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(1 FERUMTE R BB B, MRt 210023; 2 VI MRS E R R SR EF RIS, M 210023; 3 VLHE PR B%
AL SFHEEAGE L, R 210023; 4 FREIFE KA BB HEWE S LHRE, Ma 210023)

M OE: RHPREIESRE-CHUMHEINE T 4 FOR FF 7 LR LA T NoO A N, IHEEGHE SR . 255081 W, RRF
O LR LEA N,O Al N, FUHERGE R R B, ISR IR N . MRS Mob> 5t . g fbE 5+
FHHURK(P<0.05), AL TR 18 CO, BRHEI R (P<0.01). nirS FN = ( P<0.05)F nirk $:HEF(P<0.05) R B ETEHELR.
B AT AR R, CO, BRI FRAE M 5 ™ A2 it AN R A A 5 2R R i A 32 e i) I B, T LA R S Ak 3
T6HY 66%(P<0.01), ASRIFIFH A LTHE NoO Al N, HEAGHE S22 T i, FAHbETHE NLO Al N, HERCHRIIRAR, FMH 3 pH 194271 3¢
A 1 T 5 2T %) SR AR S XU NLO HEGHE R . +HE5 0 HUBK & e th 2 2 i S [R5 xRLT 8 NLO AN N, HERCHR 1Y) 3
BHE, REEIRERR nirS. nirk Fl nosZ MY CO, BRHHIE 2 BEFAHXCR, #—L 3T BT AN =
SRS R R O LIRS AR AT HE R F 2N T, 3 pH RS0 R A RS SASTY No/NLO 1 2
HZ, {E2 pH FEIHLTIE NoyN,O Wt E WLk s Z ot — A 5

KEEE : FRLZTEE; BUANAEF N,O HERCER; N, fERER; FIAFR

RESES: S151.9 XHERARRAD: A

Denitrification Potential and Gas Emission in Red Soils Under Different Land Use Types
NANANG Zulkarnaen', CHENG Yi"**, ZHANG Jinbo'***

(1 School of Geography Science, Nanjing Normal University, Nanjing 210023, China; 2 State Key Laboratory Cultivation Base
of Geographical Environment Evolution, Nanjing 210023, China; 3 Jiangsu Center for Collaborative Innovation in
Geographical Information Resource Development and Application, Nanjing 210023, China; 4 Key Laboratory of Virtual
Geographic Environment (Nanjing Normal University), Ministry of Education, Nanjing 210023, China)

Abstract: In this study, soil samples were collected from four land use types, i.e. forest (F), bamboo (B), tea plantation (TP) and
upland (U), and the denitrification potential and N,O and N, emission were determined by using an anaerobic incubation method.
The results showed that there were significant differences in the potential denitrification in soils under different land use types.
The denitrification potential was in the following order: B > TP > F > U. The denitrification potential was significantly positively
correlated with SOC (P<0.05), CO, emission (P<0.01), nirS (P<0.05) and nirK (P<0.05). The stepwise regression analysis
showed that the mineralized C was the key factor controlling the denitrification potential, which could explain 66% of variation of
the denitrification potential in soils under different land use types. The differences in N,O and N, emission were also significant in
soils under different land use types, the lowest N,O and N, emission were observed in soil of upland, indicating the enhancing pH
did not increase the potential N loss via denitrification and N,O emission. The mineralized C was also the key factor controlling
N,O and N, emission in soils under different land use types. The significant relationship between nirS, nirK, nosZ and the
mineralized C further supported our conclusions. Soil pH was the key factor regulating the ratio of N,/N,O, but the mechanisms
of pH regulating the ratio of N,/N,O need further study.

Key words: Red soil; Denitrification potential; N,O emission; N, emission; Land use type
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B8 S A A R R R e TR R R
AR T NO, PRI R, %0 Fe b R A i
Pk NO; . NO, . NO 5 N,O 1AL F32 44, JFH I
WA NO, . NO, N,O 5% Ny S fiifbid # 2 A E 1
I EEIRT, R IE TR 1 T A (N B T £
B KRS RS B R A IR EE A R AR
AR R, RO A AR S R G AR A
A EALH] . RS- A A DR, SOt fbad Bxd T
BBk NO, , SRR RIS A A /E RN,
SRINT, TER ARG, Rt e R Ak 1
FERRE, A, SEREE AR 25 b R
FHEA 12% ~30% . (HE, T R A fhodi = &
Yy B s AR SRR R, FEORF2EE AL R 48k
RE AR A H KA 2583 ~ 390 Tg/a) Pl
A, RS AR R E = NLO J&—Fh IR
AR, NO B H5RAPIFE AR, R
KR 032, k-SRI N,O J4Ek
N,O [WEEZDRIE. Bk, RAEIERAES= Y L)
S HFZ M K R — B E AN E B I A AR

