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Abstract ; Identifying the structure and diversity of denitrifying microbial community in tropical forest is of great significance
for understanding N, O emissions from soil denitrification as well as for mitigating global warming. In this study, three
secondary restoration stages (i.e., Mallotus paniculatus, Millettia leptobotrya, and Syzygium oblatum communities) of
Xishuangbanna tropical forests were selected to explore the composition and diversity of nirS-denitrifying microbial

community in dry and wet seasons. We also examined the effects of variations in soil physicochemical properties on structure
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and diversity of nirS-denitrifying bacteria community during tropical forest restoration. Our results showed that the relative
abundance of Proteobacteria and Acidobacteria was higher in early recovery stage than in later stage. In contrast, the relative
abundance of Dechloromonas, Halomonas, and Rhodanobacter was higher in later stage than in early one. The relative
abundance of Chloroflexi and Actinobacteria increased along with the tropical forest restoration, while that of Cupriavidus and
Pseudomonas had an opposite tendency. The genus number of nirS-denitrifying bacteria community in September was ranked
as S. oblatum (19) > M. paniculaius (13) > M. lepiobotrya (7). The order of Shannon diversity of nirS-denitrifying
microbial community was S. oblatum > M. leptobotrya > M. paniculatus. The Shannon diversity was higher in wet season
(September) than in dry season ( March). Correlation analysis showed that the structure and diversity of nirS-denitrifying
microbial community had a close association with N pool (i.e., total nitrogen, NH;, and NO;), C availability (i.e.,
microbial biomass carbon, easily oxidized carbon), and microclimate (i.e., soil water and temperature) during tropical
forest restoration. Principal component analysis ( PCA) showed that nitrate nitrogen, microbial biomass carbon, total
nitrogen, and easily oxidized carbon were the key factors controlling community structure and diversity of nirS-denitrifying
microbial community across three recovery stages of tropical forests. The effect of soil water content, temperature, hydrolytic

nitrogen, pH, ammonium nitrogen, organic carbon, bulk density and C/N was ranked the next.

Key Words:; nirS gene; denitrifying bacteria; microbial diversity; tropical forests
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Fig.3 Relative abundance of genus-level denitrification microorganisms in different months across three recovery stages

F1 FEAMREMEAGTHRATIE nirS BRHELMEY o SHIEEH

Table 1 Alpha diversity index of soil nirS—denitrification microorganism in three restoration stages of tropical forests

Heh 3 91

Sites Chao Shannon Simpson Chao Shannon Simpson
RS (M. paniculatus) 42 1.65+0.03¢ 0.28+0.001a 299 3.77+0.01c 0.06+0.001a
T HEREVE (M. leptobotrya) 44 1.73£0.02b 0.26+0.004a 354 3.81+0.02b 0.05+0.002b
G TH BRIV (S. oblatum) 25 2.66+0.01a 0.08+0.003b 365 3.93+0.01a 0.04£0.001b

ARTF/ING BRI ETE Z A B 3528 57 (P>0.05)
A R [ S B BERIA A3 13 nirS BUSCAHAL AR MY RSN B A 25K (R 2) o a2 nl
WRIZAERRA A 324 (3 A2 9 ) Baxd 138 nirS B A 20 T RO HE 75 45 10 S 22 REPERRAE 7 A2 352 MR (P <
0.01) , HRE AR5 H A3 AR Al 235%F 1398 narS YA A0 48 B 2L [ 77 A2 5200 ( P<0.01)

®2  REMRAEER E 3 L5 nirS BR A REY Shannon FEEH MM W E R 75 £ 447

Table 2 Two-way ANOVAs showing the effect of recovery stage and sampling time on Shannon index of nirS—denitrifying microbial community

WH Ttems df Mean Sq. F P

Bt Site 2 1.26 76.07 <0.001
A1 Month 1 14.94 1807.53 <0.001
Fex A 4} SitexMonth 2 0.34 41.07 <0.001

2.4 IEPALPERRS RO AL BUAE IR SC R
3 Bl RIS B Behty ARk B SR AR i I 2 45 R DL 3., s m] N, R RS KR 2R KR B
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RS R A e S A LR BE IR S A R AE I i 3 in , HAS [l B b 22 S i 3% (P<0.05) , V8 SO #E
VR4 pH (iR, (05 ML REPS 26 5 A8 2% i - 98 3L 32 3 B0 A I O O 47 RS in i e A1, e A s 3 B ML
TR e, MP BEVE SIS

