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(1. WITLARMR S WL AR 25 RGEBRAG I B B HE B 5 00 % I % 311300,

2. LTI MR AR T AR 162 3113005 3. 2T A Aol TR If% 311300)

FE 2011 4F 6 A—2012 4F 6 AR, 7EWVTA I T SRR M E A THEAE X -3 N, O @ AR fb sy (e oy . H e
FHR A [t JE A B AR SR b+ N, O 3 I 1Y sh A28 (b U R0 18 N, 0 il i A R IR P2 o6 &=, ik
4 AR XTI CRIEAE ) TEHUIE A PLIE APLEHR A AE . R FIEASAE -0 ke T AR e 14 N, O il i JF e T
HHEREE JK 5 JKIEHEA Lk (WSOC) R A P (MBC) & i, 455 R0 AU 3 N, 0 it &2 W F AR b, ek
EHIAEE ZE | f/IME H AR A 22 5 T HL At A0 A0 2 0 2 42 5 -8 N, O AR 34938 2 FAE SRR A48 i ge 01 |), JEALAE A LA
MAHLLEHIESIEAL BT 8 N,0 f9FHE R 5000 355 0.96% . 1.45% Fl 1.29% , MeAh, it IEts @ 2140 7 15 Wsoc #i
MBC & (P < 0.05) , ANREARALFESAF T, 11 N,O il &5 + 456 5 cm AR B WSOC # i [H] ¥4 S 4% B 3 1IE A 56 (P<
0.01) ,{H5 MBC i ZBIWAHCHEAR R . L3 N,0 HEECS 248 5K G bR AL BE A 4% 45 i AH e, 45 Lk | i
A5G| £ 3 WSOC 2 L (1 14 in T BE 2 bt AT A AR SE Ml 13 N, O HEBGHE R Y R E AR 2 —,

RABIA N, O 3 & A0 ; K LK ; Sk ik

Effect of fertilization on the dynamic of soil N,O fluxes in Chinese chestnut stands

ZHANG Jiaojiao', LI Yongfu' *, JIANG Peikun', ZHOU Guomo', TONG Xuefeng”, ZHOU Gaofeng’

1 Zhejiang Provincial Key Laboratory of Carbon Cycling in Forest Ecosystems and Carbon Sequestration, Zhejiang A & F University, Lin'an 311300, China
2 Bangiao Town Forestry Workstation of Lin'an City Lin'an 311300, China

3 Daoshi Town Forestry Workstation of Lin'an City Lin'an 311300, China

Abstract; Response of soil N, emissions to inorganic fertilizer and organic fertilizer in the typical Castanea mollissima was
studied from June 2011 to June 2012 in Lin'an, Zhejiang Province. The objectives were to evaluate the response of the soil
N, O efflux to different fertilization and explore the relationships between the various environmental factors and N, O efflux.
Four treatments were applied in this study: Control ( CK), inorganic fertilizer (IF), organic fertilizer ( OF), and half
organic plus half inorganic fertilizer (OIF). Soil N,O emission were analyzed by static closed chamber-GC technique. Soil
temperature, soil moisture, WSOC and MBC concentrations were determined as well. Our results showed that soil N,0
emission exhibited a strong seasonal pattern, the highest rates observed in summer season and the lowest in winter season.
The mean annual soil N, O flux and soil N,O annual accumulative in IF were significantly higher than that in CK, but lower
than that in OF and OIF treatments (P < 0.05). Soil N,O emission factors of IF, OF, and OIF treatment were 0.96% |,
1.45% , and 1.29% , respectively. Fertilization treatments significantly increased soil water-soluble organic carbon and

microbial biomass carbon concentrations (P < 0.05). Soil N,O emission rates had a significant positive correlation with soil
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4940 JAE = 33 %

temperature at 5 cm depth and WSOC concentration (P < 0.01), but had no significant correlation with soil MBC
concentration in all treatments. However, soil N, O emission did not correlate with soil moisture except in CK treatment. In
conclusion, the increase of WSOC caused by fertilization was probably one of the important reasons for the increase in N,0

emission in the soil of Chinese chestnut stands induced by fertilization.

