5508 B8 1 H A 2 # Vol.28,No. 1
200841 H ACTA ECOLOGICA SINICA Jan. ,2008

i R o B SR AL S R R E T
T % o ) B

1,2 > 2 73
ZEHEE T, FLR, PR
(1. HFARREHIRPIEER, KF  130061;2. PEPMER RiSEYEEA ST, B 200032;
3. Department of Entomology, the Ohio State University, Columbus,OH 43210, USA)

FEE 2005 £ 5 H ~ 10 F XHA SRR o B IR AL R R A SRR O SR hdE AT T3k A2, Y - 1L O -RE AR B D s IR B 3
2R, DL SR B AR B SRR SO T BRI B SR S B 5 B IR AL R R R B R T R 32k
BERENER ., PFRIUHIRER 13 713 &, S FIRETRRZWIT2 497 H 24 7 40 &, ME% ETFH 113 5/100g T+,
HRERRY, AFAHBEIKE TR A HIRE RHEREAAE—EER , BESTMAE BB Y BotE b BRI R+ Lk
HEEIRE, HEEHTRAEE R E B ERE LRR R MABEMRE S8, TR NMEEERELSN, BEHT
FEHAR HRR SR, AR RRERZ , R R R &E, HESMKE L EL A m LR TEBIWAE,
AN, B EE R R, ThEES B BRk 1 P B IR AL B M e K B O R 22 57, o S MT 48500 PP 38 300 F R FIAE
PR TR T TR R A A Ab S B SR AR IE T BB B St , SR H T AL, B B R B E SR T HIRE
HETES - - A AR BB, X TR R R AR M, S BB B F O S AT R A T R AR R Y
wESEH,

KR TR PR K IAME R

STEHS 11000-0933(2008)01-0001-12  FHEE4}KE;Q142,Q958,5154 STEEARIRAD:A

Changes among soil nematode community characteristics in relation to different

vegetation restoration practices in the moderate degraded grasslands of Songnen

WU Dong-Hui'?, YIN Wen-Ying’,BU Zhao-Yi

1 College of Earth Sciences, Jilin University, Changchun 130061, China

2 Institute of Plant Physiology & Ecology, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences, Shanghai 200032, China;
3 Department of Entomology, the Ohio State University, Columbus,OH 43210, USA

Acta Ecologica Sinica 2008 ,28(1) :0001 ~ 0012.

Abstract; The grassland of Songnen plain has being moderate degraded. Two vegetation restoration practices were applied
in the degraded grassland; fencing enclosure, planting alfalfa. The overgrazing was used as a control treatment. Soil
samples of three treatments were taken from May to October in 2005. The soil nematodes were collected from soil using

sugar flotation and centrifugation method. A total of 13713 soil nematodes were identified to the genus level, which
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consisted of 2 classes, 7 orders, 24 families, and 40 genera. The ecological index such as Species richness, abundance,
diversity index and trophic group index were analyzed. The three dominant groups, Rotylenchus. Aphelenchus and
Criconema , accounted for 52.95% of the total individuals. The individual density was 113 inds. per 100 gram dry soil.
The considerable difference of the number of groups and individuals varied with soil profile were found among three
treatments. In the overgrazed site, the nematodes distributed evenly in the soil in both samples collected in July and
October. Because there were intensively grazing activity during summer and autumn, more nematodes appeared in the lower
layer of the soil profile. These results illustrated that the types of vegetation restoration significantly affected the species
abundance and diversity, and could improve the structure and functioning of soil nematode community. The characteristics
of the functional structure of the nematode communities under different types of vegetation restoration were analyzed by using
MI (Maturity Index) , PPI ( Plant Parasite Index) , 3, MI index and PPI/MI value while Shannon-Wiener index, Pielou
index, and Margalef index were also used in analyzing the diversity of the nematode community. The results also showed
that X, MI and PPI were the more sensitive parameters to monitor the changes under differeent vegetation restoration
practices. Planting alfalfa and over grazing considerably changed the ratio of r- and k- plant parasite nematodes. In
grasslands of Songnen plain ,fencing enclosure maybe efficently restores the moderate degraded pasture in comparision with

planting alfalfa.

