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Changes of soil biodiversity in Inner Mongolia steppe after 5 years of N and P

fertilizer applications

QI Sha,ZHAO Xiaorong,ZHENG Haixia, LIN Qimei "
College of Resource and Environment ,China Agricultural University , Beijing 100193 , China

Abstract; The objective of this study was to explore the effects of N and P fertilization for 5 years on soil biodiversity in the
Inner Mongolia steppe. The soil samples were collected from the following treatment ; control (no fertilizer) , N fertilizer (N
52.5, 105, 175 and 280 kg hm>) and P fertilizer (P 9, 37 and 75 kg hm ™), which were established in 2000. The
results showed N and P fertilizer applications significantly reduced the soil microbial biomass C and N content, microbial
activity and metabolic quotient, but increased the soil microbial biomass P. The ability of microorganisms to use carbon
sources and microbial functional diversity were lower and the carbon utilization-functional groups’ structure of
microorganisms significantly changed in plots with addition of N280 and P37 compared to that without fertilizer. Application
with higher level of N fertilizer significantly reduced the abundance of total nematodes and its different trophic groups, while
P fertilizer had no significant impacts on total number of soil nematodes. In contrast, P and lower level of N fertilizer
increased the abundance of bacterivorus nematodes. Fertilization also significantly changed the total number and types of
soil protozoa in Inner Mongolia steppe. For example, the total number of soil protozoa decreased after N fertilization, while
it significantly increased after P fertilizer input. The largest amount of protozoa appeared when moderate amounts of N and P
fertilizer were applied. In particular increasing P input increase the amoeba population. The different response of soil biota
to different kinds of fertilizer and its quantity was due to the difference in soil physical and chemical properties and plant
composition caused by the application of N and P fertilizer. In general, the activity and diversity of soil biota in Inner

Mongolia steppe have negative feedbacks with N fertilization, while positive feedback with P fertilization.
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TNERA D E KR EHOGE W EBHE AR —. BE(R 2B #8EE o 2E K0 i A AR IE X A6 4
FETE KA 353 W LA R A S5V R PR e 7 T , TR T3 T R P b AR ) S AR I ST AN H A, U
RAENG T MABIEE IR Y RS B3 i AL # e B b B BURE, B RTIT T R B, K AR 48 & 3 A &K
Forer B A R T o405 A0 r- R 2R o (9 A 4 RS, (BRSO RA) TF k-TR0 20 3 0 k-0 2% o g A K
B, H T R MR TR B AR oAb, IR A AL, dnst b A BRI R
R RSN , AR A ) S REPERRAR ', AT A8 7 3l s A AR A IR R A0 I 0 S A 3 L R
FhAANEE" , PB4 ) R SRR R R A 2

AN TRV AEARH AP K R B 3 A ) R SRV R W AP A I B R 25 5, T JF 3 A W B ik RAE
K39 P RAE T S 3 AR Tt T A A e U R R B R e R B o e P RUIE S AR R AR
DHRERE SRR VRIS B BB/ AN EL B A R B R R R Y T B R R S AN S R SRR s e PR E U B
FHREANHMSEREEZENEE" .

PR 5% Ty LR R K I K 0 R ) B B4 A 0, B SRR L B S R . R
NS ERAESRGEMPIFEE 1979 518N 5 B pioas i 2 B 5 B8 Mo s B B S5 MO 3L, 2000 4F7E 1
FEHL N BB [R5 B Y ABRIE I, DL T AR AR AE S R G rh WA R0 HE Y 2h RERF AL BRI A= 5 R G T RE XS
RBEA A SV . A G5 R R W, MEAEBUE T /DX AR S 2 AR, nFEE AL = B3, —FAE R B4
B, T 24 A BRI B2 B TR, 7 e R M S 5% A B A 5 8 R . MERUIR T T AR
FRBEMPEE(Leymus chinensis) RZEFBK LS Y SR, AEBASG TR UED SREE " .
PR B 3700 & BB AR T AR W) S L e, T R AR S BN B J A S R Ge T B P ey X AU 3
FEAEMNE B RTGEANE R . APTTEH B RITET T i : (1) 22 Sa i FH ABRAE X A 52y S B Ji L3 AR ) S 4
PR, (2) RAEFIBRIE 225, (3) IERHHER , (4) HIRAY SRS A ERZERR R
1 HREFH=E
1.1 A5 s

