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Abstract:  Objective  Moso bamboo(Phyllostachys heterocycla)is an important non-timber forest resource in subtropical
China. Intensive bamboo forest management, beginning in the 1980s, has enormously increased the area of moso bamboo
plantations and economic return for farmers. However, these long-term management practices, such as removal of understories
and excessive application of nitrogen fertilizers combined with tillage, have already brought about some negative impacts, such as
significantly altering soil microbial communities and increasing N,O emission, of which the latter possibly reflects changes in the
population of denitrifying bacteria. To explore this possibility, investigations were made of abundance of denitrifying bacteria in

Method
(0-20 cm) and subsurface (20—40 cm) soil layers of moso bamboo plantations receiving 0(CK), 10, 15, 20 and 25 years of

moso bamboo plantations under long-term intensive management. Soil samples were collected from the surface
intensive management, for analysis of abundances of denitrifying communities(nirK-, nirS- and nosZ-denitrifiers). In addition
with the aid of real-time quantitative PCR, and for analysis of soil physicochemical properties in an attempt to determine major
factors that contribute the most to alteration of denitrifying bacteria in abundance. Result It was found that the abundances of
soil denitrifying bacteria in the moso bamboo plantations (1.45x10°~3.03x10® copies-g™ dry soil) were generally higher than
those reported for other ecosystems, except in the case of nirS in farmland. Abundances of the three functional genes in both soil
layers increased or remained unchanged during the first 10 years of intensive management. With the exception of nirS in the
surface soil, all three functional genes then decreased somewhat after either 15 or 20 years of intensive management. Eventually
however, and with the exception of nosZ in the surface soil, abundances of the other genes recovered or even exceeded the level in
control after 25 years of intensive management, indicating a resistence of denitrifying bacteria to disturbance caused by intensive
management practices. The abundances of nirS and nosZ in the surface soil samples were significantly higher than those in the
subsurface soil samples, but nirK showed an a reverse trend. This phenomenon possibly reflects the observed decreases in pH and
dissolved organic carbon excreted by bamboo root in the subsurface soil. Correlation analysis between soil physicochemical
properties and functional genes reveals that the denitrifying genes, nirK, nirS, and nosZ, were positively related to total N,
available P, and organic carbon in the surface soils. Additionally, nosZ was also positively related to C/N. However, in the
subsurface soils, all the three denitrification genes as a group were significantly and positively related to organic carbon.
Redundancy analysis demonstrates that the impacts of intensive management significantly on denitrifying bacteria were main
reflected in the comprehensive effects of soil nitrogen and organic carbon on activities and functioning of the bacteria.

Conclusion In summary, all the findings in this study indicate that long-term intensive management substantially alters both
soil physicochemical properties and associated denitrifying bacterial communities. But the effect varies with soil layer, which
means that depth of the soil is also a key factor affecting composition of the denitrifying bacterial community. Compared to some
other ecosystems, the intensively managed moso bamboo plantations are relatively higher in abundance of denitrifying bacterial
functional genes. Active participation of these bacteria in nitrogen recycling leads to increased emission of N,O. Therefore, it is
suggested that growers should use slow-release N fertilizers to reduce the concentration of ammonium nitrogen in the soil
solution, thus encourage plant to absorb ammonium before it is nitrified. This strategy is believed to be able to decrease
production of nitrate and hence denitrification and N,O emissions.

Key words: Denitrifying bacteria; Intensive management; Phyllostachys heterocycla; Real-time quantitative PCR
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[R] &Y B A R A i i ( Nir ) fiEfk, 43l nirk
Fl nirS PIFD DI REIE N Zmtty, PIRNSE Th AL, (2
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5, AP RANARERFLE, /N LBRR )R
PRI AL AT BB IR E Y . SR UL D IR 2
A ALY S A FRAETE . SR A B K25 5%
Y Le 5 AR FhARBR . poe ) RO A

