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W 9% #tb AL F F L0 LAY P A B Ok P AR i
B 35(41°31'N,123°24'E) , R R B # - B H KR <
BAEFHERE TC~8C,=210CEHHBR N
3 300°C ~ 3400C, A FH & 18 5 B N 5410 ~ 5600
kI/cm? , SEFE TR B 2 700 mm, T 4% BF 0.9, 9K 8 H
MY FRIEX, /N 147~ 164 do
1.2 HAEERERt

RRE 74408, 25RB3IHESRE, AR
WF: KRHEBRE: O CK, AGEMEH;
NPK,N JEFi#& 150 kg/hm®, P AE F3 & 25.0 kg/hm?,K
B 60.0 kg/hm®; @ fLAE NPK + M, NPK 4L fiE At
BB R, NPK FIRRAEQ, EHEE
BB 0% R RHEBRE - E RS LEE R
AR E AL, FHIE.P . KBS 30%N B#E
FERE N EIEHEA,70%NBF 6 AR TFTHEXKEK
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E&TIE h ER B ARE B (KZCX2 - YW - 407, KZCX2 - YW - 405); AR XS5 H (40701067); E KB X HHHRE K

LR AERREESBRBEHRERPIR 57" (2008BADATB0S)
EEMA - FHK01964—), 5, L TUHA BL, HER  TENERUESRED AW,
ARAEE:D BO978—),B  ITEUA,BL BHEARAR, TEABRUESFHEKS FFIEEHK . E-mail: qua@ise.ac.cno
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HE . MEYE S HENFESE, ERLEBERR  H0 1988 4, FEHR

FFHRAFE 3 h 1990 4F ; © T i, 1995 SE BT M B B K
#1995 FRAKERZEENRM,ZF—ELTF

1.3 RBRMEXFR
SR - S5 AR, 2001 E R GE L IFIRZ

BRZERE. ATREEFRE - QATIHK,XRF WISL4BLREFBAEFLE L
£1 HBHBOERBLER

Table 1  Soil physical and chemical fe of study site
i | 2% (gkg) 2H(g/kg) 2R (g/kg) 2 (gkg)  HHEHE (mg/kg) EBH (mg/kg) pH
Treatments Total C Total N Total P Total K Available P Available K
K 10.77 0.92 0.35 15.9 2.64 88.10 6.4
NPK 11.40 0.97 0.43 16.1 10.64 102.60 6.3
NPK + M 11.83 1.13 0.46 6.4 15.11 107.40 6.3
#3% Bare land 1.1 0.88 0.43 16.5 11.66 110.54 6.4
RERKB L Moving land 11.54 1.20 0.4 16.2 7.26 115.25 6.5
FIb Waste land 12.59 1.13 0.48 17.1 9.59 123.10 6.7
AT# Plantation 10.28 0.89 0.41 14.6 4.98 118.38 6.6
1.4 MRFiE B BHEFERAE HCL B RB(mL) ; v, 8 e i

1.4.1 FRAELRFMEF R THLEBR. 28
FTEAW N E (Elementar I, EH); £ PRH
Ne,CO; B JZ, 4B U E R LB 3 ; £ K R A NaOH
AR, KOG JE RS B P R Olsen B5; E¥ K R
RZRMEBR, KGR EE; pH RARMEH, K: £
=2.5:1, SRYEH, ERNNE+ R KE. A
HRUEZXH LI REE(GFHIENS n BITER,
ER8 A HF 14 AMK 20 K3 4M6F2).

1.4.2 X -FRMEFEk 1 B0F RN E S E M
2001 4£4 A 16 HE 20024 10 A30 H,BE2 1 EX
EEH . SBRISIELRH#T 1 KEE,F{WE 29 K;
BREZROEHWREI M EH LR, 8/L
WEERN S KIBRA,REFREN 20 cm, i 2 mm Ff,
FFAf A RRR B W - PR R, BIARIR 20 ¢
FHLMTEFERP  ELRARBERHET 28C
W HE E 3 24 h, F]F NaOH Rk BB CO,, A
PRME HCl 7 E R A B0 NaOH; B AR 0 + W5 3 3¢
BAELIHEZIETEN LR RERE, HEHA
BaCl, 7 ¥ #§( Na,CO; BIUTIER] , B BKYETE A ,
BOAGHZELE, TRERFFERENE, 8171
WES2KRERE A A1 5H 2+ 8—-KN61
BENTHE, A THERAREILREFIEHR, P
&) A FR e (B 4, X L R R IR E R A RN E
W, MELRFRAFEM, M ARTENE L HH
ROTR, HELHFRFRARXNT :

