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Effect of N application on the abundance of denitrifying genes (narG/nosZ) and
N, O emission in paddy soil
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Abstract . Nitrous oxide (N,0) is a powerful greenhouse gas with a global warming potential 296 times higher than carbon
dioxide over a 100-year time period. Most of N,O is emitted from agricultural soils through microbial processes of
nitrification and denitrification. In order to explore the relationship between N,O emission and denitrifying processes in
paddy soil, incubation experiment was performed with purple calcareous clayey soil (P) and reddish yellow loamy soil (R)
with CK and N treatments. According to N,O emission rate, soil samples were taken at 24, 48 and 72 hours which
represented the growing, top and dropping periods, respectively. The abundances of narG and nosZ were analyzed using
real-time PCR. The results showed that N,O emission in N treatment was significantly higher than that in CK treatment in
the two paddy soils, indicating that application of NO; greatly contributed to N, O emission. Compared the two soils treated
with nitrogen, N,O flux behaved differently, in the purple calcareous soil N,O emission rates were significantly lower in

24"h in comparison with the incubation time at the 48" and 72"h which possessed similar flux rates. However, the reddish

yellow loamy soil showed that the emission rate was the highest at 48"h, afterwars it dropped till 72"h the rate was
significantly lower than that at 48"h. Compared to purple calcareous soil, the N,0 emission in N treatment was higher in

reddish yellow loamy soil, which increased 26.9% , 38.7% and 17.0% in 24"h, 48"h and 72"h, respectively. After
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72 h incubation, the content of NO,-N decreased 18% and 40% in purple calcareous soil and reddish yellow loamy,
indicating more NO;-N was tansformed in reddish yellow loamy than that in purple calcareous soil. The real-time PCR
revealed that N application affected the abundance of the denitrifying genes in the purple calcareous clayey soil, but didn’t
obviously affect them in the reddish yellow loamy soil. For purple calcareous clayey soil, narG gene abundance in N
treatment were significantly higher than that in its CK treatment at all the three incubation time points (24"h, 48"h,
72"h) , while there was no significantly difference for reddish yellow loamy soil except for in 48™h with higher narG gene
abundance in N treatment. Meanwhile, application of nitrogen induced a higher abundance of nosZ gene than that in the CK
treatment only at 48"h for purple calcareous clayey soil and no significantly difference was detected for reddish yellow loamy
soil. Bivariate correlation analysis showed that no significant correlations were found between abundance of denitrifying
genes (narG /nosZ) and N,O emission, except narG gene in purple calcareous clayey soil. The results suggested that
studying correlationship between gene abundance and N,O emission from DNA level might have some limitations, because
not all of DNA quantified in real-time PCR was expressed and the denetrifying DNA gene just represented the denetryfying
bacterial potential physiological function. So it is more accurate to study correlation from RNA level as RNA translated

denitryfing oxide-reductase is realtime correlation of N,O emission.
Key Words: paddy soil; N application; N,O emission; abundance of denitrifying genes

FALTEA(N,0) 2R T CO, Al CH, MR E S, 2ERA BN N,0 Hhf —ok A A M H 18 Rk
B =180 N, O B STk R 0T =3k 70% 1 ARl - HE R N, O 32 BOR IR T4 P9 sl 5 LR i A Ak AR
Efbat e, 24 - rp 3 K LB (Water filling pore space, WFPS) &= B}, /A 52 R N, 0 F 2k 0 F ) fifi
PRAER) S RS AE 2 S 880 B it A EUIR T2 ) 3 iU A R [ BRI 7 A0 2 42 4 8 I Al 1k
YEFI R NAEDLERAS A B TR N, O FIREMRIRR 15 44

et AR TSR B a3 AR AR T o 909% 7ENE U b DX, o [ AH 53 b 3= /K A A 7 [, /KR HE T AR o e 5
28% ' R LIRS 3, IR SRS AR PR RS R R Ak 2k 20 Ak, = P AME RS H
T ENE A A R TR T RS (ER R 2 A s 84 vh 7 - S B A v o an 008, il , /K 43, pH
ST RORHARAE FR I RE 7 X IR Sh AL T AR D, AR RO AR AR R R B 3R B T S 5 1
A R R A LR T & 1 A A S B AL 1 — R4 S g, - S RV o HUR TR 152 ) T i A
Wy HEAFIREE TS T 3 Se il B W VS R T Sk Bl A A %k I i Ak i 5 1V LR A 9 AR R AR
(PSS

St R E 2 4 Pl T BRI S A R I R, — SR A RUA IR, A R UA R, A TR
S D TR TR O Do oS TV A TR, A S A A A P 28 — 25 S I 1% Tl , L TG P Al 2 0 03 SRy TR IS < T35 5 T T A ) i
( Nar) FlJ& S AE R A R ( Nap ) |, WF 5% i 22 W) J2 B 45 5 i iR 348 5 il ( Nar) 1 Nar AL T L H narG 3 H %
i, AT EUL 5 (Nos ) 2 EA L ZUA JF R, A SO A VR FH a5 — 25 B 0E A T 2 B b i 79 6 ) 2
A nosZ —Fh ,nosZ WML 1Z FAVE DI RERS R 3% PRUR A T 30 BERE b SRtk g es o

TP IR A W S AN T R SR, R DUAR GE U Y A B SR TR R U E W A —E R BR
P BEE A RR I KR AT TR B A T R SRR MO AT RE . ARBIESE LA narG,
nosZ HEWE SORH AL DI REREAR LA, 38 i) 28 PN 35 95 U 90 A9 it &L (NOS-N) S5 7K e b S il Ak B e e R =R B 11
AL R ERT N, O B B A AL DI RE N A 520, 23 B N, O BRI 5 B i Al i A 2 B2 2Z TR (8 5 &, AT 455
AL R I RERUE Y S AR UK MRS PLE] . IF 545 R A > N, O B, £ i A H A& R H
ATy T EA EE IR L,
1 MMBEF=E
1.1 RIERENCRAE

