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Abstract; Silicon (Si) can improve the resistance of rice to cadmium ( Cd) effectively, but the response mechanisms of
optimized Si fertilizer management on Cd tolerance, photosynthesis and matter accumulation of rice remain unclear. In this
paper, pot experiments were conducted to study the effects of Si applied at transplanting stage (T) , jointing stage (J) , and
split at transplanting and jointing stages (TJ) on photosynthetic characteristics and matter accumulation in rice. No Si
application was used as the control (CK). The results showed that Si application effectively improved the net photosynthetic

rate and extended the photosynthetic function of rice under Cd-pollution, promoted Si deposition in leaves, increased Cd
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immobilization in leaves, and reduced the transfer of Cd to grains. Compared with CK, the photosynthetic rate of TJ
treatment was much higher in the whole growth period, and the yield of which was significantly higher than that of other
treatments. The T, TJ, and ] treatments increased the retention of Cd in leaf cell walls by 11.45% , 24.16% , and 30.15%,
respectively, while more intracellular Cd existed in inert forms (including pectin and protein binding Cd, insoluble
phosphoric acid Cd and residual Cd). Furthermore, the migration factors of Cd from leaves to grains were significantly
decreased, and those of T, TJ and J were 33.91%, 56.67% and 52.16% lower than CK, respectively. In addition,
principal component analysis showed that the comprehensive effect of the three Si treatments on Cd tolerance and
photosynthetic characteristics of rice was expressed as TJ>J>T. Considering the effect of Si on photosynthesis, yield and Cd
concentration in rice grains and leaves, it is recommended that Si application would be split at transplanting and jointing

stage.
Key Words: rice; silicon; cadmium; photosynthesis; matter accumulation
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WX BoCE M I, B R RE AR B = AT LG i R 9. Cai S5 HFSTIAN Cd B T
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B, IRBRSE R R TR AR 11 2 00t FH S A AT R AR 3 ed ARk (AR E
BB IR K Fopr R IR RE TS 4B R Cd A R 28 5 T AR A A K i I 38 9T 0 2 U] 72 24 1)
FRRLGEER Cd B« VR7 28 B 0 Ik, A Cd 138 T /KRG Si S M IOReR i ff B Hh &, 25 HLAE KRR 3 30
REA RO 2 Y6 A8 Bt IO 2 DA RE R it FH X /K R TR Cd e £ B 0 S5 AR R 1 i oy {1 5 30— 25
VT, ARIRAENE Si S A A EER b TR B AT X A SR A IR A T A e R A I B9
Cd 75 Y% T ik 2= 0 Wt HIR KA G & Rtk (Cd Feiz S5 R AE2 M, il v Fr Cd 41 o3 A b HAk 2B 257284k
SR B W AR 2R 43 00t Y Cd 5 3 R KRG S SRR Sma i AL o R 05 AT 2557, Ak Cd
1YL T KR Cd PR KOGERPERIE Si 772, RER I —Fiogr 8 B R Si 5 U BRI A
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1.1 Rkt
I T 2019 48 A 10 H—11 A 25 HA12020 45 8 A 16 H—11 A 28 HAEAEm R K 2F Ak Al 6 5L
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H1(23.21°N, 113.42°F) B = KM T, B3R AT AR A HBE(24.69°N, 113.55°K) AR AN 8k 1A Hk
J R A FBEE)Z 5, 2 N T 3 mm FLARGT TR A), SR A ST 2 05 15 0 W7 LA B A v ok . 1 45
pH 5.72 B 5% 4.98 mS/cm PHES T34 & 6.51 cmol (+)/kg A AL 53.78 o/kg . Sk 4.21 me/kg A 34
2.00 mg/kg ELE 2.75 ¢/kg B 0.88 o/kg BT 6.85 g/ kg FIATRLAE 52.48 mg/ kg, HLi/KAE AP A 24 H 324k
BYIEH 5 2 5 (Oryza sativa L.) , 1E 20 emx28 emx17 em( T H4&x [ O Ex7 5 ) BOMEZHR P EEA S kg i
At TRARAT 3 d MK, DARERRET (K,Si0,) hy Si ¥, Fo400 T — & AR 25 s ok b I A v
o IBURE TR B 7K 5 VR it AR A 4 1338 p L 7E MU Si B (2 mmol/kg K, Si0,) — B EERE b, 58 3 b Si it F Ak
LR AR I Si(T) AR5 T A it Si(TY) AR IRE (1) , LAt Si X R (CK) |, BN K
WE 6 MNEE, &SR K KC TR CK 2 LRI Rt Si 4 ARESN K* 164 K i iR 2
FREA 1—3 em BY/K)ZE ZWOCRFT— A RRGK Ko A SRR T, 90 101 [R] AL SR BEDLHES , H %3 J8 Bl AL 3 45
P, HAAR 25 B it an At FH A R 977 9 4540 I b e B 15
1.2 e H Sk
1.2.1 SGEFRRRINE