K3 ARBREMBRAEHRKTIEELERIFE

Table 3 Soil physicochemical properties across different recovery stages of tropical forests

T R T LEHR @ﬂg R T T SR
Sie SW/% S BD/ pH S0C/ MBC/ ROC/ ™/ HN/ NHZ-N/ NO3-N/

(¢/em) (g/ks) (ko) (g'ke) (g/ke) (mg’kg)  (mykg) (mg/kg)
MP 27.52+3.1b  21.38+3.74a  1.01£0.03¢  3.75+0.23b  19.88+3.83¢  1.46+0.38¢ 10.86+1.67h  0.98+0.32¢ 87.97+20.34b 15.04+3.24¢ 3.73+0.56¢
ML 33.35+¢3.2c  20.32+4.15a  1.26£0.17a  3.96+0.06a  23.03+4.43h  1.86+0.43b  10.11+1.03b  1.47+0.09h 145.22+8.45a  17.45+3.22h 4.02+0.43b
SO 37.23+4.5a  18.42+2.25b  1.21+0.13b  4.01£0.03a  25.46+2.89a 2.21+1.0la 11.45+0.56a  1.56+0.17a 147.56+9.43a  21.34+2.13a 4.19+1.29a

SOC: HHEAHLBK Soil organic carbon; MBC ; {2 41 4 W1 2 B Microbial biomass carbon; TN 2% Total nitrogen; ROC: % A kB Readily oxidizable organic carbon; HN: K fif & Hydrolyzable
nitrogen; NH;-N: 825 % Ammonium nitrogen; NO3-N: B % Nitrate nitrogen; SW : 137K 73+ Soil water; ST +3iRE Soil temperature; BD: 2T Bulk density ; #[Fl/NE FH3m A FIREE 2 %A
BEEF(P>0.05), ML MP 1 S0 752 B EREREE (M. leptobotrya) \ATFHIEETE (M. paniculatus) TEHEE AR (S. oblatum)

Pl RS RIK S B B+ 458 nirS B AEAGTUZE MIREVE o ZAEMETR 50 S T HERRS5 R B AH DG 43 B 25 1L L
4, Hop Shannon F8505 H3ES KR R SUED R ISR KA SR S A B B E A
K (P<0.01) , 1M Simpson 5505 138 5 S A0k 450 K M L 25 R SO A /2 W B 3 A 56 (P<0.01)
Chao 8405 H 3R Yk SR SR SN B FH IEM S (P<0.01) , 5 -5 pH ALK K2 LS E
2 E A (P<0.05)

R4 TEErS BRHUMEYMEE o« SHESEHS T EBAMRENXR

Table 4 Correlation of soil physicochemical properties with alpha diversity index of rirS—denitrification microbial community

- . it . . e
5 GE Wk WE *”Eﬁf Sk AR kR BEN mER
Trems BD P SW ST s0C ;‘B C ROC N HN NH{-N  NO3-N
Chao 84K -0.11 0.68* 0.49 0.47 0.66 0.78**  0.78** 071" 0.57* 0.62* 0.83** -0.30
Shannon 35%% -029 057" 0.67°* 055 059" 0.61%* 0957 0887  086*" 076" 094" -0.56"
Simpson 7551 026  -0.49 -034 032 -036  -047  -090"* -0.89** -0.83** -0.70** -0.88** 0.73**

# FORBEMMR (P<0.05) , ™ FRil B (P<0.01)

K FE RS 53HT (PCA ) S I BRMOR RIS B B 358 nirS B AL A0 TR o Z2FEPEFS B BRAL I 1
AT AT, a5 R 4, PCL A PC2 1 5o REUH B 54 67.32% , Shannon $5 %05 7% - HEFRILFE AR 1)
FHEF A . RS A < DI UE W R R < 2R < S B AR < 7 K R <K R <pH < B A5 R < - IR E < WL <
KHE<C/N, Uil HHERASR MUEY R R D) B AT T B SRR [R5 B B - 48 I Al Ak 4 B
BV S5A0 S ZREPERRAE I 4 I O B KOR 38R KA pH B A A LR A E e C/N,