(Vo— V|)XNH¢:]X44X103
2w

X, FHEBEFRBER(pg/(g- d)); Vo IZETH

F =

AR HCl B9 & B (mL); Nug IR ¥ HCL 3K &
(mol/L) ;44 g — AL Bk B BE/R BT B (g/mol) ; W gt
FLrHEE(),

2 ZR545H

TR EF TR

EESRELMPREZHEMATITE 1 E
2, NEFF RN, BiCRAMES RS, L HFR
BHEEHBEEN T, WEBESRETMS (B 12
FIE 20) EELERNER, L RBEF R, LK
NEBREN TR, K WP RBER - LA
SR, 25, B 1 R E i — B R, L MR
BT, TRAOBERETLEEEN T, BE
R, ML REFRTHREERLR;6 AP TH,E
HEJ5 £ 3PP R 3k B — A B R K, T JE R R, X
ROTEBEETEN L EOR SR H T L W
RO kM MM RET ERMARE AR
R, L EBEYES R, R#ET AN #, X
MR HAT~8 AR ZE R
GEFE, T RTPRRBE RS SREZA®H,E
BT —E XK K, K &KHaTEH
AT HWIFRIER, X — o 31 A R 3 R A
TH. 2001 4655 2002 4E M HL R B AE &5 R 45 - 0¥
BEREHABLR(6 A 15 ), NPK + M\NPK HI
CK 4k B &9 P 1% 3% BE 7 31 % 896, 703 #1 421
ug/(g-d), T 2002 4 NPK + M B R {4 5 H BL7E 8
A785 1083 H,NPK B EELAES B 15
B ,FE NPK + M AL 3 4 5 - S0P IR 3R , X 4

2.1
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(ARESHFRARARRARLEE L NFRBEERBH,P<0.05, FTH.
Letters in the bracket mean significant difference at P < 0.05 level,and they are the same in the follows. )

B1 2000 FFRAAARGETLNEMFREBTER
Fig.1 Seasonal fluctuation of soil basic respiration
rate with different management systems in 2001

BEHRMNELRKSEBFMEX, L RPRE
EE B, - WK & B E—6 S B BZER
BIRAE, UK 2002 £ LKA 7 A 10 B B B &
{E 7 #7 [E) Tt , - SRR R, AR NPK + M LB R
HAR FEBBRE, RACRESH S £G48
WREATFT , KRN Y R ERRHLEE T,
PR A A 50 s BRZE - S R o R R AW L, 2001 4
7 A 30 H NPK + M\NPK # CK AL B HY PP W3R FE 2
SERE, AN 97 pe/(ged) 97 pg/(g-d) 1 92
pg/(ged), MLE & B L 3K & BB AL (B 3a),2002
FETAIOBLERKBEERK, L WP REE
IR B, NPK + M AL B F1 NPK 4E 2453 5124 193,172
pe/(g-d), TG B LK 4 R 08, VR s &R
BERM. 2002 4 CK A BELLEFRIB/ALL
WK, Bl CK TP R BN E

B2 20 &FRMARGETLIRERFRETTL
Fig.2 Seasonal fluctuation of soil basic respiration
rate with different management systems in 2002

8N BRERENHAERBASESEREHRX
—H;BA0AZE, TURNERERSE -1
“IEE HEBBERBIREBMEDEILE
), LR FTE KRS FGERUEBERSHER, 2K
SHBEEL TR, ENYEHE FEERLRER
IR R A —EEE LT, N2 EERRER
HESRALEFIRETEAABREEER2E
R EREESREALANPAR, XEES
B RBESIEFFREYERKSHFEEAER,
2001 FF A FEIMEAEAL B + M F R AR b A BB A FE,
ffd 2002 £F NPK + M Ab¥E + S0P 0 3 318 NPK K& CK
HBEX, B UHATLRAL, TRFESE
EREX—ENLRTROTRELNBE, FH,
ARV B 4 B 2002 4F 7 ¥y 1 M oF R KT
2001 4 ,NPK + M.NPK 55 CK £ 3 2 ) Ly &
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BRI H1H :473.360.285 pg/(g- d) F1 429,359,244
pg/(gd), BRTE L PP R F 33N,