AR R IR 3 R A 2% B T R R T (29°08 N, 112°27'E) MR & KD BT 42 £ (28°53'N,
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113°14'E) , ¥ ZAEFRREOURAR 45, 3580000 R 808 (P) AL B YR (R) , BEJ5 A IR A0 e DU 20 21 39
LU AR RL (<0. 01 mm) F 290 90% , T Hb R RS £ 5 2L BRI R KL (<0. 01 mm) 8200 55% , it i K
et EFERAERTE Y 2008 411 H , HehS A TR ARICE S 17 TR . %I S BUFREIRZ 0—15 em
FHOFRA TG 2 mm 5T 4 CARAFE, TIERES B AL IR ISR 1,

®1 TEMBEAER

Table 1 Physical and chemical properties of the soil samples

3 A g ZA 7
e o HU T HHE AR L 25 NO=N NH] N wE
Samol (H,0) Available K Available P Organic matter ~ Total C Total N y . y . Bulk density
Yamples
P : Smgkg)  S(mgke)  Meke)  Awke)  Awkg (ke smgke)
LR (P) 7.74 98.02 10.72 55.70 32.90 3.20 33.23 44.82 1.02
TP (R) 5.22 136.04 48.15 31.30 16. 30 1.90 1.68 19.72 1.18

I Purple calcareous clayey soil; ZLE5 € Reddish yellow loamy soil

1.2 5t

P T 2 AR B BT 0 IR (CK) A AL BE(N) , B89 KNO, , NO;-N 524 200 mg/kg +
+ 1 B 4kg KT )R A SRR In 5B oK H & 40% WEFPS |25 C BURE 5% 5d, #0% et 4, Wiy
oI5 0 S o R 0y, — 6y R 2285 T /K 8 2 80% WEFPS, 75—y Fl & KNO, IR H 2 80% WFPS, fiiiti A
AN 200 mg NO3-N kg™ T4 W AbBRAT Y 45325 5 250 mL #9) FOf R, B A 4E 200 ¢, BASA0FE 9
R, AR W N, O BRI 45 2 1 B 3 A RACRAERT ] s (FRER N, O B B IX R X AT R R IX) |
G3R 24,4872 h, AL 3K, 25 CAMF IR, Hifead B O 5 b 2 L8 TE 40, W] LUE SO R i /K
GyZERNY . RAIH R FE R TUHAE 25 C A FH R 20 FH 20 mL GRS SR 3 vk, i
FUAMRA] R AR 10 mL TSRS, RIS b 540,20 ¢ BT IHLA,30 ¢ 2R TRT
W JE RAEAE-T0 °C FHT DNA 5, BIATERT-70 C %,
1.3 N,O B, il A A A e A A e

KA ERE (Hewlett 5890 ; Packard Series II ) i 7E N, O ¥, (44 Porsplot Q(3 mx2 mm)

FREL 10 g T4, BT 100 mL #RHRZHEA, A 50 mL 2 mol/L &ALEP 37535 7, EIRGHL LIRS 1 h,
FHUE ARG D82 R, K PV DR T A v, SR 223 801 43 BT A DU A2 ( Flastar 5000 Analyzer ) il 25
S FHR B
1.4  DNA [RHRER R v B I 5

DNA BB %E2% Hurt 51 HHERESI =70 CURFIBUL G, R0 T8, B2 ¢ A THR LM 2 o 4t
F I TCH AP CRIARZI M 0. 25 mm) BT B IR, BAE, IS 2 S min, BRI J5 O FE SO 50 mL 25
DA LS mL $2 50K (100 mmol/L B FRENZE W pH 7.0, 100 mmol/L Tris-Hel pH 7.0, 100 mmol/
L EDTA pH {68.0, 1.5 mmol/L NaCl,1% CTAB pH {£ 8.0, 2% SDS pH {H 7.2),65 °C /K% 30 min, £k 10
min $£3 1 ¥, 2000 r/min,4 C,Z.0 10 min, ¥ FIEFERE SR 50 mL B e 08 A 20 mL #5068 9 505/ 5
PG (24:1) , JRAEPREIA LES HRERAIE,65 C/KEE S min, BOJE5 2 WO HIEE 50 mL .08 H,
I SE/ SR EER IR S),2000 1/min,4 C B0 20 ming, KAHFE R 50 mL B O T, A 0. 6 fEAFH
B SNBSS IR UTE 30 min, 10800 r/min, 5 R 2.0 20 min, JUELETCHE & T4, 100 pL KEKIE M,

A5 JE DNA T RNA LR, 75 22 JC DNA B RNA i ( Fermentas) 2Bk RNA |, $K 5 H R 48366
3 ( Nanodrop ND1000 ) 1l 52 DNA A
1.5 SZif PCR

DNA F i it —25 R« 5 DNA glifb MG & (RMR) glifb s BTS20 PCR 9735 . ARIF 5% R F (1 SE i)
PCR 5K 2,
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R2 REHEESIMER

Table 2 Primer sequences of denitrifying genes used for real time PCR

3l SIS B B S50k
Primer Primer sequence The length of amplified fragment/bp References
narG-1960m2F TAY GTS GGG CAG GAR AAA CTG 110 [17]
narG-2050m2R CGT AGA AGA AGC TGG TGC TGTT