3 Wit

3.1 PG BRMIREXT nirS Y A A0 40 R FE V& 254 (45 )

3 AN [ 52 i B 1) FArts AR AR T35 narS Y S A A0 200 T Vi 4 A8 22 5 (.38 . 8 JE R T ] ( Proteobacteria) (TR
FFR1] (Acidobacteria) FURTFE 1( Bacteroidetes ) FNEL R ] ( Actinobacteria ) 18 1% 4 FRAR X B OLH T, H
ARTE BRI TR T BE AR AR R AR B8 (32.71% — 98.63% ) ,iX — 45 Gu'™ J Zhao* 2 N HIRFFE 45 FAIBL,
AR B IAE A 28 R G I AR AR B VUSRS S e SCPE v o Bk 25-40% !, H— S8R\ R R TE
BRI X = B e 8 SR 1 SR BT 3 Hh B S S AR RIS R TR R T R AT R D AR R R
VRS TRE S0, X T Re S AR TR R T T FRRAT W B T2 8 SR A RS A WA O ENTESR A AL
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Fig.4 PCA of alpha diversity index of soil denitrification microbial community with soil physicochemical properties
Shannon ; Shannon 344 ; Simpson : Simpson 3§44 ; Chao ; Chao #§%4; SOC ; 34 HLEE Soil organic carbon; MBC ; i ¥4 ¥y b Microbial biomass
carbon ; TN ; 22 Total nitrogen ; ROC ; 5 28 4L1% Readily oxidizable organic carbon; HN; /Kt Hydrolyzable nitrogen; NH-N ;£ #5%& Ammonium
nitrogen ; NO3 -N ; il 2% Nitrate nitrogen; SW: 17K 53 Soil water; ST 3R ¥ Soil temperature; BD : A7 Bulk density ; 1—9 . #£ 77 #04E-F- 21

Average of sample plots

PEE AR A PR b S T EL A e o AR B2 5 RS B T IR B D T R s T 3 78 R R S i AL A B 1], Ak T
Y 5 B T AR B 70 R A Ry, L e & Je B A 3 = AR R B A AR R 9R IX 7
3 A S IR PR R 55 ( MR MR 2850 R 1) s A5 5 X D 11 = A DGR B PR R AR — AN A
FasE K20 0 22 b1 52 A 300 P AR A A 4 P R 55 3 B T B R B — | Gk R — A A R E Y
55 7K KSR B A 45 S A 4 DA A G = B L B 2 (WS TR A T]) o 9 O3 Aer T 1 Ay il 4%
BT TR v e 0 8 TR 003, Wl R R DR A IO DA 11X 7K 4 R 8 B UK FE 7K A 78 R i A A BAy
WY HAN TR 5 A 3963 A e o i e S BOR IR 4 9 H AR TR Y 3 AR
2R,

553 A9 A8 HEHLY nirS B 565 A0 40 B & Fh IS B0 BUAS [RRE BE (R MG MR, O BR1 TR I S PR
R GRS TE R R R K BRI R BN 3 A REH N AR SAE (B 3) X — S5 R S A
NI IS RN (HHER A S nosZ U514, i U B _E 34 JURD B2 F A0 40 B 8 N E B AT A IR 8 I g ()
it HA S AR A SR ( Nos i, —FPRERE N, O SARE R N, (M) o BLAh, bR 508 1 8 0 FH 6  BE 7 3
H .9 F BRI S A B in i FRAR A, oo SO A 40 B T ()RR X 3 B AR A B 3 AR T, i 9 9 e S8 B
it AN 2 L IRT/ AT B AR VT R AR BRI i3 in , 3 H R B MP >SO>ML; 9 H Bl i 1) 52 il £k 41 1A
FRECFRI R SO(19 Fl) SMP (13 i) SML(7 Fl) |, 156 HH 3 46 2 i £ 20 A1 Ja 18 R XoF = B X AR b S 22745 A8 Ak (11
Z) BRI I ML BETE PN 35 narS BG4 A0 T AR 2 B AR A R K T AR K R Y SO
TEVE AR AR /I, UK S AR BR T narS 78 526 A 20 BT 1) B 8 45 P s i 8 R i, TR0 Wiimter ) 25 TN
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H ,nirS HY S G AAH T I 500 23 W 25710 B i b 1 A B 1 R W 25 8 Ak, B 5 A S b 08 B R B W i ok B
YIRS, 3 ANRE N 34 A BN 20 JELTT/INAT T o A 5P T T O S B T s 0 5 T U 25 marS B S A AN T
J& ABAETT X KRR AR R B AR AR - g S B I narS B SR Ak AN R 114 A S R 5
I7o R, BT R X I 2 B AR e, Sl A5 38 nirS Y R A AN T R A0 T R BE AR A SR B
P
3.2 BAFBRMIKE N nirS B A R Ve AR PE RS

