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Effects of land pavement on the structure and function of soil microbial

community under different tree species
YU Weiwei' >, CHEN Yuanyuan', WANG Xuming'' >, WANG Xiaoke' >

1 State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing
100085, China
2 University of Chinese Academy of Sciences, Betjing 100049, China

3 Beijing Urban Ecosystem Research Station, Beijing 100085, China

Abstract; Land pavement is popular during urbanization. It provides convenience to the daily life of citizens and urban
development. However, it can inhibit urban plant growth by altering soil nutrients and microbial communities. Plants can

purify the air as pollutants movers and alleviate the heat island effect by offering shade. Thus, it is vital to provide favorable
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growth conditions for plants. Consequently, it is very important to determine how land pavement affects soil microbial
community structure and function as related to plant growth. In the current study, pervious (P) and impervious (IP)
pavement were studied in reference to the natural surface ( control, C) to determine the response of soil microorganisms
under different types of pavement with pine ( Pinus tabulaeformis) and ash ( Fraxinus chinensis). Topsoil (0—20 c¢m
depth) was analyzed by the well—developed methods of Biolog Ecoplate ( BIOLOG) and phospholipid fatty acid ( PLFA)
) were also

profiles for microbial functional and structural diversity. Microbial biomass carbon (C_ ) and nitrogen (N

mic mic

examined. The results showed the following. (1) Compared to C, P and IP treatments decreased soil C , and N, and
significantly changed soil microbial carbon source utilization patterns and soil microbial community structure by increasing
F/B (fungi/bacteria) , cy/pre ( cyclopropyl fatty acid /monoenoic precursors) , and sat/mono( normal saturated fatty acid/
monounsaturated fatty acid). It is interesting that unlike fungi/bacteria and sat/mono, cy/pre under the IP treatment was
significantly higher than that from the P treatment, with more stress in the former than the later. Moreover, IP treatment
reduced soil microbial utilization of carbohydrates, amino acids, carboxylic acids, amines, and polymers. IP treatment also
significantly decreased microbial community richness and diversity index by 27% and 10% for pine, and 70% and 37% for
ash, respectively. (2) The effects of land pavement on soil microbial community structure and functional diversity differed
with tree species. For pine, soil microbial fungi, arbuscular mycorrhizal fungi (AMF) and F/B were significantly reduced
under P (40%) and TP (39% ), whereas for ash they were significantly decreased by 38% only under P. Additionally,
there were differences in the effects of land pavement on carbohydrates, amino acids, and polymers of soil microorganisms
between pine and ash species. Pavement effects on soil microorganisms adversely affect nutrient cycling, tree habitat, and
ecosystem service of urban green space at a large scale, and the present study provides some advice to the decision-makers

during urban greening and development.

Key Words: pavement ;soil microbial community ; Pinus tabulaeformis ; Fraxinus chinensis
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BIOLOG 73 Hr )7 45 T IR R B b 4 vo 245 SR ) T g

ARG VAL E K HUAN K R 2 BURE A 3R | I B 1 AR M3 D 0 IR I 5 A7 AR5 1% 1) i S T I A
THHA (Pinus tabulaeformis) A% M W& A (1 88 ( Fraxinus chinensis) 1 0—20 em )2 1, R H AT E 787 2
2 W IR WYL (PLFA) &2 BIOLOG K gk - Hrib o T3 Wit RV S5 A AT RE IR A [R] 2 B A 1k
FEXT T IEGA YRV B 5 ) SN [RIAR ol T B fAE  gme 107, Sh Rk A T DA ST Sk A 25 R R D RE AR 55
SR UL ST, A AL SR AU T A B AR AR

1 #MREFE

1.1 e H AL

TR BT I ST B X Tt T SL S N T3 B (40°12'N, 116°08'E) |, J I I 5 A il v 2 XU £k
DO 253 ARSI R K B 550.3 mm, 25 T H B 6—8 H 4y AEWAIR 12.1C, A + | il ib
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Table 1 Physical and chemical characterization of soils in different pavements