thERFE BN S R A S RGUE M T 1979 7 NS B RS 8 B B 5 8 A v B R A AR A
R, BEH I FRZY 15 hm® , U FHARAR g 43°26'—44°08'N,116°04'—117°05'E , ¥4k 1224 m, +HEERI Hy i T 45
+o BB AR SR 3 (Leymus chinensis) \ K4F3F ( Stipa grandis ) \WGAF|IL P ( Achnatherum
sibiricum) FIYKEE( Agropyron cristatum) SR AR MARE M | F 2000 4F 4 HAE 1979 4EEIRFEHL (UG1979) %
SER IR, MEACALEE A A ML (CK) (EUAE (N) FIBEAE (P) , ZAESN NH,NO, , jifi & & 751 h 52. 5,105,
175,280 kg hm 2 ; BEAE ok BARRES , HBle 2k 43504 9.37.75 kg hm 2 /NKERLY 25 m® , BA403E 9 M EA,
BEMZET Af) BuE TR
1.2 3 R AR I AL 3

F 2004 4E 8 AEAFIMGAE/NXFH L45( B2 3.5 om) BEHLEL 20 55K )2 (0—15 cm) HIEEES, , B4
JE TR ACHRIF o B 8 3 AE Wl s T o, R TR i 2 mm G0 8 LB AR ) 2 46 4
AT 43 T 5 R 1
1.3 ik
1.3.1 s e

AV FASMNAE R R A R ENE , A MEIIRENE , pH P 1:2.5 +/K A pHS-3 BRE T
5E AR Olsen J5 85 52! A4 25 A 25 AUH 0. Olmol L™ CaCl, ¥ ¥ ¥ 42 , ¥ 45 ¥ 3h 40 #r {0 =&
(TRAACS 2000, Bran Luebbe, Nordstadt, Germany ) ,
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1.3.2 IR & R P

Wik 2 mm G R BT B2 50% KK B (WHC) 25C TR B MR 7 d, i EERRE
E IR R R BT, LR R SR R R M R, TR — R BT MRk CO, ROBRIRL, A
A BaCL W, FH 0.5 mol L™'4xvfE HCL 5 B E B . R (9CO,) hy CO,-C 5t BIRZ .
1.3.3  HA MR TR SRR

WU 10 ° i LR IRIR 150 L, R E& A 3 x 31 FERIEY R K Biolog EcoPlate™ ( Biolog Inc. ,
Hayward CA. , USA)96 FLik 7 ,25C &4 T 353%, A Emax B 3hiZRHLZE 590 nm T4 24 h lI5E 1 IREFE
H, B R SEHEANE2 R IE .
1.3.4 £

FREX 100 g it + 398, FIEMEIR B Dk B Rk 7 o 7 BAMBE T UREE Se it i h R R SR IE AR
RS MR E R R Y™, Rt 5IC R %5 4 vk (PN) (B4t (BN) (R EFME(FN) R4 a4
H(ON) Fy & .
1.3.5 JEA&zhY

F MPN 53658 , FEARIEIE A R/ A8 377 AN 20 BT R M6 i 4 B aUR A R R EE ™
1.4 FdRGiH 54500

FRBESRN 3 REE WV HE, AT L8R E RN, 2= 4087 M1 3 B 4343 Ht (Principal Component
Analysis, PCA) R FISGEiH 444 SPSS(11.0) #4744, R A LSD Jrikift i 2 E LW B & T o

%t F Biolog %3 , ASF- 345685 8 {H ( AWCD ) 1R 3 A 9 i e A48 1), An v 5 O B8 64T 3 202
#7, B 314 Shannon ZHEVEFER(H') BRIEE T B (S) MERIRIS A (E) Rem HIBpEw SR, 1
H, S O =0. 25 BIFLEER
2 ZRE5HH
2.1 Hsfb2EmR