Key Words: soil nematode ; gently degraded ; vegetation restoration ; Songnen grasslands
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1 BHRAZE
1.1 HhEgE5RE

BE XA TEERPET KIS ES, THRBE TERE KGR B ERE 123°16', JL4 44°
23, ZEGSGREET RMEEXSE, MRG0 SR S. 2CES, P RKE 430mm 24, HE
EhTEZE, MiFREFER, HEVREER AR 1, BB LB (Leymus chinensis) AL HE R
BRI R, BB TR, M R 4 DL R BB 2 ( Chloris virgata) S5 L HFF R F b, BRI E H N
HEE,

B E 7K X PR 176000 B FHME, RABEEASTMALIHEAER (EALEE
Medicago sativa) %5 2 FpAL3, BEWL X A i1 ,4 RER , FEHRE L E BN 3R, HbiEs i Sa, &
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£ 8 AXETEEGMEEN T ESGHITNE, ZRENIE, MK ESBRPEYBEEERAE T BET,
EEHTHME BRESAFE + REEMYRS , MHE BRI RAA L TR (BBAGE) , BB KER
U, 3 BEBABCRE S N i R BB B A I B Rh A R Vs E— DR AL R A B B E 3R
1.2 HmRESLH

2005 4 5 A#(FFE) T AR(EZE) M 10 59 (k) 3 3 RXIBIR AT LIRK B BUE, Hp & F
BT, TEP VPR ES Y E S, T AT RRE, SHMBUE R 20cm, #7 H R E R 48 0 ~
Sem.S ~10c¢m 10 ~15cm 1 15 ~20cm PUR , MR LR THREIIES T2 iy H 3 144 43, TR I-RE
BREOREIBESEERTELE" QAR EEREF CECPE SR REL) S, — %
ERR IR TR B HIRR AR ERTE RS 100g T 1 3B R BHIRE, TIBMAEERFEKE
S RN TEIWE LAV, ERREENE; 28, FRE HETXHRE, 2R
M- KIATEIEEE ST N, SRS RS- S G TR s pH M, B EE . WML T € 3R s I,
TIEDE I E TR E TS KE.
1.3 FiEsit 54

BRBHEREERRID MEEE BHIRE 10% L EF RHEHEEH(+ + +) MBS BHKRE 1%
~10% J B REBEC + +) MY BHRE 1% T ARAE LR+,

RIBLHCL LR EFIENREESE L IEER S HUT 4 AWEBCEF) K. BHELR
( Bacterivores ) . £ EL B 25 &+ ( Fungivores ) | /8 4 3F 4= 25 %% ( Plant parasites ) | i & 285/ 22 & 25 % ( Predators/
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Table 1 Chief soil characteristics under different vegetation restoration practices

B Contiton | FOR(eks™)  SE(eke)  EE(rem”)  BIME(R)  WAE() ey
Organic matter Total Nitrogen Volume weight Total porosity Na*/CEC pH value

FE 0~5cm 3.59+0.08 0.24+£0.01 1.11 £0.09 58.18 £9.54 0.38+.01 8.11 £0.31
5~10cm 2.48 £0.12 0.15+0.02 1.25£0.07 52.93 £8.20 0.43+0.02 8.13+0.26

10 ~15¢m 2.25+0.14 0.15+0.02 1.34 £0.07 49.63 £8.31 0.59 +£0.04 8.21+0.27

15 ~20cm 1.85+0.09 0.12+0.01 1.34 £0.07 49.62 +8.34 0.77 £0.05 8.45+0.21

PA 0~5cm 3.08£0.07 0.19+0.01 0.95 +£0.04 64.31 £5.21 0.61+.05 8.15+0.37
5~10cm 2.29+0.11 0.16 £0.02 1.06 £0.04 60.08 £5.11 0.91+0.14 8.18 £0.16