TEK R ARG 35 (/rBEREH) (571G Si J5 7 d) 75 (i) (107 d (A ) 9: 00—11: 00 Xf7K
25 — R S @RI  HEATRE b o I B BEATL S IBCRE sk i 3 ) v PRI 40 Lkt 2 i ik, 454k 3
HINE S K, H Li- 6400XT i # 5% 51% ( Li-COR, Lincoln Inc., USA) M & Y6& S8, H M4 K 5 64X
(Dual-PAM-1I , Walz., Germany) i€ %¢ Yt 280, H F #5200t 48 £ 31 (SPAD- 502 Plus, Konica Minolta Inc. ,
Japan ) I 7E i A AR SRR 5 B (SPAD {HD) o AXER IS EOE Sl TR IE A T AT
1.2.2 JKFELE Cd Si B9 E K P o pr

X KR A (B ARG 107 d) MBI RUkER HE AT . 208 Fu 257 D i 4R BUT - 4 e BE (CW) |
44 (Chp) (BRI (MC) A ST ( Cyp ) 55 WA AfLZH 53 Ko JEHLAS Cd(F1) AHLAS Cd(F2) SRR E
R4 A3 CA(F3) ANEMHERER Cd(F4) (FER Cd(F5) FRIELE CA(F6)7NFh Cd ML FIEA . I TH AR
(CEM Mars6, USA) X I Fr FIFERLEATIRBR (HNO,: HCIO, = 4: 1) i f# . iR Cd $2 ORI i W 218 F e e
P T RS BT BERAIF IS 36 r 0 1 FR JBRE 4 25 B8 TR ST 3% /X ( Thermo Fisher Scientific, USA) Kl SR FIAESH
W EIEREIL e Sk BE  XHISCIRAT R AT 7 8 B b LR R 43T
1.3 Hdkb s

L Excel 2019 #4388 B | 28 SPSS 24.0 BAF 4TSI 50 #7, H SigmaPlot 14.0 238, 4 % FH LA
F 1 (One-way ANOVA) #E47 J5 22 43 01, X5 8 & % 22 75 (DMRT) #4172 H 3 (P =0.05) , K /R b ik
(Pearson) HEAT (XU ) AHKEVER K, 7E Rx64 3.6.3 H1 5 A ADE- 4 B {F 40 #17 3 W43 43 #r ( Principal
component analyses, PCA) , FI| ] — 423 [1] a7 [ 45 43 R B R 80 2 5o 8 i s S . AR Cd R
(mg/kg) SR Cd W (mg/kg) 2Z LR BN B B Cd 5588 RA™ . Gi— RT3 (- hr vt i 22
(Mean+SD, n=3) LA FmEIE,

2 EREH

2.1 JKFEMHFURERE Si Cd HREE R Cd B A8 28

M1 RTAL it Si S I B FURPRL SR RE YA TR, S e Si (T J AR fEHRV R O 2 {H Si
X FIURFRL Cd YR BESE I R BURIR], 1t Si RERG I - Cd ¥R, 2019 4F T AbBRFI - Cd W B B [E CK
i1 54.55% ,2020 4F TJ Al J ARFRAYH R Cd W BESR 5 L T ARSI 11.46% F15.67% , SR, it Si H{EFFRL Cd
W R E AL, T2 Cd B My nDRFRL A R R /0, T T A AR B Cd 5588 R B CK 430 -1 2 A
33.92% .56.67%F1 52.16% ,
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R 1 e Si3t Cd BB TH R FFFR Si.Cd RERMF Cd #8 ZEHHIE
Table 1 Effects of Si application on the concentrations of Si and Cd in leaves and grains and Cd migration factor of leaves under Cd stress

