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Structural and functional characteristics of soil microbial community in the

Songjiang wetland under different interferences
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College of Geographical Sciences ,Harbin Normal University , Harbin 150025, China

Abstract ; In this study, we systematically analyzed the effect of four kinds of disturbances (agriculture, industry, tourism,
and protection) on the structure and function of soil microbial communities in the Songjiang wetland using phospholipid fatty
acid (PLFA) and BIOLOG micro plate methods. The results showed that the order of the from high to low microbial
utilization of carbon sources was as follows : Binjiang wetland ( protection) >Jinhe Bay wetland ( tourism ) >Baiyupao wetland
(tourism ) >Sun Island wetland ( tourism) >Hulan Estuary wetland ( agriculture ) >Ashi River wetland (industry). The soil
microbes utilized carboxylic acids, carbohydrates, and amino acids at a higher rate than polymers, phenols, and amines in
the Songjiang wetland. Carboxylic acids and carbohydrates were sensitive carbon sources that affected the metabolic function
of microbial communities. The dominant microorganisms in the Songjiang wetland were bacteria accounting for 69.72%—80.
97% of the total microbial PLFA | followed by fungi (9.20%—23.51%) , and Actinomyces (6.77%—9.82% ). The highest
bacterial Shannon diversity index occurred in the Binjiang wetland (2.994) , whereas the lowest was observed in the Ashi

River wetland (2.881). An RDA analysis showed that the microbial community structure in the Ashi River ( industrial
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interference ) and Hulan Estuary (agricultural interference) wetlands had a significantly positive correlation with TN, NO;-
N, and NH;-N (P<0.05); the microbial community structure in the Sun Island wetland ( tourism interference) was
significantly positively correlated with pH, whereas it showed a significant negative correlation with pH in Baiyupao and
Jinhe Bay wetlands, which were also influenced by tourism disturbance; the microbial community structure was mainly

influenced by TC/TN in the Binjiang wetland, which was protected.
Key Words: Songjiang wetland ; microbial community; PLFA; BIOLOG
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Fig.1 The distribution of Research area and sampling points
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Table 1 Analysis of main physical and chemical properties of wetland soil under different interference patterns
B i o WA HEAS i P
Sample sit pH TC/ TN/ NO3-N/ NH;-N/ TP/ TC/TN
ample sites .
: (g/kg) (g/'kg) (mg/kg) (mg/kg) (g/kg) ratio

- 2 g [ {8 3
PR R 6.69+0.32a 16.32+2.35b 2.51+0.32¢ 8.56+1.21¢ 45.31+6.93d 0.18+0.01ab 6.57+0.52a
Hulan Estuary wetland
] - ya] Vg
Nﬁn.{ﬂﬂﬂ 8.17+£0.31¢ 23.39+3.61c 2.36x0.21¢ 8.03+0.62¢ 46.85+2.14d 0.39+0.03¢ 9.96+1.03b
Ashi River wetland
KR CIRELR
j,—Z( TR 6.52+0.25a 9.96+2.17a 0.82+0.03a 4.33+0.21a 24.52+3.27b 0.12+0.02a 12.15+2.31¢
Jinhe Bay wetland

@: =
El. LA 7.53+0.69b 9.82+2.06a 1.26+0.11a 6.27+0.52b 33.09+2.78¢ 0.27+0.07b 7.79+2.18ab
Baiyupao wetland

i
it 8.28+0.14c¢ 14.49+1.74b 1.61+0.06b 5.02+0.31a 15.37+1.52a 0.15+0.04ab 6.02+1.36a
Sun Island wetland
TR
Bl 6.76+0.21a 9.32+1.02a 0.79+0.03a 4.26+0.56a 19.25+5.47a 0.16+0.02ab 11.77£2.08¢

Binjiang wetland
BUE NI E AR e R — 2 R P FoR & L SR TE a=0.05 K _E ik F] 5 % K¥; TC: total carbon; TN ; total nitrogen ; TP ; total

phosphorus ; TC/TN ; the ratio of total carbon to total nitrogen
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analysis , PCA ) FITUAY 43 M7 ( Redundancy analysis , RDA ) 7£ Z 04 1T BT84 Canoco 5.0 W4T,
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Fig.3 The level of different carbon utilization by soil microbial in Songjiang wetland under different interference patterns
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TG E DR T RE 25 AN B3 (A S ikl
JHW BYP {328 8 & BIG 2r 5B i ; ik i T30 0
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PRI 2R BIG AT PC1 MmN PC2 1Y 1E S, 5 HAIB A7 AE B 35 25 5, Horp SR RS Fnop
SR AN VLI Sl A P T AR D e ) R
2.2 FAVTIR M SR MR T G AN 2 R
221  IERUEYIBEIR RIS A S5