Key Words: fertilization; N,O efflux; water-soluble organic carbon (WSOC) ; microbial biomass carbon ( MBC)

N,0 2K T CO, FIl CH, MJ—FhEEZ AR = SR, £ R LUR Ao fe0e , HAE A 4F R AL
Jo R Y A BRI IR IS (GWP) J& CO, 19298 5224 . KA N,0 T A 5 ZF0 2 E RO , iR KRR A
J2, s R R A AR Y el AR S A R 1 R P L N, 0 SR AER N R R AR
Yrad e, A B A2 B E AN e R, - HE N, O HERZ FRGEAL |+ A O A S R G R A
ZRPRZEAFIR Y B0, Liu %5 68, 38 N, 0 HERCE (LA EAR ACRE T LA i+ 4 (4 DOC | TSN
I MBC 45) (A RPN EHEARSE N 7 (i HERE  H3EK 4 F0 pH %) MR AR g ke

PATERYAS DA 5T 2 %5 AN ) A 25 R GE RIS 4 B, i A P 368 e A2 - 398 i 4 R = R 3R 85 R e s il 5 g+
SRS RAE RN SR AL VR P A AR, (R I e 398 N, O HER® ' SR, 7645 AR 25 FR 40 P bt A Xt 1 48 N, O 52
Wi ZE AR Gi— A58, TER RS RGerp  FRHE A VIR 9 & B, it 60A0 T LA S S5 48 /K R = A9 N, O B8l
it Wang 251 R0 Lin"" 2543 IR SR 32 ORI SE b b & B, N ARG 8 38 0 T N, O Sl , I HLBES N AL
JH R 1A 0 1 (2 R AT AR P AR ST A B, RO X 3 N, O HEBOR A A R AR
BARGH, Sawamoto 25 ST K B, 2 AEAIAL AL AL BT £ 358 N, O HEfil 248 117 Mori 251 76 55 3 Y
WFFT R RIS 25 1 AR FIEE 2 ARG HLAE & 8 v TAR AR AL B R 18 N, O HEL, (HES 4 AR IS 5 A3 & BUA HL
REAh P i A T AR AR AL BE  ZEFRMAE S RGP, Zhang 251 78 S5 1L 3 IX OIS 2 BH . B SR AR N 38
Jo 3 N, O HE R E 4 (5 CK A1 EE LN (50kg N+hm™>a™") MN(100 N-hm™a™") 1 HN(150 N-hm™a™")
Sy T 38% 41% F158% ) s AaBiARr N #8405 138 N, O HEBCAE MN T &840 (35% ) , i LN F %A
B E B BB AN SR RS AR N B N, O HERCY A W R, SR, Jassal S5 5 KV T i X B
FEALEXS A2 AR HL N, O HERCEL A fZ M rf & B0, T AEJE 55 1 4F 498 N, O HER N, 5 2 4Pt N0 -5 A5 it AT bk b 1%
fiE 2R, H B I 0 N, O Hil s =4 Al BRI, e v P40t AT X 1238 N, O 152 4L
PR FH A LA R, HA AR KA AN 1 | 1T LR A LI 3 b DN AR AR 5 340 LA/ | R 1) it A e
H ] I AT AR MR 3 N, O HERCA I [ P AN 1 D0 B A DG HR A