R Fh b ER pH R/ (/kg) SR/ (gkg) HHWR/ (g/ke) N

Tree species Treatments Total carbon Total nitrogen Organic carbon

gV EE/SIIES 7.91£0.02a 15.99+0.92a 0.90+0.09ab 8.41+0.40a 17.86+0.79a

Pinus tabulaeformis K 7.74+0.05b 14.06+0.37b 0.76+0.04b 7.45+0.57a 18.53+0.51a
Rk 7.74+0.02b 16.53+0.44a 0.96+0.04a 7.85+0.29a 17.21£0.34a

1 EESiE S 7.74+0.01a 15.80+0.30a 0.94+0.03a 8.51x1.21a 16.81+0.33a

Fraxinus chinensis Bk 7.83+0.03a 15.05£0.03a 0.86+0.01a 8.2220.11a 17.52+0.21a
RifsoK 7.760.05a 15.99+0.91a 0.92+0.11a 8.1120.77a 17.60+1.29a

[R) B AN ] -1 2 A 2R ) 25 57 i 25 (P<0.05)

1.2 BT

I T 2012 4F 4 A 12 HAS, BEEE KR A FEK LA [ R =8 LAb B, DL A SRR R
SR B E AR 0.4 mm/s B K5 5 BT 1R i K i 2%, B B R ILT R 0 fAS I3 7 Gk Bl 15 i T A g AN 35
KL, REAEEALALBE 3 ANFEA, A BRI R BN RN R AR 23 BR 43 5 4T ATEE IR R Y
HJ 1 m, LR FRAREFEE A 20 cmx20 em 7 IERLT, 3088 B AL B9 R/N R 20 emx 10 emx6 em (KX
X ) o HHATMAA R S 1 AFAESE, F 2012 42 4 16 HEEAR .
1.3 TR AR

F20154E9 H 9 HHEA 2.5 em AY H45REE 0—20 em +ZHY HIERES: . BAY DX TR 27 IEHEHLR I 5
STRAE R B BT 0.5 m 247 B B AL b F3R TR0k, IS8 1 5 B B2 AL, AN 355 7K R A6 Ak B /K Ul 2%
BHGSE, B ISR AT 2 mm 055 43 3 6%, — 0 iCEE —80°C VK4S HIF PLFA W , — 3 iU #E 4°C kKA H T
TP ZUR BIOLOG 5 | 8 4% A KT PR MR i il o

1.4 Stk
AR e U R A5 B 78— R AR R Z L Ak  FRIOM (03 5 1 (25¢) , — 1 A TR 75
24 h, 55— AR 100 mL 0.5 mol/L [ K, SO, A< B, 7 FE IR [ 523% 30 min, | Whatman 3840 8 ; 18

W EAT B (R 2T (Elementar, Liqui TOC II, Germany) i7",
T R (C,, ) (N, ) TT5
C,..=Ci—Cy/K 0
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N =Np=Ny/K (2)
Ao, CF N A3l A B 2% R B M S B AV AL 5, Cp AT N 23 501 o R BB 2% T S8R 4R i v i S A AL