Mt A E i - PR R E R EREREAL
BRGER, HRGEHER B HAR,EEAEEER
—Z( (A 1b,1c # 2b,2¢),2001 4 + W% 43 B 6
ASTARA 10 AHIAFRE, T 2002 4B 7 i 40 3
ShHEAEEESHUAES APAE6 A LA
MWEM10 A, B TR E 0% K081,
KT FGRER 8 A, F v 0k R fNGE , 8
TH—/ 8,35 NPK+ M 2B AL, HIRBF 1542
BfECF NPK + M 23, 3 AR 2002 4F £ PR IR 38
BV 2001 £ BB RE T ER B T 2002 4
6 A& 0~5 em 1 2R E 8 2001 4£4K 3C ~5C,
WYERRE RN T RFRBERETSEA,
#2025 ATHE A LA L WP R BRI HE
Wi, B 2001 EHF S AR TALBAKSRHFLER
&, FEEWT LRFPRER, SHOATTHLH
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YIRHEZEES, i L IRB B EHEBEE, AN
YN ERE, ALBREREH Co,, RAULER
PRIRGRIE, AEAEB RGN, FAES RYE LR
W58 B A AR R IR B L AL EE B, T btk - SRR R
BRENRTHRGLHE, REABER —-EBNDTH
BHE,BARENARSEREKBH SR,
F AL 2001 £E 1y 4 B OE R 3 R B KT 2002 4,2
AR TR BRSSP 3 SR IR
&4 5 K 286.360.387.266 pug/(g-d) M 321,371,
450.267 pg/(g-d)o
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depth with different management systems in 2002
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AR IHESRELZN, BAXKEHYR
KBRS, TR RBEELMEEBEI K, W
BAEREHTR/DBESRE, B bkt , + PR
BETLHEBETLE EHEERAK, XEEEHTHK
Wt B BEEAABRRBESRERHER
A ZHEARALHABELHERREN
22.3% ,TAkHEH 19.6% , Ak L WP RIBRERA
4L, BB E BT, :
2.2 BMTREHEGER
22,1 tEBERBE TIRERFERA LR
PAEY, EERBEYNEMES, B, S/ ¥R
TRAEYESHNERN T REE BE EUKES
BN e L PR GR

LR BB EMBEKENY BALTE B
(B34), A —FEPHAETHRLHBET TR
BIM SR A KR, ME T LIRER A ER T, HE
SRR, 02001 £5 Af 7 A4,
Ta,200257 Ahaf9 ATH, REHZH LR
15 B AR AR , X S i B4R B B 2 - SR A IR TR 34 488 555
B FObR A 9 = B BE AR AL S AN AR H BIZY, L P
W% f¥y 3 3h B A% H AH ST 2%

DEHREN, BECREW L BT RIERR
HEEME TN KA REEREETHE
i, 2RA BB, 5 L PR AR A%
U REUEH L RRRBRESEEZELREEMS
emBFEHELMBEHESW, BBR2. 8L F
PR P+ PP IR R 3 B R B T R T R R A B

PERIBHRMEAEEBLHLERARNA
B, HPMTFRELESREW T, N RLHES +
BAFAAREYE, T NPK ALE X NPK + M AR 2 £ S0P
BRESIMBEZAIMAXERRBEEFKE,
BEXHAXEERBNODEGHRABE TFREN
B A BUR B BRAT, LR A RN BR R R
A KM, B R E TR, LR RN
B HVW 8 = 0T R 2 5 B 7 I B R MR, AR
AMLMMAEYHRBESTERREEAEW,;
FREAR, KABERRHETF, et 2 M0 4 50
EYMERTBHESZIRECBERNERAHE
A5, Fet EEREOFAR, WEEEBHFEA
AN, e et L MRS REBHE XL
FREKF BENEYRZEBHRIERER
RIEMEMES, BX—Bt 5 L MK BSR4
TIROFR BRI MEERHE, H FRERNE
H, P RORT , ZHEREFAEAT LBPRR
B AR K, X5 TIRFEDXKE/NE
ESBAGMERAE X, TREFIRETHS
SR ELF R W E LW RAIER, XIRT R
HAEXRRG S NPK 5 NPK + M b B + S 0p 1
RERFRXREL. BXAMELREE LR
HHESBEHYBREIALTE, B RFRER
HE5BEEXHMBLEFERGHRE, XHBES
BRESFESSEEEAEYHT LEFRHSIHE
AR, ERSARREMLFEAEARER, TRHE
A3t LB RHEBERREZA,