F1MEEREN, E5E Sa i AL, 138 pH (A TR T 0.20—0.91 M4, AL HE SR, -3 pH E
T R B R R K, BEAE AT 3% pH EH M E/ME L . BIRE B ERS L EAVRS &, A28 &
BERARENZN, HIEAYE ASAMHESASEYMEMHEE R MM REERS (P <0.05) {Hib &
BRAERS , RS A S B BERRL, SUCSHE R 75 kg hm B A BERBHLEE(P <0.05),

F1 EESaERABELEEFEEREL
Table 1 Changes of some soil chemical properties after 5 years’ N and P fertilizer applications

qb 3 A HLBE Organic € 4% Total N BRI AR Olsen P ESENH;-N  RAZE NO;-N
Treament P12 Ty JGgkg) N /(mgks™)  /(mgkg)  /(mgke )
CK 7.15 £0.05a 21.00 £0.31cf 2.14 £0.04a 9.82 2.42 £0.12a 0.27 £0.09a 16.43 1.20a
N52.5 6.75 £0.05b 22.12 £0.36bd 2.29 £0.02a 9.66 38.16 £2.24b 0.51 £0.01b 21.71 £0.45b
N105 6.95 £0.10¢ 20.68 £1.21af 2.35 £0.08a 8.80 27.23 £1.97¢ 0.76 £0.08¢ 21.85 +0.44b
N175 6.43 £0.05d 22.93 £0.51d 2.10 £0.25a 10.92 31.12 £2.68d 1.50 £0.09d 25.72 £2.76¢
N280 6.24 £0.06e 23.89 £0.48e 2.34 £0.01a 10.21 45.55 +1.44e 1.91 £0. 18e 32.25 +£1.85d
P9 6.83 £0.05b 20.04 £0. 16a 2.33 £0.14a 8.60 23.18 +1.68f 0.64 +0.11be 11.90 +£0.74e
P37 6.52 £0.06d 21.80 £0. 15bc 2.38 £0.07a 9.16 65.01 +1.90g 0.53 +£0.02b 15.05 £0.44a
P75 6.81 +£0.03b 21.86 £0.23bc 2.29 £0.21a 9.55 64.94 +1.54¢g 0.70 £0. 10¢ 20.55 +1.47b

FrPETIBEE R HME £ 3EZE(S.D. ), B—F P ARFFHERRFE0.05 KF EEF B, CK RN H#;N52.5, N105, N175,
N280 43 B3R MiZUIE 24 52.5, 105, 175, 280 kg hm

2.2 +THEHMEYE
Jiti P RIS S5 AR AT T S W B AN R L IR PP I K IR S (¢ CO, ) , AV i B/ O il By/ Ty kb

“2a1;P9, P37, P75 S} IR MBEIEE A 9, 37, 75 kg hm ~2a™!
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Bt RRAR, ELREZUIE B3 K, RIS A IR B A (3R 2) o AH ELASHERE T HR , 3980804 W B i F R 22 43 B B AIK
T 46% F164% i WrE C/N HL B &R, FIEX LAY B EEER NS, YHE <175 kg
hm “? B}, 390 A ) B B R PR BB I T4 7, (R X — P, O R ) R v T R 1K, 8 =8 LRt B
HIRAE 35% (40 N280 Ab3H) . A Y BB LA (Bo/By) WAL IE A7 5 AR i, (B B3I F A AR
T,

5 RNEHEFAARRL, 355804 B i R 2 B PP IR I I 34 e o i I P R 3 BT AL, R e
Bk 75kg hm i, EEAHEAE 380 FIFEAK T 31.7% ,69.0% ,81.2% 1 73.7% . 35t B I B 25 Tt
BRI MMERS, &EmAE 41.5mg kg ™', RAMIE LA 2 £5(£ 2) . SZHXML,B./B, BEMTAMAE L
8, I H b IE F 248 = TR