BIOLOG il % K JH BIOLOG® -ECO £5FEH5 7% . FREL 10 ¢ i+ A 90 ml JGB NaCl 3 (0.85% ) FE+%
IR _E 7% 30 min, 7685 TAE S HHJCH NaCl 3B (0.85% ) F B3] 107, 8 383 100 wlL JIkEE &K B4
Fh#] BIOLOG AL | o KR BB 3R MO AR 25°CHEIR BSR4 5535 7 d, & 24 h 1E 590 nm 3 K T ik
FEMAIWOEAR . SRR 72 h A9BSR X A R R R FH R T 40 A
RALA AT E (AWCED) A AR .
AWCD = Y (C - R)/n (3)
K, C M BEEANA R FRILFLAICE B A, R X HRFLI G BE(E , n 35 3R IEFLEL, ECO M n {H 0 31,
FiFR 3L 36 B (richness ) T8 E5CF8 00RO IR S50 B, Z24E4E (diversity ) T8 20K H Shannon—Weinner g
B(H") .
H =Y (P, xlogP,) (4)
P,=(C-R)/D, (C-R) (5)
PLFA I B 4 o ¥R TR0 4R, S0 W BB R 2% MR (1:2:0.8, V/V/V) k3% HE 0L, BUE 1
AN, WRT AV A A AE (100—200 H ), DAFFEEPE Y, N, 0T VR, B BEH 2RI (1:1, V/V) B i
JE HERAL 1 mL & AR 19:0 BIIE S BEEI, | GC—MS( Agilent 6850 GC—MS) Ml , fdff FH 41 1 g Wi iR
FRYEFN MIDI W% 51 4% {4 ( MIDI, Inc., Newark, DE) B 52 W AR 35 PN A vk 35 B 72 A ) 455 g 0 g R e Jig 100
PLFA &8 nmol/g F7n, Hd,i14:0.14:0.15:0.16:0,17:0,18:0,14: 1w5c.al5:0.i15:0.il15; Iw6e .
al6:0.i16;0.,16:1w7¢ . 16:1w9¢ . 16:3 wbc ,al7:0,17:0cy.i17:0.al17:1w9¢c .i17:1w9¢c . 10Me 17;1 ,10Me 18.1,
17:1w8c.i18:0 .18 1w5¢ 19 0cy F/RAMET ") ;16:1 w5 18:1 w7c 18:1 w9c 18:2 whe,18:3 whe /5 EL
H#,16:1 w5e FR A H AR ELE (AMF) ,10Me 16:0 . 10Me 17:0,10Me 18:0.10Me 19:0 . 10Me 200 F/n 2k
P B I (F/B) IR BIR TR ALK [ (cy/pre) , (eyl7:0+cy19:0) /(16:1 w7+18:1 w7) ],
MR IR/ B A AR TR [ (sat/mono) , (14:0+15:0+16:0+17:0+18:0+20:0)/(16:1 w9c+16:1 w7c+
16:1 w5c+17:1 w8c+18:1 w9c+18:1 w7c+18:1 w5c+19:1 wllc+ 20:1 w9c) | FE/REREE F 1155 | T4 |
EE  AMF FIZk i & 8 LL M F/B cy/pre . sat/mono HY{H .
1.5 ik
iz FH SPSS 22.0 X R AT G400 . AN IR AE Ak Ak B ] 4 S b W i ik S AL 2 REMETR B T E AR R
KRE 7S 2R I5 R FH #9255 R ] One—Way ANOVA #4710 #4341 . BIOLOG S5k H 72 h - 58504 9 iy i
FEAEH PCA( FLo3 534 ) A TaRIE R FH 27 22 R 0 20 Bt . X PLFA BRI & i 64T PCA 34T, ar B AR )2
RIE AL RN - BEIE M 45 25 5. ] Origin Pro 2016 il &,

2 HREHS

21 HEMAYERA

WA 3 9 G LBV R A i (1) . 5 TR (Control, C) 1L, /K BE L3 ( Pervious
pavement, P) FIANZ /KKK (Impervious pavement, IP) {1 - 3 G AE Wi 1) & 152 43 30l Sk 2 AR 749 F
83% (P<0.05) , P 1 TP i 115 - JE {3l sk 14 5 0 o 1) S 385 AR 72% 1 69% ( P<0.05 ) 5 A - HE AR A iy
RAE P AP F 23 5l ik 2 I 67% F1 80% (P<0.05) , 1t HIERUE Y & A AE P AL IP T 35 88 3 A% 64% (P<
0.05)  HHEMUE MR U AR TR UL 7 20 5 ELSR ARl RTRE b 105 5 H AT
2.2 IERUEYIREE S5

R b e %o - S IR IR A 0 S S (1R 2) o IR T TSR TR , TR K BE AL 3K (P) IR K
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Fig.1 Changes of soil microbial carbon and nitrogen
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Fig.2 Soil microbial group PLFAs contents and ratios

AMF . \F AR BB arbuscular mycorrhizal fungi; F/B: EF/ fungi / bacteria; cy/pre: IR L NG W7 e/ A A 45+ cyclopropyl fatty acid /

monoenoic precursors ; sat/mono — At RSG5 R/ B AN AN 7 B2 normal saturated fatty acid/monounsaturated fatty acid

WAL (IP) T, b F AR M2 ( C) 43901 i 2 FAAIK 39% 11 18% ( P<0.05) , 76 P N HLAE IP F i [ 25% (P<
0.05) . YHAMK T HHEFLT 75 P AIIP T Lk C 2351 i 25 R AR 35% Fil 48% ( P<0.05) , FIBER T HIEHEEP T
H C AL 34% (P<0.05) . IS T LR TE P T H C B3R MK 30% (P<0.05) . JhAAS FH ISR T
+3 AMF 7E P 1 IP FE C 43501 i & FA 409% F11 39% ( P<0.05) 5 38% 11 16% ( P<0.05) , AR T + 3% AMF
TE P R IP S A 26% (P<0.05) , A N3 F/B 76 P FIl IP R HE C 4351 {2 3 A& 22% 1 35% (P<
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0.05) , VHIFA 5 FUBER T IR DY) cy/pre 7E P M IP T 2. b - N

