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Effect of chicken manure-amended copper mine tailings on growth of three

leguminous species, soil microbial biomass and enzyme activities
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Abstract; Substrate amendment and tolerant species choice are key factors for successful restoration of mining wastelands
containing heavy metals. Pot experiments were conducted in order to study the effects of different proportions of composted
chicken manure-amended copper mine tailings on growth of three legumes ( Cassia tora, Sesbania cannabina and Crotalaria
Juncea ) , soil microbial biomass, and activities of catalase, alkaline phosphatase, urease and dehydrogenase. A quantity of
composted chicken manure (0, 8, 16, or 32 g) was incorporated with 4 kg mine tailings as the plants’ potting substrate for
the MAO (CK), MA8, MA16, and MA32 treatments, respectively. Soil microbes are important components for
maintenance of soil biological activity and affect the soil nutrient dynamics, energy conversion, and animal and plant
community structure. The activity of soil enzymes is an important index of soil fertility and is often used to indicate

remediation effects on polluted soils. In this study, with increasing proportion of chicken manure in the substrate, the shoot
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biomass and root biomass of the three plant species increased. In the same chicken manure treatment, the relative shoot
biomass of the three species was C. juncea > C. tora > S. cannabina, but the root biomass did not differ significantly
among the species. With increasing proportion of chicken manure, the total phosphorus content of the three plant species
increased, and the total nitrogen content of C. juncea increased. The relative total nitrogen content in both the roots and
shoots of the three plant species was C. juncea > S. cannabina > C. tora in the MA16 and MA32 treatments, the relative
total phosphorus content in the roots was S. cannabina > C. juncea > C. tora in the MA8 and MA32 treatments, and the
relative total phosphorus content in the shoots was S. cannabina > C. tora > C. juncea in the MA8 and MA32 treatments.
The soil microbial biomass carbon for the three plant species was boosted by amendment with chicken manure. Among the
species, the soil microbial biomass carbon of C. juncea was significantly improved compared to the control ( chicken manure
absent; CK) (P < 0.05). In the MA32 treatment, the soil microbial biomass carbon for C. juncea was 177.56 mg/kg,
and the soil microbial biomass nitrogen of C. juncea was 9.08 mg/kg. The soil urease and dehydrogenase activities for the
three legumes were boosted by amendment with chicken manure and were highest in the MA32 treatment. Of the three
species, the soil urease activity of C. juncea reached 1.52 pg-g™'-h™, and the soil dehydrogenase activity of C. tora
reached 0.26 wg-g'-d™". Significant positive correlations existed between soil microbial biomass carbon and substrate total
nitrogen and available phosphorus. Significant negative correlations existed between soil microbial biomass carbon and
substrate available copper and zinc for C. juncea. Significant positive correlations existed between soil urease and
dehydrogenase activities and substrate total nitrogen and available phosphorus with growth of S. cannabina and C. juncea,
and between soil dehydrogenase activities and soil microbial biomass carbon with growth of C. tora and C. juncea.
Significant negative correlations existed between soil urease and dehydrogenase activities and substrate available zinc with
growth of C. fora. These findings indicate that the MA16 treatment (an amendment rate of 250 parts tailings to 1 part
chicken manure) is a suitable method for chicken manure amendment of copper mine tailings, and Crotalaria juncea might

be a preferred plant for ecological restoration of copper mine tailings using such treatment.