M ZE ( Castanea mollissima) 2 H EHEE LT Z —, 040 ] 12 8 4 26 A~A 11, B T4 R
SRR AL IR E] 7. 80 J7 hm?, (528 ST AR 9. 0% . Bt 7 Ml Ak 45 M I | b bR ik SR FH 46 20 16 45
ERE ALt FAAS T8 8 AT A € H 70 it AEHE S B B AR 8 N, O HE Jilt 7= A= ] ol 52 i) 28 4 348 i S 17
Wi, ST TEMTTIG AL B MR AR B T 4 RS R AR AL B0 | #2500 (i e T 2 4F +
HE N, O B I RIBFIE T AR AL FE T IR EE T AR LA, B PRI SEAR £ 3 N, O HERU 3
AR A JIL R R H X AS [ it A b B8R o 7 0 | B35 B 5 A2 1) = SR PR 858 DX A8 1k 45 4 48 N, O HE IR fb 1 A
AR G 2R 5 BF 9T 45 A AR AT FIRRFA A B0 $s Hb [X AR bR A: 725 R SR B SR 8 SR 63 Rl kL S5 R 27
Heds
1 HRXHER

RIS XA T WA e 22 T 75 109945 (119° 86" E,30° 25" N) . 1% :H X Jy BRI B 28 KU At | 4R
TLFEE 16,4 °C AEXIFER RN 1629 mm, A5G AR N 5774 °C 4F H BBIECH 1774 b 098 AR 1L ks X i3k
9 150—250 m, eI 274 + A (B ), I E TR T SRR RN A PR AN E 1 TR
TR UG i1 2 PR 2 R IR 17 R A AR SE A, AR M 18 a, FIAESE B 540 Kk/hm® | SR F 485 AR A 2208
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Bk, 4E 5 1 F ARSI SR J5 B oo0 - 300
BRELLIN, 2011 4F 3 ) 55 BESN R, SRRSO AR & soo | B l2s0 o
STOARBEND JFTE 5 1 R AEREHD - I 7 S T 5 0 1200 4 8
. PRRE IS I SR < pH A 2 [0 ®e
HEOMHIH 4.64 A1 1. 14 g/om’ HHRMAER GRS E | H H lso
A 25.7 F1 1. 84 g/ke, Bl A S A OB AN AU Fr o LLLIL ‘DADAD‘DA D L,

7 5

§ 9 10 11 12 1 2 3

4399149 98.32 9. 86 F1101.2 mg/kg. 4 Month

2 HRAZE
2.1 KRB B1 RwEARREREMR FHEE

2011 455 1, ZERRE ARl 2 1 1 MR e (200 Fig. 1 Monthly cumulative rainfall and mean air temperature
AeAT) 5k 1) A B AR — SO XA I R, ARG
IS 4 AALFR . (1) XS (AR, CK) 5 (2) TTHLAE (IF) ; (3) AHLAE(OF) ; (4) AHUIELHLIE A (12 TEHL
HEFN 172 A HUAE) (10F) . AERMb #ELR N 25 036 1 Fros . 3R 56 o BT 0 FH A9 A MLAIE A j b A AILAE (N 3%
P,0,:1.8% ;K,0:2.6% ;C:35. 1% ) , THLIL /3 HI A IR FE (46. 5% N) 2FBEFRES (12% P,05) \SAALE (60%
K,0) . i A Ab B | AL ] 24 A4 & B (87 kg N/hm?) 4 A HLAE AL B b B ER A AS J 350 40 Ak 2 B ek 3t
BERRAS AR AT AN 70 RIS /N AN 256 m?(16 m x 16 m) ,4 WS . Fic MR R340 158 8 A () b 2
K HBEALIX L1211, B B2 A X456 o AN R A B /0N X2 8] A 8 A R 9 2 5 0 A AN (152wl R
RIS/NXEIFEFER N 3 m, 6 H 3 HIEATRUGHIINE , I BIBEA 1, RIS A7 #0800 1 & (AN 1 A
HRASAR) o IIRAETE 2011 4F 6 H 3 2012 4F 6 H 47, i AL A5 1 A H SRAE 2 W TR B H R
1k,

during the experimental period

F1 RBEELEEHAE

Table 1 The amount and composition of different fertilizer treatments

b AHHLIE JRF T BERRAS Afesr
Treatment Organic fertilizer Urea Calcium superphosphate Potassium chloride
X} AR CK 0 0 0 0

