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Effects of altering winter flooded paddy field to rice-wheat rotation on
greenhouse gases emission during wheat growing season
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Abstract ; Field experiment were conducted in the hilly area of Central Sichuan to investigate the effects of altering rice-flooded-fallow ( RF) to rice-wheat
rotation (RW) on the emissions of CH,, CO, and N, O. Gas fluxes were analyzed by static opaque chamber and gas chromatography techniques. Soil
samples were collected to determine dissolved organic carbon and nitrogen concentrations. Soil temperature and moisture were measured at the same time of
gas sampling. Results showed that average CH,, CO,( ecosystem respiration) and N, O fluxes for RW treatment were 0.05, 117.01 mg-m™>h"! and 77.19
pgem >h™" respectively, and were 1.43,7.85 mg-m™>h™" and -0.61 pg-m™>h"", respectively, for RF treatment. N,O flux peak was observed after
nitrogen fertilizer application from RW, and the N, O direct emission factor for RW was 1.28%. Soil dissolved organic carbon content was significantly
correlated with CO, flux (r = 0.342, p < 0.01). Nitrate and dissolved total nitrogen was positively correlated with N, O flux while negatively with CH,
flux. Global warming potentials of three greenhouse gases were 3.03 Mg-hm™? for RF, which was higher than that for RW (-1.66 Mg-hm™). Result of
this study proved that converting RF to RW decreased global warming impact of the ecosystem.

Keywords: winter flooded paddy field; rice—wheat rotation; global warming potential; greenhouse gases; impact factors; direct emission factor
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FHALER A 2% , i L B hy [T DA 4/ ) P 9 A6 5t R M o
(Snyder et al. , 2009 ; Z€ 4iE V.55 2012 VT K 45,
2004).

KK R — 8RR O RS L, 732 o0 A e 3 L v
B S EE 7 ML X T AR GE 2.7 % 10° ~ 4x 10° hm? (25 Pk
7 ,1992) . CA MR R , &K K oK 0 S5 14
T, A K CH, (VLK ESE,2005) , 7845 CO, I HE
i (5 F5 345, 2006 ) . H A K AR IR, ToRAEY)
FE B e AR R O R UL RS B R O =X, 7Rk
FECE G ANE K, PR & /N2 A IR AR F 5
Ok e 2338 n CH, R ( Busufzai et al. , 2010) ,
7K H % Ak R AR T BE kb CH, HE. AR
WFFEHE Hh 4 K H A K SR 484 vl RE 2D i & AR HE
WX — B8 (wh A4 2005 ) , {H 6 L4 K 5% R
VR X 2 A HIE IR Tl F)

W AR B RE 22 50 AR J5 , R oh o 40 e K
K REAE, AL IR B K A AR A, {H X S Bl
AR SRR 43 5 M i & AR HE T B L5 e HLIEATS SRR
SEARTERE NI, AR FT LA R Fr 5 i X 47K HH A et
G, 05 HR = SRR GE B B 7R 2 &K B
FEi 2 oA S 75 ELAT WCHE AR DL B B A4 ol it o i =
SARHEB BRI R T, LA AR SE s 4R S

2 #R57E (Materials and methods)

2.1 HFRXEMA

W S ) Eh s BARiL £ (31°16.2" N,
105°16.8' E, ¥4k 29 420 m) , BFE AT I BF 24 B
EhE g Al AR R I 3 UE AT % X s S
Frb g, b A 2= KU, 24 SR K &=
836 mm , AE PR 17.3 °C. H % H X A H 4 Ho 7]
773 KR -2 /N e AE Aok A L oK.
PR H 4 PR 2 20 3% SR A 55 (b TUA KUk
YL EE R KA L, BHEZ 30 AR B A
JRUNTF ALK 22.2 g kg™, 2R 2.0 g-kg ™", BB
5.8 mg-kg™', &M 9.3 g-kg | AN 77.3 mg-kg ™,
pH 1H 8.20 K B b = 39.7%:59.5%:0.8% ( JFiE L) .
22 Rk
22,1 LEAFE  SIEHLFONAOK H AR NE IR
A A 24, AR AR BB K, [l — B B — 43
=, 2B AOK - (RF) | 7R 56 I ) b T K AR
RARES ; 9 — 2P HEK JF R4 /N2 (RW) , 2012 4F
11 A3 HE#BE, 2012 4F 11 A 6 B 3&F /N,
2013 4F 5 A 2 HIGGR/NAE.