10 ~15cm 2.20 £0.06 0.14£0.01 1.07 £0.05 59.58 £6.65 0.96 £0.21 8.19+0.19

15 ~20cm 2.13£0.07 0.130.01 1.22 £0.02 54.11 £3.11 1.25+0.11 8.26 +0.11

oG 0~5cm 1.54 £0.15 0.09 +£0.03 1.3120.11 50.56 £12.10 8.70 +1.43 9.17 £0.33
5~10cm 1.28 0. 11 0.07 £0.02 1.40 £0.09 47.0519.23 16.38 £+1.22 10.08 £0.35

10 ~15¢m 1.19+£0.08 0.06 £0.01 1.45 +£0.08 45.47 £9.11 29.13 £2.41 10.27 £0.41

15 ~20cm 1.0910.11 0.06 £0.02 1.45 £0.09 45.23 £9.45 32.09+2.03 10.32 £0.38

FE E#£$+H Fencing enclosure; PA F#E B 75 Planting alfalfa; 0G 7 JEH4K over grazing; T [7] the same below

2.2 THIEKBMBFEAER

AR R IR W 13 713 &, MABE T 113 £&2/100g T4, 40 FIRBE TR EZYT2 N7 H 24
FH40 B(3R2) . NHKEA 3 K, A ERNER Rotylenchus . B T]J& Aphelenchus 135 J& Criconema, 3t 5 &
TERMEER 52.95% 5 B WAHHTIELRL)R Plectus 5§ 12 /&, &5 BHERANAEE 40. 77% s A KB LRI
25 J&, i B IREREE 62.50% , BAMEREAR A, AL o B R ANAEE 6. 28% . (LHKRFAE WARL G
ETERAEREER 93.72% X BRBNMAKE L WAL T AR X I/ BRI K,

BB B R IR 1 34 JB 6 711 4%, MAE T 164 4£/100g T4 #HEE Rotylenchus FIE W
J1)& Aphelenchus FyULHRHE , MAEE BRHRANMEER 49.50% ; H WERFEIEIE Criconema % 13 &, MA
b BIEIRAMELE 45. 58% ;TR KBFLIEBRILB Tylenchorhynchus 35 19 & , i B4R 4.92% .

FPE BTSRRI 1k e 31 8 4 812 &%, MK B W1 120 £&/100g T+, ¥F/& Criconema ¥ 718
Aphelenchus F13LJiE /& Rotylenchus g LK HE, MER G B RN E 54. 76% ; % WRB LI /DR
Rhabditis % 10 & ,/MAELE BIERAMEEE 38.38% ; 7 B B H 01541 )8 Paratylenchus 3£ 18 &, 5 BiE IR
MEEE 6.86% ,

o BE BUBORE S 3R 1 Rk e 30 J& 2 190 A%, MR B 54 42/100g T4, E I T1)E Aphelenchus F1¥
J1)& Aphelenchoides Jg R EHHE, MMEEL & BAEIRANREE 42.24% ; B WA R MIRE Rotylenchus % 16
B AMERES B R & 53. 97% s R K RFUTE K LB Diphtherophora %3E 12 J& , & BHERA g &
3.79%,

BT R BT B R IR MR R — AR, R E AR, 1L
W REE S B
2.2 TIEAMBEELH
2.2.1 EHSEW

B 1K 2 R, b R E AR SR E AR D g TR E], 13k A e IR RA AR
WEESHHE, HEKRBEENN, BT HMEE B, LR REME S EARH B SRR LA
] FHE L RRINE, R R ZEE , Hh M B SR R B EE /D TEES TR, FWR B
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AR AR REOE IR R T HSMKS, 1 BRSO i 332 HURRIE A1 5 B8 P 267 IR 7 33
R, DA R REEE B Rm T RE R B SR , HE R B, 55 R R SR B B3
I A (R 3 S A , 24 [B] bL e, AR BB RN T R S8 R B A B AR R A

F2 BUAFEMTESOHEAN
Table 2 Composition of soil nematode community in the degraded grasslands of Song-nen