e Si R BEE MR Cd ¥R FPRL Si T FPRL Cd #e

FEpy Kb ¥ Si concentration Cd concentration Si concentration Cd concentration IH—H“ Cd, R ARI
Years Treatments of leaf/ of leaf/ of grain/ of grain/ Migration factor
(k) (mg/kg) (me/ke) (mg/ke) of feaves
2019 CK 18.45+1.15b 0.11+0.02b 19.94+1.18b 0.43+0.05a 3.80+0.73a
T 23.99+1.41a 0.13+0.03ab 22.90+1.04a 0.31+0.02b 2.43+0.40b
TJ 25.41£0.57a 0.17+0.05a 23.41x1.31a 0.23+0.08bc 1.29+0.43¢
J 24.37+1.00a 0.15+0.01ab 22.37+1.07a 0.18+0.04c 1.22+0.19¢
2020 CK 22.58+1.24b 0.18+0.01c 11.99+1.00b 0.24+0.01a 1.29+0.02a
T 24.60+1.11a 0.23+0.01b 13.30+0.76ab 0.20+0.01b 0.88+0.10b
TJ 24.96+0.73a 0.25+0.01a 13.75+0.45ab 0.17+0.01¢ 0.68+0.07¢
J 25.68+1.10a 0.24+0.01ab 14.83+1.22a 0.19+0.01b 0.82+0.03b

CK: Xf 8 Control group; T:# 4kt Si applied at transplanting stage; TJ: B4k 54k 1711 73 Wit fE Si split at transplanting and jointing stage ;
J AR WIGRE Siapplied at jointing stage; [FIFIANIR/ING S-REFRIR [F]—H8 b5 A A [F] Ak B[R] 22 57t b 2 ( P<0.05)

2.2 JKFEM R Cd SEAHHE AR K HAR AR A

Cd 7EM 41 4 i S 20 i 0 Bie S A TE SR a1 1 R, CK 4 A 4 Cd 5 3N 40 i 254 Cd
T CE R (35 53.01%—54.15%) ke S5 40A 5T Cd 5 i B BRI, 40 RE Cd 5 & 00 2 33 fin , 2019 4F
T.TJ.J AL BN M BESE CK 43 B H0 T 16.75% . 21.18% Fl 42.26% 1 Cd [ 55 ;2020 4= T 6.14% |
27.14%F1 18.04% ., PiZE/KAgH i Ghi iR 2 o3 Cd & 132 Si A BR S5 W 3 B A SRR 2 40 Cd & 7 7E Si
b B S BUAEBRIE] 22 5%, 2019 AEREARM4A Cd ZH5MVREE , 17 2020 4RI ANIZAL 4 Cd WREE
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Fig.1 Effects of Si application on subcellular structure and chemical fractions of Cd in leaves under Cd stress
CW : 4B Cell wall; Chp:M-%:4A Chloroplast; MC ; Z8Ki{A& Mitochondria; Cyp: HMLJE Cytoplasm. F1:TEHLR Inorganic Cd; F2; A HL4R Organic
Cd; F3. RIEME LSS Pectate and protein integrated Cd; F4 . AN fEPEBEIRSS Phosphate Cd; F5: # R4 Oxalate Cd; F6. 578 A4
Residue Cd
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Cd 7EMt A ZUh TR Z 2R B AE F3—F5 (& 1), PIZRE5 R RI TY AL B REMEIS N F3 k4 J F6 %
AIHIR LSy Cd W | FRAK F1.F2 S 30405 Cd HRIE 2020 4F 1) [ i 5 42 2, b T AL BEST F1LF2 414319
Cd YREERFAIC NI . 10 FS 4150 (RRES A3 Cd) 1 Si AP FARBRIAAAE 25 5% ,2019 4F T 4 BE F5 4143 Cd
WY CK T 3525 5 T) b3 i 1 i, ) AL FRH 5 RAIR 5 17 2020 4F45E Si 4038 FS 4153 Cd MR EEIBEAIL,
2.3 KFEEHESH