nosZ1126F GGGCTBGGGCCRTTGCA 256 [18]
nosZ1381R GAAGCGRTCCTTSGARAACTTG

a: F RS BFREN F MR, b: W=AT, S=GC, Y=CT, M=AC, R=AG, K=GT, V=AGC

SEF PCR 97384 i A9 2§ 4 ABI PRISM 7900 ( Applied Biosystems ) , i JH B2 844 2 K F 07 24440 °F 2 narG
FH 10 pL VAR RS 0.2 wL(10 wmol/L) Fi#5147,0.2 (10 wmol/L) FHF54,5 wL SYBR Premix Ex
Taq (Takara) , 0.2 L ROX Reference Dye ( Takara) ,1 pL(5 ng/pL)DNA &), § HEF2F 4 .95 C AP 30 s
95 °C 55,60 C 30 5,72 C 20 5,40 MEA, nosZ FEH 10 pL VAR R EHA 0.35 pL(10 pmol/L) L5149,
0.35 pL(10 wmol/L) Fii#5141,5 wL SYBR Premix Ex Taq (Takara) ,0.2 wL ROX Reference Dye (Takara),1
wL(5 ng/pl) DNA BEHR, F&7% PCR ¥ 24 .95 CAEE: 30 5595 °C 5 s, 65—61 C 30 s( HMEHR TR 1
C);95 C 55,60 C30 5,30 PG, bR MIZE 51 H S narG il nosZ 3 K 1) TR AR
1.6 Hdlsrtr

BAE A SPSS13.0 4347, 2 AL B N, O BT i 1 22 S SR A0 35 PR = 32 194 22 S FH B 1) 5 22 93 ( One-
Way ANOVE,LSD ;4% ) , b5 F 55 N, 0 Bt (8] =[] i 5C 2 F WS 18 AH 6437 ( Bivariate )

2 HRESW
2.1 N,O Bl
Jiti U5 P ARG R N, O B A I P 4R 0 -

FICK 1), S AR (P-CK) RIS B AIEA 5 | Kok

(R-CK) 0 N, 0 BEHCERBII 0 A % i sl iy 7 [ —Pek

{H435%1°M 0. 04 mg N,O0 h™'kg™" F 1+ F10.02 mg N,0 ;ﬁ LO ¢

hotkg ! ok SRR (P-N) 1) N,O B S o5

WE FI#E,48 h(1.19 mg N,O0 h™'kg™' T +)M72 # . — . .
h(1.18 N,O h™'kg™" F+) M N,0 Bl & & T 24 24 qu.ﬂ?ime/h 72
h(0.69 mg N,O h™'kg™ T 1), 48 h 172 h P/>H:] 1

AR AT S 5 25 31 T FE VR it R AL B ( R-N) R 7E 1 N0 Bm@aEEud

48 h( 1.65 mg N20 h™ lkg_l q:j:) tﬂ@”%%ﬂ@ ﬁ%‘ Fig. 1 The change of N, O emission in soils over incubation
25T 24 h(0.87 mg N,0 h! kg—l ﬂ:j:) F172 h(1.38 me WAL Z X IR (P-CK) |, 28381 e s AL B2 (P-N) |, 21 8 Je ANl
=1 . 2 .

N,0 h kg™ Fb) . ATECRHEAALERRG N,O B i::;;u() VAR AAL B (R-N) s BEAR R BE (n=3)
TRV AL BE 3 A 5300 26.9% (24 h)
38.7% (48 h) F117.0% (72 h) ,
2.2 MWHAAE, SR E

TiRE FRAE RS, 2188 NOS-N N 1.31 mg/kg T+, 18 NO;-N ¥R JEH 33. 23mg/kg T+ (F 1),
HE— PRI ERGFR 72 h J5 L08R NOS-N VR BERES] T <2 me/kg T4, B ] TR & AR 1o 84k, P31 h
0.76 mg/kg T+, LEMIVRANEZ N FREY NOS-N WeELE 24h WA ZE 8. 46 mg/kg T 1,240 J5 K &4 B A
b, LLEYEHEA AL I NOS-N #BEM 145. 47 mg/kg T 42(24h) TFEF] 86.71 mg/kg T4(72 h) ,FEK T 40% ;
Lo e ZAL PR NOJ-N ¥EE M 195,78 mg/kg T+ (24h) FFEE] 160. 62 mg/kg T +(72 h) , FEE T 18% .
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21 et AL BE 72h PNTHEER) NO;-N 2T £ e it R AL BE

I NH UK 2 Bl o [R] A & AR B AR A (3R 3) P 3ME 5 5 R < S5 ANt 0] IR 43,98 mg/kg T
+ Vet AL FE 57. 00 mg/kg T4, 2L E PR At BN IR 22. 10 mg/kg T4, 41 85 e it AL i 24. 35 mg/kg
T4, Wi 3 AR R T-H5 NH R BERS & AN 20 i

R3 WER,RSERRENE

Table 3 NO3-N concentration and NH}-N concentration

2238 Purple calcareous clayey soil £1. ) Reddish yellow loamy soil
CK N CK N
A 24h 8.46x1.14 195.78+1.44 1.78+0. 47 145.47+4. 40
NO3-N concentration 48h 6.240. 68 180.92+4. 10 0.23+0.08 107.5526.21
(mg NO3-N kg™! F+) 72h 8.68+1.24 160.62+4.93 0.27+0.07 86.71x4.06
BASA 24h 45.45+1.58 57.18+5.86 19.80:1. 44 23.38+1.29
NH;-N concentration 48h 46.09+7.25 54.18+8.56 20.1420.68 23.14%2.95
(mg NH3-N kg™ T 1) 72h 40.40+3.43 59.66%3.55 25.36+0. 69 26.74+1.36

2.3 AHALIIREREA (narG /nosZ) FJE
2.3.1 narG HHFNEHF

TR SVE narG BN FRERAE T BB (18 2) |, ST AAL B 3 AW narG HE K =F B2 3 2
T [ s 3T A A it S0 R SR A RN R narG 3 DR = B R Bt A 18] %2 2 B 35 ARk, SE X 1. 26x10° #5
/g 4 it R AL B A FEDR =F B Bl (A1 0 LT 35,72 h () narG FEREE (1. 94%10° #01/¢ +4) B 3%
BT 24 h(1.55%10° #0l /g T 1), MR ARMLL IR narG FIN F R & A4 B0 (8 2) |, 2L B PR A it U0 A
55 [m sf H A it RAL BEAH LY narG FER B TC 3 25 5 0 B AN il ZR06T HR R it 20 Ak 4 1 e IR = 8 47 o (1]
FHRE ETF AR RIA R B 225 SEEE 50 2. 05x107#6 0l /g T+ H12. 18x107#£ 0l /g T4,