JEHUIE IF/ (kg/hm? ) 0 188 488 135
AHLAE OF/ (kg/hm?) 2906 0 52 9
HHLTEHLIR A OTF/ (kg/hm? ) 1453 94 270 72

2.2 SARCREEKE Iy

PSS AR AR G5 R XT N, O I T o SRAERE AL A 2K, B ER TOURR RV A2 P50 o048 15, il VE 1
Bk PVC ML, BASARRIRHIRS ST N 30 em x 30 em x 30 em, SRRESAER IR C WAL T35 B A 72 1
BERAAS . BRUCRAERT R ZEHERE 9:00—11.00 Z[8]7) , SRABERT— K, A FH 7o A A A 2 B, i %
SRR SRR AT RAE . SRR, 47 TOURS 17 AR 88 UL R w7 T JAE TU s v {8 AGGE A 2848 7K (2—3 em
i) G S E R 2GRS S EMER . S5, 60 mL 181484391 F 0,10 .20 30 min SEATHURE, 7ES
PRIBURE A RIS 0 39 S om IR B SRR, HAE B0 /N DX 42 JR S PR R4 0—20 em HIERE S
R A [ S8 % SRR HE GC-2014 SRS AT N, O MR BEI 2 ), 3 K B P Tk b A7 i
FE ., HEWSOC S AE kS IR Wa 2570 Jr B, SRS FHA HUBR AT (TOC-V gy, B HELS ] ) 022 36
BH AR S, HIEMUE Y BB IR Vance % AN #3750, 5 mol/L K, S0, 48 Bk $2 Bt £
M
2.3 HdEitE

(1) 9 N,0 sl g i E A X R 2,
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v pT,dC,
PAP, T 4

A, F BN R B HEGE B (ug N,O-m™h™") 5 p AR otR ST B R AOMREE (ng/m*) s A ARG I R

(m®) 5V AFIAARR (m?) ; ddc‘ Shy BAASE IR T BBORE AR PN B AR BE B AR A B (1) Ty Py 20 0 AR AR 2

THZ AR (°C ) MR (Pa) P AT g BORERT A A A9 S2PRUE (Pa) AR (°C) o 135 N, 0 HicE:
i Eeer i ua < A

(2)N,0 HEk 5 () , BIIERH A Z DL N, 0 SRS 14 1, i A 2 0 R

F = (T-T,) x (28/44) /Mx100% (2)

A, T it A b BRI W] N, O 19 EARHER B ke/hm® 5 T, 25 FIARBEAE K 28 P N, O B9 SFRHERCR
kg/hm?;28/44 2 N,0 " 1 HLB 3 M Ay i W04 1 o) it 0, kg/hm”

(3) HAN AN N, O HERCH STk A (F ), B FREAE S |2 i 58 N, O HERl i (5 AR AL B R N, O il i
RIE AR B ARIT

(1)

Fe = (N, 0 emen N2 Oconirot )7/ N2 Oinen X100% (3)

PN, O-N, e, FORTEAEALFE T 3 N,O BOAEHE I (kg N,O-hm™a™ ) N,0,,,,., RARANMEALAFE T 4 5
N,O HI4EHERCE (kg N,O-hm™a™)
2.4 FEabag