ARIFP T 2R FATT IR A 3ERE & i A Y 47 Ff PLFA, 3EBUK T 0.01 nmol/g 119 32 Ff PLFA #4743
Br, HA AR A TA Y PLFA 8 Ff 5 == [CPHPE TR 9 Pl =2 [RIPIPETE 8 T ik i 4 b ELTR 3 A (3R 2) . AL
B P S R E Y PLFA T5H 18: 1w7¢ ., 16:0,18: 1w9¢ ., i17;: 1w9c  cyl9: 0wTc F1 16 1oTc, 4515 Hi A A5 H
PLFA FZEIEARH  HRRZERIA) PLFA S EAF7E N 3 25 5 ki TH00Y TYD F/B S 0.34 iR T4t
B JHW Fef R 0.11; ik %iF T4 A0 BYP G*/G ek 0.98 ik liF T LAY TYD HeAR A4 0.54; ik i T4 BYP —
AR G T R/ B0 AN R I 2 ( Sat/Mon ) fie s Ry 0.52 H I 255 T HA IR H ( P<0.05) .

B4 FAEFHAX TRIDES T EBEMBREAN AN ERS
S
Fig.4 PCA of carbon utilization by soil microbial in Songjiang

wetland under different interference patterns
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Table 2 The type and content of soil microbial PLFA in Songjiang wetland under different interference patterns

PLFA E¥kRic

PLFA biomarkers HLH ASH JHW BYP TYD BJG
4P Bacteria 140 0.37+0.01b 0.58+0.05¢ 0.28+0.08a 0.23+0.04a 0.70+0.11d 0.72+0.02d
15:0 0.30+0.02b 0.45+0.03¢ 0.19+0.04a 0.19+0.02a 0.53+0.08d 0.55+0.12d
16:0 5.00+0.24b 7.01+0.49bc 3.42+0.17a 3.09+0.25a 7.78+0.22¢ 8.18+0.27¢
17:0 0.29+0.02¢ 0.30+0.08¢ 0.17+0.04b 0.11£0.01a 0.37+0.08d 0.27+0.04¢
18:0 0.81+0.03b 1.13+0.06¢ 0.72+0.06b 0.50+0.04a 1.05+0.12bc 1.19+0.09¢
20:4wb¢ 0.37+£0.02b 0.25+0.03a 0.23+0.01a 0.29+0.04ab 0.40+0.05b 0.29+0.03ab
20:0 0.52+0.07b 0.62+0.05¢ 0.44+0.02a 0.47£0.03a 0.63+0.05¢ 0.63+0.02¢
22:0 0.47+0.04ab 0.53+0.03b 0.41+0.02a 0.37+0.02a 0.97+0.07c 0.90+0.05¢
22 [P i14:0 0.19+0.04b 0.33+0.06¢ 0.17+0.02b 0.11+0.01a 0.24+0.03bc 0.34+0.05¢
G* bacteria i15:0 2.79+0.18b 5.28+0.34d 2.45+0.14ab 2.04+0.13a 4.27+0.11c¢ 5.36+0.24d
al5:0 1.77+0.09b 2.75+0.16¢ 2.33+0.11bc 1.09+0.04a 1.51+0.05b 2.37+0.12bc
i16:0 0.99+0.06b 2.01+0.11d 1.10+0.05b 0.74+0.04a 1.30+0.07be 1.57+0.05¢
al6:0 0.12+0.03b 0.23+0.05¢ 0.11+0.02a 0.10+0.01a 0.16+0.03b 0.16+0.04b
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PLFA AE¥Ytrid
PLFA biomarkers