250 X 10° ¢ S 3.00 X 107 AR/
ﬁ ——P-N ——P-CK —A&—R-N —e—R-CK
w200 X 10° | 2.50 X 107 |
B =X
H A
By 1.50 X 108 2.00 X 107
Q
gs
5%
23 1.00X10°% | 1.50 X 107 |
°
=1
(5]
& 500 % 107 | 1.00 X 107 |
S
N
0 5.00 X 10° . .
24 48 72 24 48 72
5t Time/h

B2 narGEEMFEETET2 h EFIRANEN
Fig. 2 The change of narG gene over 72 h incubation
ST YR A R R (P-CK) |, S8 YRt A AL 31 ( P-N) | ZL B YR A B0 R (R-CK) |, ZLB0 Y8t A AR B (R-N) s BUE AR T HME (n=3) shaifER;
FREI Lm0 R Jy . R2 =0. 989, y=-3. 31x+42. 89, E=100. 50%

2.3.2 nosZ FEHFRE

it FE SRR nosZ FEPITE 48 h B KA B ETHE (B 3) , AL FE 48 h [ nosZ FEH - (8.29%10° #5
/e T4) BEFTAMEEX IR, 24 h F172 h AR AGIEN F B RA B35 2550, A0 A 3 S 3%
PR =F BT A S 2 A Ak it 2R BB ) 5 PR = 8 B B) 2 A T B AR A 48 h ISR R B 2 R T 24 b T2
h PIASB ], it R 21 85U nosZ BRI 32 B & AR 1 25 A8 Ak (181 3) , ANTit 80T RECRIT it 280k 380 %) i PR =F B A 3 A
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IS5 JC .35 2 1), (EL 2 1 Ak B A 5 DR 2 E R4 I (] 2 12, 72 e )RR DA = B S 35 v T A P 30

_9.00X10° 500X 107
H ESuiNA HR
H;J 8.40% 10°
- 4.00%X107 |
#3e s
=5 7.80% 106 |
3}@ e 3.00X107 |
©w O
S 5§ 720109 |
)
<
2 . 2.00X107 |
N 6.60X10° | ——P-CK —#—P-N —A—R-CK —8—R-N
g
6.00% 10° ‘ . 1.00X107
24 48 72 24 48 72
f5fE] Tmie/h

B3 nos Z M9EEET2 h BRI RAHITN
Fig. 3 The change of nosZ gene over a 72 h incubation
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FRE AR A R =0.999 | y=-3.32x+34.59 , E=100. 08%

2.3.3 narG, nosZ WL E N,0 BRLZ M HC &

A U BEARDC BT R I, B T S 1Y narG BRI FBE S N,O BB AE W E ARG (R? =0.81,P=
0.00) &b, HE BB F B2 5 N, O MR AAFTE WA SO EE D 2 (narG/ nosZ) 5 N,0
Z AR N 4,

F4 REUERFES N,0 Bz ERIHEXE

Table 4 The Correlationship Between Denitrification Gene Abundance And N, O Emission

42318 Purple calcareous clayey soil £1 )8 Reddish yellow loamy soil

narG nos Z narG nos Z

P 0. 00 0.92 0.16 0.62
R? 0.81 -0.24 0.11 -1.27

3 itig
3.1 X N,O B s

ARWFFE L5 R R W], NOS-N it A & 42 5 N,0 Bl (& 1) . Bateman'> il Mille™ ) 25055 & PR, 24 + 1
WFPS>70% i, - HERETHE N, 0 A 280k A T ROMAVER . BT A MRFZES 22 UEI NOS-N Ak 25
e S B AR A N, O B B2 R 2R 4 /8 NOS-N MR B 23 W8 4 i N, O Bt . Y4 NO;S-N VR FE <10 mg/
kg T+, NO;-N W2 UM BRI N, O BRI 2 ) LU BB BIRE FR 45 UG NOS-N M ARMK (<2 mg/kg T
+2) , PRI LL B PR ATt 200 RS N, O HE it — AR ; S50 e ANt 200 IR 1Y NOS-N kB 24h J5—E/h T 10
mg/kg T+, NO-N ¥ BRI N,O HER AP 2 N, 0 HBE7E 24 h 53t — 43 e AR IR K T, e A ik
H R 2T HERE AL B N, O BECEE 48 h iR EIH AAE, 72 h W ERRAI 128 i Ve it AL B 7E 48 h il 72h N,0
BT B A  3 22 50, B R AT R 5 NOS-N MR BES ] T N, O 38 S (nosZ ) BT M, (i N, O 3£ 5 Al
N, [yt i 0 IR N, O Bl e 72 h %A W FRE, 1B 1 255 3R, 20 i Vit /A 28 3 4N N, 0
PR X T S0 PR Uk B S FIZT 8 PRt AL B NOS-N I FE R 2 A (36 3) |, &b SR T g5 - 49
A, ATARFFE & B, 498 5 b 255 ) 395 A | DRI 52 ) B Ak A FH R AR SR 58 & N, O 8 =48 h i i
B, 98 A R W) - A BB (4 43 o R, TR 7 N, O SR W SR IR 2 ARAE AR iR Ee R
B, S35 SR N, O 5 TR0 TR, i 358
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ARG R A (NOS-N) BAXTLLEE (R) Y nosZ BEKI Fl narG DK 2 2 7= A i 2 52 e (1&] 2,
& 3) 35052 241, Dandie 252" 76 F] F S PCR $5 AR WFFEA 6] 2545 + 0 S il A6 3 I (nirk, nosZ,
cnorB) = BEASAK A5 R B, NOS -N S22 00 N, O REICRN S Al A 258 1) J B P 38 (R 200 S Ak 2 R =F i
FEMAAR /N Mergel 2520 1138 1o 35 PRAGAET SR B0E W - 48 SORH Ak 6 DF 3 B 5 AN 32 NOS-N HRBE A5 ] ; Wallenstein
SR NOG-N AR B I A R SR LS DN =R BE 0 £ BN 2 SE N 2 22 5] NOS-N RIS H 3R 85 A
Rk sy Bk it pH (HAF s, FEAC RIS it 2 2 O3 T e (P) B9 U AR FE ) narG F nosZ B9
B JE R ] e I (P) "R AOBR S i (3R 1) A 5, Miller 26 ZERFF TSI (72 h) B U Xt /1N A2 1 S
AR IR = B B (36 2 B, A 250 mg A BE-C/ kg t 5 , WER A i A 50mg NO;-N/kg +, HoR Bl fk 3
cnorB = I 2 15 T FUERB AN it 0 Ab B 15 BH R Al 1 A O LT, R R R U A T DR R B AR B
YRRl BCHE R R S AR, B A N T R A AR TS T S e e b S A R AL T RE
FH (narG/nosZ ) WREA A (1 HFEL R 2 15 3] g 5 42 5,