F2 ELESaEBEN LEMEMER, B, BHMEMERAZIE
Table 2 Impacts of 5 years’ N and P fertilizer applications on soil microbial biomass C (B:), N(By), P (Bp) and basal respiration

o TR
| PEBRE BCEWRE ek B/0. BN Gty oty
B/ By/ By/ B/By  Bo/By g »
Treatment " » » /% /% (pgCg! (pg Cmg
(mgks™)  (mgke™)  (mgks™) AT A
CK  356.1+31.9ac 88.5+10.5a 21.9£2.2a 4.0 16.2 1.7 4.1 2.4+0.2a 6.8
N52.5 373.5£19.5a 56.7+13.0bf 41.4:3.9b 6.6 9.0 1.7 2.5 1.6 £0.2b 4.3
NI05  384.9+23.1a 63.6%4.0cf  67.1%7.9c 6.1 5.7 1.9 2.7 1.4 £0.1b 3.6
NI75  251.3£20.2c 33.8+10.3de 37.6+1.9be 7.4 6.7 1.1 1.6 1.1 £0.1c 4.5
N280  194.0+20.5d 31.9%2.7de  14.120.1d 6.1 13.7 0.8 1.4 0.7 %0.1d 3.8
P9 320.2:34.0e 74.6+7.3c  26.7:4.1a 4.4 12.3 1.6 3.2 1.0 £0.1c 2.9
P37 307.5£16.2¢ 45.0+1.9bd 34.9:5.2¢ 6.8 8.8 1.4 1.9 0.7 +0.1d 2.2
P75 243.4+19.2c 27.5+6.9¢  41.5+2.2be 8.9 5.9 1.1 1.2 0.4 +0.1e 1.8

R THEEE A ME £ 522 (S. D, ), B —F R FRE R /R FE 0. 05 K 25 7 8 3% CK Fm At it X} ig; N52. 5, N105, N175,
N280 43 B MU & 52.5, 105, 175, 280 kg hm~2a~';P9, P37, P75 4} B R MiBEIE R4 9, 37, 75 kg hm ~2a !

2.3 HIMAYIBRICHTIRERF S A

M AWCD B3R (55 3) , N5 SR R+ SR A Wy A P S BR PR 28 RE 0 8058, TP P B SR R RS
REJIARXBE55 . A RIRLGT AWCD [ERRZ AR KR ZE S i RAEFEAR T AWCD {H, TisE e fE X AWCD {53
BRELW . i FHRARR AR KRR (N280) , BRIRBRAS , $tR B2 (P <0.01) HUFEfR T HE LA
BRUR) AWCD {8, JUH R MR E W H) AWCD (B FFMK T 86% o TG R BBEALH (P75) , IERib& i)
AWCD fHiR R T 38.5% , ByRALE W) AWCD {6 8 & %K.

F3 EEABEXN EHBEEHTNE
Table 3 Effect of N and P fertilizer applications on average well color development ( AWCD)

i3] FA BRI KA Y BHR R ZRY g e
Treatment  All C Sources Carbohydrates Amino acids Carboxylic Polymers Phenolic compounds Amines
CK 0.78 +0.09 0.77 +0.08 0.93 +0.25 0.68 +0.13 0.79 +0.06 0.53 +0.07 0.96 +0.15
N52.5 0.67 +0.19 0.73 +0.34 0.79 +0.37 0.56 +0.05 0.55+0.09* 0.41 +0.06* 0.87 £0.41
N105 0.70 £0.05 0.57 +0.02 0.99 +0.16 0.69 +0.24 0.53+0.11* 0.59 +0.10 0.92+0.13
N175 0.63 +0.06 0.53 +0.05 0.87 +0.11 0.60 +0.21 0.82+0.15 0.44 £0.01 0.31+0.35**
N280 0.39 +0.02** 0.35+0.03* 0.35+0.05** 0.56 +0.02 0.46 +0.08 ** 0.32 +0.08 ** 0.13 +0.09 **
P9 0.74 £0.10 0.81 +0.31 0.77 +0.10 0.68 +0.04 0.71 +0.11 0.43 +0.05 0.91 +0.04
P37 0.82 +0.09 0.98 +0.19 0.93 +0.11 0.69 +0.03 0.74 +0.12 0.37 +0.02 ** 0.70 £0.14
P75 0.63 +0.08 0.46 +0.11 0.87 +0.11 0.55 +0.04 0.61 +0.20 0.40 +0.04 1.33 +0.20