Key Words: copper tailings; chicken manure amendment; leguminous plants; ecological restoration
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1 #MREAZE
1.1 A58
1.1.1 iK5epk

A B A BB L s R PE BT 1991 AR PR, 24 T L 20 a, 785 B RS HHL R I
AT LA S B2 O O A Y B AR ) 45 B T S A 4 R ) 2 i IR Y LA 1A S E TR (Imperata
ceylindrica) \FAREEE G REVE ( Zoysia sinica) AR HEVE ( Hippochaete ramosissimum ) iy 3 1) H SRAE Y HEV | FH A
R EIRE 70% UL L

A T BLAE T Jy . pH {1 7. 61, 2 A 0. 003 g/kg, & 0. 091 g/kg, M A 0.233 o/kg, £ &% H 12. 70
mg/ kg, BV 5. 23 g¢/kg, AR 35. 88 mg/kg, HRSEE 4. 49 me/kg, W) C 24. 57 mg/kg, 449 N 20. 08
mg/ kg, B AL A 0.050 ml-g '~ h™" B MEMEBR S 6. 382 ng-g'-h' BKMEF 1.318 ug-g'-h™", i & 0. 071
ngegd™

WFIH G IR X —FE X3, &R Y 5 8 5 1] ( Cassia tora) . H 3 ( Sesbania cannabina ) ALK
( Crotalaria juncea) ,iX 3 FRHIHITELRL 12 /AR SRS . HYFI Tk A BFANREE .
1.1.2 ATk

A FSZE FARAT, 4903 2 mm G, DA 4 kg BH WA ZAR LT, 0 A B 2GS 0.8 .16 .32 ¢ iR
1,1Ee/E MAO(CK) \MA8 MA16 MA32 Ab#iJ57 50, 2 A HAZ N 20 em, &N 30 em [HIERHE G, BCE 1
%H.

¥ 3 FAEYI AN E R K S BOR G PR ZE K bk 3 Uk, Bk Ui 24 O s BV IR R, 3R FH
T %R 0.5—1.0 em, B4 30 Rl , B 7 k5 R A0R B 5 MRERIEAR IR , & W15k, R ab 3y Ui B
4 ANEAE 3 P A 48 4,
1.2 FESACEERI T 7k
1.2.1 fEYIRE AL

AR AR ZH 70 REF, /INCFAR R S5 AR BTG JE T 70 207, H B SRR IS VAR AR AR R 3 Wk, B ZR IR K o
Pe. 80 °C AL Mt = 1E T, B 250 AR W R RIR R AR Wi RS R VAR B AR (0 2 R 3R A
1.2.2 B BETTRE S A b 3

S L) =2 M 1y 10 M T = 3 e w27 € . 7 £19 R PRSI M e = D e 1 SR A
Jo A - SRl 7 DU A
1.2.3 5Bk

FE 25 FIHR 2R S BRI - SRR T A DI ECE A e, ZE IR R BB H 1,2, 4- 2 L 25 I i i
ook,

R BE A B 2 < pH B pH 3HIE (B 27Ky = 1g :5mL) 5 & /K& AT 5 SR A 3ok
3 590 SR L v G - B T PP G a2 2R R TER S AR B AR B P L ke ) A S 4R Cu  Zn BN 72 R
FHBS RS HI ICP-AES M1

A LR SR C N SRIAEDTEZE,0. 5 mol/L K, S0, 1248, IR A DL C R HE KR A
- 2 IV 0 7 7, 4 N R FIBILIC 8 ZUR I s it C N ATTE IR Turner S5 7S

L J57 - SRS P A O g T R P 0 SR P i BRI A 0, TS E LA 0. 1 mol/LKMnO, ml-g™'-h™'
T 5 DRl A 12 il 114 000 2 SR PR X i S PR B R b EL €3, 3 P LA p-nitrophenol g - g™ h™" 7 5 IRTG A% I 22 SR
BEI W vk W DL NHE-N pg - g7 h™' 387 s IS0 (% I 22 SR A TTC B8 3%, 1% ¥ LA triphenylformazan
(TPF) pg-g+d" FR,
1.3 FdlEry b IR 53y

