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WE., —f8E(CONFRLER(INO)AETRWETAN, AMLERL T LHFOR, RANHBSH/AMEETH
AR o B A R A Bk 4 AT AR B 35 B vt M Eucalyptus urophylla %64k (EUp), B ¥48% Acacia crassicarpa %
#(ACp), 10 AMAFF IR ZA (Tp) 2 30 A’Wﬁzf’uiﬁ*(THp)% 4 A AL 8 LI CO, A N,O HEAE B 34T T R4 &
G R ARAT RR E AR A ¥, BREAN, CO, P NOHRBEF Nkt EaE Kk, 4 MHAE LR
CO, Fo NO B EERFH fIFRHAKTE; zdé{ﬁi’] BERE, FENA LK, BmMSEE, b F EUpf ACp
“u Ak 23 A E 4 8 (microbial biomass carbon, MBC) W # R # &, F3 EUp (130.67 mg-m2-h™)# ACp (134.65 mg-
m>h"E3E CO,BER2FSH T Tp(lll 39 mg-m?-h™)# THp(108.53 mg-m>-h™), #& 4 A & Rt sd LHENO-N
FOK Peik | R4 N,O HEAUE AL, & 1245 pgem?-h, RHEEE . LR E | MBC AR R R [NO,-N Fo 23R A
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Soil CO, and N,O fluxes from four typical plantations in southern China

LI Hai-fang'?, DUAN Wen-jun'

(1. College of Ecotourism, Guilin University of Technology, Guilin 541004, Guangxi, China; 2. South China
Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, Guangdong, China)

Abstract: Carbon dioxide (CO,) and nitrous oxide (N,O), which mainly come from soils in forest ecosys-
tems, are important greenhouse gases. Both CO, and N,O fluxes in a Eucalyptus urophylla plantation (EUp),
an Acacia crassicarpa plantation (ACp), a 10-species-mixed plantation (Tp), and a 30-species-mixed plan-
tation (THp) were measured in situ using a static chamber and gas chromatography (GS) technique at the He-
shan Hilly Land Interdisciplinary Experimental Station, Chinese Academy of Sciences (CAS). Results from
the four plantations showed that CO, and N,O fluxes varied widely during the year, exhibited a relatively high
level during the rainy season, and kept a relatively low level in the dry season. Also, peak CO, and N,O flux-
es appeared in the rainy season. Compared to Tp and THp, significantly (P<<0.05) higher values of microbial
biomass carhon (MBC) were found in EUp and ACp with CO, fluxes also significantly (P<<0.05) higher. The
fastest NO;-N uptake was in EUp as were the lowest soil N,O fluxes. These results indicated that soil tempera-
ture, soil moisture, MBC, and soil substrate (NOs-N and soil organic carbon, SOC) could be important con-
trolling variables for soil CO, and N,O fluxes. [Ch, 2 fig. 3 tab. 29 ref. ]

Key words: soil science; soil CO, fluxes; N,O fluxes; pure plantations; mixed plantations; greenhouse

gases; forest management practices
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S CO, A N,O A4 K 43 138 51 0.5% 1 0.3%, 4= BRYG IR R0 Bk Bk B 8.3 76 iR = AR 09 A HE
P, H R Y A PLEK (soil organic carbon, SOC) £+ ML Wy il + 3 sh Wy i i AL AR
M, LhCO BB B R, 18 NO BREMEYNZS ST, @b m s E 2 mm s, +
HE CO, A1 N,O i 552 + B 0 JEE0-0 Rl Y TR ALS . MRS
M AR AR AN G i NE A Z R R AR, BeAh, MR SR AR fh g L 2 BRI R, M
M) 1338 CO, A1 N,O il &7, N TR b [ R AR 2R () 8 22 ), e Es b Z i ki ny (2007
A E [ AR B A ), T E N TR RA 0.62 42 hm?, (R TARE R 173, EHRES—; A
FEIE e AR AR, WA Eucalyptus sp., 5 FHA Pinus massoniana FIAH B Acacia sp. 55", ik
SEMARRS R, FEAERE N TG X, SRR S8 MO L AR Ab 6] 1 3 I 25 SR HECR A58 mm, AHSC 10t
RN Z , AL R ICA R —DUEsE™ ) K, B SR AR SS AR 18 CO, A1 N,O 38 1 1 22 4k
PRI MRALAZAERT CO, F1 NLO sl E M AL, %F 32 6 N AR AR 25 52 Gomie 1] 7 Az [ A ol HE B FEAR  S2 Bl
28U i BRIl AR B SR HE R A E 0 IR R SORI SR R S, AR ST DL R A e Y L e B 25 T
TG BN TMOCA RS, A R G800 B 4% Eucalyptus urophylla 26K (815 2 EUp), JEIEAHE
Acacia crassicarpa ZEHK (515 2 ACp), 10 D FHIR ZE M (5~ Tp) F1 30 ASH FHIR 3 AT (T 5 R
THp) +3 CO, F1 N,O il &, X CO, Al N,O i & fEFREE FF 19 56 RMEAT T, BN T4l ARORTR 38 re
= SR HEBCP R E