RW H MLt A & & . NH, HCO, , 130 kg+hm™( LA
N it) ;i R4S, P,0,,90 kg-hm 2 ; 4L ET,K,0,36
kg -hm ™ 76/ BTG A AL B F158 N,0 B4
HEl R B, BETOAE AR (R H ) 0 3 55 R .
222 AMXE LN SHEEREN P HES
A - AN ETETLSE A (Zheng et al. , 2008) SRS AE
NG IAM R, TR A AR5 58, 46 0 A R R
Sk SRAERFE] N A 8.30—11.30, F046 5 7 Bl R 4
H—ARESL, UG EERS 10 min 5% 1K, BN T4t
SRAE S YR, 37 BT ] 5256 % 43 A, SR A Ak g ]
2~3 WK, Jiti JE T[] 7K 5328 AR R BB SRAE 4%

SAKREES:FH HP 5890 1 Agilent 7890 S AH (43%%
IXA3 0T, CH, . CO, i ] FID A& %% (IR 4 220 C) ,
N, O ffi F ECD &l #5 (330 °C) , #E#H 55 C.
223 BE . FEALSNE HERBEREFH MG
TR, FEAE 3 QIR R T (TM 624 ) I 52 46 P4 AT+ 3R
JE (5 em) FEZFEAEAL BEAY + HEAR R & K S 4 4
IKA3 I E AL (MPM- 160B , AL ML R AU A% 15 25 A FR A
) FERAER BN 2 R FESS RS, A ER 24
2K A 7K.
224 HEBEHELNE  ERESFEFET, R
B8 A JERE S Al 0] S 5 A A D 2D Ol BRIt
FE, A 0.5 mol- L™ K, SO, (RS mL:1 g) ¥R
Fr 0 I UE BUIE N E NH;  NO; A1 DOC.DTN
(AT ARV DI 5 BB VR el 1 2o B R, A
K B, 126 °C T IHf# 80 min, ¥ 1 % 25 J5
SE A ERREFEFR I AA3 U Bh B U E (SEAL
Auto Analyzer 3, fi[H ).
225 M AEHENE  ENEFLEERN E A
ToRBEDCR BN ) b T A Y,
2R OFPRLAIAR 2R, Vvt T PRER, T E Bk
GEL7/h i i1
23 HAEAE
23.1 ABHEHKAEITE
wmr.

SRR BT

F=a><—><—x£x5xc (1)
ATV, P, T

K PO ARHEGE 7 (mg-m™h™") ;0 N
FEREI A A8 AL FE (L - L7 h ™) 5 v Ry RAEAR AR
(m®) ;A R REER T AR (m?) 3 M R MR B IR o i
(gemol™ ) Vy M bR HE R A A AR B BE R K
(Lemol™) ; P JRAERI S (Pa) s Py AR IR S
TR E 7 (1.013%10° Pa) ; T, HFRAEIRE T X
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IRIPREE (273 K) 5 T FRAERT SR (K) 5¢ i dy
e ZR BN SR FH 3 o 4 M MR I A IR A, FH 3
IS ] e 2R BRI AU Y R AR dik
232 CO%KBEMRE HETRL CO,EHA
822 VLR A2 (Huang et al., 2007 ;Smith et al. ,
2010 ; RANWHEAE, 2013)

fro, = C—0.42XNPP (2)
K, foo, B CO, M A it (kg-hm™) 5 C o 10
SEFRIE R PR A Bk (kg -hm ™) 50.42 MiE w4
72k R R (kg kg™ ) sNPP R G /A2
WA Y & (A5G T R M B ER ) kR
(kg-hm™ ).k 0.42xNPP JA 25 R 40 h A ) [ 22 1)
#ft CO,-C, T HIER IR CO,-C(Cy) , I
TE 25 RS 1) B 5 B A 1 52 e R 5% €.
233 N,O-N AHEH B AHITE N,0-N M HH%
HERC R BU(EF,) R IPCC AR 5k, Bl .