DU F8 5 1 1) - 98 52 A A6 2B 0 26 A7 RN 1 1Y)
DR R 34y 2 5 i - 3 S AR AR B L 7= L i
o, VR R HERUE Y R R A TR, A
PUT SR SR AL E A BN R, — By, t 4
AU, SRS AL SR i HA WL BB A
S IR AL, AFAE RS A PR A A
to, S Akt 5 R AL S 5 R D), IR
TRAEHTBA & b7 B S 50 0 A A Bl ) B )T, —
SEENHR A HURR A 2 8] 25 5702 S BUUN AR AR T
B A2 (A8 SR B R R 2 —1, + 5eg HLak T
DR HERAEFE R R =8 N,O oA n] DU HE N,O
W HE NoO HEBCR: B 4 AT HLAR 5 1 i i 3
T, T No/N,O Bz 38t 15k AR
NO; &5 + 38 A fE R R 2, il R ik
HORRE NO; A AR, HEY NO, &
I ER S KIS, RO E RS T RRE . A
FARE Y 1 NO, FiEis®] 25~ 100 mg/kg B, X
A S 1 NO, SR, R NO; 5 NO,
S NoO HBJER Ny, No/N,O BRAIET, +4 pH 2x
SRR YT, IR A SRR A R, SRR
Wi S R ARAE T, TE— @ vu I, IO AL R EE pH 11
TheEs i R NLO i J X R 45
P ik, b A flF No AN
No/N,O Fifi pH FhmimiFt et 4 sufl oy =02
S A HURR S SN . 8 pH L BRI R

S5 MErE T, BRI ARSI S AR VR T R
757 AR A 2 B WA ALY A4 At P A
51 A LA % 1 2 AR R [ A A )
JE R AR L pH A B R AR . BN i
FM AT T R SRR pH, AR RS 2 5w
T pH; JiSh, BRI pH.
X 86 BAR R BT A4 A8 A R] RE 2 i — 20 R R A AL D BE
A R AE R I R T vk A L
VAL PN ARG T AR E ARSI S R
ARSI ], SURT 73 D AR 4y 77 A S R0 Y
AT G ORI g L2 2 B B A
5 BRAEARR g PRS0, Bl iz I T S 1k
HOR KA TP s A5 A R L e PR w5,
FIRIN 1, X it 2R 8 B i 3 B H s I Ry
PG SRR T BRI A R

LR EEEARE  SEHEY AT IX, TR
MR b A A . 5 R Y R AR
Pt 5 Z N 2 0 - SR AR BT, S R R )
HOR AT, JEm oy B ARG AR, Hobd
AR A AR, NIl A 7 | A A ER AR
i A — BRIV o FTEAFIA 5 L AE A
AT IIHECRALE, IR R, 0 T hlE &
0 R AR S AR 4 BRI , D/ 3R ) 97 T PR
SO HATE B R S I, AR TG TR B
M Pk, ghe . SRR 4 FRA DTSR 20
PERWIFER G, R S8 % B R0 )7 1, XA TR L
UV D b W D AR R TR A (VEE b Rl D S L
1 - O ] 7 008 2158 S A 3B 52 i) B HAE
PLEE; QRIS NO Fl N, HYHERU
Wi R 2R

1 RS

1.1 FARERESR

AR R [ T SR Y 218 X VTG 45 TR T
WS AR FE R F-0 1 785 mm (30 a YJ(H), 4EF
YREE Ny 18.4 °C(30 a ¥IfH). HAMBLLLI DM
(Pinus massoniana Lamb) . ¥k/R(Quercus Mongolia)Fll
KA (Cunninghamia lanceolata (Lamb.) Hook.) N F .
H AT 2 A7 X pkHh . b . Arbk. S A
o ARNE KA TR . R s b, 5
FHATIR B R bk + 16 5a 0 SEBOME . A5k . A7
ARATEH 4 FpA T, AR A5 U O [ Y 3
ANHVEN 3 IRER, it 12 AR . T 2017
E10 A, fEsE— U BEPLE I 5 A, REE 0~
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20 cm HEHE, RIGAMEEIER—DFEM . i
P 2 mm 0, S0 3 6y, 1T, HTFE L
HERRALMERR, 1T 80 °C vk RAE, HITHR
B DNA W& HIERA PR, 10T 4 °C vkAf
TRAF, F T R A S5 87 W R 2
1.2 REHEFRE