FE PA oG

TEEHRA — opfE
Genus of soil nematode (S8 R E (=8 REE (=8 REE cp value

Individuals Dominance Individuals Dominance Individuals Dominance
e Rotylenchus 2530 ++ + 629 ++ + 71 + + H,
HIgJ1J& Aphelenchus 792 ++ + 985 ++ + 693 ++ + Fu,
3@ Criconema 513 + + 1021 ++ + 27 + + H,
2228 J& Plectus 618 + + 395 + + 173 + + Ba,
/NFFB Rhabditis 392 + + 356 + + 189 + + Ba,
J1{K)R Pratylenchus 345 + 4+ 318 + 4+ 147 + 4+ H,
1871 J& Aphelenchoides 222 + + 233 + + 232 + + + Fu,
B # 8 Boleodorus 303 + + 149 + + 70 + + H,
#F )& Psilenchus 97 + + 90 + + 97 + + H,
AW )8 Acrobeloides 108 ++ 91 + 4+ 67 + + Ba,
1B /B Chiloplacus 90 + + 95 + + 36 + 4+ Ba,
WEHEJB Helicotylenchus 149 + + 41 + 7 + H,
LR & Aporcelaimus 69 + + 65 + + 45 + + POs
2£J8 Ditylenchus 76 + + 55 + + 25 + + Fu,
W Be42 8 Anaplectus 55 + 26 + 65 + 4+ Ba,
th#dT]J& Nothotylenchus 37 + 42 + 55 + + H,
B BR Cervidellus 77 + + 17 + 6 + Ba,
$84LJ8 Tylenchorhynchus 46 + 14 + 36 + + H,
[ Kz J& Diphtherophora 37 + 33 + 21 + Fu,
41J8 Paratylenchus 39 + 45 + 6 + H,
TR 28 J& Acrobeles 13 + 31 + 44 + 4+ Ba,
#7] J& Tylenchus 20 + 21 + 35 + + H,
&F & Chromadorita 16 + 19 + 5 + PO,
e 8 Ironus 7 + 5 + 16 + PO,
=44k )& Pelodera 8 + 16 + Ba,;
AR E Paracyatholaimus 18 + PO,
W1k J& Mylonchulus 12 + + PO,
2487 )& Achromadora 6 + 7 + PO,
158 Jotonchus + PO,
F1F 288 Mesodorylaimus 6 + PO,
sk J& Cephalobus 2 + 2 + 2 + Ba,
B8 Hemicycliophora 6 + H,
W3k J& Teratocephalus 4 + Ba,
228 Heterodera 2 + 2 + H,
Btk J§ Mononchus 3 + PO,
SR Xiphinema 2 + 1 + H,
ZWH & Panagrolaimus 3 + Ba,;
Y8 J& Diplogaster 2 + Ba,
F 228 Dorylaimus 1 + PO,
48 Dolichorus 1 + H,
41t Total 6711 4812 2190

(1)Ba B 4HE2#% Bacterivores; Fu & B B2 7% Fungivores; PO 1R /24 B 2 # Predators/Omnivores; H A5 4] 2 4= 25 #% Plant parasites;
(2) TIBBR BT HBIE R p {8 Suffixed numbers of functional groups are cp values!? ~3!]
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B1 AREEERETATLREA M AEEELRPREESHNETEL
Fig.1  Vertical distribution and seasonal change of individual density (ind./100 g dry soil) of soil nematode under different vegetation

restoration practices

Sp &2 Spring;Su EZ Summer; Au $xZFE Autumn;SE {RAEIRZ Standard error; T [F] the same below

0~5 cm
B2 5~10 cm
E3 10~15cm
M 15~20 em

J& % Genera
fo)}
I

FESp FESu FEAu PASp PASu PAAuU OGSp OGSu OGAu
H:3% Habiats

B2 AREEERETAT HREAXHREELRPHEESFNETENL

Fig.2 Vertical distribution and seasonal change of groups ( genera) of soil nematode under different vegetation restoration practices