K foo, N COLFHRRE (Kg) |, foy, 9 CH W i
(kg) ,fy,0 N N,O HrflFiilci (kg).

2.3.5 %ita#r i Pearson AH e Mt o dr £ 1
TE R FIESmA S E S AMERN R,
BEXTREAS ¢ R LE A RF R RW 45 25 5 1) Jnb 2k
P43 Hrd4 H SPSS 16.0 #E47.

3 R 51718 (Results and discussion)

3.1 CH,##k

INAE A R ZERB A B AL PR (RW ) B9 CH, TG
N L), BTG N -0.35~410.49 pg-m™>h™",
R R 54.60 wgem >hT', R IR CH, 1955 HEK
U5, B R g 2.52 kg - hm 2. CH, HEHCHE & 76 3%
Pl 09— A P, S R HEBOGHE 0 1 B0 B
IHY S Z 4R R R T 50 pgem > h ' K SE. AT fE
JR PR RIS HE KA, SUE REK 2 (& 2a) ,

_ Ny-N, (3) R WA 12 C L (E 2b) , ff CH, i HEGE
TN, EAERFTE R KO BRI MR S5 em Ab 3844

KH, Ny R E B iE AUNE 4L BE A9 N,O-N HE ik
(kg-hm™) Ny Ry 4B ANt B AL B (N, O-NHE il &
(kg-hm™) N R 420 AL & (kg-hm ™).

234 AHMEZNLITE 3 FHRESALE 100 45
U 25 A B8 TRV R TPCC 77 1Y 25 A 3 1R
PIHE (IPCC, 2007), CO, CH, Il N,O Ay HE i &
A3 LA 1,25 #1298 AN, 5 E] CO, HE ik 2 a1t
(CO,-eq) , BIK 3 AR 25 A IR R (CWP)
HHEALIT .

U ACRIE 45% 2c 47 (UL 2¢) , 5 BLE 10 18 5 22 5]
K ABFE R B 24 F AR, FIF CH, ™
A ARRITF CHEARTEAE , B BLHE R . 05 | B +
K o itt— b R B REAG, CH, 1 7= A kb,
I g SR — 2P G (e T CH, A ARTH
F&, CH, HE7cH 2 AR, B AR5 81, CH, HEk &
WA TR, — H ARG &
FERERAEBATT , /NEAKZEN CH, 8 1
i A, fH A B 58 25 SR v T A A 5. ik s Y 4

owp =f. x M 310 s, (2012) FETTHR SN BB 52 2 W, R 42 e Ve Ak Bl AE 2
—chz 12 fCH4 12 écH4E@¥i@ﬁFﬁ&ﬁ§jﬁ694Mg.m—2'h—l ,ﬁ'fE&ﬂ:
44
szo X%X298 (4)
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CH,-C HEMOE it /(ngr-m™>h™")
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S

0
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HA(EE-H-H)
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B 1 FBERME(RW)FILKELIE (RF) CH HEMEEEZ LI (2 =3)
Fig.1 CH, flux from rice wheat (RW) and rice flooded fallow rotation ( RF) treatment(n =3)
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Fig.2 Variations of (a) air temperature and precipitation, (b) soil temperature and (c) soil water

AT SE . Yao 25 (2013) BFSE T L2503 0 F
HRARA A /N K 22N CH R, BRHE
WAL F A IE 245 3. 7= A 22 55 10 J PR T B 2 AR F 5%
X NAOK AR R FE 22 e VR fa HiEK A HA A
FEBAIY, L HRBAIIR R T e 7= 28 |l
FENZERERN G — A AR S HEBOK S B
FA 3R] 7 SR R CH, HERGE B8 5k
AR