B SPSS13. 0 AL #E | Hirp One-way ANOVA ( Duncan’s multiple range test) # T 7 24041 5 £ &
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XGFEN R R LN 3 A G RMEY) 2B A Y AR R AEY R UL 1, g2 R AN S e |
FH 75 BRI 2B M it 0 R R TR I 2 b 3 2. 53—5. 11 4% 6. 20—13. 99 51 3. 71—4. 89 {5 iR R 2L W
H R RTINS B 1.95—4. 71 1% 4. 50—10. 28 {5 H12.44—2. 69 1%, it/ r&Wl T MAS &b
PRI eI 25 AR i AR R AR S RIS RS F-AL H A (CK) JC i 35 22 5 (P>0. 05) Ab, HiAR 45 X Je b Hil 4 =5
A i MR AR AR SRR IS AL B4 (CK) A & 2253 (P<0.05) (K 1),

FER]— 3G L b 7 S, 25t Az Wy i 4R IR BURR > DR B> T 5 5 3 R AR 2 AR W i 9 25 S MO
ANBRE o Bl A RS2 LB R S AR AR R B
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B
g 6.00 |
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E1 3MHERNEYTE
Fig.1 Dry matter of 3 leguminous species
F AR /NG PR 225735 0.05 BEKF; MAO(CK) 4 kg FBH .0 g X838, MAS 4 kg 8.8 ¢ W2, MAL6 4 kg FBH .16 g 132, MA32
4 kg B .32 g Mgk

2.2 GFEM R ANET GRME YR R B B

M1 ATLUE B INASZE o KA PR S, BUMRAR 22 8 25 BB A e RIS RS A FE Y 0. 98—
1.43 f5F11.34—1. 68 155, Seil/trde il Bk T MAS AbHERTBURRAR 2R SR SR IR FEAL BEZH (CK) To i %
ZE5(P>0.05) Ak, ARG ZAFRATBUMRAR 22 BV AN BA X S5 RIF G (CK) A B EE 5 (P<
0.05) , B HI #5450 2 A0 BRI AR 2R VAL ZEM BRI 5 R I I 2 BRAE (CK) & 225 (P>0.05) ,

RIS RALBR S  FEAAR 2R BBl 250 S B i S R L e B R R R NS 2 A B Y 2. 13—3. 10
fEH11.50—3. 11 % ; SR RIS NG ZEAL Y 2. 51—3. 98 51 3. 22—3. 92 135 ; BURK 2 A s i 38 26 4b 34 (1)
2.22—3.39 f5 M1 2.07—3.55 %, Gl Ar ], Br T MAS Ab BRI P B AR R S8 5 AR IS g 3840 BE4H (CK)
ToREZF (P>0.05) Fl MA16 AZbHRA e B 250 GBS 5 R B INXS 2 Ab P2 (CK) To i & 22 5 (P>0.05) 4h, K
RENGIEA PRI R B 2R B S5 RIS I S B (CK) A B & 25 5% (P<0.05) ,

M1 AT F H FER 3G FE LB A B b, 3 PR RS AR 2R BA S A, BR MAS b BRI
SR RV /N T OB AL LRI F AR > % > D B 5 A R B 1 i, B MAL6 Ab B EURR/IN T e B4,
A IR T35 > BURR > T B 250 Sl & i I MAL6 A FRE e B /N T RURR A1 | JL A 24 3 30 T 35>t Bl >
B
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2.3 X930 R ALFEA AN SRMEY) S XSS Y C N 2

22 R/ IR INXG Sk R AL 3 A RHMEYIGEIR = AT T A Y C i, WIS R b P
J&  ARRE ORI R R P R Y C R RIS IS AL R 1. 45—2. 36 £ ; Ak K5 & 1Y B S h ik
CRRARBIGZEAL IR 1. 11—1. 81 £, A Wi N BRI IMAS I I 1. 39—2. 65 £ ; B BUR I B 2
R E YR C ORI MRS ISR 2. 32—3. 62 £, A N RTINS FEALEE Y 0. 97—3. 44 £, Giit
SIHTEREN JLB] MA16 \MA32 ZbHA B o I h fUE Y C & SRS IS 24 B4 (CK) A B & 257 (P<
0.05) , BUMK 3 FPAGEACPRL A IE T P i AE Y& C & B3 5 RIS ING A4 (CK) A 13525 5% (P<0.05) ,
AR MA8 \MA32 Kb A B i AR i N & i SRS IS ZE AL #2H (CK) A i 25 7 (P<0.05) . HRr
BAGFERE A B B U EY R C N S 5 RIS I ZEA I (CK) o % 25% (P>0.05) .

