WSS 2021, 45 (3): 00-00 DOI: 10.17521/cjpe.2020.0217
Chinese Journal of Plant Ecology http://www.plant-ecology.com

1= U BR ST B X B I 78 5 2= XU SR PR MR E IR I
HEF % L A RV HARZ N

W' HRERY BEX? IEsY ek 2 o7 keER' f om"
Urp RSB AR A, TN 510650; 2 ERFERE RS, bR 100049

M E BEREYRAES ARG E RS, JCHIRAE IR, TR U RO N LA AR S RS,
IR IR HIARE S SOG4 DL K 3 TR J S A 2 A P A I OC 9 S B o A U T 350080 L g I Al 2 XL 4 ]
K05 R B SMRANIRYT R L8601 &, RIT T HIRGUEVIREE ST HIRRRAL AN, 45 5RRI, MRUTFF A B 25 F i+
HEpH (RUINREIERIL) . IR B AE D AE DD BERR (C) & B AN K, (H B3 T H IR RUE Y A E RN FIBE(P) )5 &, T2
RJZTIR0-10 co) AN ECPHINP R 2§ v, R U] IR AT REINA 1 G ZEIPIR i T IMRALIE 35 25 1 3%
VIR SR, SBURERZ 21020 em) B AR RN, BE—P TR, HIRpHA 3 AP R R R
YR BN BRI AR .

KA LR BUEMCETHE, RO A BERR

BSEAN, BRIEIDY, BRSO, FhERS, ZM@ls, 27, sRAEsR, SR (2021). B ERYTRENT B 7 Hy 28 XU H S A AR L S AR M v A5 M R IR . A
YA AR, 45, 00-00. DOL: 10.17521/cjpe.2020.0217

Effects of long-term simulated acid rain on soil microbial community structure in a monsoon
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Abstract

Aims  Soil microorganisms are an important component of terrestrial ecosystems and play a critical role in regu-
lating multiple ecological processes such as nutrient acquisition, carbon cycle, and soil formation, especially in the
tropical forests where soils are highly weathered with poor nutrients. The objective of this study was to examine
the response of soil microbial community under long-term simulated acid rain (SAR) and investigate the most
important factors influencing microbial community structure.

Methods Based on a long-term (10-year) field SAR experiment, we investigate the response of soil microbial
community structure to soil acidification in the south subtropical monsoon evergreen broad-leaved forest of
Dinghushan National Nature Reserve. Four levels of SAR treatments were set by adding the following amount of
H"™: 0 (CK), 9.6, 32 and 96 mol-hm *-a".

Important findings 1) The SAR treatment significantly reduced the pH value of soil (i.e., increased soil acidifi-
cation). 2) Soil acidification did not significantly influence microbial carbon (C) content, but changed microbial
nitrogen (N) and phosphorus (P) contents, leading to significant increases in microbial C:P and N:P in topsoil
(0—10 cm). This result indicated that soil acidification might aggravate microbial P limitation. 3) Soil acidification
also altered the microbial community structure and significantly increased the fungal/bacterial ratio in the subsoil
(10-20 cm). Further analysis showed that soil pH and available P content were the most important factors affect-
ing the soil microbial communities under the SAR treatment.
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b X B R A BRI R I O (TR T RS, 2010), BN
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(Liu et al., 2013; Qiao et al., 2015), SUtFEN, FRE
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Jiang et al., 2018; A F(5E, 2019). SO, FINOEE
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TR IS, K AN T TR A M 3 - 38 1) TR A (R AR 2%,
1990; Zhu et al., 2016; Jiang et al., 2018). TIEfAL
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(van der Heijden et al., 2008), H HAEN&Fh 335t
FEMEES 5%, MMUEGEREY L= JI R L2
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Liptzin, 2007). WAk, BT A EIRAE DI BERS IR AR
R IE N PEAETE 22 57, Bl LEEER B 181k,
SR R AR I B R (Kang et al., 2018). £H
R, AR SRR T MAED A SR ZE R
(Guo et al., 2019), FAEIEAR KFEE b i I v s 3
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B FE IR 1. BN, FH T
S PRI AT 6 R 0 22 70, 7 B 22 U AT DA ARAIE
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Wang et al., 2019).

