BB T KSR 200 RS R TR T S e AN s A 1 1

BT 40% 19 SRS AL T 7 B9 AR T LA by 0 BT AV 2E R 25 SR IR I, AS TSR AR TR A i Ak
PR EOO N R R E AL 22 T R AT e S SECR AT 3 RO fb e 2= 5, 2 imi 52 o /A 0 1
Fe, H EH AT TANE 13 nosz RY AL 7% 09 D REBF 98 8 /0 | Xof 22 S 0 el ) B Ty g ) 000 3 5 3
— 5%,

3.2 RAKEI A A HTs S0 1 nosZ RS A4 A0 TR 22 BEE ()5 I

AR Z R MR BORT DL S A MRV Z AR RO TR , e ACE Rl Chao 1 $840 % f i 2 W BE A F
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AbFRSE L —AE I AT R BRI B 8 2B BN T 1358 nosZ BUANTRRETR RO ZREME . 8 DA AN TR PR35 2%
5 nosZ JEPH R CAE Y AE L 38 h AR E , 32 B FREE DI (M 52 50N, DRl 20 R PO 2 S AN | 35
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AIF L EIRIE T nosZ (03 A FIREVE ZREME AR 225315 1 ARBIFE i RIA MUK A A T 00 BRI RS IR ) e 2%
T R AT SRS A L) HR TR A s e b SIS A DA R 11 0 B I Ak o L 4
PRE e BRI ) o i R A RE S RSB A W B B 2 WA AR, e ) S R R 5 A ) R ) A A
FHRTHR A SSRGS AL A 22 Ak, (EL7E AR B S8 18 A A P, 53 A A0 2 A L o R
ACE Hl Chao 1 FEECE00 M FEAR LU B B0 K be b BRI 5 SR A% 0 14 23 ifk 37 70 B RE AR R, 800 1t
M PRFA TR X R PR A ) B TEAL BRI 3 R G 1% 35 A BRI D ARTEAL B 58 U AR I, £
HEFR Ay O R BIBLR S BOR AN JCPe b B REAT AIOE I TR 1 AR

LA E AR KA FEREEAL BRI B 3T 1 nosZ RURCRMAL TR DL S RE 7R 1 5 BEZKF- (0 T A
R ZHEPEBAT AR TEVE T T AR WAL B BERE RS AN nosZ Y S AH AL D RE T A B =F BEKF- , o RESS IniZ T
TR Z REVESR B, 10D 8 N, O HERCA B 2805050, IR e R U B T 52 B N ARG E A i
T

4 #ig
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