AR 3CH TR Hd b B 2R FH Microsoft Excel 2003 i1 SPSS 13. 0 %4 1 ¥EA 7 8dim 507 , 1 2 BT AR 24
JE 4 WHESEMPEE, 448 Sem B | 50K 5 1 N,0 il WSOC & &M MBC &, i /5 Hr ok
Bl ML DX ZH B[R 2R 07 2253 H7 ( One-way ANOVA) |, R & M 25 (DMRT) 7E P < 0. 05 % 3EEKF T 4 A [\
b FRA] 4 2% Sk o ] — TRk 11 0 AR 40 Fr 1338 N, O HEGHE & F 885 B | 1K 4y \WSOC 5 MBC ]
AR G
3 £R551%
3.1 ANt A AR BT A I B A K R i S A AR AL RRAE

f 2 A 1 Al eI ] 4 PPN RIARBRAC PR T, IR R 5 R IR B AR ELAA ALY 2=
AR SR 6—8 H IR, 12—2 H IR AR 5 [RIHs, A [ it A Ach 4 ) = 3L v A P I 1 25
S, i 2 FoR R R S PRGBS K AR B LA, A
2 M1 AT, S X EANBEAR L, 3 FhAE AR AL BT H3E S K B B AN (P < 0.05) , i AE Ak B R A B 22
5o [AIEF T AR ATE MR AL HE T e 5k 5 H IR & 2 W 2 30 35 A2 IEAR G (P < 0.05) , Es
TCHLIE AL 3R 1 35 =2 B B A R S

—--CK -o-IF -« OF - OIF
50

N
S

X
S
0032 =
2
’lﬁ§24 % 5
23 4 2 30
o i
8 . HE 20
= —_
3 3
0 10 .
ﬁﬁﬁﬁﬁﬁﬁ SRS S I S B S IS ] - = = = N NN N A N~
____________________________
; ! DT ;
S == T T s T B SR SR Yo BEN-S GO o O 4 A = & e T v O
S © & &8 - = - o © o & o & o S o & & - = -~ o ©o o o o & o
H 4 Date H 4 Date

B2 HEMRLEREGS om) REESKENENST
Fig.2 Season variation in soil temperature at 5 cm depth and soil moisture content of the 0—20cm depth in Chinese chestnut stands

RBELFIRERE (n = 4)
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3.2 AN[EGACANEE T 435 WSOC Fil MBC & & i sh 2528 (LA

M3 0] UL, 38 WSOC & i 2 0 BB I 2T PRI, AR R B 7—8 A & a1 2—3 A & i
fi%, [FRS,CK . IF, OF 1 OIF Ab P T 138 WSOC 5 = 19 48 1L 1 & 43 51 o~ 62. 02—96. 13 . 84. 47—147. 88
109. 76—173. 04 F196.73—157.03 mg/kg, Z5G K 3 FIZk 2 AT, Al AR A B B 228 WSOC i 25 AR
b (Bt IE 2 34 1 8 WSOC M & (P < 0.05) , &I Ny 1F OF 1 OIF AbHE N -3 WSOC 45 V-1 & 551
HIH CK AEEREIN T 37% [ 74% F158% |,

—--CK  —=oIF --OF -=OIF

150

AR
MBC/(mg/kg)

KA LR
WSOC/(mg/kg)

R e T e e T e B e B S RS S B B

B3 #REMLTE WSOC #1 MBC EEMNSZ T T ME
Fig.3 Seasonal variations in soil WSOC and MBC concentrations in Chinese chestnut stands

WSOC: Water-soluble organic carbon; MBC: Microbial biomass carbon

*2 AEBRAETHEEFY N,OBE FRERE WSOC 1 MBC 2EH =R
Table 2 Differences on the mean annual soil N, O fluxes, soil N, O cumulative, WSOC and MBC concentrations in different fertilization
N,O iRy N, O fluxes

b3 AR B A wsoc MBC
Treatment Mean annual flux Cumulative /(mg/kg) /(mg/kg)
/(pgrm=-h7h) /(kg N,O-hm™-a™")
CK 24.99¢ 1.91a 76.58d 253.42d
IF 41.96b 3.23b 105. 08¢ 288. 64c
OF 47.31a 3.90a 133.01a 343.34b
OIF 46.54a 3.68a 121.17b 366.36a