2.2.2 JKFEEE

TR XA EAE K R T R AR AR AN R B R 2SR R BT O 2 0T , R R At -
BAMBEMEERARNBEZH(p < 0.001), MMEHBHEREZWAHB(p > 0.05) (F3),
ok B BUHORE 3 3R 2R AN R B S T B B S AR B TS, Kb B e MR Bk
B, 40 AR AR R 3. 05 M5 FIAME B AY 1. 36 5, LRE5RFRM, X T o B R AL B A B Ik
BEH, BBEEEH TREAEERS LIBL N NMEEE, MEEBRE, S BB REZ B 3 RE TR
MNEBBHERSERAERAKR,

BEVHMR SR NMAEEML, ER, BEHT >MHHEE >IEREGES, BREET >HHEEE >
RGBS, BREST >MEETE > SEBML it 258 8%, HPhBEEHTHERNMEES
T EBRE R RN, 2515 5. 27 . ARHEMBN R R AMAEE I, BESFTHME RN TE

hitp : //www. ecologica. cn



15 REME 5 R R BB R MR R Bk R 05 KT IR BB AR 7

FMkZE, it 25 B EE BHRETREZAR, BT ERA BE S EHAHBESRT
REMKZE, RIFom 27 8E (F4), LRERFW MERE T X —ERE LT RELR MRS
224k,

£3 TREHESFHENEFFTEANTREAFELHBRM

Table 3 Effect of different vegetation restoration practices and seasons on structure of soil nematode community

r KB Genus number AR5 B Density Z R H' Diversity ¥3/5]BF J Evenness FE B SR Richness

15 H Item D
F P F P F P F P F P
H: 3% Habitats 2 2.506 > 0.05 13.761 < 0.001 3.836 < 0.05 2.264 > 0.05 1.599 > 0.05
Z=5 Seasons 2 3.156 > 0.05 0.447 > 0.05 11.088 < 0.001 13.022 < 0.001 1.555 > 0.05

A2 H AEFH Interaction 4 2.142 > 0.05 3.672 < 0.05 4.089 < 0.05 3.422 < 0.05 3.356 < 0.05

F4 TREFUESERRF T HREOFESEN

Table 4 Structure of soil nematode community under different vegetation restoration practices

A Factors K H Genus number A4k B Density Z R H' Diversity ¥35)FF J Evenness F & SR Richness

FE 17.25™ +£0.71 164.17% +16.88 0.95%+0.02 0.77™ +0.03 6.71™ £0.20
PA 17.25™ £0.66 120.58 £17.27 0.91% +0.03 0.74™ 0. 02 6.42™ +0.29
oG 15.83™ +£0.27 53.92° +6.31 0.86° £0.05 0.70™ +0. 04 6.07™ +0.37
% Spring 15.83™ +£0.46 105.75™ £23.74 0.98%+0.02 0.82% £0.02 6.28™ +0.35
B % Summer 17.67™ £0.70 108.58™ +17.08 0.81°+0.03 0.64° £0.03 6.16™ +0.25
#ZE Autumn 16.83™ +0.53 124.33™ +17.60 0.932 +0.03 0.74"> £0.03 6.76™ +0.28
FE 25 Spring 15.75™ +£1.18 166. 00 +36.04 1.03% £0.01 0.85% £0.01 7.47* £0.23
¥ % Summer 19.50™ +0.87 135.00% +32.66 0.88% +0.02 0.67* +0.07 6.57% £0.23
#Z Autumn 16.50™ +0. 87 191.50® +15.30 0.93% +0.02 0.78% +0.02 6.20%° +0.21
PA %3 Spring 15.75™ +0.85 119.75% +42.10 0.97% +0.03 0.81% +0.01 5.91% +0.53
B2 Summer 17.50™ +1.44 120.50% +35.17 0.84°+0.05 0.68°¢ +0.05 6.38%° +0.55
% ZE Autumn 18.50™ +0. 87 121.50% +16.45 0.93% +0.06 0.73% +0.04 6.78%° +0.48
0G 352 Spring 16.00™ +0.41 31.50° £4.05 0.95% +0.04 0.80% +0.05 5.45°£0.49
B2 Summer 16.00™ +0.71 70.25 +11.68 0.70° £0.03 0.58°£0.02 5.52°£0.38
#ZE Autumn 15.50™ +0.29 60.00% +4.04 0.92% +0.09 0.71> £0.07 7.22ab £0.67