HLH ASH JHW BYP TYD BJG

il7:109¢ 4.44+0.25b 4.58+0.14c 4.17+0.08a 4.27+0.14ab 4.26+0.13ab 4.65+0.17c

il17:0 0.57+0.12b 1.04+0.04d 0.60+0.03b 0.37+0.01a 0.82+0.04c 0.86+0.05¢
al7.0 0.78+0.08b 1.00+0.05¢ 0.74+0.05b 0.36+0.01a 0.71£0.07b 0.87+0.03bc

i18:0 0.27+0.03a 0.62+0.04b 0.21+0.03a 0.23+0.01a 0.69+0.12b 0.75+0.09b

B2 RHIMEE 16:1w9¢ 0.71+0.04c 0.95+0.07d 0.53+0.02b 0.37+0.01a 0.81+0.07¢ 0.98+0.03d
G bacteria 16:1w7c 3.30+0.22b 5.11£0.14¢ 2.53+0.12a 2.26+0.09a 5.03+£0.25¢ 6.06+0.35d
16:1w5c 1.69+0.05¢ 1.88+0.13d 1.11+0.04b 0.79+0.07a 1.19+0.04b 1.94+0.09d

17:1w8¢ 0.28+0.03ab 0.40+0.02b 0.25+0.03a 0.21+0.01a 0.51+0.05¢ 0.49+0.03¢

cyl7:0w7¢ 1.36+0.08b 2.95+0.18d 1.35+0.14b 0.64+0.04a 3.07+0.11d 2.49+0.19¢

18:1w7c 5.60+0.21b 7.19+0.64bc 5.21+0.32b 2.37+0.13a 8.52+0.27¢ 7.81£0.35¢

18:1w5c 0.90+0.12¢ 0.92+0.08¢ 0.32+0.01a 0.34+0.02a 0.73+0.05b 0.92+0.09¢

cyl9:0w7¢ 3.16+£0.23b 3.35+0.17b 2.76+0.11a 2.58+0.13a 6.22+0.44¢ 7.52+0.37¢

T 10Mel6:0 2.30+0.19b 4.59+0.14d 2.42+0.08b 1.72+0.15a 3.93+0.22¢ 3.77+0.31¢
Actinomycete 10Mel7:0 0.25+0.03a 0.61+0.11¢ 0.36+0.08b 0.21+0.01a 0.46+0.02bc 0.33+0.03b
10Mel8:0 0.73+0.09b 0.99+0.14¢ 0.78+0.05bc 0.35+0.01a 0.42+0.03a 0.86+0.06bc

10Me20:0 0.41+0.04b 0.35+0.06ab 0.32+0.01a 0.35+0.02ab 0.33+0.04a 0.33+£0.03a

P Fungi 18:2w6¢ 2.38+0.12b 5.25+0.28¢ 0.85+0.12a 2.56+0.14b 8.04+0.23d 4.23+0.18¢
18:1w9c¢ 4.57+0.20b 6.75+0.32¢ 2.57+0.14a 3.00+0.15ab 9.30+0.31d 8.20+0.25¢d

20:1w9c¢ 0.15+0.02b 0.18+0.03b 0.07£0.01a 0.16+0.01b 0.24+0.04c 0.23+0.03¢

HE/ AN F/B 0.19+0.01b 0.24+0.04b 0.11+0.01a 0.24+0.03b 0.34+0.05¢ 0.22+0.03b
E}Z;T%Eﬁ/ii[& 0.70+0.06b 0.78+0.04b 0.85+0.09bc 0.98+0.12¢ 0.54+0.02a 0.60+0.04ab
%?é;%g;gigig@:jﬁ 0.45+0.03a 0.45+0.02a 0.45+0.03a 0.52+0.05b 0.46+0.01a 0.47+0.07a

BUE NI bR U2 W — P AR F R R R AL B LB «=0.05 KF EEB 8 F K i B E, isopropyl; a: )X 57 3, anti
isopropyl ; Me: F 3 43 32 I8 i 2 , methyl branched fatty acids; cy: 35 P4 3, cyclopropyl; w: i JIi & Ui, fatty acid side; c: M3 %5 [ # B, cis space
configuration ; t ; I z055 [B]F45 | Trans space configuration; TYD ; A FH % {3t , Sun Island wetland ; JHW ; 4 [ VS 7 Hb | Jinhe Bay wetland ; BJG ; VT b
Binjiang wetland ; HLH ; - 22 3] [ {21l , Hulan Estuary wetland ; ASH ; B f1-Ji 32 4th , Ashi River wetland; BYP . [1 401 ¥4 3, Baiyupao wetland