2 THFRBRESIMREN Scn TRERMAXR
Table 2 Relationship of soil respiration with temperature of surface soil and 5 cm deep soil

2001 2002
2 i3
Soil depth Treatments )25 . & BlAY 2 R
Regression equation Regression equation
CK y= -7.58x+420.7 0.23° y= ~8.48% +462.0 0.59*°
NPK y= -11.86x +634.7 0.20 y= ~6.66x +498.8 0.18
NPK + M y= -12.482+719.2 0.14 y= -4.37x +564.8 0.03
s?;:e ¥, Bare land y= - 12,322 +553.3 0.36" y= ~7.952 +433.4 0.32°
HAERKB H Moving land y= ~19.62z +843.6 0.59"° y= ~8.43% +626.0 0.33"
FiH Waste land y= -23.21x+900.1 0.68° " - y= -8.85x +555.8 0.41°"*
#k# Plantation y=-19.03+729.4 0.60" * y=~11.87x +568.9 0.62"*
CcK y= =7.125 +389.9 0.22" y=-10.23% +477.9 0.72"*
NPK y= —11.74x + 598.7 0.19 y= -9.09x +531.2 0.29
Sem¥FE  NPK+M y= ~11.242 +658.6 0.11 y= -2.94% +528.8 0.01
fﬁ #H# Bare land y= -10.13x +473.6 0.23* y=-9.76x +451.4 0.41""°
Depth BFWHEB Y Moving land y= ~19.42x+784.0 0.56° " y= -10.76x + 653.0 0.46" "
FEHh Waste land y= -21.84x + 806.2 0.58""* y= ~9.37x +541.7 0.39"
A3 Plantation y= -17.81x +650.5 0.51*" y= -13.212 +570.1 0.65""

B« RRGIHRREBIBEKF(P<0.05); » » ARBEKF(P<0.01).
Note: * denotes a significant difference at P <0.05; % * denotes a significant difference at P <0.01.
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22,2 H# HPEFTERASEWRLELNEE
AERP BRGNS STEREN LI RT4EY
BITE S, AT 03 L SR PP IR SR BE . a0 b ik, R H
R AR EEALRIZL, O] 5142 4 0 105 B0 B 4
FHEH,EMATHREZRE LR EELHE
ST/, 39 IR 3 5 4 AR .
EREFHANYPOERAFE, BHESR
ZRHRBLE SEREBHLABSRALSR
%P NPK+ M AL+ B EAI KBRS NHFHA I
YR, LR EENBENRSERRS, LIRERFRLY
FHREGER, At HE - RESEFERBOFTHE
YREL> EX R aEEELRMANBRIER
K, L RIFRE B B ERERMEAT, Hith W
BERERRERG S AR, RFLEHENLR, B
BRRKBEALHELRBAIRE, LRAFNHRITR
FERIFFRBELETHET. RTE 12 8, 8
MBS BRI R T B, L0 R {R % —
BAF, BERX—ARLFEATHE KHEBEHET
BEKH—BRE, wERIRIELEEN, KRR
BEIARIEKBEEHBR —EAENEY R, R
KPR HEE METENRENELT , E—4
PR RFHRETHEEMELT  EHRANLER
RAEEEHBRTEREHBEKRAE, BRABKRE
WEERNEREER, E—EPARTREFHN
BRAE LN, HUHLSEBPHYTR, AR ER
WAHBEHT 2, BLEELROBAIKRSERST
BTHRGELD, L RERMFRDBARE—CBE,
2.2.3 Awikfe ZEHMEHEAFHELELT,HE
BESHLERREFEZRMNBEEAR. HIEKNE
A—ROUBEEBEA L RAR, MEAEIE,=
REBTREAYREANEESEYE, AW
THANEVRSBARRRE, ZREPTRAE
BREWS, LRPFRIREMTLHFN NPK+ M
SNPK>CK, X—H R REMANHARERR—
BB AR LB La TRIHEEH,NPK+ M 4
HHELRENRKTERR, T HFRBELR
Wo NPK b BB REEMAB K, BEEDFEX
FRE CKABRE 4% 5 HEERREYRY
SBEMM CK 4E, By, HIREIRSBEMER
08 3% B 399 T 8 %ot B b 2178,
22,4 FRBEALFHFFHL HERHFHHA
MERF HYHRAS WY IR ERE DG R
TEMARVRERAE YA A, HRXE OB IR
ARRZE 10 ARt . Mot REVERBH ,RE
BT JEMR; EREEM A HEBE,-BIRRE