FHTIVBAE N FIIE £ AHEZE(S.D. ) 5 M+ = SPHIRIRHENEAL -5 N AT XS JRAE 0. 05 71 0. 01 7K |- 22 5 8.3 5 CK 3R /n A HAE X
Hi;N52.5, N10S, N175, N280 43 33 R it &AL & 2% 52.5, 105, 175, 280 kg hm~2a~'; P9, P37, P75 43 Bl R MiBE L&A 9, 37, 75 kg

hm ~2a"!
E RS (PCA) S5 R BN, 55 1 o (R RE T O 278 5180 19% ) W A R AL AL R ) £ 3 X 73 TR ,
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FE 1 EMS5 AWCD AR BEMK(r= -0.90, P <0.01),3iBA PCI i k8955 EERIFET AWCD
WA it RAE AR EBRAE (P75 ) T3 A Wi it o 5 AN IE ( CK) Kol > BEREIE ) 308 B =57
(P <0.05) , JEHR KB AR (N280) B TR A MR AR S HE LRA BENER . 52 TN H
BT I 14% ,PC2 H N280 4b3H 5 H EAL B 3 73 JF, P9 (P37 FIN105 P75 7EPC2 EHZER, 551
ER KK EERBRUEY) RREMZSRY, 525 2 WK EZRBREBRNERLEY .
KoM, PC1 5 14 pH A HLK . -5 NH,-N Al NO,-N 2 BER AHKKR (P <0.05), 175 5 Olsen
P 4 N Tk,

MR 4 AT LAE H, DIRBUEY I RE S R4 BN 6

3. 02—3. 24,ﬁﬁﬁ$'§§jﬂ 17—26,%%@’2}[‘5% _ :1215(2.5 :1};580 ........................................
2.24-2.48, BERIEAIEA B (P75) BEWEIET S | onis ams (=)
Shannon #¥C(H') FIBIRF 8 B (S) JF AMEMIE § 2

SN, AR IR K, (LR RO AR BB R (P < & o)

0. 01) 3 T RRIREI ST # 1

2.4 % ®

WML E R R B 1144 S Y

100 g~' &, TIBAR R A 374 4100 ¢ ' £, Hh f %
AR Y A A HELR L, O 216766 2% 100 g7 £, 24
ZHUEBH) 48% —69% s IR R AN L K, 113—373
% 100g 7" £, 15 17% —46% ; HELHNAE] 10% . 1
REAAL R ey - 32 s S 8, T ELX B SRR ™ A (B
ERW(E 2) o 3R R R bt R N A, T
HOR MR AA 280 kg hm B, 3K BB A A

B—FEFAPC1/(19.02%)

Bl FBHAEALIE WA SR B SR S i
Fig. 1 PCA ordination bioplots ( means + S. E.) of soil
microbial carbon metabolism community structure after 5 years’
N and P fertilizer applications
CK ER AT ;N52. 5, N105, N175, N280 43 3l R i &UIE
##52.5, 105, 175, 280 kg hm ~2a~';P9, P37, P75 A HIF/Rit
BB H9, 37, 75 kg hm ~2a ™!

HEPELR R B R R R AR M 2 R PR L B it AIE 1 4

(CK) #FEfR T 65% AL, M BIEAANE BE IR T RAFKBKBE , LSRR T 87% . BEIEXT 138
SRR /ML, EEERIUMEIN T R 40BN Lk A BOR, TR R R A A £ 32k L B JOR 4% 5 57
KBRS, EHR R A RARBE R ERA.

F4 FEIEHEAX T EFEYIRSHYE, RRFEEMHSENIZE
Table 4 Effect of N and P fertilizer applications on soil microbial functional diversity evaluated by Shannon diversity index ( H') , substrate

richness (S), and substrate evenness (E)

izl ZHRAEARE(H') FEHRBECS) B (E)
Treatment Shannon diversity index Substrate richness Substrate evenness
CK 3.24 +0.08 25.333.21 2.31 +0.03
N52.5 3.01 +0.08** 19.33 3.06 ** 2.35 +0.07
N105 3.12 +0.02* 22.00 1.00 2.32 +0.03
N175 3.06 +0.05** 19.00 1.73 ** 2.39 +0.04