R1 3HEMNENENEE. EHEE

Table 1 Total nitrogen and total phosphorus of three legume species ( mean+SD, n=4)

AEA Eypsy- EYsY EL sy
il i T:Elz{;litr(:jen Total :itrrf:en Totj:lE iospﬁirus Total pInsp?irus
Plants Treatments . . . .
in root /( g/kg) in shoot /(g/kg) in root /( g/kg) in shoot /(g/kg)
B C. tora MAO( CK) 11.78+3.22aA 13.57+1.81aA 2.10+0.59aA 1.48+0.33aA
MAS8 6.70+1.03aA 13.57+2.45aA 4.47+0.44abA 2.90+0.51bA
MAL16 7.05+0.35aA 13.93+4.18aA 6.42+2.95bA 2.22+0.29abA
MA32 11.16+3. 80abA 14.57+1.95aA 6.52+2.66bA 4.61+1.30cAB
7 S. cannabina MAO( CK) 11.36+4.23aA 16.26+£6. 13aA 2.72+0. 14aA 1.60+0.41aA
MAS8 9.76+2.33aB 9.44+2.94aB 8.71+2.83bB 5.45+0.88bB
MAL16 8.91+3.22aA 14.92+6. 14aA 6.84+2.39bA 5.15+1.54bB
MA32 12.82+2.01aAB 17.37+8.48aAB 10.83+2.33bB 6.27+2.00bB
B C. juncea MAO( CK) 11.98+3.03aA 14.75+2.20aA 2.39+0.72aA 1.07+0.23aA
MAS8 11.77+2.03aB 19.82+2.15bC 5.30+0.82bA 2.21+0.30bA
MA16 16.80+2.08bB 26.03+2.91¢B 6.00+1.32bA 3.19+0.83hcA
MA32 17.11+1.93bB 24.77+4.91bcB 8.10+1.10cAB 3.80+0.89cA

F PR AR ING PR 3R R — A 45 A0 B TE] 1922 535 0. 05 3K, R P A /) K 5 5 7 ] — &b B 4% Ry 18] (4 22 573K 0. 05 2
FKT

M 2 BT H MA32 AbBRA EURREER E FRRRUE YR C IR E 177. 56 me/kg, 5 0B AT 35 7 3
HCEY & C R 2E 3 (P<0.05) , /Bl Ede B S R i P A i C 19 1.48 1. 51 % BURRE
BT AR N AR R 5 355 9. 08 mg/kg, A HIJETRI] | 3 A BT A N 19 2.38 .1.35 5,

®2 FRBRAXNTEVERMEYE CNEL

Table 2 Changes of substrate microbial biomass C and N under different amendments ( mean+SD, n=4)

ik fb3 WEYE C AEYE N
Plants Treatments Microbial biomass C /(mg/kg) Microbial biomass N /( mg/kg)
W C. tora MAO(CK) 54.60+23. 62aA 6.03+3. 10aA
MA8 79.19+11.92aAB 4.08+1.78aA
MA16 128.82+22. 62bA 5.75+1.68aA
MA32 120.09+24.61bA 3.81+3.72aA
FH3F S. cannabina MAO( CK) 64.65+29.43aA 2.54+2.30aA
MAS 71.77+10.42aA 3.52+1.04aA
MA1l6 97.82+51.81aA 5.67+6.39aA
MA32 117.29+42.91aA 6.74+3.83aA
B C. juncea MAO( CK) 49.05+13.15aA 3.19+2.38aA
MAS 114.03+35.19bB 10.98+2.99hB
MA1l6 122.69+6.49bA 3.08+0.46aA
MA32 177.56+29. 14cB 9.08+2.73bA
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33 ARIEGR G B R EEAA A, AR, BB (r=0. 902, P<0.01) (H (r=0.707,P<
0.01) JBURR(r=0.780,P<0.01) BH FEFHHUEY & C 5RO S A 2 8 E A, H & By i
FUh AR N SET TS AR R FIEMIE(r=0.515,P<0.05) ; #:8H (r=0.727,P<0.01) (¥ (r=
0.541,P<0.05) AR (r=0.740,P<0.01) B E AW C 5B 55 A 20w 2 W35 sl i 2% 1E
X,