AR PR . BT w A ). -
A KNOs., 25 °C fHIEA&M ik, Mg
AL SN T4 N,O Fl N, HERCHE % A4~ HEkE
rn R 10 (R OREE T4, B0y 20 g(ThH), 405%
A 250 ml =, A SACREE D RERR i 26 %
B WEMCHHAANINZ K 2 K03, AN 2 kekb 38
FHTME NO MIHERGHE A, I CHAA N 2 Bekb 3
B 2ZE(E M T N, BRG0P 5 IR
BAREEFR 05 AESRFRIFIRTT, N S HRAL B 15 F
WAETIA 10% PSP, AR R FiE 5% 24 h, DA
TR CHRAE T RLIR S e 98, Fe e KR
HIRCER, AN P A BRI RE TS 5% 24 h, TG IRE
Wa, AR K © £ 1 VINAZRIBK, R5
JIA 50 mg/kg i KNOs, H EFERERARICIE, HEH
PR E b, S TR S - A S A A TERAE,
HE 3W, K 10min, ZJ5, B 20 ml HHER
N A B 55 b B — s = SR, E B
A FERFR 0 2B, (55 3200 N £ PR i) ok 32 38 )
10%. B J5 ¥ BT A7 85 55 8 T4 R 2% 15 min (25
‘C, 250 r/min), H-E T 25 C HEFEHNLEF 6h
Ja, REESMREER, ME N0 Ml CO MR . SREERT
SEHH 20 ml {5 a8 R S RS SR h AR, R A
RA, )5 RE =AM LA A4k 20 ml, FHAAHH
i (Agilent 7890)i%E N,O Fil CO, & . 43l e
RiRITURI 6, 24, 48, 72 h REESIEES, HIRE
FERT AT I E TR B - R A - SRR G
PefE, JFRiFE 6 he
1.3 HF@maWA=E

+3 pH H DMP-2 mV/pH it (Quark Ltd,
Nanjing, China)ill &, +:7/KHK 1:5(m/V); 1A LK
FAYI0 S P EE TR R 2 B 5 R A R s P~ ol
FFERk,

145 DNA A2 U SR A 8 L PR = B Al
ZH Yo Y Wk FREL0.S g BT 80 C KA
HRAER A 58, F FastDNA SPIN DNA $2 5t
7 £ (MP Biomedicals), $& Ui 125 SR AT £ 1
A DNA B2 T 1t O AL D e A nirK , nirS,
nosZ {514, N3 1 iR, & PCR T B &4

95 °C iZAME 2 min, 95 °C 28k 10s, 58 'C Bk
20 s, 72 CHEH 20 s, fEFF 40 K. BAFEMIE 3
AN, FAMEXTIRLL ddH,0 {0k DNA, $°
7 T i i N BN W R G R K 0 B
Ei )y VA SER L o
1.4 HURAEBMSIT &

SCREAGIE AR, NL,O A1 N, PR BURE LT A
A

Vayo=[p1 XCy X (Vg + Vix ) x 2731/ [Wx (273 + T)] /6

(1)

VN2 = Vukwll N,O — V LB NHO (2)
XL Vo N NoO PR (ug/(kgh)); Vozmmn Ny
'V xopum N,0 5NN RAL BRI AN 2 e b BRI
NLO PR (ng/(kgh)) s pi HAREIRZS T N,O-N #Y
W (1.25 g/L); C o N,O M (107° LIL); V, J2
B IR B A e AR (ml) s 17 B A R (ml); o
A Bunsen &£ 1E 2250, 25°C B4 0.549; W ht++
H(kg); T I SAREBEIE, 25°C, R =4 a
SHARER 2 YR A AR 7 A R A I s
[i] [ o 2fe By SR 0L