N280 3.02 +0.08** 16.67 2.52** 2.48 +0.08**
P9 3.16 +0.03 23.332.52 2.32 +0.08

P37 3.15 +0.07 25.67 £1.15 2.24 +0.06
P75 3.02 +0.09** 18.67 £3.21** 2.39 +0.09

FHTIVBAE N FIIE £ AHEZE(S.D. ) 5 M+ = PHIFIRMIEAL TS5 A HEHEXT FEAE 0. 05 1 0.01 /K 2557 8 25 CK FR/R A AL X
I#;N52.5, N105, N175, N280 4l 7% i ZUE & 4 52. 5, 105, 175, 280 kg hm2a~'; P9, P37, P75 4} B /RIEBAE R KN 9, 37, 75 kg

hm~2a"!
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1400 [ cK
E Ns2.5
,a El N105
1200 - a A N175
T % E] N280
1000 H ,gx P9
é,.§ [ P37
800 H j% a aa P73
W i
: &

a5
ot
er

400 H

g i)
Soil nematodes abundance/(4~-100g™! +-)

200 H

P T T 7

1384k B 32 HE Trophic groups of soil nematodes

B2 MEEBELSLR, EUFELR, REELH, REFREH, , FRNHREEKHABETH
Fig. 2 Changes in the abundance of total, plant-parasitic (PN) , bacterivorous ( BN) , fungivorous ( FN) , omnivores and predatory (ON)
nematodes of the steppe soils after 5 years’ applications of N and P fertilizer (means + S.D.)

CK F/RAHENEAT HE ;N52. 5, N105, N175, N280 4M it RUE R4 52.5, 105, 175, 280 kg hm ~2a~" ; P9, P37, P75 435I F /R e e & N
9,37, 75 kg hm~2a~!

2.5 JFEAHY

A BB (CK) F P 52 oy B B i+ 398 b S AR S M R SRR B D BB o, o B B0 819%—96% ;
WHEBR, & 4% —17% ;T AR BB (B 3) o MR L EIFEA Y BEMLT £ R E R TGS,
{H N105 4b3 + 964 B BB KR BERE fin, A N52. 5 b HA B A 2 R 5 2 A0, il B AR 0 (2 35 s 4R 1
T HEFEASYIEE , FRBE P37 A0, JFAE S BB = K2R A sh Y B R 3 KR BB N, 4 v 3R R AR 3
W) B G AT 3K 1150 A, ¥ BURIET B B A B0 40 EUAS AR 43888 i T 2. 45 £5H0 2. 72 £%, B A i B AE £
X IBI PR R BRI 92 gt

1400

O CK
@ N52.5 c
1200 | B N105
- 7 N175
H B N280
T 1000 |- c b
®E c & P37 d
i< N
22w R "s;: B P75 s
2 N 5
=S 600 | N 2
® g N =
H g N &
£ 400 |- %:; &
= a %b e
A bRy c &
200 = %:; g
SN o0 b bz d =
= & r‘rmﬁgﬁ = N i

Ciliates Amoeba Total protozoa

JE A Zh Rk 35 Types of soil protozoa

Flagellates

B3 MEBEXNLEEEDYEE, EER, FEHRMARERKENKN
Fig. 3 Effects of N and P fertilizer applications on the abundance of total protozoa, flagellates, ciliates and amoeba (means + S.D.)

CK R AHENEXT I sN52. 5, N105, N175, N280 4352 Rt RUE R4 52.5, 105, 175, 280 kg hm ~2a ™' ;P9, P37, P75 4} BIZ Rkt & N
9,37, 75 kg hm~2a~!
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3.1 FEX LAY ZFEERE R

F e P A (S AR B 33 A W Bk AR S A TR M58, T L 3 A B AR R VR 54
SREPE(FR 2, % 4,8 1) X S5 AFEHMEFASRENPRSERE -3 HFEFETRER h T
FRIEI R B 224 K, SECE A Y B S REVERR AR, 405/ B0 s n > o A, Bl I A B i
K, HEEARAMBSA SR, SRR (R 1), T pH BARE AT 74 3 P 3 v R A R AT
IR HIEHA YRR, HEMEYERSESASEERENRAMRK(r=-0.778,P <0.05),1M
513% pH (EAMREFMIEMHRKER (r=0.755, P <0.05) WUt TiX o KBIMANLHED T 06 7 YrhK ) i
TR R REMREZ —, LS i AR, X%/ KA YT A58 & A i 3E , 25 85 (Leymus
chinensis ) FIPG{A R 5 ( Achnatherum sibiricum) W) #b_F A= 9 & B & 38, 1 vK B ( Agropyron cristatum ) FlI#%
258 ( Carex horshinshyi) W B AR 7, SBURA T IREA YL R AP ABOR T B R A A8 46, R AR Bk
SAEVE S YRR TRES SRR B