I C BFTHE 23% M1 59% (P<0.05) 5 219% 1 31% ( P< c

0.05) . MW T LIEHEY) cy/pre ZE 1P FHLEEP T g o '{' 1! g
WHETLE 19% (P<0.05), 15 CAILL, IP i L5 5 o} <. , log
sat/mono {35 Ft 5 63% (P<0.05) , P fi (4 1% 13 sat/ = I _}— . ~
mono I FHFEAE 14% (P<0.05) . #IFH 22 5 (xS + ¢ B 11

MR MBI ELE (AMF) B IRELE 13547 B/B cy/ TP
pre Fl sat/mono £ b 35 5E M, A6 FfORN RS AL R B 1) 28 B
YEFI X £ A Y F/B . cy/pre 1 sat/mono A i 3
R under pine and ash with different pavements
FIA AT aE R R IR R R AT, - e fl
YRR S R AR (] 3) o TS S VR S5 A AN R R R T AR B 66.7% (PCL =
47.3%,PC2=19.4%) , [ 85 1 3B E Y RE I8 S5 A PRI 2 00 o i Re T B AR 511 82.8% (PC1 =72.8%,PC2 =
10.0%) o WA T IERA: MR 4548 PC1(F=6,P<0.05) fEd 3 M EEALAL IR B 25 X2 TF , 5 b+ Rk Wi
RS ENSY PCL B M) 2N B RFEAR IR 16:1 wSc . 18:1 w7c¢. 18:1 w9¢ 182 wbc ., 18:3 wbe Hl
L R IENE IR 10Me 16:0,10Me 17:0,10Me 18:0( 3 2) , UM 34 W& 451 PC2(F=10,P<0.05)
RERE 3 AR AL AL B 5 25 DX A3 I 3O RS v 5 PC2 S AH DG S AR TR AR E R IR (R 2)

B3 WEMBEREMEIRS SN
Fig.3 Principal component analysis of PLFA data distinguished

R2 TEREMHSERSBEEXH PLFA B4
Table 2 LFA with high correlation coefficients for PC1 and PC2 in PCA of soil microbial structure

AR Pinus tabulaeformis FU% Fraxinus chinensis
PC1 r PC2 r PC1 r pPC2 r
17:0 0.1860 ** al3:0 0.1964 " 140 iso 0.1744" 18:0 0.1882""
al5.0 0.1878 " 14.1w5c 0.1964 ** 14.0 0.1909 ** 16:1 w7c 0.1675*
15.0 DMA 0.1839 " 15:1 w7c 0.1964 ** 15.0 0.1742" 16:3 woc 0.1683 "
i15:0 0.1890 " al6:0 0.1964 ** 16:0 0.1795 " 17:1 w8c 0.1848 **
il5:1 wbe 0.1881"" al7.0 0.1745* al5.0 0.1911 " 18:1 w7c 0.1849 "
10Me 160 0.1874 ™" 18:0 DMA 0.1763* 15.0 DMA 0.1847 " 10Me 18:1w7¢ 0.1870 "
i16:0 0.1852"" i15:0 0.1950 ** 18:1 w9c 0.1710"
16:1 w5c 0.1962 ** 10Me 16:0 0.1973 " 20:4 wbe 0.1877 "
16:1 w7c 0.1933 " i16:0 0.1944
16:1 w9c 0.1765 * 16:1 w5c 0.1822"*
10Mel7.0 0.1715* 16:1 w7c 0.1722*
cyl7:0 wic 0.1909 ** 16:1 w9c 0.1777"
i17.0 0.1729 " 10Mel7:0 0.1943 **
17:1 w8c¢ 0.1694 * al7:0 0.1855"
10Me 180 0.1739 " cyl7.0 w7c 0.1801 "
18:1 w7c 0.1905 ** i17:0 0.1931 "
10Me 18:1w7c¢ 0.1881*" i17:1 w9c 0.1780 "
18:1 w9c¢ 0.1964 ** 10Me 17:1 w7c 0.1918 **
18:2 wbe 0.1701" 10Me 18:0 0.1798 **
18:3 wobc 0.1881"" 18:1 wSc 0.1774*
cyl9:0 w7c 0.1861 " cyl19:0 w7c¢ 0.1821 7"
20:4 woc 0.1785" 21:1 w3e 0.1924 "
21:1 w3c 0.1870 "