1 FFRMK 585 T %

1.1 BHAER

S5 36 8 A R RE 2 B 8 1 P B 2R S E GRS sl JE AR e g ) T AR BT, 22° 41N,
112° 54'E, ¥ Z AR 100 m LLUN 0 BB db 38060 0 BT 7 b w0 $Hy 2 KU, AR 38 R BHER 5
4 350.5 MJ-m?-a™); EFHRUEN 21.7 °C, s e S 37.5 °C, iR R 0.0 C, A REK &=
H1800.0 mm, AHEMT, BFZ0, TENI10HREEI A, BF N4 A A, FHELEEN
1 638.8 mm, FeBgih HENARETE, J@ommet: L8, AN TARE T 2005 FF4&, AT A s, mH

R 4FHEARATHREBER

Table 1~ Characteristics of four typical plantations

AT WMAERR /2 B/ (Mk-hm™) WE5/m o M9tE/em AR EE/% B A5
J& I e i bR 2 1734 8.9 7.4 0.75 1
JEL AR B 4l Ak 2 1734 42 4.8 0.70 2
10 A R 38 bk 2 1734 1.4 2.0 0.25 3,4,5,6,7,8,9, 10, 11, 12
3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16,
30 A4 A TR 3 bR 2 1734 1.4 1.8 0.30 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32
+ HEREAE + 3¢ pH A T HEA YLK/ (g ke™) TIESE (g kg?)  WETER/ (mg-kg!)  WTETESN/ (mg-kg™)
J& it Al Ak 435 18.17 0.79 16.03 7.09
JEL AR B 4l Ak 4.39 22.12 0.75 17.53 6.56
10 A~ AR 32 Ak 4.26 23.13 1.22 21.14 10.27
30 A o i 52 Ak 4.46 17.68 0.88 19.52 7.29

VLA . 1. BWMAE Eucalyptus urophylla; 2. JEIEAMIE Acacia crassicarpa; 3. WA Liquidambar formosana Hance ; 4. JK K% Mag-
noliaceae glanca; 5. WGAK Tsoongiodendron odorum; 6. $l¥%5 Castanopsis hystrix; 7. K J1H Michelia macclurei; 8. ¥R 1L
&% Michelia Maudiae ; 9. ¥ A6 W Jacaranda acutifolia; 10. 183 % Sterculia lanceolata; 11. H A F Dillenia indica; 12.
KA IE Elacocarpus apiculatus ; 13. KW AR Quercus griffithii; 14. 'k 8 &% % Michelia. chapensis; 15. H AR ¥ 3¢ Elaeo-
carpus japonicus; 16. WE R £L 1. Ormosia pinnata; 17. KA Delonix regia; 18. W4T Hedysarum fruticosum; 19. /Nt
M Prerocarpus santalinus ; 20. N1 ¥ Dracontomelon duperreanum; 21. KM 4 Cinnamomum parthenoxylon; 22. L35
Radermachera sinica; 23. Jfi R Dolichandrone caudafelina; 24. W& F IWATF Garcinia oblongifolia; 25. iR G. subellipti-
ca; 26. 5 WL HTE Maesa perlaria; 27. LM A Loropetalum chinensis; 28. i Bk Syzygium jambos; 29. H A Bischofia
Jjavanica; 30. 37 Burmann Cinnamon; 31. 288 ## Machilus chinensis; 32. ## Quercus dentata.
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297 50 hm?, AR FCAibR | JEIEARE AR, 10 W FIR SSARFD 30 S Fl0R SRS R R AR AL ;2% > bRl
HI3NERE, FANEEFMIAY 1hm? (£ 1), WFEER EZNTH Dicranopteris dichotoma, B Blechnum
orientale i ¥ Baeckea frutescens 55
12 HIRAZX
12,1 % EMFFEXER EUp, ACp, Tp fl THp % 4 FiAKRUA BT G, fERHRE A 7 1 4
10 m x 10 m f9/NX, 2894 12 /N (4 D x 3R,
122 A#HF*x OHHEFSAERME. HHE CO, M NO HEHGE B H S5/ g E e, +
B = SRR 2007 4F 6 H IF4A %] 2008 4F 5 HZ53, 2 N EWERAE 1k, £ M5/ NX BE 2 4
B, MR BEZH PVC)EHIN, WA 22 em, 20 em, ANFEHEREHE T RAEL, B
KEWAHED, FUCRHEALE 1T 900 TR, B R AAABAEAG B B A b ok =, 4
J& 100 mL #EHE S 45 T 0, 10, 20, 30 min flHCE SR, SR AR A9 SR B AT ] 50 56 = HE AT SAH 6
AT, @QFZ EHEORKE, RZEHFELSHIT 2007 45 9 A M 2008 4 3 H FIFSHRE 1 R, 74 /NX
PIBEALEEL 6 s, TER— s EAR 8.5 em (R EFREL O ~ 10 em IR FE L, K /NX EFEH 6 REUHE
TR, RS By M s, Hod, M EARME B ke S B 4, s FLA2 2 mm 5 047 4
B W) R RE A - 4 CIRIVKAR PR AE
123 AR Fx OFHRESENE . REMNSFEAE 24 h W HP5890 S AH @ 1%L 53 1 CO, Fl N,O
W R MR e A R A o SRR B B (R AR, TS A R T A A AR R GE . 3R
SRR GE B LR A SR
Pl