HERGIRTT . A RBAMEEE RBE  i7AE
AR Bl D WA E

MR EEEWRTTMAESTM, BA4EK
JAEL . P ST EE SR A HIERTE &
P25t , AT IR DML 228 32 09 B AT AR
AT TR . EALEN BB A AL |
ZBRMT R . BB . X R R E R BRI
VB E, HACAHHESBOK ],
fifi - 48 PR [R) B2 B AR IR0 SR e, KA
A2 B AR T LHERUE Y BTN, X R AT
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BRI MAEY ? BAb s FEEHT N0 4
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NBFFER R, s HE B PCR BT AW IRGTER A4
B P BT LS 3 R RERE N EREAY AL AL, B
FHERM BB EHAARHEERE L,

1 BRI

1.1 #HREER

fF 5% X 3% & B4 T Wit & v pa b ( 28°13'—
18°49'N, 118°41'—119°30'E ). J& H W #Aar 22 X e |
SAEERIR 16.8 °C, AEFE/KE 1 510 mm, FFEK
KB 172 d, FETLFHEW 251 d. HIEREE ALK S
AR KA A, EEEERT 1 m, HER
20°0~25°, BATHELA N 1800 Fh-hm?2, 1989 4
HONATARIF 2B B, DOFR . BFil, ARHEAE. %M
BEEAMTAMRT EEA 9 FAE o, Hd sk
( Woodwardia japonica ) Fl % JL 4= ( Syneilesis
aconitifolia ) M 90%. 1989—2000 4Fjifii AL J7 7%
J KRAE (RFFFATE) 6 AERHRENW LTI
WIEW, MR E (8ihkEs ) 450 kg'hm?; 2000—
2010 4Fjits FHAEC 7 IR, AH4F W IR & 450 kg-hm 2,
I R4S 380 kg-hm ™, FALHF 75 kg-hm %5 2010 4F
ZE B BT I (R A ) 750
kg'hm? FIJR K 450 kg-hm >, EA L EFFEBAIMKT
BRI, BATFHEAEL 3250 Hhm 2,
1.2 HomRESLE

F 2013 4 9 F #e B A A il I, ke K
- BH LG ZE R R B BATAR, R BEHLER
FELREANFLEFREMNHEZ (0~20 cm)
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Flal—sk, Ifd—f P28, REUY AL
Tt — 8, EALE RSB R 0a (X
ZH). 10a, 15a, 20 a 125 a. BMEG0EEE 3
AFEHh, BP 3 AR, BEEHCRA S ARk
U5 AR S SO MR S — R, SRR Z
(0~20 cm), WHEE (20~40 cm) [+HE, o5
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Fo FEMIL A 20, 1A -T0CUKE, SRR
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% (A ) U 13 pH SRR EETHINE
OKEER 2.5 1 15 A HUBR SRR E R IR T - B R
MR SMITPIENE 5 1 3E 4 R0 R AR RO LR
SEIRINAE 5 Bl e 28035 RO D BOE I E 5 A 2k
R ISR IR F AL B WOR AR, SHBAT L (LI E 5
RO R RS RR B AR I, OB BETHINE 5 A AS

R
R RN AAERE, S OCETHIE ; #25
R R A AP, Bl i H (ke

T4 5 DNA #£HU: RH Power Soil DNA
Isolation Kit j{7] & #2014 &L DNA . FRHL 0.50 g &
FET=70 CUKFE, VR UR TG, #lin it ik
FTHEHL, DNA 2RI 2 1% (miv) (BNRHHEE

JEEEL PRI DNA BRI, I R e B T 4G
DA B A2l . $2HUS A9 DNA BESLRAE T-40°C,
R A A B TR £ . DL SRR S DNA
SHAEAR A N nirK . nirS. nosZ =FpINEEIE R AT
PCR ¥4, ¥ ¥44c/an3 1 s, PCR =¥ H4lifk
X & ( Takara) 4iifLJ5 5 PEASY-T3 Vector ( 43
SEMBEARNA, dbnt) #8, RiEEHEE" Y
b3 Trans1-T1 Bz S40Mh, FHFIRESH X-gal,
IPTG 1 Amp 19 LB g F-# b a4 7 5 A Bk
FHEEYE PCR J5 kil BH M v e 1o ) P s e 7
LB W AR FRIL AR SR 57 | S5 Je TR #4504

x1 REMEXREPRSIMRREFG

Table 1 Primers and PCR condition used for the PCR amplification

[ER g5 19 Fr31 278 3k
Target gene Primier Sequences Reference
nirKFlaCu ATC ATG GTS CTG CCG CG
nirk [18]
nirKR3Cu GCC TCG ATC AGR TTGTGG TT
nirSCd3aF GTS AAC GTS AAG GAR ACS GG
nirS [19]
nirSR3cd GAS TTC GGR TGS GTC TTG A
nosZLb CCC GCT GCA CAC CRC CTT CGA
nosZ [20]
nosZRb CGT CGC CSG AGA TGT CGA TCA