£1 TE PCRHSIMFTI

Table 1  Primers used for real-time PCR

M KEEH  Primer set Sequence (5'-3")
nirk nirK1F GGMATGGTKCCSTGGCA
nirK5R GCCTCGATCAGRTTRTGG
nirS Cd3aF GTSAACGTSAAGGARACSGG
R3cd GASTTCGGRTGSGTCTTGA
nosZ nosZFb AACGCCTAYACSACSCTGTTC
nosZRb  TCCATGTGCAGNGCRTGGCAGAA

TE: ML BRI i 7

TESUAEACHIEGE | 38 I A Ak 343 A T A AIE
ik OHEFRSE T NO; -N j/baRAE; QR
Fid B R YR AR RAE . P2 R,
NO; -N A 35, EME AR RIJLN, 22
JLH4ra N SRR HHEE 2, X5 NO;-N
W RIS KA AL, A NO; -N 3/ i 3R AE
A SR A AR = A R S A AL S A Tl R, At
A5 RSP 77 A S R AE R A A3
SCH R R ARk R SIS A PSR, &Sk
HXTAERE K . DAL AT R A NOS-N 1
AN DU AR I SRS AL B 1) 481, AR S
THFEHN, pg/(kg-h)) A N,O Hl N, F=A 3R 2 Al
1.5 HUESH

K H SPSS 44k /4- Y Pearson’s rank J7 il

http://soils.issas.ac.cn



552

NANANG Zulkarnaen 25 : AN [FIH A7 3L AL SR A= HERCHEAE

351

B AT T SR AE S . NoO Al N HFGH R |
No/N,O 5 HIEEFAY SR o SR HIT5 22 08T HLEAN ]
AT X A AL S N,O F N, HE il i3 5 |
No/N,O, PR FE B A e Jo i) 2 5 Wl 25k

ZHR

TR
L IRYE, ATkt pH (K (4.49), i

2

2.1

A H 3 = (4.84) (K 2). HIEAMUBR S RN 9.46 ~
30.47 g/kg, Hrpshe H AR & Eim (3047 gke),
B+ RK (9.46 g/kg). TIHELSA SR 0.83~
2.25 g/kg, WREKRERR, FHbEt. HHtE ON
B (21.51), L IERAR (11.48). PRAEIGFEIN],

Mk, 5, SRR AE CO, SRR C
2974, 3892, 235.1 F1561.1 mgkg, HrbEhd R E S
FHAh 3 PRI, Fatbt-4E CO, B K.

Fx2 iR tiEEAMR

Table 2 Physicochemical properties of soils under different land use types

i Pk NG| pS:i) Rith
pH 449 +0.05b 451+0.08b 4.60 +0.15 ab 484+0.11a
SOC (g/kg) 25.10+ 1.66 b 30.47 £2.05 a 212344430 9.46 +0.20 ¢
TN (g/kg) 1.62+0.13 b 225+0.14a 0.98+0.11 ¢ 0.83+0.04 ¢
CN 1549 +0.35b 13.54 4 0.29 be 21.51+3.06a 11.48£0.57 ¢
CO, (mg/kg) 561.1+39.2 a 389.2+585b 297.4+37.3 be 235.1+50.7 ¢

T FATEOR /NG A 7 2R O ) A 7 5] e A B 22 Sk P<0.05 /K-

2.2 nirS. nirK# nosZ BEREEE

McHE . AP SRR RHE nirS SRR FEEE S
WM 5.50x10°, 5.86x10°, 5.57x10° 1 5.85x10° copies/g,
AR 7 2 B A 0 25 5 (] 1) ARl Sl
AT L8 nirk FEHERESSHIR 6.51x 10°,
6.79x10°, 6.46x10° 1 7.05%10° copies/g, Hrrhk+
8 nirK FEPR 2 N T A 3 AR, Hak
R, M AR AL, P 1 nosZ FEH
F R Fe 1K (6.57x10° copies/g), B F KT HoAth 3 F R
A EHEE D)o nirS FEEERES CO, R 2
TEAE G 2 (P=0.05); nirK LD £ 5 -1 5 A DLk
(P<0.05)F1 CO, BFHEM R (P<0.01)42 B3 A IEHIC
KFR; nosZ KN F A5 + 1 84 HLAR (P<0.05) 1
CO, RFHE 2 (P<0.05) 2 B E R IEME KR . &L
MU MrEE R R, 3 CO, BBHER A WL
o AT LR R 7 X nirk BRI
A 75% (P<0.001)F1 nosz &K = B AR 1k (1)
55%(P<0.01).
2.3 N,O # N, HEpiE =