NEFHFRERBENE HATEERFEE  ARTHBLEFEE (p <0.05,FEE) s RnFIARNHEBEMES  Small letters
denote statistical significance, same letters indicate no significant differences, different letters indicate significant differences (p < 0. 05 by Duncan

method) , ns indicates no significant difference occurred in the whole group; F[A] the same below

2.2.3 MEEZHME

RAZENE HIRE 5 E JHREMERE SR BT R A LB DIRA MR S ITRERL
4. HERE TR RBES ML, BRH T HRRESHERR, MEE R, S BB RE, TE
aH RN, RESE TEENEEE SRIBHEERAHE(p > 0.05) (B L MAE SR HEE0FH
RIZFKREZE(p < 0.05)(FK3) . EYZHUERBELEYHRSWHERIGR, RREERDIHEZ >
MAEZRERYINNE IR, TR E SRR ZR M, RS TR S B BT
T B AL B HCBORE M , SR G Sa HYESRAL T, RSB TR i B 78 AT B B 3 KB R i
WE T A R R RER R B S R T HEAN, 5 U L, RS T 8 55 2 FHE gk
27 AP RRIR A e 13 MARE I , (B B R T O A B 3 BV BN R AT E

MR E T A HRE B R SR TN RN E T M. SFF VMRS BRSNS 115
B.J 185 SR B EUHLL B8 R EMN R ZEEH T BE R THEE B EREL REREEEH TR
TR E TS A BRI T 2 R AR ;T B85 FEZMKEESE T & TR E SR
B, BENRMEE BN ERSS BE R TUEMHGSR B FFEMEH T BE R TAEE B EEi,
Rz RN THAEEEBER TAERE KFL B EE R THHEEENEREHT . SRF0ET
] TSR AR SRR /15K J SR 0R SR 1880 e, H' 18 50A J 1850, 3 K v BT BE R THREM
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HZ SR 185, BEH T HMES > B > 0%hF EE BN BRI E > B > 5% Sitath:
FRE(RS
2.3 R MEREIRERAE

R ZMI 1858 M1 1555 PPI 385070 PPI/MI EB ST R B F A R G R R 07 N F R s D)
RELSHIRZES . THERE(EFR) HBRRI A op EEOFERE MR 2, X MI 4850 M 185 PP 48 %0F PPL/MI {HIHH
HIRNFE 6,

TSR R 75 2] SRR T BRSHEARAE AR bL, E MI 45%0 PPI 185071 PPI/MI{H, 33 JE WU S B 3 , T
HEBKRZ, BN T R, 7200 B XM 8% PPLERR IR 25 % v 8% ( p < 0.001) ,PPI/MI
{EFEZERBEE(p < 0.01) 10 M 1850, RE R B HHE R, S REHBKRZ , R BB RIK, TE50
rEAREMEZERAHEB(p > 0.05) (5R5),

£S5 TREHESEFEMENE AL 0 THEE KB R

Table 5 Effect of different vegetation restoration practices and seasons on functional groups of soil nematodes

> MI MI PPI PPI/MI
I H Item DF
F P F P F P F P
H: 3% Habitats 2 17.359 < 0.001 1.882 > 0.05 13.282 < 0.001 9.003 < 0.01
Z=Y5 Seasons 2 0. 646 > 0.05 2.291 > 0.05 1.579 > 0.05 0.270 > 0.05
A H {EF Interaction 4 2.932 < 0.05 1.210 > 0.05 3.155 < 0.05 3.963 < 0.05

PRI E 1 A B OO e X MT 3548 PPL 8% PPI/MIME B & T EREH T H M, RS KA,
BV T A AL 7 A BE A SR A T AR PR SR 7 S B ] SRR SRR T RE A IE AR T — %
RS, SERHT AW, SRR AR E T X B E W T YA R W M kg
LB, T B o A PSR r- 1 k-3 LRI R A AR R AR R T XL A A Pk BRI B RO
Ko

