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Abstract: Black soils ( Mollisols) in China are primarily distributed in the northeast region, which is one of the three
largest Mollisol areas in the world. Although original black soils are commonly thought to be fertile and productive, some of
the cultivated black soils have been degraded after more than 100 years of cultivation. Many researchers have reported the
influences of organic and inorganic fertilizers application on crop yield, and changes in soil physical and chemical
characteristics in the black soils, but less attention has been paid on soil microbial communities. In this paper, we used
Biolog and PCR-DGGE methods to examine the influences of the fertilization on structure and function of bacterial
community in a black soil of Dehui region, Jilin Province.

Biolog examination showed that substrate richness and catabolic diversities of soil bacterial community were the highest
in the treatment of farm yard manure. However, the opposite was observed in the treatment of chemical fertilizers; the
metabolic ability of bacterial community was decreased after using chemical fertilizers. DGGE fingerprint showed that the

distribution patterns of most bands of 16S rDNA were similar among all treatments, indicated that microbe with those bands
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were stable, not influenced by fertilization treatment. In general,, chemical fertilizer decreased the diversity of soil bacterial
community. The PCA plots of Biolog and DGGE revealed that the structure and function of bacterial community were similar
in the non-fertilized control and the treatment of farm yard manure alone, which inferred that the application farm yard
manure had increased the quantity of soil microbes but had less effect on the bacterial community structure. The catabolic
function was similar but composition structure differed between the treatments of chemical fertilizer alone and comined
application of farm yard manure and chemical fertilizer. These results suggest the use of chemical fertilizer mainly declined

the catabolic activity of the fast growth bacteria or eutrophic bacteria.

Key Words:; farm yard manure; chemical fertilizer; black soil; microbial community; diversity
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BT, BRI EE 80% LU b, R REBEN R MR, WREMREZSEIE ERENEH. B
B TR EREARRNSESE TR, B RAREELREH SR, hTHFELRE
HIAE =7, 1] TR A PUE AL B B—IHE R A P80 A FREAE 7 X X E N B - XAEY
PR RS IR B TR S T B A REIRET T B X R Y G5 R IR
HHFREEAIRIE

TEBEY R DRESRGENERARRS, BNS 5 IEA RS BT R TSR 5L
R, HEMEYRERSHARLFEE ARG E T ERE 4R FEYE N — BRI
P51 o BT AR T A WIS AR T BRRO BT ST — EL DA SR B A B DR I — . B TR Y
RESMERER, BB E R, IHMRRERERKR, SRR TEEERABFEAR , BRAHRGRE
B, 35k RAEA B 3] 1% ~10% WsEY '™ B RO iR 8 B0 LU M5 B R A PRI , FRER 2T
Bt BRI T IR VIRF R 478tk . IEAR R E T A Y4k (PLFA) (A 3% ( Biolog) FR A2 4
T A2 BR (PCR-RFLP ,PCR-DGGE \ T-RLFPRISA) (& J& , ik T R G HF FENA R, IR 2E T
TR FP AT U RS S A B 00 AR 2 T RUE A R RSB o AR SR Biolog Al PCR-
DGGE #4588 BT 0 s EE B LA FMIE BT, B 8 B NBR K PRttt X T A i
L5 RB IR
1 AREEER

RSN T HRE BEWIRE S RO B o B RN B R L 33 5 RO AF 52 B Rl 7= T 0t 55 22 3
(N44°12',E125°33") , SARJE T IR RREFERXSR, £ PSR 4. 4°C 4RI 2851°C, 454 H R4
4 2695.2 h, 4EREK & 520 mm, X3 hHER L HREEDE K,

2 HRAE
2.1 EEEITRFEMRE

AEFEEA BRI 16T 1999 £, ARPFRHEER 4 MR IAL 3, BPJTIE X (NoF) ; 4L JEX (CF) , B4E TG &

4:N75 kg+-hm ™ [P, 05 65 kg-hm ~* \K, 0 60 kg-hm > ; HHLEX (FYM) , B4F i F JBEJE 40 t-hm ~* ;2L BH YR
+LHEX (HFYM + CF) , 44% i AR 20 t-hm ~*, BR A FHAL AR, 4L AR & 1R CF 4b38, XIRAH N FEHLIX
HIT,3 WEE ,/MRER S0 m*, 2005 4F 7 A 21 HTFEAKMFEHIRE 0 ~20 cm 2 LG, BRBK
BEDLRFE 5 RIBA /BN 1 A 13BMER . TEEMERAEYZERIE 1 iR,