3.3 narG, nosZ M FEEE N,0 B Z A1 E &

ARG B TRV narG FERAN, OSACDIREFE I E 5 N,O MR E AN A OC . AR 2 1 ik 0 45
W], SRS ALFE P 2B A N, O B2 IR TG S A5G . Dandie 252 F FHSERT PCR W5 AS A 2515 + 5 b S Al
FEILN (nirK ,nosZ ,cnorB) FFE AR AL RIS & B, I il AL 3L A9 5 N, 0 B JC 5% ; Henderson 2578 F)
HISEHE PCR F ARSI (72 h) A& H L3 AL N (nosZ , nirS ) F= BEARAL O 25 5 R W, B A Ak 28 P 3
N, O Bl 2 (o) A A 5Pk s Ma 25 YERF 53 1 b S AL 36 TR E FE 5 N, 0 Btz [l i 56 R 2 B, 70%
WEPS 2504 ,nosZ FEHF S N,0 Bl 2 0] I B A B0 A A DG, AR5 h Wi (P) 1Y narG 3£ 5
N, O BT H) A it 25 AH DG ) AT RE 5 2000008 (P) A B A BRI & 5 (R 1) A C, M DNA ZKP-F 58 S i ik
FEFE N,0 B RIS 1A —& MR BRYE™ | RN SRR LR AT REIF A i8S 5 %0k, RO L LR 42 B AU
R T SO A Y PV HEAE BRI RE 5 N, O BRI S B AH DG YRR e 1 77 2438 F RNA 7P 6 IR A ST
4 #Eig

AMWFFE R (NOS-N) B T PR KARE 1 N,0 iR R, H A R w17 S i fe & A
PR, SR e L R = B AR AL AT R RN AR B i (R Bl 7 e 0%, R BH 1A MILA & £ 1T RE 2 RE A R A AL 2
PEZER R, KA — P58 LA YU R R s m B LR X, B T R 1Y narG FERS),
N, O AR i AL & SO A 2 PR = B2 (1A Ge AR DG, R BHAE DNA ZKP-RF5E RS B 38 N, O HER A4
WFEHLREA — & MR R, i — 20 7E mRNA KRGS N, O Bt Sk R L IS L i Z R C &
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References :

[ 1] Mosier A, Kroeze C, Nevison C, Oenema O, Seitzinger S, van Cleemput O. Closing the global N, O budget: nitrous oxide emissions through the
agricultural nitrogen cycle-OECD/IPCC/IEA phase 1I development of IPCC guidelines for national greenhouse gas inventory methodology. Nutrient
Cycling in Agroecosystems, 1998, 52(2/3) . 225-248.

[ 2] Bateman E J, Baggs E M. Contributions of nitrification and denitrification to N, O emissions from soils at different water-filled pore space. Biology
and Fertility of Soils, 2005, 41(6) : 379-388.

[ 3] Khalil K, Mary B, Renault P. Nitrous oxide production by nitrification and denitrification in soil aggregates as affected by O, concentration. Soil
Biology and Biochemistry, 2004, 36(4) : 687-699.

[4] ChenZ,luoX Q, HuRG, WuMN, WuJS, Wei W X. Impact of long-term fertilization on the composition of denitrifier communities based on
nitrite reductase analyses in a paddy soil. Microbial Ecology, 2010, 60(4) : 850-861.

[5] CaiZC, Xing G X, Yan X Y, Xu H, Tsuruta H, Yagi K, Minami K. Methane and nitrous oxide emissions from rice paddy fields as affected by
nitrogen fertilisers and water management. Plant and Soil, 1997, 196(1) : 7-14.

[ 6] Huang S H, Pant H K, Lu J. Effects of water regimes on nitrous oxide emission from soils. Ecological Engineering, 2007, 31(1); 9-15.

7 ] Hwang S J, Hanaki K. Effects of oxygen concentration and moisture content of refuse on nitrification, denitrification and nitrous oxide production.

http ; //www. ecologica. cn



11 FRIE  F i ERKAE L N, O BER S HAL DI REZE H (narG /nosZ ) 3 IR R i) 3393

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]
[25]

[26]

[27]

[28]

[29]

Bioresource Technology, 2000, 71(2) : 159-165.

Wallenstein M D, Myrold D D, Firestone M, Voytek M. Environmental controls on denitrifying communities and denitrification rates: insights from
molecular methods. Ecological Applications, 2006, 16(6) : 2143-2152.

Philippot L. Denitrifying genes in bacterial and Archaeal genomes. Biochimica et Biophysica Acta-Gene Structure and Expression, 2002, 1577
(3):355-376.