* * P<0.01, * P <0.05

2.3 HIEGCEYIRES EE
BE AL HB R BR ] LS IR D RE (181 4) o AT P 055 b SR A f P 24 LR (0 R A A g K AL ok
o3 A 329% 1 68% (P<0.05) , WM il [E] 7 76 {2 25 25 5, B AR AL b BRI AE A S B AT iR A
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gg g 60
[
e o
= B ]
gé 04 8 Z < %
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Eg» g i Z Z
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Fig.4 Average well color development ( AWCD) at 72h during experiment and the effect of pavements on utilization of main

carbon sources

T A b e %t - L W AR 8 T RE A 5 ) R B X B R A R B (36 3) o TP 35 AR A 38 Bl 2 %ot
BE2E BRI M RAWMHRI , BEIR 58 52% 31% .50% F1 20% ( P<0.05) , 1P fff 115 + 35 A= Yyt
WS SRR FRIRZE BISRURA WA 43 5] ik 2 R4S 56% .62% 85% .80% Fl1 70% (P<0.05) , P fiff [
A Y S R 2R B A B E T 43% (P<0.05) o P RERD T S0 MR TE Sh AR AR TE 25 5, TS 1 4
AR REZS AR R AR R & T I (3R 3) o W RRRIRE fb Ak A 28 B B3 ) 3R
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Table 3 The effect of pavements on utilization of main carbon sources of soil microbial under pine and ash

i b ik w0k ek ey HHLRAY

Tree species Treatments  Carbohydrates  Amino acids a’a:i’;y ¢ Amines Polymers Other mixture

HHE/N A2k C 6.6+1.2a 6.2+0.3a 2.6+0.5a 1.740.2a 3+0.3a 0.4+0.1a

Pinus tabulaeformis BIK P 6.4%1.3a 5.920.3a 2.5+0.3a 1.30.1ab 2.80.1ab 0.720.1a
AN 1P 3.1£0.1b 4.3+0.5b 2.9+0.5a 0.9+0.1b 2.4+0.1b 0.4+0.1a

i Ak C 4.1£0.6a 40.7b 2.8+0.7a 1.8+0.4a 2.3+0.2a 0.3+0.1ab

Fraxinus chinensis BIK P 5.320.8a 5.720.5a 3.9£0.7a 2.00.2a 2.220.3a 0.820.3a
KK 1P 1.8+0.7b 1.520.4c 0.4+0.2b 0.4+0.2b 0.7+0.3b 0.10.1b

W Tree species * ns ns ns

ARFH Treatments . .

W ik B e . e . .

Tree speciesXtreatments

RPN E] PR ERAE 5%KF- L 1SD ZE I 2Z R BE; * P<0.05, % * P <0.01, * % = P <0.001

ERI TR W BE AL MR O T A RIS S ol A W I 0 B — BRI M (181 5) o iR 3R
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Yrmcl5 A B P> F2 B0 i RS 1 S AR R Y 40.6% (PC1
=28.8% ,PC2=11.8%) , {11 + e i3l A= sk YR FH %) 9 L
D FE R RRE T BAZ B Y 50.6% (PC1=31.8%,PC2=
18.8%) o 1M TG W IE A ) PC2(F =18, P<
0.001) gkt 3 ARl Ak Ak 3 I 28 X 53 T, 2 BH Al Ak b 3% 4
T SRR ) BB TR H
Klﬁ7kﬁ§’ftﬂﬁi’%%ﬁﬁi%ﬁiﬁi%ﬁ$%yffiﬁji'é'g -1 _1- : : _-1 -0 -1

