5550 % 43 + I E W Vol. 59, No.3
2022 45 A ACTA PEDOLOGICA SINICA May, 2022

DOI: 10.11766/trxb202008100448
ERE, XU50, A0, =B, KA HLITHLECHE T 85 8- E R AR TSR RE Y R AL LB D], L2, 2022, 59 (3): 808-818.
WANG Yagqi, LIU Jing, GOU Jianyu, YUAN Ling. Optimization of Soil Microbial Activation of Inorganic Phosphorus in Tobacco-maize

Rotation Under Long-term Combined Application of Organic and Inorganic Fertilizers[J]. Acta Pedologica Sinica, 2022, 59 (3): 808-818.

KEA B H LB 5E T B kR- £ K EAE 1L LI E TR
TS

1 . 222 e AIA2 b Al
T, x| E, Hew, & B
(1. PRI R IEIME A0, EIK 400715; 2. S M NAEA Al AT AF], S8 L 563000 )

FOE. RSG5 AR E ARS8, EARIE TR (XS ). JE IR E— AL . 5 I E—R e HLIE R
it B AR KA E— B AL N A R F R GEVE— LA HUIL B b 4038, it R SRR AR | e
AP B AT, B I AT IS AL RS2 . SRR, RN EOKARAE | it P DU R85 st Y 4 38 v 5%
FEY (AT R IR AL AN ) Bt 2, RF 2 REERg I, 0] IR SR G . R R R 2
A YREFR W, R IAAITR B Y ) 28008 2 i LA AR KA o TS A, AR AT A ATLAC it R e b 2 T Bt AR
A DU AR TR GV E— AR AU Bt 55 55, Je IR E— Bt AL AT AR, U B & SRR AR AU 25 T R IR TeHLssn s 1k,
FE UM X BB AR A E— R IE A ML ECHEAR A 2. AEIRAWE T, A8 F 5IEMESHE . LIRS I AR FI AR e i
FAXC . SIRBHRAE MR AL SR EORAM L, H IR s SR R RE S WA Wy AV AR, SO0 U W TR 5 A Vs ol
RO MK IERAEY D, AR S TS . B A R R AP R R 5 A G BGE B, A3 R] Y 22 5 0] AT A
R B R O PSR AR AT AT HLAC B (2 2 -+ S TC LT A S P

KR TR WU AV, UL fRME

HESES: S154.3 MRS A

Optimization of Soil Microbial Activation of Inorganic Phosphorus in
Tobacco-maize Rotation Under Long-term Combined Application of Organic
and Inorganic Fertilizers

WANG Yagqi', LIU Jing?, GOU Jianyu’, YUAN Ling'"

(1. College of Resources and Environment, Southwest University, Chongqging 400715, China; 2. Zunyi Company of Guizhou Tobacco
Company, Zunyi, Guizhou 563000, China)

Abstract:  Objective Mixed culture technology of soil suspension and culture medium, high-throughput sequencing, and