- B pH R 5 ) - A A A T R B VR S5 R T
= Z K & (Hogberg et al., 2007). FR N I 3 E 2 st
Jor ] 8 (U R A, LA R R i) E 3 r () R A IR A A B 4
O g TR B AR RS S AN TR A (W et al.,
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28, 18 2 AEY £V B ik A & & (Kaiser et al.,
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Tablel Identifier of phospholipid fatty acids
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il W WLYNE Common bacteria
Bacteria

2L BHME B Gram-positive bacteria
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WL GBPER Gram-negative bacteria
FHE % WL Common fungi

Fungi sy e e . .
unet M AR E B Arbuscular mycorrhizal fungi

12:0, 14:0, 15:0, 17:0, 20:0

16:0, 18:0, 16:0 20H, a13:0, al5:0, a17:0, i13:0, i14:0, i15:0, i116:0
10Me 16:0, 10Me 17:0, 10Me18:0, i17:0

14:1w5c, 16:1w7c, 18:1w7¢, 18:1w9c, cy17:0, 10Mel7:1w7c

18:1 w9c, 18:2wbc, 18:3 w3c

16:1w5¢

FR2 BLAUNRR YA T I AT 2 SR 5 R b - 33 LA A T ) S

Table2 Soil properties in the four simulated acid rain treatments in a monsoon evergreen broad-leaved forest in southern China

Tz Ak P T 3EpH FOKEE S APURE R ASRGE MARTE QESE AHERTE REEEE R
Soil layer (cm) Treatment Soil pH SWMC (%) SOC conltent NH4c0nt?nt NO; conulant TN contlent AP contelnt TP contﬁmt TC:TN
(g'kg ™) (mg'kg')  (mgkg) (g'kg) (mg-kg ) (g'kg)

0-10 CK 4.18"(0.03) 43.76"(1.20) 35.25(1.22) 1.36(0.16) 15.85"(1.02) 2.37(0.01) 1.68"(0.12) 0.24°(0.01) 14.93" (0.25)
Tl 4.05° (0.03) 41.68"(1.14) 37.71 (2.60) 1.16(0.25) 10.94™ (0.90) 2.66 (0.13) 1.47™(0.15) 0.19°(0.01) 14.11° (0.40)
T2 3.89°(0.06) 35.42°(1.15) 40.43(3.90) 1.68(0.24) 9.82°(1.12) 2.50(0.19) 0.95°(0.16) 0.19°(0.01) 16.00 (0.42)
T3 3.90°(0.03) 37.34°(2.17) 41.26 (2.32) 1.94(0.30) 12.55" (1.94) 2.44(0.14) 120" (0.07) 0.16°(0.01) 16.94°(0.23)

10-20 CK 4.22°(0.01) 36.31°(0.85) 25.36(0.93) 1.18(0.14) 8.85(0.61) 1.68(0.06) 0.69 (0.05) 0.19°(0.01) 15.13°(0.31)
T1 4.14°(0.03) 36.197(0.89) 24.60 (1.98) 0.75(0.09) 6.57(0.66) 1.76 (0.11) 0.79 (0.12)  0.15"(0.01) 13.95" (0.36)
T2 3.98°(0.04) 31.06°(0.68) 26.64 (2.13) 1.58 (0.41) 6.87(0.77) 1.83(0.14) 0.47(0.11)  0.16°(0.01) 14.57° (0.44)
T3 4.03°(0.02) 3226 (1.25) 28.66(1.67) 1.56(0.30) 7.31(0.87) 1.74(0.11) 0.72(0.08) 0.13°(0.01) 16.60° (0.47)

F B TG FRiE ). CK, XFR, pH=4.5; T1, pH =4.0; T2, pH =3.5; T3, pH = 3.0. AF/NE FEE R AR L2 AR A3 T 2 57 5.2 (p < 0.05).
Data are mean (SE). CK, control, pH = 4.5; T1, pH = 4.0; T2, pH = 3.5; T3, pH = 3.0. AP, soil available phosphorus; SOC, soil organic carbon; SWVC, soil water
content; TC, soil total carbon; TN, soil total nitrogen; TP, soil total phosphorus. Different lowercase letters indicate significant difference between treatments in

the same soil layer (p < 0.05).
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(430.90 + 23.49), (363.37 + 29.35)F1(374.42 + 29.35)
mgkg ' (B1). 7£0-10 cm T2, MBPE & EE T
e, MIMBN& &M I T AR ZER T &S, 78
1020 cmt )2 FMBNAIMBP & &SRB T 8%
FISEIEIN S N R . BT R b
THAERFALFE AR R 2 . 7E0-10 ecm*t 2 HH A
AEYECPLL NP E IR T E . 7
1020 cm*t 2 HIEFUEYAEYEC NN TR
(ERp=R R
23 TERWEMEEARKREEN