2.2 Biolog i

2.2.1 Biolog EcoPlate #fpF13% 5

MBS T 4 g T L ERE T INATERA 36 ml K NaCl BB =AM (EE R 0.85% ) , 55 1
min , R JSTEREF RS LBY 30 min 3257, HIEEWKIKFBEZE 107, 17 Biolog 4= 75K (3 E BIOLOG 2
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") EEILA 150 wl HEMBR, R EEZTRAMG T (25CEL)  BHIARME R A ST ROL R, 5F
24 h Jfj Biolog Reader( 35 BIOLOG /A R]) $EHUZE 590 (B 5, + W& ) 1 750 nm( ¥ ) PR o™,

F1 fulHEALEMER R
Table1l General chemical and biological characteristics of the soil samplings

fhm B A B B MR

Treatment (%) (mg-kg™?) (mg-kg™?) (mg-kg™?) (mg-kg™?) pH
SOM Available N Available P Available K Microbial biomass C

FAEX NoF 2.62 107 8 103 315 6.26

ALEEX CF 2.67 156 27 133 287 5.43

HHEX FYM 2.90 136 40 203 570 6.53

?F%fﬁg +ALARX 2.83 151 35 153 445 5.77

2.2.2 Biolog #5447

Biolog fFLAR i BAFLE (2 F- 25 {E ( average well color development, AWCD) i} & K Classen ZF s, B
B BFLAE 590 nm 1750 nm B9 6FE A 2 A8 5 X IRALOG IR BEAE, AR R FE A X AL 590 nm #54E Y 25 750
nm F{E , B B LSRR B € RS 18 B e BEE . HHS{E/N T 0.06 Bt 0 4b3E™

BAFLPH Y B (I S5 B Garland 1 Mills 973%™, B AWCD (590 ~750 nm) = 3 (€ s0_15)/31,
Hp 31 3 Biolog EcoPlate b HRBIRHIFIEE, HHBIEFERE 72 h KBS RITE IR ZHEEE(H) |
AR RIBE(S), HP H=- Y (P, xInP,),P, R BfLig X e B EAH, B P, = Cyo_rso/ D,
(Csoo_150) 38 AT YRARA N RYRIEL . 2% BER I RILENCEEER T ERS 20
(PCA) (EXCEL STATISTICS 97, SRI, Tokyo Japan),
2.3 PCR-DGGE
2.3.1 IERAEY) DNA 4RE

4 DNA #2582 Zhou %' Jr ik, R AI/NELA BRI £ ( Mini-Bead beater) Fl DNA 2 BUM 53 B WA W
R FABEY S DNA, B TFRL HIEANR S8R, B9 5 DNA S/ BHEREYIR, §55% PCR KM,
L FEABR ST R Sphadex G-200 3 J8AERT B DNA #EA7aifL"s ",
2.3.2 PCRy I

RAHIFI 4 GC-357f F1 517r X424 /5 W9 LW 4 DNA ¥E4T PCR 47347, PCR RIBIHK R N : P3| 1%
0.5 wl, 10 x Ex Taq Buffer 5.0 pl,dNTP JEA W 5.0 pl, 4 DNA 1 wl,Ex Taq 0. 5 wl, FIK B4k 2 2 50
wl, PCR &M% 94°C 3 min; RS 94°C 1 min,55C 1 min,72C 1. Smin, 3t 30 BT ; BJS £ 72°C 10
min, PCR =¥H&H EB BLAFMH 1. 5% SRARFERER Ik A7
2.3.3 DGGE

DGGE 75 75 M35 B % e B, 7K A _b 3547 ( Bio-Rad laboratories, Hercules, CA, USA) ., A BERGEEICER E N
8% BRI N 30% ~70% ,BERAMRFIVELF G , HRIMASH 1 x TAE [ B 3k g v, TR E] 60°C B, hnkE
BILIMA 12 pl i PCR P=HF01 5 wl 9 1 x Loadding dye, N SE S , Bl UK IR, 72 100 V.60C KA T W
Tk 16 h, BIKEEHRIGE , /MO BUHBEEL , A B 10000 A5 SYBR Green T R GWRI 3t S 4 20 min, A5 7E
BER BB AT AT AR, Fa R
2.3.4 DGGE Ei&4a47