Hrb, FoR RS SURHERGE B do/d, S WIS P9 ASCHR Tk B B S ] 28 £k 1) LR R s MOl SR Y P R
Fi (gemol™); Vo MARHEIRZE T (IR K 273.15 K, JE 1 013.25 hPa) S AR 1Y BE /R IR B (22.41 x 107
m*); Ty F Py 23 SR bR AR S T 28 4 0 R B (K) FUE (hPa), PR SRAE S SUE (hPa), T R REERT
M2 3T E (K), H A RAEFE 08 L (em) o Q76 Al B E 38 IR = SUMCSORE R, 7 25 4 I 8 Acb B AL 32
B3 AN 5, F 38R B 3T (Fisher Scientific ) #1321 (TK1-Basic, Delta-T Devices Ltd, Cambridge,
UK) 4350 52 #3420 ~ 10 em T 3ETRR B, ()4 498 BR A0 M o K 2 0 e ) 2 350 5K F B 967, L 4EpH
B R FH 48 pH HH /KR W 2 v 5+ 48 SOC A3 HLAK R FH T 4% TR A S b i s 380 38 280 (NHL-N) SR FH e
2R T INE ; AN S A (NO,-N) R By — 6 R LE (67, + BE3UAE WKk (microbial biomass car-
bon, MBC)R MG HEZ, FAARIEAE .
1.3 #HiE4E

N SPSS 13.0 3 A7 B & 07 2250 0, /D 183 22 (1SD) 6 46 9 A [W] b B X 4= CO, A N,O
HE I R 4 B A 55 ) 25 S5 ) 0 S

2 #ER 538

21 TEZSUBMELTRFNEESTHEET

GRRM 4 FhARAL L8 CO, A N,O HRH £ 53 124 32.85 ~ 225.99 mg-m~-h™' 1 1.82 ~ 50.05 pg-
m?-h?, LS Tang 2 IIHER AT RIEAFALT . B 1 ATLLA i, CO, F NLO i i 1 HA B iy 2= 47
A H, CO, Fl N,O HEHCHE £ 2= B0 iR AR, =4 A8 9 A Bim, maEFZE(0 A5 3
HOWIREAL, HAERZ AR RRAE AT s CO, A NLO il (35 I e 2 (/1 1), — Mok, B3R
I J2 52 e - IR % AR HE Y =R 71020, CO, T NLO T8 o 78 5 2R B AR 0 2 2 )5 2 i T 3
TR EEREAL, RIERUEYORM LR R IR, L IERCE YR R AR PR AL TR, S E0R
FRMKEE TR, XSSP BRI -, ERFE, BT REMEY R RS R, CO,
A N0 it 5 52 HA PR 5% B 752, 8] T 3 20 g B A K2
22 ATAIHRTEEBHERS

SEILERWT, LUMRFIR S MO B HEIR AL PR T A H BRI (3R 2) . EUp Al ACp 4libkih 2% + e i i 2%
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Figure 1 Monthly variations of soil CO, and N,O fluxes in four typical plantations