3 rp PR A A RS AN SR A

WIAEN =F BE S B IR A I R B SA, (R
3, Hrh B AN R TS T R
HaF(F3). 1AL, 7E0-10 emt 338 b 2T R0 AR
FE A F:B)bEE HIRR UK, (N AEpH =
3.SHALER A R AN, M AE10-20 cmtI3E A F:BE
BRI B, HAEARRAE S R T B
HehnfE TR, FBRIFEEPH = 3510
AR B A BI)5E B RAE(E3). HEATPCA (B2) KL, 7
0-10 cmtJZ Hp Ab 1] - 33 R0 AR W v 465+ 230
B2 R (p < 0.05), M10-20 et E M REs
S ZE R IR E (p=0.818),
24 TIEBUM RS TIEREDRRSEEIRN X R
BT 1 LA A0 N RD AR o R B,
7E0-10 emtZF(EI3A), B+ SEMAS R
FTNE &L R T IECNAE, HoAh g i3 5
TP A R 35 AH D (p < 0.05), BT L3
R T TR E R S5 AR 1 40.8% . —E
Tl o A S AAORE T 22 1 L A5 946.8%, SpH. SOC.

438 Treatment ns kb8 Treatment p < 0.01 A3 Treatment p < 0.1
600rA 2 soil layer p < 0.001 150 + 1 Soil layer;< 0.001 Orc 1 soil layer p < 0.001
500 AbFx 1R LbEx 4B fbFx 4 2R
i Treatment x Soil layer ns Treatment x Soil layer ns 40 + Treatment x Soil layer p < 0.001
~ ~ a _/T-\ a 2
@400—-]- 5100 a+a %230_ _[_ab
: 80
300 E a & b
O Z ab ab o a
b 20 b
2 200} S sof s b T[] ab
100 - 10r
0 0 0
12 - D AbFE Treatment p < 0.01 60 - E AbFH Treatment p < 0.1 12 - At Treatment p < 0.1
+JZ Soil layer ns + 2 Soil layer p < 0.001 +JZ Soil layer p < 0.001
Sbx £ 2 50 - Abpx 2 G =
9+ Teatment X Soil layer p < 0.05 Treatment x Soil layer ns 9+ Treatment x Soil layer ns
z g a 40 &
a a
g ab E ? E a
Q6 3, a b O 30 Z 6r a
/M a b m a m
= g > a p a a
20 - ab
3t bbb 3f bl
10 -
0 0 0
0-10 1020 0-10 1020 0-10 10-20

+JZ Soil layer
OCK OTl mT2 = T3

Bl BRI HREEY A ER(MBC). A (MBN)AIBE(MBP) & & L& AL 2 1 B LR S (T (AR HE %) o
CK, X, pH=4.5; T1, pH = 4.0; T2, pH = 3.5; T3, pH = 3.0, AF/NEFRERRMF - EA R T 257 53 (p < 0.05); nsk

INANFAE 3 2 57 (p > 0.05).

Fig. 1 Effects of simulated acid rain treatments on soil microbial biomass carbon (MBC), nitrogen (MBN), phosphorus (MBP) con-
tent and microbial stoichiometric ratio (mean + SE). CK, control, pH = 4.5; T1, pH = 4.0; T2, pH = 3.5; T3, pH = 3.0. Different low-
ercase letters indicate significant difference between treatments in the same soil layer (p < 0.05); ns indicates no significant difference

(p>0.05).
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3 AR IR 1 S P AL 8 B LR AN R DR A R o = JEE R T

Table3 Effects of simulated acid rain treatments on the relative abundance of different microbial taxa