SR A AL B[R], [A] 14 IR K T (RF) (Y
CH, HERGE e R A B FE ST
R o R LY B A 0.05~7.75 mg-m™>h™", F
FHEE e R A S VEAL FRAY 26 £3%, Ry B e HE K
PRX—ZE RIS (2005) 76 )1 b b b X 15
PR A H () CH4E|ZﬂJHF7ﬁZJE§ﬂS’ 1.43 mg-mfz-hf1 i3]
SR W S BRI 45 (2000) 7E 5 B4 K AR PR
A5 5 45 F AR

Xif He AR L RRS 22 e VR AR BRIV CH, HEBGHE &)
L AOK B ERTREZ A (p < 0.01) fH7E 2013
1 AATIE , A M HERGE R/ L3O R A
Z IR, AR BRES UK, /N2 bt W R, LR

5 em HHER LT 5 °C (& 2b) AT #0 i  AE
(F=H BE B ) 36 M, 0 2% T A DL B R A, 55
CH, HEE 34 5A%. 4K 1 CH, HE 5 R 22 5o AE Ak
B R, How il e B kA 3—4 H L H
o 1 I SRR T () IR 22 Fe VR AR BR 1Y CH, HE ik
A A, I Bl R R X AN X R 3—4 A
STRETE , B AE /K T v K R B E A e , Rl
M AP G £, BN DRAIRES, FBE B 1 0% M v
XV 4 IR ) CH, HER AT, A5 20 2L 45
(AR, 2012) K E4E (2008 ) 15 H A 7K R
JERA CH, I, X IE I T iy 7k 5 SRR b
+38 CH, HERCE: , {5 i 4K - RRIR T 5T, 5% A8 ok
P CH HERC, AN &R 3RS CH, IYIL.

3.2 COHE# B 3 h/NEZ AN 4 K Y CO,HEK
AR CRRAE. i T A RS R MR BRAE S R BT
W F) CO, 8 T 7E /N2 36l 28 URAF ISR 0T ), 22 2
SEREAR T 5 A kAR A0 L AE 28,17 ~ 263.55
mg-rnfz-hfl CEHHERGE = 117.01 mg-mfz'hfl.g\ﬂ(
FH A= 25 R GE R CO, HIE TG 2 D) 20k 35 1 AR G RS R Y
ARZS(0.35~27.86 mg-m™>h™") | S5 HE o &
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7.85 mg-m >h™'. XX A B CO, HERCE B TASIESE, 5

MAER RGP B A R & SR Y
CO, HE G fAE K F4/KH (p < 0.01) . F /N
FEIFIAE FHRE T CO, , 33X 2 fe E B R 55 —TF
1], FiAE/INE 1 - AL T AR S R A PLET Y
ARSI R IR 27 1) CO,. B F5 Mg 55 (2006) 7E

400

PUE S FMAEN 9 ATFIRINRE , 0 9 A K<+
RS T 11 A A e S FH R it A
FRERAIFIAEHI B9 5Tk, 3k 22 %8 CO, i i 1A 42
RIIFZR.

—&— RW
= —O—RF
o —a—BS
300
g
20
£
g 200
=
%=
Q
8 100

NE:
|
2012-11-03 2012-12-07 2013-01-11 2013-03-02 2013-03-30 2013-04-28

H

B3 BERIME(RW) . Z/KH(RF)ESRZELFERKE/NERH(BS) CO,HMBET UL (n =3)
Fig.3 CO, flux from rice wheat (RW) , rice flooded fallow rotation (RF) and bare soil treatment of the wheat field (BS) (n =3)