[) — B E AN R T B FROR BT AN R TE L 2 5 B (P < 0.05)

mE 3 PR, S AL BEBA 2hAE 138 MBC A2 F B Ak 34, 4 b S 2 R — e g 2R 1 AR Ak AR |
WA IR AE 11—12 A, fe/ME I AE 2 A6y, CK.IF,OF Hl OIF At 3 F + 3 MBC & & & /ME 25 M
217. 13 206. 68 275.76 £l 289. 00 mg/kg; Ft KAH M 316. 73 .379. 41 480. 04 F1516.76 mg/kg, MFE 2 ]
M5 CK 2B (MBC AR F-3{Hh 253. 42 mg/kg) A LL, IF OF F1 OIF B3 55350 T 14% 35% F145% .,
3.3 RIAIAC AL EEXT 14 N, O i w AR LAY 52

W 4 i, B SR AR 1398 N, O i &t 22 80 0 1)
TR AL, RPN R E N BUTE 6—8 H  f/IME o 8
1 12—2 /3. CK.IF OF fil OIF Ab3 T, 14 N,0 i & 3
JE RN 6.43—48.68 .13.26—90.94 .15. 38—89. 75 g
F115.40—89.86 pg N,O-m™>h™', Z54&552 FIE 4 7]
I R G 2 R 0 T N, O AR H e AR R AR
(P<0.05), BRI Ny 5 CK ALBLAH I, IF, OF
OIF b3 T, + 43¢ N,O0 ARV R BRI T 68% . B4 FRMELEXEEAMLIEN,O0 BEFTELHEN
89% 1 86% , 1l N,0 BFLE > BN T 69% 104% Fi -~ %W
oy A SBIEA-EA N0 R TIRE TEL TT S S e e
IF ZbFH (419% ) B3 A% T OF 4Zb38 (51% ) F1 OIF b3

N,O efflux/(ug-m2h™)
S S
wm O W
[ L
- I -

s
| |
o0
=

06-11
07-11
08-11
09-11
10-11
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(48% ) , H OF 1 OIF AbFE[RIAT B B2 5 . BLAh, 3 AR B WA 0], IF  OF 1 OIF Ab¥E | Al S Ak £ 35
N,O HE R ES3 910 0.96% 1.45% F11.29% (F 1 F1F£2) .
3.4 3 N,0 B EHEAREE TR A e

MR 3 FRAL R AR AT, 8 N, O i 5 H 18 5 em R \WSOC & fit Z [H] ¥4 4  Z1 1) b 25
IEASCHE(P < 0.01), 175 MBC & &2 [H A B Z WA . 7F CK AR, 13 N, 0 dE 5 HIES/KEZ
] S I R & EAR G (P < 0.01) , T pE AL AR 3 S35 HH G

£3 THESemiBE . TEEKE WSOCH MBC EE51#E N,0 BEMEXM

Table 3 Correlation between soil N, O fluxes and soil temperature at Scm depth, soil moisture, WSOC and MBC concentrations

Ab T TR 1K WSsoC MBC
Treatment Soil temperature ( R* ) Soil moisture( R*) (R*) (R*)
CK 0.78** 0.56 ** 0.53** 0.16™
IF 0.75** 0.21™ 0.73** 0.03™
OF 0.74** 0.05™ 0.59** 0.00™
OIF 0.79** 0.19™ 0.83** 0.00™

w0 FORAHRYER B3 K (P < 0.01) ;NS ZRMIRIEA B3 (P > 0.05)

4 itig
4.1 HIEAH 3 N, O HERUCRHIE

AR IR FE TR R IR N, O AR , 3 5 5 AAE AR S R G R s 45 R —58 .
%2 A RIS I E] B AR 35 N, O AEHECR (1.91—3. 68 kg N,O+-hm™a™") L E T Matson &% A
FEFEMZRART 1 3 N, O AEHERUEE (0. 50—1. 30 kg N,O-hm™>a™" ), fEAIK T3 W AR FT g 0 put 1257 2 bk
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