conventional analysis methods were used to study the influence of long-term fertilization on inorganic phosphorus (P)
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mobilization in soil.  Method Soil samples were collected from the plots of a 15-year-long experiment regarding crop
cultivation and fertilization in Zunyi City, China. The treatments included (i) fallow soil (Control), (ii) consecutive flue-cured
tobacco cultivation plus the application of only chemical fertilizers (C-CF), (iii) consecutive flue-cured tobacco cultivation plus
the application of chemical fertilizers in combination with manures (C-CFM), (iv) flue-cured tobacco-maize rotation plus the
application of only chemical fertilizers (R-CF), and (v) flue-cured tobacco-maize rotation plus the application of chemical
fertilizers in combination with manures (R-CFM). The soil collected from the long-term fertilization test site was divided into two
parts. A part of the soil sample was used for the mixed culture technology of soil suspension and culture solution. The method
involved preparing the soil suspension (soil : sterile water = 1 : 100) and then diluting it to 10~ with sterile water. 200 pL diluent
was taken and inoculated into NBRIP (National Biological Research Institute phosphate growth medium) solid medium with
Ca3(POy),, FePO, and AIPO, as phosphorus sources. After incubation at 30 °C for 2 days, the number of colonies with a
phosphorus dissolving circle was observed. Then, another 200 uL 1 : 100 soil suspension was taken and inoculated in 50 mL
NBRIP liquid medium with Ca3(POy),, FePO, and AIPO, as phosphorus sources for 16 days. At 12, 24, 48, 72, 96, 120 and 144
hours after inoculation, the culture medium was drawn, and the pH, soluble inorganic phosphorus content, and organic acid
content were determined. The other part of soil samples was sent to Meggie Biological Company for high-throughput sequencing
to study the effect of long-term fertilization on the relative abundance of enzyme synthesis pathway related to organic acid
synthesis. Result The number of cultivable microorganisms (bacteria, fungi, actinomycetes and inorganic phosphate bacteria) in
flue-cured tobacco-maize rotation, application of organic fertilizer and Control soil increased, and the population diversity
increased. When the soil suspension was inoculated in a microbial culture medium, the content of available phosphorus was
higher in the flue-cured tobacco-maize rotation than in consecutive flue-cured tobacco cultivation. Also, the available phosphorus
was higher in the application of chemical fertilizers in combination with manures and Control than when only chemical fertilizers
were applied; among which R-CFM was the highest and C-CF was the lowest. In the mixture, hydrogen ions were significantly
correlated with dissolved Ca;(PO,),, and organic acids were significantly correlated with dissolved FePO, and AIPO,. This
indicates that compared with pure culture technology of phosphorus-mobilizing microbes, soil suspension culture can not only
reflect the phosphorus-mobilizing characteristics of microorganisms but also be closer to the complex phosphorus solubilization
status of soil microbial flora. In high-throughput sequencing, the relative abundance of the synthetic pathways of citrate (Si)
-synthase, protein glucose dehydrogenase and malate synthase in the soil of R-CFM was significantly higher than that of other
treatments.  Conclusion  Optimal crop cultivation and scientific fertilization are conducive to the activation of soil inorganic
phosphorus, and R-CFM can be promoted as a flue-cured tobacco demonstration cultivation model for widespread promotion in
Zunyi tobacco areas. Soil suspension culture can be used as an extension of pure microbial liquid culture as (a) it is closer to the
complex phosphorus solubilization status of soil microbial flora, (b) effectively characterizes the ability of PMM to activate
inorganic phosphorus, and (c) supplements the deficiencies of pure microbial liquid culture technology. The difference in the
relative abundance of enzyme synthesis pathways related to the synthesis of organic acids also explains the reason for rational
crop rotation and combined application of chemical fertilizers and manures to promote the activation of soil inorganic phosphorus
from the perspective of molecular biology.

Key words: Soil suspension; Phosphorus-mobilizing microbes; Organic acid; Fertilizer; Rotation
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Table 1

RESE IR B E 00T, 487K 1 & BRASVE AR AL §2
ey L SR A RCHE IR AE A AR AOHLEE, kst £
SR Ty EFNURAL 1 R BB AR

1 MRSITk

1.1 IR R

- SFERE 7 AR S0 2 o7 M ) 5 el 457 T B N 4 3
SR RS A = R B B (27°322N
106°56'32"E, 4k 885 m ), b K IRHEHE N H LR
PR AR, AESIR 15.5°C, AEREK 1100 mm,
AEZE K 550 mm. IR T 2004 4EF, LIESSR
T R B W, 2019 4F R A L FE 1,

I ARG (1) 5 (CK), (2) KM
HEAE—HUifAE (C-CF ), (3) EMEE—fLIEs
HUIEFLiE ( C-CFM ), (4) #50H F K58 fE— it L e
(R-CF), (5) #0H E A LA VLR IE (R-
CFM ), FEKJiiJH N 120 kgrhm ™, P,0590 kg-hm 2,
K,0 90 kg-hm 2, 5 HJiti F§ N 100 kg hm >, P,05 50
kg-hm™ Fil K50 200 kg-hm?; i & FIE AL | IR
. BRI GRS AL A LI 8 ST A
ANFEHRBER L A PR (N 2%, P,0s 1%F1 K,0
1% ). TEALAEA HLAE AL it A Ab B AP, 3545 F 2 AR
I, AR RA LA 50%, AL RBEER i I g

TIEELMER (2019 &F)