ANFTFHET 3 FATLIR HAS [ 2 3 Wil A B 17 T 7 e E A B 0 25 5 40 b - 3 B (5 G AN
G*) TriEfe i, bi & PLFA 19 69.72%—80.97% , .3 & T E 18 (9.20%—23.51% ) AL T (6.77%—9.82%) ,
X0 A A0 PR PA VLI L U E M) R (18 5) . RIP2EBUA) BJG &L PLFA BPLFA Il G"PLFA & fitdx
1=, 5390k 65.48 .58.77 nmol/g F1 28.44 nmol/g, MHRIF T4 BYP % f A%, 4371 4 28.26,24.30 nmol/g I
9.59 nmol/g; Tl T4EM ASH G'PLFA 5 & H 19.36 nmol/g, e i T4 A BYP & S A% 4 9.95 nmol/g;
JiRIETHEA TYD FPLFA fei=ih 17.89 nmol/g, it 2 5 T HAMMEHE ( P<0.05) ; Tl T4EHY ASH APLFA (=8
6.54 nmol/g, 5 HAMIR HIAFAE il % 25 57 (P<0.05) .
222 ZHAERREUIT

Shannon %%, Simpson 8%UH McIntosh F8ECR VPN A W REIE A6 1R 08 4845 , Rt R AR b + 1 v
A YIRS S5 A I Z e AR RIS EE . G5 RR0 /AP 2RA Y BIG I WiV B Jc ey 1 26k
TEE0(2.994) S5 REFEEL(19.464) FIEARMICHBEFE£(0.037) ; Tl THLHY ASH Z2FEMEHE $m Ik (2.881) ,
AL e Hh 2 (0.069) H.-5 HAl I Ml 7] 2% 53 1 3 (P<0.05) . 4v T4 Y HLH $45) B8 BURAK, M 9.068
(%£3),
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Fig.5 Total content of soil microbial PLFA in Songjiang wetland under different interference patterns
BPLFA : 4ilf PLFA( % G~ f11 G*) ,bacterial PLFA (include G~ and G*) ; G"PLFA . #: 22 [T # PLFA , Gram-negative bacterial PLFA ; G* PLFA ;
2% G PHE T PLFA, Gram-positive bacterial PLFA ; FPLFA ; Bl PLFA , fungal PLFA; APLFA .2k PLFA , Actinomycete PLFA

F3 FAEFHAXTRILIREM T BEEMEE SR

Table 3 Soil microbial community diversity index in Songjiang wetland under different interference patterns

O b )
g/fi rf,H:H?& HLH ASH JHW BYP TYD BJG
Diversity index
ST

i @*ﬂﬁ 2.916+0.015ab 2.881+0.022a 2.978+0.015bc 2.934+0.034b 2.946+0.016b 2.994+0.028¢
Shannon index

I
{tﬁg*ﬂﬁ 0.046+0.001ab 0.069+0.002¢ 0.041+0.001a 0.040+0.003a 0.053+0.001b 0.037+0.001a
Simpson index

NAIRETE %
HII R 9.068+0.334a 10.153+0.985a 16.750+0.349bc 17.484+0.328bc  14.008+0.474b 19.464+0.349¢

MeclIntosh index

B R P b7 e 22 5 [ — A7 AR R F RN R 2 T B I AE 0 =0.05 7K LIk 3] 8 3EKF

2.2.3 YRR SE R 5 IREE R T AR G A B

XFANTR P77 30 PA VLI SR A Py A B 105 R 2R 47 25 B 34X 7 43 BT ( DCA ), 45 3] e 8 B B3 /)
F 3.0(lengths of gradient=0.557) , Z&PERBIRURFAERE A B S | IR VT i il A 0 AE 7 235 4 5 A58 PR 7] 1) A+ G
PEE A HITUAR AT (RDA) . RDA Z3Hras W, 45 1 SRS 2 7 3 Bk W e V5 S5 /0 A8 S 1Y) 85.3% Nl
71%(E 6), TALTHA ASH Ffll T3 A9 HLH Sl YRR S /A 45 =401, 5 TN \NO;-N 1 NH;-N
5 IEADE (P<0.05) , Ui A X S BEAL 7S 52 ) Tl T4 Aol T3 F - Sk W e 7% 245 40 0 S A 3R B
. ikl THER TYD A RHE A A IR, 5 pH 2 18 2 1EAH G kil T4 BYP F1 JHW fUE)
IR AR AARL, & i T 2, 5 pH 2 B A, (RN BIG A W #E I 45 14 5 A 1