FGTET- S, XA A TR BB N
B MBAEYRET EEOERE, + WP RR
EFAUEBRE, WE1LE2 TR, R mRRR
047,910 A i + S B R VR R 38K 9 B A0 b
B.XTERENEE ALY HL %+ MR
RETRRMERE. b FEDBALROXLEHEH
YRR B2+ MG S BA ST, — BT
BHEEDEESE BR REEXSOFLATE, B
R+ HPE R 41 FT 7 5.6 A RHREKE .,
3 it #®

TRERMEROBERLS VISR HEEER
50, 2R FEF S BURE 25 P 5 5 5 0 d
R 35 R o SRR 3B R0 4R B LR
FEEBRENYW, KPEHE%ERSHETRE
BT SEEEEAN Y, EERETEARER,
RHERTHEH FREWHES, AR AR
KA RAMRKSB T WA +RERTRE
THUBAENZAERORERARERAZRNE
EFA,

BAREMET , PR 3 52+ R B IR Y
WA, B, A E K A 5 O B S

. BIHREOT, LR A B — BB A, W

2001 EEABEE I MFRGEHIAT6AISAH,
2002 FEEBRE L WP RIGHEERHRES
B TH, . YHEAF BEAFEEAHRATHR, B
4E 1] + PP IR Mg LA BT AR EERE NS
BEERIR I —F K — AR5 B 4 T R 49 58 55 9 BB B
B FER, RAXESHERBINESRSLE, KL
PR RESRENHEXEFTREESRE. £
BREXVSEAFAZRARN L RFRAER
EHER EREEREEATIHRESRZEHTR
HRWEHED KL BEESEHHEHB, LN
FREFEIORRAEZRAETFE, BHFAL
HEBENYHAEERD , LETRHANRSE
BB, WP ROERERBKE, RAESRE
TIRFRIRFHE 2R EOE N, RS £
WPMEDTRER, RERAVLIE AT H #
RETHREMBRE HBT L RBED RS, RET
BN R, SH LR E RS, EFER
LEFENSER ,EW L EEZRTRAOFTERNR
AR BOEFEANLRPHHAENRENER
BRE KEEDUH . EARAZE BREAFHET B
% EPm LR AEZENEIRE, 2 Hef %
BEEFAXNMEDEDIMEVY I BAREN
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L IR

BRI, B LSRR IR 7E 10 A AT RIFER R K
Yo MERXILFTEESEREKE /MEE"EN
TR HA - EE,BERRESRE, X—TE2
BEAKRR,

THFRRELREBEANEEHARRS, BR
MY EEH Co, BRASHEERRBP, KK
HE 10% AR By 3 A, UV EAL R T BBt 2
RBPHEERERHCY, AXEREAKME
PORE X TR R AR A SRS+ R
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Seasonal fluctuation of soil respiration with different ecosystems
in the lower reaches of the Liaohe River Plain

YU Wan-tai, MA Qiang, SHEN Shan-min, ZHANG Lu, JIANG Zi-shao
(Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang, Liaoning 110016, China)

Abstract: Soil respiration is one of important sources of CO, emitted from biosphere to atmosphere. Based on a
long-term monitor results, seasonal fluctuation and main influence factors of soil respiration with different ecosystems in
the lower reaches of the Liaohe River plain were analyzed. The results showed that there was a similar seasonal patter for
soil respiration with different ecosystems. The first peak value was in summer with suitable hydrothermal condition, and
the second was in autumn. Fertilization could increase soil respiration in agro-ecosystem and the highest soil respiration
was in NPK + M treatment, followed by NPK, and the lowest in CK. Compared with CK treatment, soil respiration was
increased by 70% and 40% for NPK + M and NPK treatments, respectively. Soil respiration in grass ecosystem was de-
termined by the rate of organic materials retuming and human activities. The changes of soil respiration intensity was
mowing land > waste land > bare land. Although it had some residues backed to plantation ecosystem, soil respiration in
plantation system was still lower than in agro-ecosystem and grass ecosystem.

Keywords: soil respiration; ecosystem; seasonal fluctuation