K QuantityOne-1-D 4 ( Version 4.5) X} DGGE & #AT48F 57, BT DGGE &7 DNA & & 5HIK
B (FEHE 0 ~255,0: KB B/, 255 IREERK) B BRI RER/PNRRE G DGGE £y MR (N,)
FAFHE™ . SANEEHEE R POV KB 500 a0 K HHE R . #1958 PAEIHE L
BN VIR IR S 2R S O3 5 BEFR 4, R #EA T R 853400 , B A4 58k (] Biolog i3,
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3 HBER
3.1 Biolog ifI45 R
3.1.1 BRIFEFHEL

B 1 T 50, A FE AR AL B T A B AR AWCD
{HAE AN IR A I L CF ARBEEAK, DL FYM Ab3 N
&, NoF F1 HFYM + CF AbF ¥ AWCD {H 4k T 57 ],
HxMEREE LN RN EREEREHRAEE
B8, AWCD fHER/PMER T A R A0 4 48 40 B 2 ik
YskIEA e B ZE R, AARR SR TLIA N, 16
FAAPUIEFIALAE R 133 408 A D R B 2 M R AE I
TAA UL B2 e HE T 1340 W X Biolog LAk F Ak
FBRIFI BT , T MEALAE R /E R IEAE I o
3.1.2 JRYIRA A Shannon $8%L
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Fig. 1 Variation in AWCD of soil bacterial community over time for

different treatments

2 ZREAR,CF HFYM + CF 71 NoF 2B 33 40 B A Rk IR B9 b B Shannon 2448 2
BHEY/NT FYM 408, R A VLR R T TR AN QU R S M A IRUR] F R S, T ot 1 S U4 P

TR

£2 TRLELRAHHERDREHSHEER(H) MRSERNRR(S)
Table 2 Effect of different treatments on soil bacterial community catabolic diversity as evaluated by Shannon’ s diversity index ( H) , substrate

richness (S) in the Biolog EcoPlate incubated for 72 h

QL3 Treatment SRR H TR %S
FHEX NoF 2.80 + 0.01 b 19.33 £ 0.33 b
ALAEX CF 2.73 £ 0.10 b 18.67 + 0.88 b
HHIEX FYM 3.04 £ 0.07 a 24.67 + 1.85a
L BAHYE + {LAEX HFYM + CF 2.76 £ 0.12 b 19.33 + 2.17b

FRPBEAR N IB + FRMEIR 2 ,n =3 Data in the table are Mean + SE; R ARFEFRFER 5% 2R B FE/KFE Different letters represent the

significant difference at p <0. 05

Biolog EcoPlate &7 31 A FFSRAYHIR, K RIRK 9 FF  BOKU SR T B, REBK 6 T, KB

K4 T BRE 2 B, HMKAY 3 . B 2 HAELL
i+ AT S FLAR b 6 K ISHRIF A A XF A R A4
5, mIE %, NoF 4hFH + 33840 B8 X S BE R 25 A0 Hofth
B YR R H AN & CF B R A Y
FKMFI RS R T H A4 H; HFYM + CF 403 B AR %
BRELSYHMARMENES, ESHMGHEERAD
257 FYM bR 6 K ASHRIR i AH 33 F) A A [ 4b
HEBUAKR, ZEREW, AR AR R
RIEFI SR L FEER, RUAREEHE 23 L
BN AE TR A 2L,

3.1.3 EHSHT(PCA)

HE 3 740,87 CF 1 HFYM + CF 4h#I&H — &
BBE RS, HAR A AL B8R f i 1 3B A BE A X IR
BRIR I R T RE T R 43 IR, H CF F1 HFYM +
CF Ab3if H AT VA DIREAERL, RAZESE 1 MM

50
1 NoF
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40 - FYM
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2]
K
B
%
K
s | %
& K
B N&
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TR{E R 2 Kinds of carbon sources

M L
B 30
®

Eo 20

Relative absorbance (%)
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Fig.2 Relative use efficiency of 6 kinds of carbon sources in Biolog
Ecoplate by soil bacterial community of different treatments

1: H At 4k & ¥ Miscellaneous; 2 : 3R & ¥ Polymers;3: Bk KL & ¥
Carbohydrates ;4 ; 38R Carboxylic acids;5 : & E BRI Amino acids;
6. itk Amines/amides
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NoF il FYM Ab3REG + e AN REA T B K], BEARAE 25 3 :
SR, PCA 255350, R (7] o Ak 3 -+ 398 240 7 0 L, o
RS T 25, KR B o M
SEE MBI R R S EER. I -
3.2 PCR-DGGE iRz R § 2F 2 .
3.2.1 DGGE Eij = 9 [\ A