T2 AbE S8y gl FER EEES e FH MERIR e 2K
Soil layer (cm) ~ Treatment Total B BRI FA 1 A F H F:B e R
G+ G- AMF G+:G—
0-10 CK 34.07 (1.70) 29.74 (1.51) 24.29 (1.25) 4.15(0.24) 6.52(0.35) 4.33(0.19) 1.05(0.07) 0.15° (0.01) 5.89(0.18)
I 3625 (1.76) 31.55(1.57) 25.83 (1.31) 4.15(0.19) 6.76(0.34) 4.69(023) 0.97(0.06) 0.15°(0.01) 621 (0.13)
™ 31.54(1.78) 2676 (1.47) 21.87 (1.28) 3.60 (0.19) 5.68(0.30) 4.77(0.32) 0.89(0.06) 0.18%(0.01) 6.14(0.32)
T3 31.90 (2.70) 27.70 (2.31) 22.43 (1.87) 3.87(037) 5.95(0.49) 420(0.40) 0.83(0.07) 0.15°(0.01) 5.92(0.29)
10-20 CK 2072 (1.58) 1845 (1.37) 14.86 (1.14) 2.79 (0.18) 429 (031) 2.27°(0.21) 0.51°(0.05) 0.12°(0.01) 5.30 (0.13)
T1 2638 (1.72) 23.09 (1.50) 18.53 (1.23) 3.46(0.21) 5.03 (0.30) 3.29™ (0.25) 0.60° (0.05) 0.14°(0.01) 537 (0.26)
T2 26.73 (1.29) 22.84 (1.07) 18.64 (0.90) 3.10(0.21) 4.98 (0.24) 3.90* (0.25) 0.69*(0.03) 0.17*(0.01) 6.16 (0.35)
T3 22.86 (1.74) 19.94 (1.52) 15.91(1.23) 3.02(0.23) 4.29(0.32) 2.92% (0.25) 0.54%® (0.05) 0.15° (0.01) 5.30(0.21)

F B TG FRE ). CK, XFR, pH =4.5; T1, pH =4.0; T2, pH =3.5; T3, pH = 3.0, ANF/NE FEE R L2 AR A3 T 2 57 5.2 (p < 0.05).

Data are mean (SE). CK, control, pH = 4.5; T1, pH = 4.0; T2, pH = 3.5; T3, pH = 3.0. A, actinomycetes; AMF, arbuscular mycorrhizal fungi; B, bacteria; F,
fungi; G+, gram-positive bacteria; G—, gram-negative bacteria. Different lowercase letters indicate significant difference between treatments in the same soil
layer (p < 0.05).
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Fig. 2 Principal component analysis (PCA) of soil microbial community structure in soil layers 0-10 (A) and 10-20 cm (B). CK,
control, pH =4.5; T1, pH =4.0; T2, pH = 3.5; T3, pH = 3.0.
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Fig. 3 Redundant analysis (RDA) of the relationship between soil properties and microbial community structure in soil layers
0-10(A) and 10-20 cm (B). AP, soil available phosphorus content; NHj, soil ammoniacal nitrogen content; NO3, soil nitrate nitrogen
content; SOC, soil organic carbon content; SMC, soil water content; TC, soil total carbon content; TN, soil total nitrogen content; TP,
soil total phosphorus content.
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TNAITP A & R E M 56 58 5 5 AR 7 210
ELf5M24.5%, 5SWC. SOC. TN. TP. NO;FIAP
T E RO o o FH O v D) T TR S PR AR AR
B3R FEERFER FpH. SVC. SOCHIAPE &,
fl R IR A VRIS S5 0933, 7% 8 . RIFE, 7R
10-20 emt = FP BT 1 iR 1 SRR T 4
PR 147.8%, b 2 B FpH. APFI
TP &, LR 1 el A W B 8 45 AR A0 1
41.8% (F3B).
3 Wit
31 EWERMEMNMEMENEREULFITEN
A

AT, RS AR T % S0 AR S 3
A IR MBCH B (KEI1A), X 5AREM ) IS,
(TREILEE, 2018)— . MRULFAXT T3 H A= PG M 1)
oM B T AE S R G2 (Jansson & Hofmockel,
2020). 4N, 7EmEIHAE S RS IR R DT
I ORI, IR E R EEMBC S &
(Pennanen et al., 1998), Tfi{EH EEw RKES R
Suif b e B g R TR R R 3 R
W) B (Kwak et al., 2018; Zheng et al., 2018).
T IV Ay 25 A ARLAUL I T 9 0 T A P E S B, A
T30 PN 5 R R A N T R ) <t JIE 28> A R nof 3
HA U TR B A SRR TR I 5 B BT KR,
ST 2 VA - B A AR ) )35 4 (Liu et al., 2020). Ik
Ab, TERIGEpHEAR AR AR 3 b, Ak P 14 7] g
XA BN % m B (Meng et al., 2019),
T8 T 400 i o P 22 S S5 A A T b bR R 2B A ) -
SEpH 1 BBURRE LI = T AR (L et al., 2014).