7% 6 W] I, A R A 3R BB X MT 4850 MT $8%0 PPIA8%0R PPI/MI (B HL, 3 MI 48 %R0 PPI
B EFEAREL BB EREEER TEEYT, EENEMEEBEALEN BER TEEHET;
MIE%, A Z VR R 25 AW B PPI/MI G, B F MR M A6 BB B &R TEEST, KF=N
REEHHBERTHHEEMERESET,

F6 TREHGSESEZRETLREMTIEEEFSE

Table 6 Characteristics of functional groups of soil nematodes under different vegetation restoration conditions

B F Factors > MI MI PPI PPI/MI
FE 2.16° £0.02 2.05™ +0.03 2.54> £0.06 1.24° +£0.04
PA 2.40% £0.05 1.98™ +0.03 2.79% +0.04 1.412 £0.03
oG 2.49% +0.06 2.00™ +0.03 2.83% +0.04 1.422 +0.03
#28 Spring 2.32™ +0. 04 1.97™ £0.03 2.70™ +0.04 1.38" +0.04
B % Summer 2.34™ 10.07 2.01™ 0. 04 2.68™ +0.08 1.34™ +0.06
#*Z Autumn 2.38™ +0.07 2.05™ +0.01 2.78™ +0. 04 1.36™ +0.02
FE 3% Spring 2.23% 10.01 2.05™ +0.04 2.62° £0.09 1.28% +0.06
E % Summer 2.124 +0.06 2.06™ +0.09 2.36°+0.13 1.16°£0.10
= Autumn 2.12d £0.02 2.05™ +0.02 2.65 £0.04 1.29%° +0.03
PA %3 Spring 2.28% 1+0.06 1.89™ +0.04 2.71% +0.07 1.44% 1+0.07
E % Summer 2.51% £0.07 1.95™ +0.05 2.89% +0.02 1.48a +0.04
2 Autumn 2.40% +0.10 2.09% £0.01 2.76% +0.07 1.32%° +0.03
0G 32 Spring 2.44% +0.07 1.96™ +0.04 2.75% +0.07 1.41% 1£0.06
E 2 Summer 2.40™ +0. 14 2.02™ +0.09 2.80% +0.07 1.39% +0.06
#*Z Autumn 2.64* £0.00 2.03™ +0.01 2.93% +£0.01 1.45% +0.01
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ST [A) R RBEVE X MI $8 %0 MI 8% PPI 388070 PPL/MI {EiAH ., ERE B E FEHL, X MT 83K
HEZN S TE MRS, M IEHZET RIZF AR, PPL 85O PPI/MI (HR B E T HREMNES; MEE
TEHE Ml S8k E B E S TEEMEZ, XM 18480 PPI $8%0f PPI/MI {H¥) 8 B 25 ; 1 FE U,
> MI $8%0 MI 1855 PPI $8%0f PPI/MI (B Rk 25 m, TMI $1840F PPI 18k 55 EWEEZ R BE,
MI 8%/ PPI/MIHET R EZRAHE,

3 itig

BB E BRI F 8 X U B R R, i B R A R B S W D B R R E, BRI
WRE BENGE, UbREE, ZRERNR, S TH T KNERBEEEER LT, HEEBANE, F
Bt FREYB A BIH R, WS FE R = WANR AR S & T M, N L EmkgE, BN T
B, ARG 1,322 G50 3B O B B SR AL, R R R R R B, I
b, BRGS0 B, RE R E A EE RSB M TR . A&
BT R R A KR E ST R AR R A4, MR TR &4, B MR 240 AR, B RUAR 2R/
DR BB T ARV ER BB, BEM TR EYEORBEFEIGG T RERX 1B R EA
B A