Stres B, Mahne I, Avgustin G, Tiedje J] M. Nitrous oxide reductase (nosZ) gene fragments differ between native and cultivated Michigan soils.
Applied and Environmental Microbiology, 2004, 70(1) : 301-309.

Rich J J, Heichen R S, Bottomley P J, Cromack K Jr, Myrold D D. Community composition and functioning of denitrifying bacteria from adjacent
meadow and forest soils. Applied and Environmental Microbiology, 2003, 69(10) : 5974-5982.

Amann R 1, Ludwig W, Schleifer K H. Phylogenetic identification and in situ detection of individual microbial cells without cultivation.
Microbiological Reviews, 1995, 59(1) : 143-169.

Xu Y B, Cai Z C. Nitrous oxide emission and reduction during denitrification in subtropical soils. Acta Scientiae Circumstantiae, 2008, 28(4) .
731-737.

Aulakh M S, Khera T S, Doran J] W. Mineralization and denitrification in upland, nearly saturated and flooded subtropical soil; II. Effect of
organic manures varying in N content and C:N ratio. Biology and Fertility of Soils, 2000, 31(2) . 168-174.

Huang Y, Zou J W, Zheng X H, Wang Y S, Xu X K. Nitrous oxide emissions as influenced by amendment of plant residues with different C:N
ratios. Soil Biology and Biochemistry, 2004, 36(6) : 973-981.

Hurt R A, Qiu X Y, Wu LY, Roh Y, Palumbo A V, Tiedje ] M, Zhou J Z. Simultaneous recovery of RNA and DNA from soils and sediments.
Applied and Environmental Microbiology, 2001, 67(10) : 4495-4503.

Lopez-Gutiérrez J C, Henry S, Hallet S, Martin-Laurent F, Catroux G, Philippot L. Quantification of a novel group of nitrate-reducing bacteria in
the environment by real-time PCR. Journal of Microbiological Methods, 2004, 57(3) : 399-407.

Chen Z, Hou HJ, Zheng Y, Qin HG, Zhu Y J, Wu J S, Wei W X. Influence of fertilisation regimes on a nosZ-containing denitrifying community
in a rice paddy soil. Journal of the Science of Food and Agriculture, 2011, JSFA-10-1611. RI.

Miller M N, Zebarth B J, Dandie C E, Burton D L, Goyer C, Trevors J T Crop residue influence on denitrification, N, O emissions and denitrifier
community abundance in soil. Soil Biology and Biochemistry, 2008, 40(10) ; 2553-2562.

Ciarlo E, Conti M, Bartoloni N, Rubio G. Soil N, O emissions and N,0/(N,O0+N, ) ratio as affected by different fertilization practices and soil
moisture. Biology and Fertility of Soils, 2008, 44(7) : 991-995.

Dandie C E, Burton D L, Zebarth B J, Henderson S L, Trevors ] T, Goyer C. Changes in bacterial denitrifier community abundance over time in
an agricultural field and their relationship with denitrification activity. Applied and Environmental Microbiology, 2008, 74(19) : 5997-6005.
Ryden J C. Denitrification loss from a grassland soil in the field receiving different rates of nitrogen as ammonium nitrate. Journal of Soil Science,
1983, 34(2) : 355-365.

Weier K L, Doran J] W, Power J F, Walters D T. Denitrification and the dinitrogen/nitrous oxide ratio as affected by soil water, available carbon,
and nitrate. Soil Science Society of America Journal, 1993, 57(1) . 66-72.

Jiang Y J. Study on Methane and Nitrous Oxide Emission from Corpland [ D]. Nangjing: Nangjing Agricultural University, 2001.

Xu H, Xing G X, Cai Z C, Tsuruta H. Effect of soil texture on N, O emissions from winter wheat and cotton fields. Agro-Environmental Protection,
2000, 19(1): 1-3.

Mergel A, Schmitz O, Mallmann T, Bothe H. Relative abundance of denitrifying and dinitrogen-fixing bacteria in layers of a forest soil. Fems
Microbiology Ecology, 2001, 36(1) ; 33-42.

Chen Z, Yuan H Z, Wu J S, Wei W X. Activity and composition of the denitrifying bacterial community respond differently to long-term
fertilization. Acta Ecologica Sinica, 2009, 29(11) : 5923-5929.

Henderson S L, Dandie C E, Patten C L, Zebarth B J, Burton D L, Trevors ] T, Goyer C. Changes in denitrifier abundance, denitrification gene
mrna levels, nitrous oxide emissions, and denitrification in anoxic soil microcosms amended with glucose and plant residues. Applied and
Environmental Microbiology, 76(7) : 2155-2164.

Ma W K, Bedard-Haughn A, Siciliano S D, Farrell R E. Relationship between nitrifier and denitrifier community composition and abundance in

predicting nitrous oxide emissions from ephemeral wetland soils. Soil Biology and Biochemistry, 2008, 40(5) . 1114-1123.

S 3k

[13]
[24]
[25]
[27]

Zroa i, SRR, WP BRI R P N, O MHERCRIIE . FREER 4R, 2008, 28(4) : 731-737.

e, R m LR A HR TS (D], mEAC: matl R, 2001.

trde, LR, SO, BN LIRFUX/NE FRRET N, 0 HERRR . RV IR BRI, 2000, 19(1) ; 1-3.