FI51 % GC-357f F1 517 X 7 [ 4b B + SE R 4= 4y i% 2| %00 ~
16S rDNA ¥ 374 DGGE 38 8L E 1% ¥ 28, AR 4 nl O
$ /]9 DGGE [l B IR FOA I 5 24 WtA
S5 (I R 2.0 B TR B4 ) L BB X e 4545 BT ST 4 2 0 2 4 s
R H R RS B RH, (E EREIPC 18637

A — AR 2 B A BRI NSRS, BT s R mgtam - B B9 X Biolog EcoPlate JEMIBEIRANHE 9
LR PRy CF AL BRTE £, ML ZAMBR  2aaih
E(J j@ CF {ﬁky& E(J%%, i;bz{ﬁ % j’g FYM ﬁt}iigj][] E‘J% Fig.3 Principal component analysis (PCA) of Biolog Ecoplate data

7{%( E 4) ° from soil samples of different treatments
XA F AL BB DGGE £ 4E 3143 M B, NoF Al

FYM 40319 DGGE &8 R H AT RFE LIRS B 4 NoF — CF HFYMCF
2 HERE 4 B Him T CF A HFYM + CF 403, 4b 3 :
HEFEBE(ERSI),
3.2.2 DGGE E#Em E Ra-att

XA E 4L DGGE 3% b A& A B M B 74K
FAERE R ER D4 REY, NoF 5 FYM 403
B - SN O B VR A P A A R MR B, B SR 7E PCA
B H 5 2 2 FR ; CF 1 HFYM + CF Ab3 Y T AN B A V%
HE LR A 2K, 7 PCA B R EA T3
MARR(ES), RERFN, AEEEL L, BEE
PLIEAL ZE % 1 AN AEVE 45 M 4 B IR A K, (B i
FAALEAL B T B R R R S 7 T —E AL
4 iFigFgit

Biolog LM AT HARF I FER TR AUAEN
AR E L1991 4E Garland 1 Mills B ¥ ZFE AR BT
IR RIS AL, R T Biolog BRMIMTE |4 REsemt s 165 DNA 1 DGGE i 3k R
B AR R, AEMGEA R+ MR Fig4 DGGE banding patterns of 165 :DNA fragment from different
X IRYBRIR R E A R E L2 (B soll treatments
1,E2,%2),H e CF A3 f 3 il & ok (287
mg-kg™') 55 NoF 4bH(315 mg-kg™" ) HEAR B (F 1) BT+ BANPEREVE X Biolog FLAR_EBRIR ML
A8 B30 B E KT NoF ARF, 3 1 HA it 4k A A Bk - 48 40 6 A 9 QO 2h BB ROV F R T X ek 9 B i 4
A, iEFRALIEAC SRR T LR AN AR 0 BT RE . S FALIEALER R, FYM Ab38 Y £ 385 A Wy B ok (570
mg-kg ") . AN B XK YRR IR A A AR AR AR B BT NoF AbFE(IE 1,2;3% 1,2) , BB AN
JIE Acb 3 P RESE T 3 0 40 A B N A A B VR S T O TR B R A T O P AU T RB. T ZE HYM + CF
o3, RE R YRHON 45 mg-kg ™ (R 1) B TAEMEAEEAENER, SRHAERER
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I BRRER (B 1) , >
R4 Biolog HiAR ¥ ¥ TH 5 LA Wi BETE 9 Nor
B8, (AR A B R R, Biolog AR H 2 SN S IM
g A B B B SR WIETE M, WA R R e ‘
P RSB RAT SR MEYE S ™, HILRE
Biolog HARMEHT ) H BB 18 o BRAMMUAE WIBETRARAE
BTN IR YIRS ST E 4 A Hb BT ST
FE, ' s .
PCR-DGGE AR B BF5 1 M P REv% DNA 3 | .
Fr B EOREE2H B b B 22 SR AR AT R IR S M R o ) ]
Marschner 28R B3 AR N 5 FR Fl 408 =% L3 ik
YIRS AR, K AT AD T B e T 3%
B I REE LAY . Sun SRS T K 06 AL R AN
A HUIE X 20 B B VR S M B T, 45 R 6T
NPK {LAEALBRfY) DGGE 45745 %00 B 30/ TA HUIEACEE , AL AL BEFRAR T T S s BEE i AT X — 2510
SABFE R —B(F£3) .