FZFEPEFE R 6) o N2 /KA Ak 1 3 £ 31 Fs F1 F Es PC1 (28.8%) PCI(31.8%)
L BREICE ) 0 B O3 )0 % BRI 27% A1 70% (P <0. HS AR R E RS
05) , ANEKREAL & FERMAS A FE £ IBEY Z M Bigs principal component analysis of carbon source utilization
PEFEEL, MR K 10% 1 37% (P<0.05) , WEALALBEFIM  pattern distinguished under pine and ash with different pavements
Pt - e Y & R R R AR AR S BAE A

20 1 4r
a  Fs=35.0%

Fr=20.5%*
Fger =4.8%

AR H

{’-U
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+3
= —
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=

%
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Fig.6 Richness and diversity of soil for different pavements
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T SRR AIR, X T RE T AL M SR 0 T ST AN R BRAR T Ak R T e
ARSI e AR R AR, AT | LB RO i) R S R A R0 T HEA IR L
PR AT OGS TR SRR AR M1 2 3 A T 5 R0 /L, PRI DA AR 22 A R AR 5L T 03 A A, TR, T
AR SR N iR (3) AR T A cy/pre B LU BT . ATREE Hh T8 Tk b R R AT
FHOKA SN IR B AR e A NN B AL T R YRR R K kT
A2 BELAS 18 5 BR8] ) ) R et S 4, AR IR b 38 SR Bl W i ik R AN R B 0 3 P B A= W Vs D e
ZREpET

AT IAS [F) 28 B b 0] LI E PR a5 A AN BERY 2 AN ), R BLAE: (1) 5 AZR &R (C)
FAEE , AN KB SR (1P) T 380 W)V Y AL o R BRI (18] 4) |, IR E RIS (ZRIRE R
M2k Wk REWRIF M RERRR (£ 2) , DIERMUEY DI RE AR 5 AR R F PR (18] 6) | T K £
FEHLER (P) Tk SeFgbn AR kA o 0 AE . ATRE i T K 6 Ak b 3R A R T RK R 38 3 n b 258 & 1, A ) F
KA HEZ R A SRS, B35 T R HEHAL IR L Piotrowska 451 B 5T & BN 2 /K WAL b 26 R + 394
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He e 6 2K LR K fire Tt R A PR 30 5 3% 1 1L 326 /K Ak 3 32 1 {1, Morgenroth 2515 5 i BF 78 th & TS i
IKAEA 2 T AP B A A L K REAL I 3R 22 A TS AL I8/, (2) AR SR T HIERE MR s 1Y
AR AL, T BAR IR X IR 7 A0 B -, 41 sat/mono | cy/ pre HFEDP D 5 A, IP R HEEME YN s
WHTR F/B LUAE B AR, sat/mono [WIH B ETHE P F LR EZ 1L, P M IP T LA Y B IR IR iR cy/pre
WAEHS S T C,IP T RV cy/pre HE S T P sat/mono il cy/pre iX 22 J1 455 — M S 1- 48
WA B LR E Koy FRr UL B a R EE . 5 P AR, IP NRIAJLT- T T8, M Pt Jo ik bl
+, SR YR PR B A L R AN T A W A K AN K R SRR SR
Y2 B 052 R

AR LARE AL 1T A HAA I AR TA] o BT 42 A5 T [RI R b b S Gl A ) RS (] 6 2 s A b
PRI 7 o XoF AR A 7 PR A S U A Al 3R T IR Y PLFA Z5F9 8 32 00 70 Fr (18 3) |, TiliAls PC1 REHE 3 4
R AL AL 3 25 X AT, SRS PCT AR GG PLEA 25 £ FLRFIACZR 7 5 (0% PC2 BEKE 3 AMRE AL Ab 3
W3 X, 5 PC2 BEHHOCHY PLEA Z5A08R 2 20 1A , 28 B A8 Ak tth 26 40728 1 7 ol 0 S8 G024 40 T 110
TG, TS FTE 43 5 R T SR RIS, Polyakova AT Billor AFFE & BAS [ R I8 95 40 A Tl 4 8 9%
Y 5 T IR S R A DD e AE AL B AN W] S5, T A8 H 1 1 b 2 BEL B ) 7 0 i A SRR T R R A W
T A B 1 AT B R 8k, A R B AL 1 TR AMF B4k & F/B {ETE P A1 IP AR
HIEIR, RN C>P, 1P, SRUIOE Ak 1 R (VAR I W ey 1) A A 32 S A% A 1 - S 7 R AMF 7 P
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