PO AR S AN nirS HY SR A A BRE VR 22 R 7 AR B RE M, Bl AT R 52 AE B i 5
1358 nirS BYRAEAGTE DA T Z AR B g i, 9 A 43 MP ML SO A Shannon 5405351 3 H i 2.
28 .2.20 H11.48 1, UL BAIK S A BB 5 , HL Shannon FEEUEALEUIN , nirS B SCAE AL A: YU RE V& 45 14 0B T 52
TE o AR AR BRI N, A0k 5 1 SIS A B 2 B M, U8 9 i S okt T AR R AR (] i - SR S
SEICEE R Tl TR E BB IR M RN T SR i e AR A R R 1Y nirS BB AL A0
T I HEVE Z2 R dR i, T AR AV e 1K, s Ah Ak Tk O I 300 1 2 T 7 0 s A i B AT % 100 R i e o
B R T, B A K SR A R A B, PR R 7% 38 SO AL A0 T R RE VR 4 M S Z AR T AR L, Ab
TWRE AR 2 A AE A 158 pH (M HIEA PLbR | 2 A S A & AR, X 0 nirS BRS04 Py 4 41t
TR ARL SRR IR DA TS A5 S I 0 ) R TR AR R v A T R AR I 1Y marS B S AT A W A TR 4
¥ L et AL, (H A HLaR A AN SR IR REAT A E 22 7 I AT A A2 5 S RO A RO
WIS AL E D B —E n 22 5. 38 pH A HLEK 28 SRS SRR 3R A AUk, B35
e FAHE ARAR L5 nirS YRR P AN T G FE T 2 RRPED 1 DR, A BRI S22 R PO S [ A A, 43
BUB RS TSR IR | S50 3 nirS Y S EAL AN TR I RE TS ZHE 1

HURE F AR AN TR X AS [ R 52 B B 1Y) 1= 458 nirS 28 I B AL A TR 2 AR PR 52 ) 0 2, A BIF 9 3R WY, K A2 4F PR3
hn,9 A 43 &FEHE Shannon 8% 3 H -V XHG AN 2 4%, HAS[RIRE MBS A4 2 5 B 2, W1 A 1 28 1kl
SNSRI B B 38 nirS B S A0 A0 T 22 AR PR S 0 35 R, RS R P SU AN B R T 2 (3
F) BRI R R e it AN TR 2R (9 ) (AR 2 0 W) o i IS A e B 3 v T 30 Ak 34
AR IR AR SR TR (H I8 K R S T PR A K S B A A0 R KR B
AR, S RS AR T IR 4 nirS R SAL AR TR TR L o S — Oy T, BEE K AR R B, 45
o - 3Rk (NG E M R B A A (A R SR aTERZE (9 A) KEM R Krid 2 8RR 55
WA AR 2 A IR R I A RIS T, (AT R 7E T 2 B R R R 1 A Ak Al B R Y
T2 | 30 ) 8 R K 23 A G A ) BB IR, e 0073 9 Y nirS B AL AN ZAE R T3 H
PRI, v ARAR = A A O3 1 AN [R5 9 Be 1) 1 38 55 7K AR B4 I R) 43+ TC , 46 170 532 e i 24 s S 1) - S A B
e 2N T3 nirS Y SR AN B A B
3.3 PRI i AR b IR IR AR AT nirS AU SRS T0 A TR 15 R