Soil physicochemical properties in 2019

AL EA X ES] B A AR A
YA
pH Organic matter Total N Total P Total K NaOH-hydrolyzed N Olsen P Available K
Treatment
/(gkg") /(gkg")  /(gkg') /(gkeg") / (mgkg) /(mgkg') /(mgkg")
CK 7.68+0.10a  19.54+1.37d  0.85+0.01c  0.59+0.01b 19.57+0.99b 83.27+6.98¢c 15.89+0.46b 274.0+14.44b
C-CF 7.36+0.42a  21.52+0.82c¢  1.45+0.09b  0.72+0.00a 21.69+0.51a 93.86+2.09b 22.44+0.87a 308.6+16.73ab
C-CFM 7.59+0.10a  25.28+0.42a  1.5+£0.05ab  0.72+0.00a 21.95+0.71a 102.8+4.69a 21.96+2.19a 316.4+46.61ab
R-CF 7.66+0.13a  23.48+0.28b  1.45+0.04b  0.73+£0.00a 22.14+0.33a 90.17+6.18bc  23.58+4.13a 305.0+26.85ab
R-CFM 7.63+0.03a  25.38+0.45a  1.57+0.0la  0.72+0.00a 22.35+0.81a 102.9+3.88a 24.6+1.97a 331.4+38.48a

. CK: ¥E5iHh; C-CF: BIHIE/E-FEILil; C-CFM.: BIHEME-LALA HLALELE ; R-CF: &M E R4 AE- Gkl ; R-CFM:
S E AR -LIEEPUCE G . R —FF, AAR/NEFRHERR2ZREE (P<0.05), TF., Note: CK: abandoned soil; C-CF:

continuous flue-cured tobacco cropping-application of only chemical fertilizers; C-CFM: continuous flue-cured tobacco cropping-application

of chemical fertilizers in combination with organic fertilizers; R-CF: flue-cured tobacco and maize rotation-application of only chemical

fertilizers; R-CFM: flue-cured tobacco and maize rotation-application of chemical fertilizers in combination with organic fertilizers. In each

column, data followed by different small letters are significantly different at P < 0.05. The same below unless stated otherwise.
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Table 2 Number of culturable soil microorganisms (mean+SD, n=3)

. [DEL//PEE B HHE R R Ca-P ffBEBIEL  Fe-P MEBERIE  AI-P RIS EAL

o Total microbial/ Bacteria/ Fungi/ Actinomyces/ Ca-P PSB/ Fe-P PSB/ Al-P PSB/
Treatment
(107cfurg™) (107cfug") (10%fu-g!) (10%fu-g!) (10°cfurg™) (10°cfu-g™) (10°cfurg™)

CK 3.09+0.10b 2.7540.12b 1.244+0.09b 3.44+0.21b 0.87+0.04b 1.60+0.09b 1.72+0.08b
C-CF 1.98+0.12¢ 1.7340.10e 1.56+0.11a 2.5540.19¢ 0.524+0.04¢ 0.98+0.05¢ 1.0840.06e
C-CFM 2.86+0.09¢ 2.43+0.08c 1.24+0.09b 4.34+0.15a 0.77+0.03c 1.33+0.04c¢ 1.52+0.05¢
R-CF 2.35+0.12d 2.04+0.10d 1.454+0.09a 3.15+0.19b 0.63+0.03d 1.15+0.06d 1.27+0.06d
R-CFM 3.73+0.19a 3.27+£0.17a 1.23+0.12b 4.63+0.21a 1.05+0.06a 1.87+0.10a 2.04+0.10a

#: Ca-P: Ca; (PO,) ,; Fe-P: FePO,; Al-P: AIPO4, The same below unless stated otherwise.
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FIE S (0.36~0.38) & (R T15 0 KR FE1E RS
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PEFE H0% M T KR E—L e A P it fe i, 540
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— PR IE B, T VR R A E— A
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WA E—AAEAT B B A ; = AR R R HR Bk

RO AT AL AE B i e 2  0.10~0.12 ), $55i Hb A A% ( 0.05 ),
2.3 AESEX TELRHBEREN

1 2B FR ) 4R A B FR O A S AR AL
7 BRI SRR IR (RIFRESBEIR AW, R IR
o, A AR AR b S N 2, WA AR AR R KRB E—
AR A AL T it 257 Fc e, e AR VE— it b I 3 e
ik BE sl dmt & AR A K 3R W0 A S50 6 2
FH2ES o TE R R R SR R B R TR
(RIFRERBE SR BRIR AW, TR v, A RwkkEs: 7=
A ) S T, (EAR TR A TR A% T AT KT
BRBRIR AT WA, SR A A 3O
AR )5 5 TR 45 VR (L A A Ak