BT HFE P ey R C SR REFEPARNE Cu(r=-0.649,P<0.01) AR Zn(r=-0.621,P<
0.05) &t 2 it k2 AR OC

£3 TEAURAXNTETERNERLFER

Table 3 The effects of different amendments on substrate chemical properties ( mean+SD, n=4)

Eﬂs fzﬁimpemes MAO( CK) MAS MA16 MA32
B’ C. tora pH i 8.31+0.13 7.83+0.27 7.72+0.13 7.85+0.19
BE /(/kg) 0.27+0.09 0.36+0. 02 0.50+0. 08 0.46+0. 11
AW / (mg/kg) 5.82+4.36 25.93+7.99 51.50+8.01 118.51+26.99
FRA / (mg/kg) 21.84+2.30 22.22+1.00 20.17+2.38 24.69+2.28
HRASEE / (mg/kg) 8.90+1.23 9.300. 44 6.61£2.90 3.86+0.38
M S. cannabina pH & 8.13+0.15 8.27+0.32 7.73+0. 17 8.30+0. 12
B/ (¢/kg) 0.29+0.07 0.26+0. 08 0.47+0.08 0.52+0.09
HRW /(mg/kg) 7.41%6.35 26.98+8. 87 43.38+11.66 85.18+20.33
H RS / (me/kg) 16.09+4.05 17.40+2.02 16.81+1.84 15.50+2. 15
BRSE /(mg/kg) 7.90£1.97 8.44+0.94 7.90+0. 88 6.67+1.09
BURR C. juncea pH f& 7.71£0.15 7.80£0. 12 8.07+0.20 8.18+0.22
BE /(kg) 0.27+0.05 0.34+0. 05 0.49+0. 13 0.76+0.22
HRWE / (mg/kg) 5.29+2.73 22.75+10.42 53.97+14. 41 134.91+42.90
BRASH /(mg/kg) 32.114.73 30.32+2.34 22.42+0.44 24.36+2. 64
BHRSE 7/ (mg/kg) 4.53+0.55 4.39x0.19 3.31£0.12 3.61+0.43

2.4 XIS R AL AR AN CRME Y S XTI R M

o4 LT, SIS 2 i R AL L AR B R B )RR A R T ORI O T T A 4 S R S TR 3 b B
0.95—2. 04 £5F1 1. 00—2. 36 % ; B4 HF5 (10 FE A JE ot v IR it | 15t St 0% M 23 il 2 R S A 20 B 1. 17—
2.06 f5F1 1.25—2. 00 1% ; B3 BURR Y R A 5T v IR A | 08 S0t 7% 1k 20 R AR S A 20 B 1. 01—2. 11 £%
1. 10—1.90 %, SEil4rdr i, A0 MA32 AbFR4] 3 Ry B2 w32 o P DRI B0 S0 TG 2 15 2R 8 o X8 288 Ak 2t
H(CK) A BEZER(P<0.05), Bk, B MA16 AbFEZH 6 HE Tt b 0 Ak 2006 15 1 -5 A 5 38 240 2 20
(CK) i EZF (P<0.05) , HARKXGIA B R 5L 07 b i S0 Ak SR | Bt B 10 il 1% 1 389 5 AR S I 39 2 4k
L (CK) T EZF (P>0.05)