FrLR A5 RO AAE F 1 4 B RS AR L | b
T ER AP AE FH DA B A 0T 0 A FH T FE R, A
AEBRGEEMAR R LK HAELFILTFRA
RERE , YAV I Bk ol LA Z W AT, il 58w ir
75 CO, HE M & fH S50 BIAE T CO, i 28 it i
TEREZZ SR AREAL B S A1 F [ e gl L s AT .
TERG A O A A 38 P i B %) JC A Ak Ak B 245 4R B 7R
(FE3), TR AR FH B CO,-C Y3 i R 63.01
mg-m >h™ BN /N7 7R A SO IR B 2.17
Mg« hm ™. /NZZ A A b b 3l R 350 2B W i 6. 88
Mg-hm™, RIS A 18 FH [ 4Rk 5 40 1k B JEAR R 1P
Wk 2 20 2.89 Mg-hm ™, (FFE LA (2)),
a1 R Fe A AL R IR IR CO,-C L, R/
4 0.72 Mg+hm . 27K HJ2& CO,-C AE-HERCIR , K/
9 0.31 Mg-hm™> AHA BFFEHE 1 (THEMRSE,2007) ,
Z R H RS CO,-C I (RS FRIL COo,) , X /&
PR K 2 Fo A e K, HHE S BIAE AR
B, HH ] 4% B SRR S T DA 56 S I o, ,
MASESE A 267K AL F i KCIRAS ANl A 24 v A
K, BT R B A Ak HE .
3.3 N,0 ##%

FE 2 R VEAL BRAE /N A 46 iR S5, N, O HEfE
IGE L TE, 7 — 22 A B Rk 3 f K HE O

ZIGGNE T HEE RS [ 29 2 A H (L 4).
PRSI R N 2 RE S0 AR AL B N, O HE i &
ARWRF , 7RI HE O &, S5 A, R
MRS WL N,O0 FE G, 2= - HEGE 18 77.19
pgem 7 h™' A N, O BE5R W HE IR, K/ 1,91
kg-hm > FEVLIR R A2 R VE 22 28 N, O HEROF 52 b
(Ma et al., 2013 ) , o000 2 78 jit ZE )5 3 N, O
HERCAEE A B G2 X SF- B 45 (2011 ) X AE 22 e VR AR S
F SR -t R B0 A AL S, 3 N, O VR
TE I B A . X O PR A U R & N, O HE
L EEER F (Butterbach et al., 2013) , B AR
INZRRAETR Oy WO U E W R T T A (B
RO ED) I T - RO AL BB A 1, (Al
- IR ARTE SR, 72 A O B N,O0 (5 8
4 2009).

AN AR ZE Bt FH A 130 kgehm ™, FR AT
1R T ANALEE N,O 19 BFHHEIL 4 0.25 kg-hm ™,
ZH N\ (3) TR AL N,0 EHEHE R4
] 1.28% ,5 TPCC HEFER 1.25% 453 Ma %5 (2013)
W5 R Z e e /N A K 2R N, 0 HE R Bl
2.16% , LA 5 i, ] Al 2 U0 Fh 2R [ s A A
Liu %5 (2010) SERF5EF8 1, FE R 22 S0 PRI T, A
AL FHPE M ACIRAS IR T, N, O HECR SR T
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IS TH AL

] 47K H 5 KR N, O 38453 1t A% R 45 F
R, HAEZHER R 3 82 20 (3l Y 1 O —4.92 ~ 5.60
pgem h) SRR B MR P IR N, O (-3
WR-0.61 wg-m>h™", K/NA 0.03 kg-hm™) . ixX

600

400

200

N,O-N HEi# i /(ug-m 2h™")

0%e

LRSS (2010) 438 B BLG 250. A BF 98 38 K
PRI AR FHHE N, O 5 K A ACIR A4 5C (Liang
et al. , 2007) FEABFFEH, K H Y N,O0 HE 2 K
ILGAE, AT AR 5 KA G, FL R A i —
5.