PR, L8], Rk, BSCa. It AL G BE R 8 S0 AL AN BT T M S A SR A2 255841, 2009, 29(11) ; 5923-5929.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.32,No.11 June,2012( Semimonthly )
CONTENTS

Controls of post-fire tree recruitment in Great Xing'an Mountains in Heilongjiang Province ««eceeeeeeeeerernniiiiiiii.,
.......................................................................................... CAI Wenhua, YANG Jian, LIU Zhihua, et al (3303)
The assessment of river health using Benthic-Index of biotic integrity for Wenyu River «««ceceeereeeereeniiiiniiiiiin,
.......................................................................................... YANG Liu, LI Yonghui, WANG Juncai, et al (3313)
Consume of soil seeds of Betula albo-sinensis and Abies faxoniana in different natural successional stages of subalpine dark
coniferous forest in western Sichuan, China «+-«ceeveeeeeieeeiiniiiin.. MA Jiangming, LIU Shirong, SHI Zuomin, et al (3323)
Habitat associations of understorey species spatial distribution in old growth broad-leaved Korean pine ( Pinus koraiensis) forest ------
................................................................................. DING Shengjian, ZHANG Chunyu, XIA Fucai, et al (3334)
Nabkha morphology and sand-fixing capability of four dominant Caragana species in the desert region of the Inner Mongolia
PLALEAL v+ vverrrrenseenemmaneneerinenraeneeieneneieetetnenraeneneenens ZHANG Yuanyuan, MA Chengcang, HAN Lei, et al (3343)
Growth dynamics, biomass allocation and ecological adaptation in Ceratocarpus arenarius L. «+«-eeeeeeeeeeemeiiaiiiii,
.................................................................................... QUAN Dujuan, WEI Yan, ZHOU Xiaoging, et al (3352)
A rapid assessment method for forest disaster based on MODIS/NDVI time series: a case study from Guizhou Province — «+e+eeeeeeeeees
.......................................................................................... SHI Hao, WANG Xiao, XUE Jianhui, et al (3359)
Soil cation exchange capacity and exchangeable base cation content in the profiles of four typical soils in the Xi-Shui Forest Zone
of the Qilian Mountaing ««««ceeeeeeserrerreneriiniii, JIANG Lin, GENG Zengchao, LI Shanshan, et al (3368)
TImpact of water and temperature on spring maize emergence speed and €METZENCE TAle  ++++rrrererrrrrrrsnsere it
.......................................................................................... MA Shuqing, WANG Qi, LU Houquan, et al (3378)
Effect of N application on the abundance of denitrifying genes (narG/nosZ) and N,O emission in paddy soil =~ «eoeoeerereereienein.
.................................................................................... ZHENG Yan, HOU Haijun, QIN Hongling, et al (3386)
Temporal-spatial variations of potential evapotranspiration and quantification of the causes in Northwest China = +«-eeeeeeereeereennnne.
....................................................................................... CAO Wen, SHEN Shuanghe, DUAN Chunfeng (3394)
Analysis of ecosystem degradation and recovery using precipitation use efficiency and NDVI in the headwater catchment of the
Yellow RIVEE Dasin «c-ceeeececeeeneneeeenenenntnennenenemmmneneenenennenenmeaenenaenenne DU Jiagiang, SHU Jianmin,ZHANG Linbo (3404 )
An assessment method of Kandelia obovata population biomass ««-++eeeeeee JIN Chuan, WANG Jinwang, ZHENG Jian, et al (3414)
Quantitative characteristics and species composition of Artemisia sphaerocephala and A. ordosica communities in the Ulanbuh Desert ---

....................................................................................... MA Quanlin,ZHENG Qingzhong, JIA Jujie, et al (3423)

Photosynthesis and transpiration in relation to ion accumulation in Vitex trifolia under varied light intensity =~ «-+-eeeeeeeeeeaeieieaan.e.
............................................................................................. ZHANG Ping,LIU Linde, BAI Xinfu, et al (3432)
Diffusion of elm seed rain in Otindag Sand Land = -«-coeeeeeeeneereneeeiin. GU Wei, YUE Yongjie, LI Gangtie,et al (3440)
Effect of saline water irrigation on sand soil salt and the physiology and growth of Populus euphratica Oliv. «-«+«+-eseeeeeeeeaeineeiean.e.
.................................................................................... HE Xinlin, CHEN Shufei, WANG Zhenhua, et al (3449)
Regulation of exogenous nitric oxide on photosynthetic physiological response of Lolium perenne seedlings under NaHCO, Stress  -+-+-+
.................................................................................... LIU Jianxin, WANG Jincheng, WANG Xin, et al (3460)
Longitude gradient changes on plant community and soil stoichiometry characteristics of grassland in Hulunbeir «+«+ceeereeeeeeeinannns

....................................................................................... DING Xiaohui, LUO Shuzheng, LIU Jinwei,et al (3467)
Concentrations and distributions of selenium and heavy metals in Hainan paddy soil and assessment of ecological security «-+---+-------
................................................................................. GENG Jianmei, WANG Wenbin, WEN Cuiping, et al (3477)
Heavy metal contents and evaluation of farmland soil and wheat in typical area of Jiangsu Province =«-«-eseseeeeeeeeimaiieniiiniiin.,
....................................................................................... CHEN Jingdu, DAI Qigen, XU Xuehong, et al (3487)

The studies on the food web structures and trophic relationships in Guangxi Dongfang Cave by means of stable carbon and nitro-
ENL ISOLOPES  ++evvereessommtrtes ittt LI Daohong, SU Xiaomei (3497)
Analysis of bacterial diversity in the Songhua River based on nested PCR and DGGE  ++eeeeeeereeeenreiiiiiiiiiii,



Preliminary delineation and classification of estuarine drainage areas for major coastal rivers in China ««-«+eseeeeeeeereeeniieeiii...
................................................................................. HUANG Jinliang, LI Qingsheng, HUANG Ling, et al (3516)
Estimation of spatial and seasonal changes in phytoplankton primary production in Meiliang Bay, Lake Taihu, based on the
Vertically Generalized Production Model and MODIS data  «-+«eoeeeeeees YIN Yan, ZHANG Yunlin, SHI Zhigiang, et al (3528)
Viability and changes of physiological functions in the tiger frog ( Hoplobatrachus rugulosus) exposed to cold stress —«+eeeeeeeveeeeeenens
.......................................................................................... WANG Na, SHAO Chen, XIE Zhigang, et al (3538)
Community structure and abundance dynamics of soil collembolans in transgenic Bt rice paddyfields —«-ee-eeeeeeeeeemieeiniiiiin..
....................................................................................... ZHU Xiangyu, LI Zhiyi, CHANG Liang, et al (3546)
Morphological characteristics and microsatellite DNA genetic diversity of Nigeria African honey bee, Anhui Apis mellifera and
theirs hybrid generation [[ -+« -ceveveeeeeieieiniini YU Linsheng, XIE Wenfei, WU Houchang,et al (3555)
Effects of social-demographic factors on the recreational service of park wetlands in Beijing «+cceeeeererereraririiaiiiiiii...
................................................................................................... LI Fen, SUN Ranhao, CHEN Liding (3565)