M 4 AT LUE H, MA32 AbFER 3 Ff SR 4 R 5L 5 rp ORI | G S 005 P 2k B B K (B, H R ABURR
A o IR PR AR B K, A 1,52 pgeg ht AR R Y 1,01 1. 39 £, A P D) 2 e B
A TR K, M 0.26 pg-g-d™, A IERURR  HEAY 1.37 1. 63 £i%,

FHOE /T 20 e B R 6L 5 vh ik 8 AL AU (= 0. 546, P<0. 05) kT (r=0.550,P<0.05) , F# B %
TR IREE (r=0.533,P<0.05) JEEE(r=0.621,P<0.05) , BUFKEW HLF P IKEF (r=0. 498, P<0.05) i & il
(r=0.854,P<0.01) ¥ 50 B b S A R W2 ko W3 A0 G, el A 5L 5 IR (r=0. 668, P<0.01) |
Jii B (r=0.852,P<0.01) , & A E KB (r=0.705,P<0.01) ML= (r=0.498,P<0.05) , KUK EH"
FEFHIRE (r=0.900,P<0.01) JHEE (r=0.671,P<0.01) 3 5 EBH 5 A Sou 5 025 wbk 524006,

P AL b AL A (r=0. 558, P<0.05) & (r=0.538,P<0.05) 5 BH 3P ik & C
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PR RFEAC BURREE R R 50 i S-S R FE B P U E T C(r=0.644,P<0.01) R FR,
P R A 5 P IR (r=-0. 544, P<0.05) JBU AU (r=-0.644,P<0.01) 5RO AR P A Zn 2 WE
al bl A OG

®4 ARBRAXTEV EREEEEN

Table 4 Changes of substrate enzyme activities under different amendments ( mean+SD, n=4)

- e ﬁ%4&§kﬁ§ E}ﬂiﬁ%ﬁ&ﬁ@ U it it i
Plants Troatments Lata_l;lise_] Alkaline p}_l(l)spfl]atase Urcz_i]se . Dehydr(i%cne_i?c
/(ml-g™+h™") /(ng-g”+h™) /(pgrg+h™) /(pgrg-d™)
W C. tora MAO(CK) 0.03+0.01aA 7.62+0.58aA 0.74+0. 18aB 0.11+0.02aA
MAS 0.04+0.01abA 8.02+2.37aA 0.70+0. 16aA 0.11+0.04aA
MA1l6 0.05+0.02bA 7.36+2.13aA 0.99+0.47aA 0.11+0.01aA
MA32 0.04+0.01abA 8.56x1.35aA 1.51+0.37bA 0.26+0. 11bA
M3 S. cannabina MAO( CK) 0.05+0.01aB 8.56+1.28aA 0.53+0.07aA 0.08+0.05aA
MAS 0.04+0.00aA 8.07x1.15aA 0.62+0. 11aA 0.10+0. 05abA
MA16 0.04£0.01aA 8.66+2.58aA 0.72+0. 11aA 0.12+0.03abA
MA32 0.04+0.01aA 7.92+0.63aA 1.09+0.42bA 0.16+0.05bA
BUK C. juncea MAO ( CK) 0.04+0.01abB 8.58+1.32aA 0.72+0.09aAB 0.10+0. 04aA
MAS 0.04+0.01abA 10.43+3.64aA 0.74+0.09aA 0.11+0.01aA
MA16 0.04+0.01aA 7.63+0.27aA 0.73+0.09aA 0.14+0.01abA
MA32 0.05+0.00bA 8.92+0. 74aA 1.52+0.53bA 0.19+0. 06bA
3 iwig

WA FTHER T Cu SFH GBI A K AP H T F AN, N P K G857 Bk = 0 AL 09 AR
PRI IR, A RO SR R A REAE L U GE JE . Sebastiani % B STIER]
AT A LR ST YR ol AR, EIE SR AL IS, W8 SR THE Y M AR W MR R B . eI, X
Fedl AR R B R DA BT CBURR 3 PP S RMEA X REAE AR FE T R B B AR, HEEM A YR AR R
AR AR R (A1) L ACRURRAE Wy B R Tl R AR A e ] T AR AR i R e A 1 i 3
AR L b A LT 2 | R M T e B 0, R R AR A UM 3 R R
R, BURR ATV 5 R A AL SC R APl