- 458 S Ak 20 B A 56 T B 3k P 2 o B PCR:
FH51¥) FlaCu: R3Cu. Cd3aF: R3cd. Lb: Rb 4}
XY nirkK . nirS. nosZ =M INHERER FEATIEA B B
Py, i PCR fE % 6 5 W it PCR X
( Bio-Red,USA ) L1, RMNAIRZRNK 20 pL,
AZ N : 2xPremix Ex Taq 10 uL, 50 pumoL-L™" |-
TR R WES 19045 0.2 pL, Bk DNAL.O pL, JGR M
7KK 8.6 uL, = Fh D REIL 28 5 7 PCR A%/ AHIH]
¥1oh:95CHAEE 3 min, 95°C7AEME 10s, 56 CiHk
30 s, 72°CHEAMH 20 s, 35 DEM, gL R
(65°CZE 95°C, 0.5C-5s" ). brufERhLRHIME: =Fh)
fEHL N R DNA £ Nanodrop®ND-1000 il 5E , nirK .
nirS Fl nosZ F& K 5 41 ORI FE 73531 R 105.6.102.5
135.2 ngul™', JFEHPE DUEU B8 2.74x10"
2.70x10". 3.74x10" copies-uL™", LA 10 {586 X &
H TR TRRERRE ( 107°~10"), B PBE 3 &
T, nirK .nirS Fl nosZ e € 25 R* V53514 0.995 .
0.998 F10.999.

1.4 EEAE

% H Microsoft Excel 2016 %45 #5048 17 4b
B, RH Origin 7.5 FAHER, R H] SPSS 21.0 % ff:
XPEAEFEAT 00, SRR I 250 ( One-way
ANOVA ) e/ 2 2280 (LSD) 3L T W & PE A
Z L (0=0.05), R /Rih (Pearson ) 4T
M. it Canoco 4.5 454 5 KT B i
A=W Dy ae S N A B A AR Ak

2 4 R

2.1 EAZEEMHTERAMER
BREBMEALE AR A ]
WU RIS . BT YL E R A
Ak, RZHHE pH 2 RS AP, 24
FRTLE 10a B8R K(P<0.05), HRAFEHILE
HES; WAL LT RS X TR s
LR BRELLZ BN LT, 15 a A
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K, 20a BE R (P<0.05); A R FE R0 B
TR LTS A S BAER A J5 5E m i) A% Ak B
B, MR BN E I RP AR,

HREBHEAFR R, FALEMTRZE
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EERF M
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ZE R HRSE, R)Z T nirk 8 2 B0E
P S EHCE 1A), B BREEEENLE 10 a
F120 a iy 2 ASEFIE], PR R B I 2 K HABAR A
( P<0.05), HEALE 15 FREFERRRAME, B3
INTHABAEAY (P<0.05), 55 25 ERHAYIEH FE S
X RRL TG Ve 22 S MR 2 A nirk FEEAR
5V FER, AL 15 a WA TFIA TR, 20 a if
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2= 20r
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%gg K .
mE o 2
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By I b
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AKRCE 1C), 55 15 4EF1 20 4553 HI AR 34%F1 48%,
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nosZ LN FEEWKE . HECE T E S T X (Bn
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Fig. 1 Abundance of nirK, nirS, nosZ genes in the soils of the moso bamboo plantations under long-term intensive management
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23 TEBUMRMRECAFENGEERFEEN

A

AR 28 T B TE A b M T % AR ok S e - HE
TR o St 7 S TN R A A 2 T R R S
B RIZ G R Z B = A RERE 51 5
Xof 7 ) b S ERA A AT AR DG BT, SR 2
fliR. fERIZTET, nirk BB S2A R EF
IEASE (P<0.05), nirS JE K 543 %00 5 3 B A G
( P<0.05 ), 1 nosZ 3K W] 545 HLAK A AR A H 2 %