Co-integration theory-based analysis on relationships between economic growth and eco-environmental changes: taking the south-

east district in Chongging city as an example — «soreeeererseeemiian, XIAO Qiang, HU Dan, XIAO Yang, et al (3577)
The cooperative environmental game model in the Tidal River Network Regions and its empirical research ««-e-eeeeeeeeeenieeniiiiniins
.................................................................................... LIU Honggang, CHEN Xingeng, PENG Xiaochun (3586)
Review and Monograph
Review of eco-efficiency accounting method and its applications = +++++eeeeeet YIN Ke, WANG Rusong, ZHOU Chuanbin, et al (3595)
Overview on the 6th international symposium on modern ecology series of 2011 --------- WEN Teng, XU Delin, XU Chi, et al (3606)
Discussion

Scale analysis of environmental factors and their relationship with the size of hierarchical aquatic ecoregion: a case study in the

1080 RIVET DASIN  +vvrerrerreneenmenmeannereeet ettt eeeneeneaneaneanns LIU Xingcai, XU Zongxue, ZHANG Shurong, et al (3613)
Scientific Note
Effects of different light intensities on activities of the primary defense proteins in needles of Larix gmelinii  ++-e-oveeeeeeeeeieeeaecnnne.

................................................................................................... LU Yifang, SHI Lei, YAN Shanchun (3621)

.................................................................................... XIONG Caiyun, ZENG Wei, XIAO Fuming, et al (3628)
Research on three small-scale agricultural ecological-economic systems in Shenzhen City based on emergy analysis =~ -e-eeeeeeeeeeeennnns
.............................................................................. YANG Zhuoxiang, GAO Yang, ZHAO Zhiqiang, et al (3635)



(ARSI B B A 2 B A ARB e AR TL, RIF)T 1981 4, T EARIEA B

(EBZ|RY2012 F£4EITRE

Ji

B BT PE R R | 40 WD R B R AR A 252 K JR 7 1) B (I8 75 S P SO 5 P AT 41 AR 25 2 BEE 7
T AN G BB R BT ROT R =0 4 5F

(A2

)y k2 A, K 16 FF4,280 1T, B N E M 70 Jo/ M, e4F 2 B 1680 T,

R & A .82-7  EISMIR R AL :M670  ARiETI*S . ISSN 1000-0933  CN 11-2031/Q
2[5 MR SRy X PTOT B, A AT e S G I R 3K, W KRB AR BB | & S5 Be A 1B

TEAFIT R

B 100085 JL R IE X XGEH 18 5 H i

E-mail; shengtaixuebao@ rcees. ac. c¢n

WEMEME Ll

I

(010)62941099 ; 62843362

www. ecologica. cn

HITHRE XIKRE Bl ¥

£ x5 2 R ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) ( Semimonthly, Started in 1981
(EF—:)EJFJ ]981 54:3 ﬁﬁ'H:']) Emimon y, arted 1in
¥32% F1M (201246 A) Vol. 32 No. 11 (June, 2012)
9 35 <§5i§%*&>gﬁiﬁﬁﬁ Edited by Editorial board of

H
SHIR &

Mok - AE B GE DOV % 18 5
MR B 2R : 100085

HLI% : (010)62941099

www. ecologica. cn
shengtaixuebao@ rcees. ac. cn
o

HERE R b2

Hh I RL 2 B A S PR R ST 0
Mok - AL B GE DOV % 18 5
HIS L 25 : 100085

Editor-in-chief
Supervised by
Sponsored by

ACTA ECOLOGICA SINICA

Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
Tel: (010)62941099

www. ecologica. cn

Shengtaixuebao@ rcees. ac. cn

FENG Zong-Wei

China Association for Science and Technology

Ecological Society of China

Research Center for Eco-environmental Sciences, CAS
Add:18,Shuangqing Street, Haidian , Beijing 100085 , China

H i 4 & I3 it Published by Science Press
Hihk . b AR IR LT 16 5 Add ;16 Donghuangchenggen North Street,
MR B 2wt . 1RO0717 Beijing 100717, China
En Rl AEECIEARE R Printed by Beijing Bei Lin Printing House,
x 1T 4 4 & B i Beijing 100083 , China A
Mok . 7R AR AL 16 5 Distributed by Science Press m :E
Eﬁﬁﬂéﬁﬁ% :100717 Add:16 Donghuangchenggen North g
Eﬁlﬁ 1( QIO ) 6;1334563 Street , Beijing 100717, China 1 =n
-mail ; journal @ cspg. net ) O —/—-
T W A& e (010) 6303563 S 3
ESMEAT i P45 5 5 0 ) Fomail:journal® cspg. net c ==o
Hidl . LT 399 {546 Domestic All Local Post Offices in China > g
=yaing Foreign China International Book Trading (7] o
MR L 415 . 100044 g ©w ==2
r%%g Ve P fefs =} Curporation - It
i Al OAE S LTS5 8013 5 Add:P. 0. Box 399 Beijing 100044 , China =
ISSN 1000-0933 4= - - —
N 0o ERSIMAF LT EREERS 82-7 ESEITRS M670 Efr 70.00 T

CN 11-2031/Q



	01.pdf
	fm.pdf
	zm.pdf

	stxb201105250686.pdf
	02.pdf
	ym.pdf
	11fd.pdf