EEHTRRUMER BRKE R NG —FM ik, EWLMEEYE B RKESBRPR/UAFER, A
(BRI AR AR R, T ELAEYE S5 MR 8 R AR R Y 284k, AL 35 1E In i B 6T, (R AL EE e B AR R 2R
KREH. BERMA LAH RN —MEEE TRE, TR R TEER B R AT MYIFRE LS
RAEE, BREARANRER, BRI IR E B7K 53 55 70 F0 B € 3 il B AR, FTRASBAE ) , [F]ad B B
B K TR . BRI M RB B ARE SRS LS BN, B ST A
TEE R RBER B EEME WABR =

N RS R HOB A EERE Y, RO SRR TR B R Sh Y R R A
WRATER T, St MR R L, B R E T AR E B TSR TR M MA B R R AR E R
L X P IR M R E R ARSI Z R S ERMERE, I RA MR LR, Wl B R, 138
LU MEARE KHBH . ZHE Y ENEEESRMRK. ATBLUBRESHIESES, MEBEEM
MR (H ) Fhia 2 R 5 B2 , BRE S T AR B 15 RE B 805 T BERBoRe L, X s B R B T AR
B AR BT AR AL T 3R B PR S B B BB EA

F 4 GR R, FEE TEH M IR AR E R SRS () REW 85 T B B, 3
RERBEMRTEES T, ZERTREHINMLE L EGIENeRFNEREAR. BERAFERK
B ERAE T, SRR R BB L IEP M AR R B Y S RER, AT T LA VEK C/N 1,
BT AIENT SR, XEEHIESSREEM X, B PENR L 5% U L, BNESRSBHSTE
B, 2R BUREZ R, SERE RN I, FE & R DA R RS R K B B RN, 13
HHFEMLREHEREHFR SR MEE RERBEFEHRXY . TRGERSHEEBEREIKE
R, EBREES TR EAN T RUE L IRR MR E SEE,

—JBOT , T H SRR ENMEEN RS T RERRESEY . XEER I ESIYRY
EH % IEAEAE R AE R R RS, FEE LRI, L8R AL R >, 148 pH (A& E
FE L EFRREEROMN, TIEAVEN2 N BEEE L EREMmMREA,0 ~10cm L ERERMYBESHIX,
TR A R, B R EE, BT I ES XS E IR E R RA SR, BT
SRR, LIEL MM MEABE EE G0 ~10em 12, FH BB B AN EE
RETREMEZE L ZREEIEE/NT B STAH, of E B MR E Ak MR L B
TRES KEXTEMEBEEZERTERELE. ATHHEREMD ERATHBERNEEIATET
A
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MI$8%0R PPI 48405 5. B Bongers $2 i , B 1 3RE RS D BB HARFAE , A RATEAT A0 TI09E 3%t +
Lk BRI o MI S BRI e AR TR L - RRA k-vR R ), BN L A T R
FIAGLTPLRE ST B8 55 s PPL 18 5UNE A W) B AR 4 0B r- A A- 09 Hu i), B ) 37 e R B L T30
B FIETHRE S ™ . JaR Yeates MR T TMI 485" . PPL/MI {E# 1  Bongers1997 4F 42 H K9, ik
BHEMMGEIE & 8 134 itk PPL/MIETHR, RZVESHEY B ARFFIRA T IRE& MAHE PPL/MIERET #H1E
5, E—ER M T PPI/MIERBEFES RIS R TR TR E T RREBR™ . KiEk 6 B, BR
EEAEM PP/ M B/ T HRE B 8 A AR, RV 27 B, AR S F WL, i Ed A
e R A RGAE S T-P0TE 30, T B UBUU i T 238 O R R MR B , (R T e BB A R T IR S 3

KRB AR R SR DI RRERHE ORI TR R S R L B AL iR, BIRARR
B IE IR AR — R R R SRR BRI . ASCESBIR DR KB R A REE IRE S
PRI T RESAE BT LR BRI B B AR AE B 16 5 o BB AL M g R A 35 3 U = SO B AL A
R TRL MR R E LR WU X BT NAEEEZBEAR . AR R R
TR O7 o IR AR A T B . B IR S RES R, 7550075 18 X IR 5
TV A R R B, IR SR IR R HE X TR MR, R L RP R B RAEEN
Vb Zretk, BN R RHAESRENEZHR D
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