ARWFFRRY], FIEEIRAR DA KRR SR AES R R Y Bk N A SR B BE R 2 AT B3 o iy 18
i, AR 22 55 B 38 (P<0.05) ,iX 5 nirS B ABALGUAE Y B Shannon $8 8L —2L, H 5 Shannon
FRBCR W 2 IE ARG, UL ZRMOA [RIK 2 B B = S B A M T AR A X 38 nirS 780 B A0 A0 DR AE 5 4500 S 22
R A RO, Bl P BRI S A FREE I A Al AS 7 - ) e A R R 2R B 3 Ak TR SR 0 A 1 A
AR R BT TR C N FRy S SR AN B 4 A R R BB AR A TS B A IR R AR
A T i A R T i, 2 ol As BRI R, ELRCAS AL D RE A 1 5 - B AL B4 85 R T )t A7 A
FR IR TN S LA A A T AN RIS I A T 198 S il T 40 1 1) = B R 2 202 Bt 2
S o AL TS T4 A Bl BRI 7% A 7 2 PR, R N 3R 8 K 3 e 12388 € N FR e sh i 21, de 2
{75 -3 S A G 0 O 0 AT T 5 I SR ) B R 7

AR, IR E N C/N 5 nirS BYCAEALTUE W) 2 FEPEFE R TR G, 13 pH S KR R E 42
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RS VSR KR A YUK s L 5 AR XS 1358 nirS 7Y SRS A0 Ik 2 W TV 45 4 I 2
PP AT RS, WA R ARSI, 458 pH /NS, 38 nirS 8 SORS A0 A Pt g s, n] fig R
AR pH R SO AT A D T R BRAIVE T, G pH {ELHG n, 33 P BRI 92 R . DFE R e —
SEJEEPY, 13 pH (302015 AR R AL (U0 nirS B ) 1S PERG NS 4R RS AL A K B, R
A5 AL TG 5 I - S BT 209 nirS BUSCASAARTR 387K 435 T B2 X - J S Al AL A Bl 1 52 /N T
BN RS SEYEmR 2R) , 3K 52w K F L3R, 13560 78K 470 2 19 #aiy ZR Mo, 35
7K 43 FI B T R 5 S A A TR AR PR R (R4 R R SR R AR S K SR AR AL, Sl
e RN 3, 3 R AR JFA BT AR AR L R - e E Al R AR AR Ak IR T e A B
AL B A 52k 118 Niv WA 2238 , 15 - 398 SO i Ak 40 P81 11 % 7 S ] 21 R &2 9 B8 o B 0
ARARSI0T ARG AL TR R S AP RS A S A RS A A DU S AR R
Y R TR E T, B Shannon F8ECREVK 52 A7 FR G I 7= , BERHR RIS 9 B 1) - 98k | U 38 B vk
XF 3 nirS AU YU REVE A PE S A 3 4 narS SER R XS B R R WIE SRR AR H
U, KA NH] ARAERT, 25 B8 BRI nirS B H3ERUE Y A BED TR NOS fEAERT , SR 0E nirS Yl
PO BR ) A A A 0 (R SRR A AL, R T M LR (n 5y Sk ms | Bl ik ) B R A )
FFAERT , 135 nirS MFEIR = BB — SR M AFAERT Y 3 fi5 22005 IR, B ZR AR B B BB R T 3 €
N FR53 U BRI, (45 - 498 B A P I ™ A B S 5 0 0 T 5 e AT R marS T80 - S B0UA: W A BE VR 5 0 Je %2
B,

4 #ig

P BRI S R rp  ZE A B B L S TR AR T, 52 S B o A I 2 S5 e | 2 T ) 42
TS B 118 nirS U SR ARAN T ORI 250 e 2 REE . 398 narS Y SORH A A0 BT i A5 A T K S 4 FRAE T
Ty 25 | HOH AR IR R KA AR BRI I mi 3 n , 158 W A BRI v AN [ IOAZ AR BR PO T+ N B AS (&
A NH; NO;) \CARE (U R o A k) S E e 7 (e dok LR ) JE X 138 nirS B2
iFg P20 1 v 2 Hy S 2 R AR B0, SRR AS R I E iR e | 4 U B SR A B R AN R K T B
P ZRAK LI nirS T SRV AL A TR ARV 4 A S AR AR A A8 T2 42 IR, OO R S KR R R KRR
pH B A A B A H N C/N,
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