(P<<0.01) 7 T Tp F1 THp VAR, T - 18 i B W) AH X6 51K (P<<0.05) 3 2 PR oy o I e R JE 35 A L 2 i
BRI AR, AR R, AR R (1), MR EHGE B EAL, JeRs, SRR,
[FIEF, I BE B AR 22 + 3K oy 78 e, TR B o AlUMORIE S8 MO + 38 pH (E A W sz, 4
FPbR L+ 1 pH EHIA W 2257 (R 2), & 245 %Y, EUp Ml ACp 4liidk +HEA HLEK 5 Tp F1 THp AH Lk
FARBE, — MU, HHAIIRSRGERED A BT C, #AEM AR KR m TR AR,
I JRE D AR K, HHEA LR — B 2, (BFEARMFS T, TRk, Uh 2 a, XATRER £
WAV ZE S AR ERFEERF, 7 EUp M ACp Zidk, AT 4 NO;-N Fil NH,-N 9 B 5 %(F£ 2), X
S DA AR MR NOs-N Fll NH-N TR RS, RIM A5 =0 848 th, i T3 A RO 3SR 40 B R
HIHFE, MR A AN AR B E WD, R ERUE Y AR A LR B 1% ~ 4%,
A EHZ R AR IS MR BOUR , SRR R G IR R 5% () A U E Wik R i T 3R
YA, 5 Tp A THp IRASHAM L, EUp it ACp 4i Mk N IR BE#E — e FE 1 B AT L3t E i Ak
YR, THMAYRY BB (£ 2),

K2 4AWMAIMTHEREMER

Table 2 Average of soil physical and chemical characteristics in four plantations

L3 FHOREC  RHOREe  pHIE  HEANBY(skg) NONfmgkg') NHNfmg-kgl)  BUEHIH (mgoke?)
F el b 2231£052h 17.24:089a 426+005 1966+ 225 555:067b  435:048L 309431 £ 38.070 a
VAL 2294+051b 1655£095a 426008  193.5+22.1 8.12£052ab  532+059h  293.171 = 28.660 a
10 MHFIE A 23740532 1182£090b 437+007  157.9+32.1 845+053ab  607+056a 161188 +21.280 b

30 R AR A bR 2448 +0.53a 11.65+092b 438 +0.05 1582 = 12.6 10.03 £ 1.43 a 6.87£0.16 a 153.900 + 36.880 b
P{H <0.05 <0.01 >0.05 >0.05 <0.05 <0.05 <0.05
n 102 102 6 6 6 6 6

BT PR I+ dRdEDZE

23 HWtE-_SABRNEUTREENETERS

CO, F1 N,O A i V- 408 (B 2) R BT, SEARFNIR A2 RO 358 i 2 AU HECR A B e R . 1=
HECO, M N,O iB ¥ M IS, AEHER, EUp (130.67 mg-m?2-h™)f1 ACp (134.65 mg-m2-h™") 4l bk + 1
CO, i i & T Tp (111.39 mg-m?-h™)F1 THp (108.53 mg-m2-h™)IRAH; HIRAHAM L, EUp Ml ACp
AR N,O AR ALK, Horb, EUp Ak N,O i S fik, X i WAARHY AR A )+ 38 28 UK HE IO F 25 im 2,

— MRy, € CO, il NO HEHUR 5B Wik F B A S5 IR BT A Al B4 5] 422 52 e A= ) Ak 2 7
AR A 55 R 1 B BE 6 5% i)+ e = AR B HE R, AR 1 a SEOGULIMIEHE , 45 L3 CO, i NO HEiGHE &5
S N 7 2Z [ A OC REE MR (£ 3), Z5RW], 138 CO, HEitpi i 5 R )2 H IR B X R s B
B EMCHE, XSGR ANIBFFEE AN — S, R 2 M3 3 W3R, 4 Fhobk B+ ik Wy ax 2 5+
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Figure 2 Comparisons of mean soil CO, and N,O fluxes in the four plantations (vertical bars are standard error for means, n = 102)

#(P<0.05), H. CO, il it 55 T MO W 2 EARGHE (r = 0560, no=6), XBLWI, 78 4 FbRAD, i
TR R RUESEARE AR, 5 Tp A THp ECHORTEE AR F ESOR BT, (R HORIERR (£2),
b SRR B - A O R e SRR A AR T, AT REAE EUp A ACp AR IR A1 — A
T - B W0 N FRBE O SR R R B R R PR L CO, B R, R
3 FW], N,O HEMCE 15 - e 300 B 3 ARG, (5 RO R L UG BT R i T AE
OB T, NO ST, BN HERCH BT R RIGAC , , R
SRR - S % TR R B DT RGN T, S A 0 HE 4L R ELHE B R
AR T I R SR AR