ANFFMBCH &, LR LS K
MBNHIMBP & &, SEUAEY A ECPHINP &
ZFmE(BID. 1F). Bk, Ak E A
EAHRIA TR O E, JF HAE S L WA
BRI B R AR B R Goh, HsEME A E
N:PAHAE T 1. B R A8 s 24 55 v 1 5% - BIR ok 47 10
(Cleveland & Liptzin, 2007). t4h, A AWk
7E 35 Tl A A R PG JE % 0 #E (Achat et al.,
2010), s Pty ARk i A R0 ) B B R VE (John-
son et al., 2003), PKGAYAY)EC:PFIN: P
BeMg S WLk A= Vi - RS 2R 1 BE 1 (Richardson
& Simpson, 2011). 7ETIERAIIEIFIEOL T, A

WA ) B C:PARIN:P I I v 7 R 338 v A ot
T (B AR A FH AT R s, X B 1) [ sk, 3 p
W f = T B, XK — 20 R A oA L 8 v 4k %) R 11
(ZHMAE, 2013).

ARHIE T (AT G R T AT 2 IR B A,
T L, I AR B P i A TR )
R A 72 7 R0 3 Al AR v i 11 = PR 1 % 0 e
BN T BE(Mo et al., 2008; Cleveland et al., 2013;
Deng et al., 2017). K, K& 105 IR YT RS 5250 5
SR U T SVC, IS A S R LR CN (3R2),
HIX IR SO s IR B VR A 1) E B R R
(E13). Ubah, fERAIMEIT 5N, LIRAP. TPUAK
MBP & &2 REN TGS, XEWRE LIERN
T S ] R 5 AT RO R 1 AR IR, M TG k2>
TR YRR R AGAE
3.2 IEIABLTUE I R B TR A R R AR R M

TEARF T, TR Ak 0 5 80 3R E D
TEUR S50 R A B 35 AR A (E2A), FE010-20 cm 123
HHF/B WL G N (3K3), H LIEpHE 5 S A i
TS5 MR AR A AL I R DR (K13) . IX 28RBS S i
ARG R A RGP I A4S AR (Liv e al.,
2017; Li et al., 2018), RIE— & MIpHIG | A SMERR
(1 %5 N SXoF 4 B R L B8 6 4 S 8] 1R 5% (Meng et al.,
2019), H X I pH I T B B A B0 1 1E B v
(Baath & Anderson, 2003). £ MV #4H5 fi H- V4 H- Ak,
Li%5(2018) A I T 45 PR A4 B AR 0 B BRI AN R 30 3%
WM, (HEERINF/B. LiuZE(2017)7E I #Hr
N AR % B0 - 5 R e 5% 2 /D 4 B ) A G =
B0 A B, SRR N ERED
BRI N A FL B N E M RAE RS o (AL TT ARk
HERRG T, B HIEpH N, A0 A X 3 R
AN, T BB U TE R g R B R IR
(Hogberg et al., 2007). MHLARMRAES RS T, B
BUTME T8 EpH 2 25 N Bt 2 i 15 L IRFAY)
VRS R A R ENAR (L etal., 2019). 1717E +1%
AR R AR AE B R AT, PIAE AR HLR
Y A0 E 5 25 T e pH N PR U I R I 2 o g R Y
F:B (Zheng et al., 2018). AN, FH R 11
H it 47 75 V0L 1 B8 T B 3L 5 T 40 1 1) 20 i e 45
) 2 L B RN A B L AT S (] ) i pHLYE L 17 3 2 5
[Kl(Ware et al., 1990). K AR T4 56, 55 1 fid
pHE FI EAK HLSE ™ (Ware et al., 1990), 5 AEEIE N
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R IR AL