ANTRIF 7 28 4 HE NLO N, HERGH R 22 0
(& 2). TERGFRWIA], Mo Kk Ak EHER N,O
HER RGBT, AE 72 h R FE(E, St
e N0 HEHGERAEA K BAREFRBIN], b |
b FHIPTAR A1 NLO SR HERCE 2308 N
25.89, 43.20. 1.38 1 51.75 pg/(kg-h) (K 2), b+
5 NLO PR HEHCHE R i F AR T 2s b 58, 5

MRHE2E 57N B 5 PTAR 3 NLO SF3HERGE R e
{ER S MR ANAS I 22 28 (.38 O NLO I HERGHE R 5
A PR (P<0.05) IR A KE 77 0] £33 CO, BAHE
i (P<0.01)5 B M IEM R 5 NLO I HERGHE
R4 pH TR 2 B P PR A I $(P<0.01)
(I 3)o NLO “F-HHE i e 500 5 1 S Al Ak D se ik H
FEEA BE MM B R R R, +
5 CO, BBHERUR 18 AN I J5 U413 NLO °F
P s S RER A, T LR NLO 4k
L HE R AR ALY 58% (P<0.01).

10

 nos7 Nnirk i

S i DIRE B (x10° copies/g)

M

(B p /NG SRR R 32 7 AN [R) = iR X 8] 3 ) 3 3 2 Rk
P<0.05 B.EKF, TEIE)
TRIFMAARTIE nirS. nirK N nosZ ERFE

Abundances of nirS, nirK and nosZ genes in soils under
different land use types

1
Fig. 1
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Fig. 2 Emission rates of N,O (A) and N, (B), denitrification potential (C) and N»/N,O (D) ratios in soils under different land use types
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Fig. 3 Relationships between average N,O emission rate and SOC, soil CO, cumulative emission during anaerobic culture, soil pH
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AW 3, SMh2E SRR AR N, R HE
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Y HE T AR 5 A DL (P<0.05) F1 R 4885 57 19 8]
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Fig. 4 Relationship between average N, emission rate and SOC, soil CO, cumulative emission during anaerobic culture

24 RAELB

AFGER ST YR A, B N,O Fi1 N, HE
ORI, FAE IR BRI, AR
b . SR AT AR R A AR S N 96.70
25225, 33.54 1 273.11 pg/(kg'h) (Kl 2C), b -3
SRS R B AR TR 25 e 48, Sk 22 5 R
i MR RO, B TN, 52
450
360+
270+
180+

90

S (neg/(kgh))

SOC (g/kg)
450,

360}
R=041 ®
270+ P<0.05 )

180

RAAEH (ng/(kgh))

90

S0 15 20 25 30 35

nirK (log copies/g)

%2 61 66 68 70 72

Pel 22 AN I L R Ak A S AT BLER (P<0.05) . R
FAIEFRWE L CO, BRI (P<0.01). nirS J
IR = (P<0.05)F1 nirK LR 32 B (P<0.05) 5 B E 1Y
IEMRKRE 5). B EIASHaREN, H1%E
CO, FFRHEM 2 i B[R] R 7 21 858 S i A

SR EEE A, AL RE R A AR 66%

(P<0.01),
4501
= °
= 360F
2 R*=0.66
o 270 P<0.01 ® ®
3
] I
g_g 180
E:CLE 90,
1
0 200 300 400 500 600
CO, RBHEE (mg/ke)
450r
2 °
@360' R=0.46
33270-
E L
;_J 180
= 90t
1 1 .I 1 1 1
g.Z 54 56 58 60 62 64

nirS (log copies/g)

5 REUBSLEENHE. REBFAELE CO, RRHME. nirST nirk ERFENX R
Fig. 5 Relationships between denitrification potential and SOC, soil CO, cumulative emission during anaerobic culture, nirS
and nirK gene abundances
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Wil CO, SBRHERUR 5 RO AL A7 A i 35 IEAH OGO
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HJ7 4T NLO HEGH AR 58% (P<0.01); [F]
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UL RAE 1) 5 0 A 2 1 BN R A 7 U408 NL,O
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No/N,O 5 + 5 LK Z [ A7 7E 35 A AR St
32 i pH ¥MARMAARNITERMUSET

=41 N,/N,O0

AIFFEAER T, NoY/N,O 54 pH 2 1 Y
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