SRR BB T — 4R, 5 TC/TN 5 i 35 1A 56, {H 32 A PREE R T sE i #5878

3 iFig

NS P ) T Bh o A Y A 2 AR G IR S5 i e Y T IR B g RS R
PR A B IR A E 7, o] ITRAE R A ) 4007 20 N IR 3 e DB AR K S i 22 5720 AR
SRR AR E TP AN VLR 3 MR AR USRI A7 e 25 5, Hoh PR 92 A0 ) BIG 36D
I FH B — B Y 1% B T oty , AT I A v, 0 P 10 Y M A S A 58 R i A AR S5 B AR T R SR
T Tl TS ASH AWCD (A, 360 Mt ACIHE ) e 55 , X T BE h TiZ I8 st mi A3 X A Tl X, 52
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SRS EBE, B ASH 5 BIG #RE A BRI A PLFA
Frim BB YR PLFA S AE R E2ZER
(2 2) NG YRS DhRe BRI A2 4 . Tl
THCIRFA AR P Bt/ ] ) IS 0 = 8 A
B g e miREAR T E D A DIBE . XF 6 ZEmRIE A
FIRAATEE R BN FAV TR M+ R R IR AR LR
MRS WSR2 MR IS il ol 3 X 2 R (B2
JHE T 51 1) FH SRR AT R TR 2 FIARE SIS A 1 - 458 -1.0
I R 23 ) 5 ) BRI 10 s 18539 10

F T3 (PCA ) S — R B e 4k 1) J5 1 B8
B BV S A [ T3 77 20 TS YT S b Bk E6 AEFHARTHLIEM T IEMEYBFHEEMSRERTF
RS RRER G4 2 RAMURSL, SMpigsgem . DR ,

Fig.6 RDA analysis of soil bacterial community structure and

A TP (HLH) Tl T8 (ASH) RUR SR FIE(TYD) L ental factors in Songjiang wetland under different
A LSRR I RE 22 AN B3 X IR AUBL  interference patterns
R RE S 3 M Hb 7 T A8 A VL b i T Be A Oy T3
SRR, SRS G A 35 S R R S, R T G R R IR R O SR AR A A
VL AU ST 45 R R B A e AR IE S A DL & G R B U], BRIy AR TRIH -3 i
YA Dy e 22 AN, LR AT R < D REIUAR " R A e, BV W] — v vh i B se Wy Fh 7 A= S DR AT — e R EE Y
HE, KA1 PLFA AF5EE5 SRR AN F 3007 B8 B 5k 9K 20 15 b - S35 A W B 7 235 4 2 1 A e K AR Ak
S AR YRR AR R (R 2) o B, FER — T AT M s A A s 6 R AR T e
JIr 2R B A R R IR — B, X T TR S B0 M 3 R MR T L AR R & AR AR R (E i T
RERYTUAE AR AR B2 S 0 BRI I BE T e AR . 1 b Bl A W eV 2 R X D S T 2 A A2 Al 1 5 i
FAR DI RE B A AUR X — 25181 5 Berga S5V LRSS AOBFIE 45 A — 5, B8R JTHW Rl BYP [A)FE
SHRIETYLABTF A I TRIAHXT TYD e, BFE T IX BT, 52 N 2 i 1 HI0 i B RN A8 AR 0 553 , DRI 6 30 Ky 74
b [ G IR A DI REAR LA S TYD 2255018 . PRI ERIRY BIG =2 A TR, 5 AR 3 A= 1
BT RER IR 2257 iRUF TP JHW I RUEYRER AWCD B, (HH A PLFA & AR, +
e BT S P 2R BIG 25 K, 3X AT RS AR I T ok RSN Wy Anis L), B 35
Wi 12 160 3 A MR 454, T SR AR T RE AN - 3 PR A B AN AR IR B AR AL R B B B i e . A
WFFE S5 A — 2D UE W] L SR W Vi 35 A6 P LA Sy DR 05 AR e 00T 7S 4l i 10t A 285 B 55 £ BRER 1 B
BAEYFEPR, T BIOLOG fCF AR R HA — 8 JR B4, 31 PR IR I AN g 4B fe i 3 SR 4514 LA
PR A S 2R IR EREE . DR, ABFSE3E L BIOLOG WP AR PLEA BORARSE &, DU EE S 4 Ti TR A BB
R P 7 SOV b - SR W s