ILAh, FEESHHR AW, AR (E N 120.5~
166.4 mg- L', B 45 28 L T 1.69~4.42 mg-L s
TERBE AR BEIR B, 3535 45 At 43 51 A2 4 T
16.02~24.29 mg-L™" F148.11~65.54 mg-L™",

R3 TRMEMRETRE

Table 3 Community characteristics of soil microorganisms

414 Bacteria B4 Fungus
Qb3
OUT %t A FEHR A RR W% OUT % AR FER AR (ny
Treatment
OTU number Shannon Simpson Chao Heip  OTU number Shannon Simpson Chao Heip
CK 1561+£30b 6.42+0.01d  0.0036+£0b 1 706+20a 0.38+0.01b  137+8b 3.3740.09a 0.05+0.01c 153+11a 0.21+0.02a
C-CF 1538+10b  6.32+0e 0.0041+0.0002a 1 692+15a 0.36+0.02b 144+12ab 3.15+0.12abc 0.08+0.01b 146+10a 0.16+0.03b
C-CFM 155243b  6.484+0.03¢ 0.003+0.0001c 1706+22a 0.42+0.01a 152+11ab  2.9+0.05¢ 0.12+0.0la 163+1la 0.11+0.03c
R-CF 1642+13a  6.53£0.01b 0.0029+0.0001c 1739+94a 0.42+0.02a 161+10a  3.27+0.33ab 0.07+0.01bc 163+11a 0.16+0.02b
R-CFM  1668+32a 6.58+0.01a 0.0028+0.0001c 1 752+113a 0.44+0.02a 152+12ab  2.97+0.05bc 0.1+0.01a 161+11a 0.12+0.02bc
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Fig. 1 Changes of available P in the mixture of soil suspension and culture solution
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Fig.2 pH changes in the mixture of soil suspension and culture solution
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Table 4 Concentration of organic acids in mixture of soil suspension and culture solution/ (mg'mL™', mean+SD, n=3)
BAHLER
B A B FIHER HIAIHEIR IR T FLIR R LR
Total organic
Psource Treatments Citric acid Glucose acid ~ Malic acid ~ Succinic acid Lactic acid Formic acid  Acetic acid reid
Ca-P CK 0.85+0.11ab ND ND 0.10+0.02b ND 0.05+0.01a  0.53+0.03a 1.52+0.11a
C-CF 0.73+0.05b ND ND 0.15+0.03a ND 0.01£0.00c  0.54+0.03a 1.434£0.06a
C-CFM 0.81+0.02ab ND ND 0.11+£0.01ab ND 0.03£0.01b  0.55+0.05a 1.50+0.04a
R-CF 0.794+0.10b ND ND 0.13+0.01ab ND 0.02+0.00bc  0.48+0.21a 1.424+0.32a
R-CFM 0.95+0.04a ND ND 0.15+0.02a ND 0.01£0.00c  0.56+0.07a 1.67+0.05a
Fe-P CK 0.244+0.01b ND 0.11£0.01bc ND 0.74+0.18a  0.03+£0.00a 0.53+0.00b 1.67+0.20ab
C-CF 0.08+0.00d ND 0.07+0.00c ND 0.234+0.07d ND 0.234+0.00d 0.62+0.07d
C-CFM 0.12+0.01¢c ND 0.21+£0.03a ND 0.53+0.01b ND 0.34+0.06¢ 1.21+0.08¢c
R-CF 0.10£0.01d  0.56+0.07a  0.13+0.01b ND 0.26+0.13cd  0.03+0.02a  0.36+0.01c 1.43+0.11bc
R-CFM 0.27+0.0la  0.33+0.13b  0.13+0.02b ND 0.45+0.07bc  0.03+0.0la  0.61+0.02a 1.82+0.20a
Al-P CK 0.47+0.01a ND 0.11£0.01b ND 1.06+0.08a  0.11£0.01a  0.92+0.02b 2.68+0.07a
C-CF 0.12+0.00d ND 0.03+0.00e ND 0.3140.02¢ ND 0.36+0.03d 0.81+0.03d
C-CFM 0.16+0.03¢ ND 0.07+0.00c ND 0.67+0.02¢ ND 0.51+0.08¢ 1.42+0.04b
R-CF 0.16+0.00c ND 0.05+0.01d ND 0.42+0.02d ND 0.48+0.03¢ 1.11£0.04c
R-CFM 0.214+0.01b ND 0.13+0.02a ND 0.92+0.07b  0.11+0.01a  1.37+0.08a 2.74+0.15a

. ND R/ AK M E] A HLEL . Note: ND means no organic acid is detected.