®3 ITE_SUBRMEUATRHENBEESHRERFHHEEXR

Table 3  Correlation of soil CO, and N,O fluxes and environmental factors
S COilH:  NOH  RiRg A R pHME AWK HERSY ) B R TR Wi

CO, i it 1.000

N,O i & 0.449 1.000

o311y 0.651%%* 0.607%+* 1.000

T 0.584%* - 0.513* - 0.437 1.000

14 pH {H -0.238 -0.077 0.401 0.397 1.000

EERIRTS 0.477 0.281 - 0.560* 0.296 - 0.177 1.000

TEEA 0.126 0.582%* - 0.084 - 0.448 - 0.560* - 0.016 1.000

SR 0.482 0.393 -0.520 0.405 - 0.043 -0.138 0.395 1.000

AR W ik 0.560%* 0.370 - 0.503 0.517%* - 0.374 0.066 0.167 0.369 1.000

YEHT: 0 0.01 K- * O 0.05 WEKF-

B A A FH RN BB A AR FH A5 AR i B2 308 NLO 7 A Y 2 I PR, T 2R D0 2% 2 M - 398 v sk 6 2 g 5
M FERZE, NER2LFEN, BT BA BRI -5 NO-N Hl NH-N 9 R IWBCR A, 458 NO»-N
Al NH,-N 7 EUp(5.55 mg-kg™', 4.35 mg-kg™) Al ACp (8.12 mg-kg™', 5.32 mg-kg™)#B i HE MK T Tp (8.45
mg-kg™, 6.07 mg-kg'-F THp (10.03 mg-kg”, 6.87 mg-kg™) (K 2), K245 R B, EUp fil ACp ZEHKN,0
He o KT Tp F1 THp IR 3SHK, H EUp Ak N,O HEBGHE & AL, XU, 78 EUp Ml ACp #/E#k, /R4
TR RS, AR T 3 NOs-N Al NH-N & 8B, NO AIEA R, F3 EUp M N,O 38 it 5 Ik,
FIMLIEH, NO#ES 5 NO-N 28 B A IEAHX(r = 0.582, n=6), ULH 5 NO:-N &0 N0
WM FEEFE, X5 Davidson ™Al Fisk % 2B 45 R 201, (A 3% N,O & 5 NH,-N A OCHEAR
R(F3), UL NH,-N ASZFZ0 N0 1) F 2 5, 3X 5 Simojoki 551 B 52 45 5 — 5L,

RIEERY, TIECO @RS AP AR E, HAEL 2, EUp M ACp 3 A4 bk + 1
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AHUR G IR SR LA B35, (HAR ZHP R >, R HLa 2 m) L CO, MM B 2N 1, 1E
AWFFEH, AL CO, Ml RN A R, ATRER TSR A, BORE A B, A
Z, LIEMFUEY) (NOS-N FI -3 LR ) #B 2 52 ) 138 I 2 AR HE B BR ) A 7 Fn OGS ] 7=, Hg 7 4
Bl R L A S 2k, IR | A A AR R ) A5 DR i A Y
SR EAN LR, AR 260

3 Zi

BEELL B b, I LLT S D4 FR AL 4 e &Lk (CO,) AL I A (NO) I . CO, I
NLO HEBCE 5 2515 3 Sh iR B ALK ;. CO, A1 NO Tl i AW R R i K, R R B R AIG, EAH X AR
S CO, FIlN,O Gl IR E ) BLZER 2 . @5 10 AN A 30 AR A IR SSARAR L, H T 2 R RS
FHR AR+ R A R B K, EUp F1 ACp s AEAK T 13 CO, 3 5 B 3% %5 T Tp Al THp IR3SH; {HXF N,O
W T, T A W R £ 3 NOS-N R EE W U, EUp 1 ACp 3 AE Ak N,O il B # A FEA%, Hodh EUp
PRI, BF 2 - HER B AN 52 )+ 38R == SR HE R 0 ) 3 R 7 RSB DR 7 5 3R B W i P
) (NO5-N 1+ 645 HLA )t 2 52 )+ HE IR = AR HE R ) E 2 7, B AT 4 38 = S0 o 19 5% i)
SEAHERZ , AH B 290
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