Frt3EpHAL, IR B SECANT T I
AR PB4 K R AR AR A 57— A 2L TR R (13),
B 3 R AL 3 B0 I BE R 1l w] gEHE— P fie it
HIERE YR 18 AR O R A YR B A
(K2, K3). KEMFLRM, 75 IERERR 6l ™ = 14
WARMAES RS, A E AR ) e 3
e A RT3, HOEC R RS R A
C:NE A RIRAH IS & (Lauber et al., 2008), TiiX
A A T S LB AR TR 70 B A P B v R
DA SAERR M 2% A T o B HAT SE B (R 3R A ) T 3
(DeForest & Scott, 2010; Jones & Oburger, 2011). 1
wn, fEBEA R RIS LN, N TR A KT
RS TR Y, HYIR S Z KD EE P IRNR,
T N AR FR b DR R ) B DA K s
AR BT [ AHE R TR, AN 5% 23 3R BE
(van der Heijden et al., 1998; Wardle €t al., 2004), B,
L TR 53 I E RSN T D 5 23 R T AR AR IS AR 1
RLFE T TR ) A, T X AR A B A B B I
HRUAE YD I V& 45 74 ) A2 2 (Strickland & Rousk,
2010). IhAb, FERAH BRI IR LFYE 2 A i 2
Forb ORI, TR AN T AR A SR ) VE IR o A7 AE 2
AP T BOR A L R ETARON B T 1) e SR e, (S
IR S B R R RERE I A R
(Nottingham et al., 2018). A2, T ARIRAERS
ARG, BARUIE BN MEM IR S &
F R A bR N A RO AR T B
(Killham et al., 1983), fE%& A MERMLIIZZMHT,
GRS I mT DAIE 3 A 39 P AR 2 (R RRRR 2D PR
il AT G B 0 B0 3 pH R B i AE A=
AN 7 25 74 1) 5l (Treseder, 2008).

Tt 000 J IR S B A 1 RN 5% 7 RS AN B0 40
filf T = 3B A M B VR B AR A (A 2 5 i
40.8%F147.8%), X 3 ] - S IR AL 1) o Jai| 3£ 7T e a
R AR AR S N A OSSR AN T BE, ANk AR e
PR 25k DL R R 7 NS5 (Wardle et al., 2004,
Jansson & Hofmockel, 2020). CA W 7&K HK AR
YU RS HE ARV B0 AR AN 2 R I A 4 B S ) S T
(Tomlinson, 2003; XI|n]E%&, 2005), i b HBo1HE
WO RT Lo s e AR e JA R A A5 DA K ik N\ ) -3 e
PR 4 A0 A o e S R - 33 PR A ) o S P AR A
— U A OGS A AN T RE, AT B3 B ) %
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52 A T SR AR ) B T 1 A 4H B (Lambers et al,
2009; Delgado-Baquerizo et al., 2017). 41, HL#H
T AN [ Y IV Rty bk 338 vp AT AR AT O B P e
TRA RN (Ma et al., 2019), K FEEFEEES
Sl R R O3 T R A5 K ) S R A AE L Y IEAH
KR ZMB YL, 2015). TR L HRL SR IR B 78
R, YIRS H R A R A S R G TR
IIPEIR ARG, S Tl DT U 235 A = P s i [ 1
(Grayston et al., 2001). CAHTHIBF TR, 0 #4H #k
WA RGEN A R AR AL B Z HEATAE /I (Zhou
et al., 2013). 2R MiZE(2018) X A 72 [X 38025 )X 4t i
AR hm? 7k A RE e 25 30T 3045 1A e e v A8 4k
(R A AN, FEr EAR AN TR AR A A B 6 2
s, A RS, mRE SIS AR AR
YrE R RG> . PRI, Pl R A S R G KRR
B 2 5 S i — B S MR I T 45 44, bt R 0y
(R V& S R D RERE 7 A B A S S HLAE 4%
AT RE A FE T RAE T

4 g

g5 L RTIR, AHEFUEE T IA 105 1 417 L B 41
RRNRR LIS S &, 8 I SRR 4 AT 535 L B S
FRGHT 7 IR St ] T PR - 398 2 4 i 5 70 R A o e
N, RAPLFAs /7R3 70 3 A o0is v
S LTI AR RIERRA R . BFFUR I (1)FF
SRR RIR N TR EpH N F%, SWVC. LIRS
&~ TPHIAPE S HIL T RS, ) M4
PEA KA B EA L, (EMBPE & T4, F:BEZEHN,
T ARG DRI A5 e A R4k (3) - 4EpH DA B 1 438
W& B R E MR SR E B R K,

Bogt AN A HEGT X B (202002030335) A
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(Y761031001)89 % .
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