TEMRHBAE S R G, ML WA S5 A0 R 22 B A2 00 b A ) K SO -+ B S 2 R R 3 10 28 BB
AHIGE IS VLG P 8- S U ) B RN R B PLFA B 2K T A0 |, U6 IR K i PR B /0 T 3 rp s
il SR i, S BB AL A AR A SZ B R T AR HAE S Y S i A LB . — AR IR T R ( Sat)
FEASE AR FIAE PR (Mon ) J& PLFA ) T 2H R A , Carrasco 43450l Sat/Mon H/NF 1, MR IIZ X
B R A BILJSE B i AR DRSS EPE T FRATTO A TP 5 S E F2 9 o () i A i 3 K R B - A L
Jo B A, R TR M Sat/ Mon (/NS5 G 4B X R85 s AR)ad 1o A A7 BE 58 G il
AR T DAFRAE 20 P RV 22 8 9 030 O FR BE AT G /G EY/INT 1, R A S R e fae 2,2
B —ER EIRIEE

Axis 2 (7.1%)
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10 A E = 38 G

RDA /g R s, Tl THe ASH Figel T4 i HLH 3850 Y& 4549 5 TN NH-N Fl NO;-N
T W IE ARG R A F 5 | 1 b - U W R E R 45 8 S i OGS IR I -, B T ASH SR IR IX H
BT Tl I, Tl R /K 2595 Y HEROR X485 22 | Tt HLH BRI AR TR P2 A R 98 15 /K TR AR 25 AL B 75
P2 RN BT A B 2 IR IR AR S A (R 1), 3K U N T SRR A B A Ak
M RN R, EERSE S AR A T R W, R W A K R R 2 A RO O BR i, 388 R A AL
PR, AR D TE R Bt T pH S HIERE AR R TS Z MR EA X, R
TR B A RSN T AR 25 R pH (AL . ©AWRIT I, B g AR i T H0 3 5 (9 34 o, + 358
pH (B KA ARG TYD A2 16 sl TP BE fe K, 6 AN TYD A9 pH i fie i b 8.28, 13
HAEYIRER A5 5 pH S TEAHDC, TYD AT AR IR Ui 2 IR 9 350 ol Y b A7 0 0 S IR , R 9 9 04
MR DA S A AL R RRATR SR S BE S | (R A 5t s 15 4 Pl 1 A TR R v BRI K U0 A6 Bl SR R
VEAR AT IR 1 18 pH (B3 5, e B E W BEVE 25 A 0 B O P T THW R BY P [R)RE A2 il Vi
ST, (H 4 pH (EAI XA, e MRS S5 AR L LS pH &L B ARG, 5 Feng %5 A Jiang 5" (O HF
FEARA 3, X ATRER T 2 BT A B TR1 e, N A i e TP AR BE AR X AR, 224 R AR IR Y 2 el
PESIT , K B R R R ORI | 630 LA B e 3 s 3 S ANIR ) o A5 1S pH (R R, 358 pH B4R
AN P T R T S O PR AR ) B A AR Rt — A5 T R 22 R T S A Y] 4 1 L
AR X FA VT M A 25 PRI 14 5% i 355 7 5 AL 1

4 ZHie

AT T =R AR A T S I T RE S A Y PLFA BIfEE 2257 . HMAY
B DR AN HIRE ) 2B - I VIR (PR ) > GBI (iR IF ) > P AR b (iR I% ) > K FH B 38 4 (i i ) >0 22
] X8 (Al ) > BT A-R A (Toll) o AR R 30 e R i U R IR 2, LR B e A S i 2, Hoh R
R AR A T35 3 M VIR A E W T BE Z REvE R B S vk i B . (R8I BIG A&
PLFA .BPLFA il G"PLFA & f5 b 2 /5 T AR, el Tl AR e TP el 28 T - e b ey 4l s Fn 2544
AR T MUE Y E Y R IR, FEGR A S R G EER 2, RDA IR T AR TP U
FATLIG b G- R 0 0T - S Ab A o A Ak ry e 2 A7 0, G P U3 RN pHL 2 52 e Y b, - Sl A W R i 2 i G
RS T,
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