TSR Y X L A e B U 5 S A Wy B R A SE N R, T RE S — LT AE M BE AR LA 2 SRR ER 1)
BREERE THRNARKOXR . LMY BB FUIE AR A8 i B 5= (£2) . HAR
AR+ SRR B 35, HEAR 2R MU 5t B TS AL PR R B SR IR M S B (R 1), T 35
HE YRR, RS S5 HIRA A S B A B E R IEA SRR

LAWER HIEEYMEERAZ —, AL GA AR RRL ., BAESREEELREY A ELRL
HEBERD T R AL BRI S BIRRI SR M A R R R E WL R AR
LR B EW  HEMEEREM(ES) . HERZ TR EE S MR RS WY R
I A MBS AL AN BB AR IR A 6 BT B A A R A R E TR R A EE A R
BERUIE FH B s D R R 22— . BN, BB R A L R R A M A S BIRE (E 1), &
DL REETE SRR

PN 5% iy LR 3R AR B I R BRI U/ B i, R Dy £ B L, T P e Y AT )
(% 6) ,3%5 Brown"™ BTy A F54% 22 B b+ 398 AR S IO SRR AS AR 0L, SR A Sh A B B AR M HE B ok >
BARER >FTRER >FER,BEHEEREE, TEHTHNFE HHRATEFELETRMX K EEEN T
JEA SRR . A R RIEXT 3R A Sh i AR O R i RO BT ST HR B AR 2 , Fossiner'™ A 1 3 i AR 5 3K
35 pH {H T [, M R )R 6 P, £ 0 T A1 400 B PO JE A Sh AR P 2R R T A W Forge 26 3738
RNETT BERER T3 JF A S8R . APPSR Bt A BB L3R4 B s, T HE B R B
R
3.2 BEAEXT LAY ZFEERE N

BEREAD AAESREER RS E 7, 88 LR PR Y 2SRRGB R B LR AF T4
P REMERZERE Y . T KM AR S IR WA e R AR T MR AR A R, T ST 2 R A RAR K,
— SO 5% 4 8 K 30 0 B AR X B b+ R A S S SRR A B3 M " . Thirukkumaran il
Parkinson""" 5% % BULE AR 498 b Wt I A , - S98c A p p MR 88 o, TG 7E R e LR B AR AL, AT B S +
B R BHE R B R NE AR EARARNRR . APPREREY, LIEMEYBRAMA LY
W I R AR ARG 57 B A P 2 385 T S 3 BRI, T 2 0 el ) 8 2 0 o (3R 2) 5 s R AE X 3 T A
AR T BERE I5 S5 H S M LB/  (EME R B K, R FE RS ML & B BE D 2 32, A 2R L & e
BERRERI,EL),

BRAE N 4Lk R A B LRI/ VB &2, KRB IE T30 (£ 5) o Sarathchandra”) t 15 2 3 {u ) 45
5, 1H Bongers 252 I\ g2k HURBAE B (ML) M4 25 4 PSR R 15 B0 S5 (0 52 RIS W T RS2 B AR A R i, 548
HORIR], J5 A SR AL i e 7 AR U , HE B AT B B E R IR BE AR &, O BB R E R A R (R
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6) XA RE SR A B HRA LS .

L5 ERTIR, NS SRS B RS Sa AL , 13 A Y RS AR B TR, TREREAE Rona 2/ MG 22, 4
B, BESINT IR A SRS X AR A AT RES AR IEXS TR IR0 & B AR R AU A R A
K, AEPSRBY RS T BUR A TIREA WU IS MER R A A, NS E MY R Sh L R =8 57
KB SR BRI SRR R AEARAS B AR
Bl : o E R B NS FRAE S R G RE T TS0k F K OIS BRI PR RIS R0 AR i B RSB 8 T RS
XS, FBUAE.
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