2012-11-03 2012-12-07 2013-01-11

2013-03-02 2013-03-30 2013-04-28

HI(EE-A-H)

Bl 4 FEESRME(RW)FNLZKHE(RF)AEH N,O HE T IIEE (0 =3)

Fig.4 N,O flux from rice wheat (RW) and rice flooded fallow rotation treatment (RF) (n =3)

3.4 AKHEERBERIERKE AR EZNLAM

A (4) IH5H 4K H CH, .CO, 1 N,O 3 Ff
= SR LEA RSN 3.03 Mg( £ 1), NIE
{8, R 38560 1 CO,-eq B RS IRES , 4 R 2 5400
P4 DT A T80 T A 22 6 A/ Ak 3L 1% 2% 5 1 T i 34
HF-1.66 Mg, M\ KWL CO,-eq, X 43Kk i = 500
F TR Ry R

F1 ZKESBERELBESILEBEEILL
Table 1  Global warming potentials of RW and RF

SR CHAFE,  COMERUE,  N,OHEME,  zadinem i,
(kg-hm_z) (Mg-hm_Z) (kg-hm_z) Mg
K H 57.32 0.31 -0.03 3.03
FaZ g e 2.52 -0.72 1.91 -1.66

TERZ SR # T AR T E 1Y COo, &
FAEH, AGKIE T CH, A1 N, O (38 IR AN, i FH
BB A X — 45 R 5 AR (2013 ) BHRGE R — 3K,
RIAE A FIBR R AL A AE e A8 gl A = ot A R 4%
AT CO,-eq T, /N A H R G802 KA BRI
TEAK AL BR R CH, 6 5 R 2800 19 BTHR KT 60%.
DL 25 SRR DI 28 A HE IS IR 000 1Y) £
FERF Aok MGG R 22 e AR IR X PR B A 23 1.

FHFE DT RAE 1L 45 /N2 R KL 5y (4.87 +
0.06) Mg-hm™(HtT ) AL ZF, &K HIHE,

PN R, R AEY) P 0 A R K, &K
FERR A2 SO AE R AR P A R
35 HERTFHEEZAGERARNHXX R

it SN EE (BRIR 85 ) I, i 22 Se VR AL B0 4 HE 5
BAER IR LT, 524K AL H—Ff 2 B3
TFREREETE, — 3 BRI (K Sa) . R & e 1
AEFRE) DTN FIAH S A & il -+, Z )5 DTN 2
SRUNIN S = R PO A s U SR UN Sk sl eea =]
TRECE 5b,5¢). SREZFAEM LG, 4K H AP Y
DTN FIAS AR & SRR, R PR IR B U 3. DL B3
ZAIfe iz O U A O, K0 1 R
P, pH > 8, X {13 A R BMELL NH;, WITESFETE;
it e R S A 1) R R T AN 2 TR . 3K 26 PR 3R
e R HlL A2 HE T e K A RN Ak R R (2R K A A
2003 ; #xAf 5t 45, 1982) , PR ik, 3k 56 v T DA 2% &)
DTN S A TR, M S/ & 2876 1 H i
J& AL ERR) DTN B BT S S S A WA A
NERSA N <R RPN R el N 5 SR R U 2
B A K AL BEAN TG R AL B AG A A5 AU AR 1L, AT A
TG RUIEAb P 11 0 sl i J3E DK 4% 7K A B 502 PR hy
K AR SR K, ok [ AP B s e R 2R D ]
DISEAAERE G A A BE R OE , 1N T AN AL 33 9 /N &2
XK AR ARSI R R R P sl Bk fURR.
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Fig.5 Variations of ammonium, nitrate, dissolved total nitrogen and dissolved organic carbon concentrations in soils (RW for rice wheat rotation, RF

for rice flooded fallow rotation )

X i AR HE i & MR R R TR AT T
Pearson AHZC20 M7, g5 N3 2 pron. s IR H, 11
AR SRS N,0 HEGE s A7 7E B 3 AR R
(r = 0.800, p < 0.01, n = 123), 3 {30 - HERS A
RO IE N, O HEBCH & 7770 J AR Tt i Y
AR, B FATT, — 30 S A AR TR
AL RS AR, A FES B N, O, [R] B 5 b+ 18

2 2 Canfield et al. , 2010) . A& 4 9 N,0
HepGE s FIpE 5 i IR S A & i, R A AR
LA IA — AR Z SR A (S A SIS
RZHAN) 2 N,O HEROGX — 25 R k47T T i, AT
IS 3T LUE 0 AP N, O HEjlh ¢
YRR R A AL