FHOCAMHT (R 5) RW, 78 =MAFERIRE G
T, AR SR R R B s B E IEA G (1=
0.575~0.862, n=15, P<0.055 0.01); 7EEHEF
REHRGW T, AS BAIR (r = 0.886~
0.973, n=15, P<0.01) 28 B FEMHKE, Hi,
ARSI . PR LR AL W u i I A OG
(r=0.629~0.951, n=15, P<0.055{ 0.01); {H{L

TERRBHR G D, AR5 5 R R A W E ARG
(r=0.983, n=15, P<0.01),
2.5 TIEREYETERThEE R

HE 3 AT, S FhAb AR (Si) A, &
1 4 260 M o T R S SR R 5 5 R I 1 R X =
i MK IX ly : R-CEM . R-CF , CK . C-CFM, C-CF,
JEM FEARFEVEANEE | PR HIAL P | KB IR VR AL B

x5 RBAEBPANHSHEREHEXMYE
Table S Correlation analysis of available P and organic acids in mixture of soil suspension and culture solution
{23073 FHERIR A PER FEIRIR TR LR HR LR BAYLR
P source Citric acid ~ Glucose acid  Malic acid  Succinic acid  Lactic acid  Formic acid  Acetic acid  Total organic acid
Ca-P 0.575" NC NC 0.389 NC —0.354 0.041 0.407
Fe-P 0.862" 0.156 0.334 NC 0.629° 0.659™ 0.895™ 0.886"
AlL-P 0.620" NC 0.983" NC 0.9517 0.889™ 0.918" 0.973"

H: **Fm P<0.01;
to calculate.

*P < 0.05; NC Z/ntZ 845, Note: ** means P <0.01;

* means P < 0.05; NC means that there is no data
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e B HRORTR/ING T R R Rl RS W) AL B 8] 25 5 5 3% ( P<0.05 ), Note: Different lowercases indicate significantly difference

(P <0.05) between different treatments.
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Fig.3 Relative abundance of synthesis pathways of citric acid ( Si) synthase, protein glucose dehydrogenase and malate synthase

3 3 ®

3.1 KEMEEE LIEMEYBEMMELEN

HI = il
— R, R B S, Y R

ASIAEE R, EEEANA RN BUEMREER
ZHRMEIREGR, EWREMEY LR, 2Rk
YAy R ERREUR, R —BUEY IR
JE R YA BRI B a e Rk, FERE IR AR 1
Her, WUAEYERZ, FRELECEED. R
FORFEAE . AL B Bt 075 e i Ak PR 4 B
MR, TR IR AR R T 3 e T
HEFEAAEALAE A Ab B (2 2), ULRAARAE . it
APEFIRIFEGE TABHEE, 2487 F 5 M
BRI, At T LR YA K B, B,
FhRE 2, SRR Ho, fERE
KEEA AT HUAL BCHE R L v, W] SR
AR AR i 22, MR MR T R L AL
o PR, LA R AT, A R AR A
Rkt IE X T 355 I - AR R B e, A58 X
AR DX AR AR 5 JH TR FEAE A HLICHLBCHE , REFFAR B
AT e S A, R S A 2 D
(S PRAE

32 TEEMZEWNEVBINABER

1 398 Atk e Ee A R A5 2 4 S B
SIE A, b i e A 5 L A
A (£ 2 E T A e = /S 1 O 05 e b2 S =S L8 B
BIL Ml 100 5 A A P T R R g e it = S5 1k 2 3% Ak G
PLBE R SR O . FEXE SRR D, SRR A WA
SO DA (L by A Tl RN A0 B TR B TR 2.5 1% ~ 7.524%
), BEIIHHR 4 Stk % AL A5 8 0 ik 0 T
TR . DL, =R OB IR A 514 T,
TR 15 37 WA S (0 0 1 LA JRs R R K e — A
LI et 5 J5e 2, 95 A — Bt A I 2 SRR ),
TR 5 R ) St e AR R S A — R I MLAE Bt mT
e M T R EERUE YIS L LB RE S, AT+
Hewk R LN A R IR A KIS
TR AL RE AR B, - 49 L R AE 1) FH 3R B AIC