£3 FELELEREY DGGE Bt &4 8 S s sy
Table 3 The number of DGGE bands and Shannon’s diversity index (H) of soil microbial community as influenced by different treatments

F 4 2 PC 2 (16.89%)
T
»
‘\;/
]

ERA 1 PC1(45.04%)

B 5 AR AL BgE YR DGGE & 00t
Fig. 5 Principal component analysis ( PCA) of DGGE banding

patterns of different soil microbial community

SbF3H Treatment DGGE £ %{ Band number LRI H
FIEX NoF 30.33 + 0.27 a 3.40 + 0.01 a
ALREX CF 24.67 + 0.98 b 3.23 + 0.08 b
BHHIEX FYM 31.00 £ 0.47 a 3.42 £ 0.0l a
FBEYUIE + LIEX HFYM + CF 26.67 + 0.54 b 3.27 £ 0.02b

FRPBEAR N IB + FRMEIR 2 ,n =3 Data in the table are Mean + SE; R ARFEFRFER 5% 2R B FE/KFE Different letters represent the
significant difference at p <0. 05

B T Biolog iIX3eIR45 B4R £ , DGCE EIiE AR Z 4%, UL B EARXE LB AL BRI 7R 22 57, BT LA A%
G I3 HT T BRI R LB [ i Sl A s S A SRR A . 7EAR ISR , 37 Biolog Al DGGE 3% 4 R HY £
B TR FYM 71 NoF AREHAY + SR 40 o8 B v 7 4 M A U Qi BB _E R B B A A (181 3,5) , 3R B
BtA PR AL A R b A R A A SO R R R B, EE A R R AR SR (MEYE) B X
CF 71 HFYM + CF £-22#9 Biolog 1 DGGE iX¥u 45 R i) £ Bl M R BA — 3, X WAL B7E X R Y IR b
FEARLAE R (B 3) , TR B VA S 4L 7= A2 4 5% (18 5) , 3K T RS PP O TA 2R A0 B 40 B A v 4 P LR
#rA—3H K, Biolog AR R B HREA KM E B IR —#ar, T DGGE RFHME)™—28, mta i, ~ig
FE AL AEACER , 3E AL E BUhtiA HUAEAL 2, FR X R B VR 45 M 7= A T A, (B AL AR PR AT BB R M R 3R
FEXF 139 AR AL U AR A K BB SRR, AE O R R T 3 e 20 B SRR A AU T A

References:

[1] MengK, Zhang X Y, Sui Y Y. Impedient factors in black soil in the northemn-northeast of China. Soil, 2003, 2:145 —151.

[2] YulL, Zhang B. The degradation situation of black soil in China and its prevention and counter measures. Journal of Arid Land Resources and
Environment, 2004, 18(1) .99 —103.

[3] WanglJ, Xie HT, Zhang X D, et al. Effect of fertilization on soil microbial biological carbon in black soil. Chinese Journal of Eco-Agriculture,
2004, 12(2) :118 —120.

[4] LiDP, WuZ], Chen L], et al. Dynamics of urease activity in a long-term fertilized black soil and its affecting factors. Chinese Journal of

hitp : //www. ecologica. cn



226 £ K5 % K 28 %

[6]

[7]
[8]

[9]

[10]

[11]
[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

Applied Ecolpgy, 2003, 14(12) .2208 —2212.

Wang Y, Qi X N, Wang Q C. Influences of applying stalk compost on the nutrient of field soil and corn yield of black soil. Chinese Joumnal of Eco-
Agriculture, 2004, 12(4):132 —134.

Zelles L. Fatty acid patterns of phospholipids and lipopolysaccharides in the characterization of microbial communities in soil; A review. Biol.
Fertil. Seils, 1999, 29. 111 —129.

Bakken L R. Separation and purification of bacteria from soil. Appl. Environ. Microbiol. , 1985, 49, 1482 —1487.

Ward D M, Weller R, Bateson M M. 16S rRNA sequences reveal numerous uncultured microorganisms in a nature community. Nature, 1990,
344 . 63 —65.

Muyzer G, De Waal E C, Uitterlinden A G. Profiling of complex microbial populations by denaturing gradient gel electrophoresis analysis of
polymerase chain reaction-amplified genes coding for 16S rDNA. Appl. Environ. Microbiol. , 1993, 59.695 —700.