IEAEE (P<0.05), S5HAHF FIAS A A & i 2 B 0
FHOG (P<0.05), VLIS ER)ZE 158 = hpe s+
M EERZIFA—B ERH N,O HEilta 5 hsP!
8 (nirK+nirS) /nosZ WA S5 A L& 3% Uk O¢
( P<0.05 ). 5 3 &% 80 LGS S A2 B3 F A OC
(P<0.05). fEM.RJZ HHErh, =FINfeRH Y 5H
HLRR 52 5 2 TEAHC ( P<0.05 ), nosZ 6 5 4 & A
B A S R B E IEAE (P<0.05).  (nirK+nirS) /
nosZ W HE S AR 2 B 3% AL (P<0.05 ).

R2 EMHIBERBEUIEERSNESEZ 6/ RREEXFREY

Table 2 Pearson’s correlations()between denitrifying functional gene abundance and environmental parameters in the moso bamboo plantation

. EER IR A o B A A
T2 Urhe A o ' T A 2 3k R THAA
pH Organic AL ~
Soil Functional Total N/ Alkalytic N/ Available P/ Available K/  NO3-N/ NH; N/
carbon/ C/N
layer/cm genes (gke) (mgkg') (mgkg') (mgkg') (mgkg') :
(gkg") (mgkg!)
0~20 nirk -0.035 0.271 0.531* -0.369 0.346 -0.017 -0.057 -0.209 -0.221
nirS —0.461 0.154 0.268 -0.132 0.306 0.700%** 0.396 0.411 0.301
nosZ 0.371 0.516* —0.113 0.637* 0.410 -0.372 —0.689** —0.741** -0.300
( nirK+nirS)
-0.374 —0.288 0.353 —0.704** -0.170 0.443 0.523* 0.534* 0.192
/nosZ
20~40 nirk -0.182 0.726**  0.233 0.436 0.261 0.023 -0.262 -0.131 0.447
nirS -0.0222  0.596* 0.246 0.336 0.326 0.209 -0.092 -0.019 0.365
nosZ —0.360 0.867**  0.515* 0.220 0.559%* 0.239 -0.043 0.143 0.450
( nirK+nirS)
0.307 -0.226 -0.511 0.455 -0.511 —0.348 -0.378 —0.515* 0.067
/nosZ

*, P<0.05; **, P<0.01.

R T R R 2 i AR T e O
AL T RESE PR 2 B AR TR A e ], K6 J2 DA B 36 2
- S SR ATy g A IR A B 43 ) x4 2 AL
PR A A 19 20 75 8 47 TC A 43 RDA, Redundancy
analysis ). MRIEFFF RIERL, LM KLY 4
DI F ot 5 R 3R], RIZ RIS —HEr i
A —HE P AR T 25.8% M1 23.6%H9 48 5+
(& 2A), S—HEF M CK A 10 4EREA 5 20 4R
25 AFEAE SVARGFHL X Ak, T 1S ARARE A AR SR
AR BRAHB T, E B AR 2 208 i AR v A AR T AR
FH F AR N =AW B B —HEP i SR A
HIEAHX . SEAE MM 2R, £ HT

Wm5eRBERMX., LEMASA (F=3.855, P=
0.024 ). BEA L ( F=3.832, P=0.022 ). %4
(F=2.844, P=0.050) %+ 3 I fil fb 40 o T pE 3 K
B RS2 135 i 25 KO, 1 42 A ( F=2.646, P=0.054 )
M i K o #E— 2D A il 459, A A AK
BRXT 20 AN 25 AEAEHL R AE AL A TR R B K . nirK
AR WETFME, nosZ SRS A M B 2 B
EMAOC, X5 AT S AR

FRESERF RIS RS0, B £ )2 e v s 45
K 4 DIRERFodras LR, B—Hrmmes
THEF R R T 66%A1 1.7%MAE S, B —HEF
- = ASThRESE N 5 ML AR R (B 2B ),
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K2 EALE BRI AR R 35 5 I S8 TR 40
Fig. 2 Redundancy analysis of abundance of denitrifying functional genes and environmental parameters in soils of the moso bamboo plantation
under intensive management
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AR I AR nirK | nirS 1 nosZ £
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