R sis g5, DU S0us i A2 Aok
FoREw e PN AR, IR MR RS
B ERBERERBE X AR AR, AR AR
TR Tl Pt 32 220 TRA B R0 A RO AR
FERFE YR SR . 2RSS e SR A
MgER. B PR, ZBORBEME YR R B
B R — bR . TR B R R e
KA “S” ik, SEORA A BB ol
Ft, FE A R E AR T A A K
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B 5 WA A W AR R R BRI R A R 0 R
SRR G R DA BRI, E Y i
BB R I R A R 18 0 2 TR R AR
- S A W o A T B AR T R R IR
AR ERHMNRE, MAEYET )R, IR BER S
Pk A, B PMM CBEIS AL 9 ) Xty
AT A S i — A s . PPl iR
TR A 35 77 B AR W B S W 0 B 0 1 0
ik, SCHEH5 T - SR AR W TR AR R 2% A R o
33 TEEMEPESHEYEAHITIER

I

FEIR AR, pH A AS 0578 S50 vk B 1) A%
fEARR (& 2), VLB HIEA Y50 H' S 5 oL
Vi o AHFE— 20 R, BREE el R BEIR S R
) pH HARAE( 1.76~2.44 )FIA S0 i K AE( 24.29~
65.54 mg'L") LT BE A (pH 4.37, 166.4
mg-L ), UEHH HV il AR B 1 /N T X 5
MR FRVE R o AHOCOT BT R B, FERRBE FIAR TR 5
T, HEE SRR . ERBR. TR, AR, H
PR A LR B i 2 W 28 IEAH G (7 = 0.629~0983,
n=15, P<0.01); EHBHEAW T, HERA R
WA LR St ey, AR B IR 5 A AU &2t W) 3 1E A
% (r=0575, n=15, P<0.05), #ZERR. R
M. T M. FLIR . HRAA PR 50 8w
TRFEME (F£5). HILATIL, 7EEBERALREENS 1L
T, AYRERZEEN; ESEE ISR,
H P ERTTRESE K, SCHeRT A giss R iy 5 20,

f2EY (16S tDNA Fil 18S tDNA ) 448 ] 5 7
Wi, A IR Y TR TR (Si) B
1A 2 S R S SR R G AR G BB . T
B (Si) & EEFSER G I RS T
BHLRRE AR, FE A 25 0 I SOl SR A Rt
TE B A PR A it 4538 B AR N S Y
DL K Fe AV E— NS A HUAE B it e i, 5 A
— AR B AK, B0 R AR T 1R, 1k
REAT MR B it 0P8 578 4 5 T Bt AR I . R,
INGY T 2 R R R T A B MR AR IE A ALAE
Bt £ o - AL B RE I IR N . FEARIR SR T, AR
WK G &b BEZ B E A S S R R EE S
(% 1), {HA/ERILAEA HLALFC i AL HE Y K A
M=, BRI T, BLEHTEE AR K
1, s by e R AN K RGN . FEiE

WHEAZIZRAE T, SRR MENDK TR, Bk
HWERTE AL R, DT AR R,
EHE— 2D UER 1P e S A 4 7 R ] RE

TS M B 22 R AR W U A B9 25 T Bl Wi A
TALBERIRE )

4 4 i

FERRD T HIEE MR TR A R R, IR
TR Y PMM B HLIR , 7E RIS pH Y [R] B A
AR IR R MEVS PR, REFRIR D A R o AR
A B LA BC e RN 45 5 s TR A, KSR
RASAE R T MR A, 108 BRI Bt b A 0 A0 i
VESWEIRIFA 1 R HEIRSE , BRAR - St D TR
ZREME, % 0 5K 58 1R AR AE A AL AE BC i mT 4 oF
PMM X} +HETCHLBA A9 15 1k, 45 e - 39 mf 0 A: W a &L
Mo A, T IEEMORIR A B RO WA SO AR ik
FVEBENLH] S T Y sl BE 2 AR, 15690 4 4 B
B3 95 0T LAE R 4l R G R IS, A SR AE
PMM X} TEALBE A TE AL fE F7 o %o - 396 4 i i 47 Dy fi i
D, 30 - 4 A LR A A G A5 i 3 (R % 3=
JE ¥4 LA 0 T K 1 — AR A A HLAE B it e v, B 4
HEAE—HUitE AR B 1K, Fh e AN 532 2 o B e
T RAEFIA HUAE A 3E 1+ 53 PMM 5 AL TE AL A9 J5 A
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