Zhang Q C, Wang G H, Fang B. Influences of fertilization treatment on nutrients uptake by rice and soil ecological characteristics of soil
microorganism in paddy field. Acta Pedological Sinica, 2005, 42(1) ;116 —120.

Zhong W H, Cai Z C. Methods for studying soil microbial diversity. Chinese Journal of Applied Ecology, 2004, 15(5) :899 —904.

Kimura M, Shibagaki T, Nakajima Y, et al. Community structure of the microbiota in the floodwater of a Japanese paddy field estimated by
restriction fragment length polymorphism and denaturing gradient gel electrophoresis pattern analyses. Biol. Fertil. Soils, 2002, 36 . 306 —312.
Classen A T, Boyle S I, Haskins K E, ez al. Community-level physiological profiles of bacteria and fungi: plate type and incubation temperature
influences on contrasting soils. FEMS Microbiol. Ecol. , 2003, 44, 319 —328.

Garland J L, Mills A L. Classification and characterization of heterotrophic microbial communities on the basis of patterns of community-level sole
carbon source utilization. Appl. Environ. Microbiol. , 1991, 57,2351 —2359.

Zhou J, Bruns M A, Tiedje ] M. DNA recovery from soils of diverse composition. Appl. Environ. Microbiol. , 1996, 62. 316 —322.

Cahyani V R, Matsuya K, Asakawa S, et al. Succession and phylogenetic composition of bacterial communities responsible for the composting
process of rice straw estimated by PCR-DGGE analysis. Soil Sci. Plant Nutr. , 2003, 49. 619 —630.

Jackson C R, Harper J P, Willoughby D, et al. A simple, efficient method for the separation of humic substances and DNA from environmental
samples. Appl. Environ. Microbiol. , 1997, 63.:4993 —4995.

Yao J, Yang Y H, Shen X R, et al. A preliminary study on DNA sequence diversity of soil microbial community affected by agricultural chemicals.
Acta Ecologica Sinica, 2000, 20(6) ;1021 —1027.

L CG, Li XM, Wang J G. Effect of soybean continuous cropping on bulk and rhizosphere soil microbial community function. Acta Ecologica
Sinica, 2006, 26(4) :1144 — 1150.

Konopka A, Oliver L, Turco R F. The use of carbon substrate utilization patterns in environmental and ecological microbiology. Microbiol. Ecol. ,
1998, 35(2) :103 —115.

Marschner P, Kandeler E, Marschner B. Structure and function of the soil microbial community in a long-term fertilizer experiment. Soil Biol.
Biochem. , 2003, 35. 453 —467.

Sun H'Y, Deng S P, Raun W R. Bacterial Community Structure and Diversity in a Century-Old Manure-Treated Agroecosystem. Appl. Environ.
Microbiol. , 2004, 70 5868 —5874.

SE 3k :

(1]
[2]
[3]
[4]
[5]
[10]
[11]
[18]
[19]

T, MK, FEERT. FAILERxEBLERE T, 8, 2003, 2.145 ~ 151

F#, %M. PERLEAIRSERMNR. TREXFRSIFE, 2004, 18(1) .99 ~103.

IR, BEE, WK, % EENRL DRBAEENRRNERTE. PEESRIIER, 2004, 12(2) ;118 ~120.

R, RER, BHE, ¥ RABERLREEESEAREPMER. HAESFER, 2003, 14(12) 2208 ~2212.

E#F, SFRT, TEF. ARABMEEENRREFIEE R BOEMIR. HEESRLER, 2004, 12(4) 132 ~134.
KHE, Bk, IR, ARIMEALAIER A RSS2 MCRIRS B TR A Y e AR B . 3283, 2005, 42(1) :116 ~121.
POCHE, ZEMEEE. TEUEMEB BT . RIS, 2004, 15(5) 1899 ~904.

i, Bk, R, %, RAMLESE R DAY RS DNA FHSREEMBTR. 4521, 2000, 20(6) ;1021 ~1027.
ZEM, RS, THE. KEEEN AR R EBRENE. A5, 2006, 26(4) :1144 ~1150.

hitp : //www. ecologica. cn



	01b85.pdf
	01b86.pdf
	01b87.pdf
	01b88.pdf
	01b89.pdf
	01b90.pdf
	01b91.pdf