F2 TESEHMESS5HEREFH Pearson XS HTER
Table 2 Pearson correlation analysis between soil gases flux and environmental factors
NO;3-N NH}-N DOC-C DTN-N L a5
CH, -0.224" 0.422*" 0.096 -0.197" 0.477"" -0.103
CO, -0.025 0.441 " 0.342"* 0.112 0.342"* -0.550 "
N,0 0.800 ** -0.072 -0.190 0.236 " -0.013 0.081

H:# xp <001, *p < 0.05.

&l 5d H, AR DOC & Y 215 48 f JL
AN AR EBE IS FE 22 fe A A S AUIE AR 3L DOC
Fr B A TR AR UK & B LAHT R KT, R 4
K S AE R B 83X R e 2 B ) RIS A £
0,, T HEE M L CO, B, DOC & &
FEAT R R A K G 544 A S T8 Bl /UM e K
HEHEAK , vT LI Y042 K ( Fenner and Freeman,
2011) , FEfRA AL, i — 25 (2 SE 3 A W 3 3, B
CO,. & 3 st il LA, BIBEG 08 22 fe VR b 3
CO, HEGH HE AT L TH#a % M4 /K H ) CO, HEGE
AR AN B S H N 8 B 9 A 1 R B S [ R4 Ak 3
1) DOC & 22 A B E IS (Hao et al. , 2013) ,
XATHERE DOC 5 438t e Z [ AAAE shAS A, mT LA
FE—E 1 5 1 T A B 4, X A AR A A 28 v R

1, e F5 45 3K — 1R R 0Vl A G o B R, 4
DOC Fi5 CO,HEBGHE & 2R E IEFEER (p <
0.01), 15 CH,HEBGE B WAL KR RAEE (p >
0.05) .Igbal %5 (2008 ) [IHF 55 5 5] DOC 5 CO,HE
G R 5l S A OE56 R #E 1 BE R, DOC & CH,
CO, =AM ZL A, B R/ NRAE -3 i A4
AR AR 1) 20, S A W A K T R IR, X
FERCEPACH Y, A AT RERZ M CH, L CO, HE
JGH AR RI R, B DOC 1R RAR 2, R 1
[EPRAS , WA AFFE A5 Hh B B AR HE GE i 5 14
DOC & ¥ B R,

THERES CH, , CO, HEAH & 2 (R F7 75 B %
IEAHRK R (p < 0.01) ,fHY5 N,0 HEGHE & 19 AH 5
KREANBE(p > 0.05). 10 +HHRE S CO,HEHEE &
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34 %

Z A BE AR (EXT N,0 Fl CH, 38 7 (1) 5%
M)A 3 AR 2R S 4 1 IR R R S e AR
HEE 8 1 52 (Smith et al. , 1998; Yang et al.
1998 ; AR £ LA 2003 ) A 5E A AT BN B 15 <44
TARTE R EAHOCOC R, AT B2 RN AR X 42 2R
AR FH [R]0 B2 A28 Ab e BE AN K (1 2¢) HOAR 245
il P AS BE AR 3SR B X [a) i 5%+ 80 1 5 <04k
i A OCOC R,

4 258 (Conclusions)

LEEY R LS EE o X (T VAN e B NS
HTE CH HERL A, 38 0065 78 F [ i i, i N, O /Y
FIECR: 2 T v 248 oK P A 22 e A T 2 R e
25t R IR S PR o RUIE | 3K o A0+ SR A %
JE = Rh I A AR £ 5 1 TR 80, DU R 2 A A ek
HE LA L4

it P BAF R SR & R AR A K IRk AR IR R A
T, FGM T AT FERF o FRHET
A B, 4 L B

EEEERN VA EE(1963—), B B+ HE L4 S
Ji, FEHE T BN EHAE S R A D . E-mail; rghu@

mail.hzau.edu.cn.
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