TEAWFFE R FE R R B s AR S S0 i U RO B (% 1) . SRMEYIA & BA TR
U0y 1 2R 3 AELRE 5T riod £ i G 38 X AR A 194 U P AR VR AR TR 285 i 5 a7 A B 3k T fig
5 AR TR E ALY AR FR 5 AR B RO 5 A R RURE D A T T I R S R A
PO AP R0 L, DRI AR TC 0 AR (EUBURRAR 2R T AR50 A DU I 5 X6 S8 % o
RS T B S 80, 3 T RE R A 2 A R R S IBURR M N R R A

EHERAE AR /N TR A DU LA IR S i A R OGE L AR S s S R AT
FEPUARR 3 Fp ERME REPE R AR BT R E Y ¢ (R 2) , HRFT R TR R ¢ SRR SR
AR A IEAR DG . X AT BEA PO N . — SR E S N P AREFROLR SIS S REIR T R R S
ER AR SRS | Al S YR O A REIRCRIBR R, £t o b S A W e A 1R s SR RUE
PIEPEE ) IR A A AR R IO TR BT 3R S IR BE M S 0 A P A K 2
BEPERY S ATREG PRI 3 Fh SR b, X 360 RS BURR R 5 0 b SR A AL e 3 (3R
3) B EFPHUEYE C N RIS AL ie B o B | TH 5 A2, it — 2B U WA BOR T A D i R A2 B 1
PR [RINHITFE R B, BUR R B B b A Y ¢ SR EEBH A Cu Zn B R F RS, —J7 il fE
S Cu Zn ST G JE 15 YR M AR Y 00 A AR B S E ) DI RE , 68 ol A W0 A R/ IN R A A, B E
IR 53— 5 T AT R S A D 0 45 R 4 M AR AR AR AR S B DT AR R A A K A
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2 R

M ROk - ERUE Y | e Sh YRR AR 2R AR M R Y| A SR T M v S SURT
APARIUA S, 1T ELAN - A W TE SR A 56 AT K B ek R S AR iR A 5 R P IR
ARG (3R 4) , B BUR A5 5T b IR | 0 S0 v 5 R B0 SR A AR DGk i T
B ASURK RS 3 o I SRS 5 R S T P i e C A S B R R KO R R SR
R RGP 8 S Mt R 3 5 R 0 WIS 46 R A — B, RS MER B 5 4 N ALK E %)
FRSE o8 SRS 1 U] 5 el A 0 st B s VI AR O ) IRl O S T LA AR Ay A 0 4 S A 85 I 1) — A A4
b ERFAEDY GRS MBI 5T 2 B, S AR A B E X T v - S S R R i A AR K 25 5 (R AEAR 5
Rl — G2 il R AR R DT 5T 3 A S RME Y R SE I il R ARk 25 N B X AT B S AR 5 TR
FHI) 3 R0 SR YA G ARTFSE IR & B, Y R A S o v JUR A 58 S 1k 5 R 35 5 A 24 Zin
SR E I, X SCAED AR X R XA gE (R I, RS P T A T e R A W A
S, L Rt A ST P B A St k2 LA FETLE T B DRI F A 057 — 7 3 AR A e i 137 485
B EERE NG AY, R T SIEYIR S S HIE R Wl feieh TEEEIH T A m
K FNER kT A PR ) BRI 0, B S S S R T R

25 L TR G FE N R R SRR AR i 3 Fh G RME AR B S P A Wi C R R R S BT
AHXTF MA32 AbEE, MA16 AbFE (T X93% =250:1) REA ot RACH, RERFARSE B 19 T AR &, nIAE g 3%
A R R R B A 1 — ol L A i b B X BURR AT AR A R AR B AR S B R
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