A 2 BT L, Si XK ARG i AR (Pn) ZEIB R (Tr) AL S BE (Gs) ML SR AR AR MR B ( Ci)
H—E MR, AT EERCT T A1 T ALBEA P ZEHI R & T CK AT ) AbEE, PHZRK RGN 19 P 3976 Sl A0 1 2]
WAL, Horp T AR BRI R 7ERARG 57 d 275 d BB Pn, BEE KRR LB WHEDE, Tr Fl Gs R TFE
A i Si BE— T2 FE A2 HL ARG, Si Ab3E T BN (8 ARG 107 d) JKFEH Fr Tr Bl Gs &5 T CK, Herr TJ Fil
J AL FRAE I G U BT S A (T ) AR ER) BT DU S B i R P T, Gs {EDRAER I (6 & ThRE, Si
Xt Ci S RAERSAR IS 75 d I AEBRIA] Y 25 5 (B AR SR 45 S0 18] 3 Fl Si AbFRIE R Ci AR fR i S AR —
2,5 T.J BALEAI L, T A FEM B Ci B BT,
2.4 IKFERNSE AR SRR S 1

ML 3 0, RTR] Si A BN KRR B Fy/Fm (B 535500, (0 Si AHAE— e R F e oPSTT
qP DL ETR, HAEBREAFAE—L8 24 55 2020 /K FE A ®PS T . qP LA K ETR {EAER W iiEAES 7 d (57 d)
PIHA AT 2019 4, AWM A A8 AL AR KRR R . 2020 4F Si 23RBS A 45 A 2B - NPQ |, 1H 2019
SRR RO AN BEAh  BERT DU S K R F AR AT A SPAD {H,2019 4F TJ Fi J AbBAERE#R )G 5T—T75 d B
Y SPAD {8, (HAEFE 45 52 (AR5 75—107 d) &40 FR ] 22 58 B 25 (P>0.05)
2.5 JKFES R SRR R

M 2 AIAL i Si X KR = e HAA R A R, it Si S R S R i KRS PR R, Pk
FHIRERE (TT ) ALBR) 7E 2019 4F K 2020 48 CK 4H4 338 T 15.80%—17.81%,12.00%—16.09% , [F] 5},
2020 4 TJ AL BEREGS I 5 M 4R = BEREDRL R (P<0.05) , 555 B HE3 i ik 28.05% , fHLA7E 2019 4FAb B[] 22
SARRE, XWTEICRINT , PR 3 SR i B A2 20 34, S50 Wt i A0 2R (] A0 B B RE R F5
WEREESEE, 5 2019 AL, 2020 4F Si BRI AR TR, 5 CK ARFRAR EL, T T J A B 0 45 551 o
4.02% 11.73% VL ] 11.17% , 856 ##0™ BARTE , R FEAE W Z/K R = i Y W 4 vy, v ) AbBRAE P ZR0K
T A3 5 R f 35, H. 2019 AESEBR™ B R T 2020 4,

F2 HESIiX CdHETKBIEERMKEZNHN

Table 2 Effects of Si application on rice yield and its components under Cd stress

) s AR R o i
Years Treatments Effective panicles  Spikelets/panicle . (/1000 i) Yield/ (g/#)
2019 CK 8.42+0.36b 150.82+10.03a 84.68+1.95b 18.81+0.57a 70.18+4.14b
T 8.92+0.50ab 159.76+10.54a 89.96+1.94ab 19.55+£0.94a 78.84+6.82ab
TJ 9.75+£0.35a 158.28+13.73a 87.85+1.55a 19.78+0.67a 86.28+8.19a
J 9.92+0.51a 157.83+13.91a 91.71+0.94a 19.41+0.36a 81.30+5.26ab
2020 CK 8.33+1.32b 111.81+18.83b 83.84+6.78b 17.90+1.60b 51.65+7.41c
T 8.78+0.97ab 129.21+16.44ab 85.60+5.81b 18.62+1.31ab 64.89+1.96h
TJ 9.33+1.32ab 143.17+19.44a 92.42+3.85a 20.00+1.73a 79.89+5.48a
J 9.67+1.00a 116.16+15.85h 88.52+4.85ab 19.90+1.36a 67.57+0.94h

2.6 KFEDEASE.Cd S SiWkEE Mmoo kR 0T
FIH E BT W ST T AT Si B KRG Cd B 2GS FEPE S 3808 (B 4) o 56— F 4
(PCL) A5G 2 TR (PC2) Bt Z 5tk %53 70.9% , 1 i 56 5 4 Kt S 1 70.9% ., Hivh PC1 7 2= 5k
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Fig.2 Effects of Si application on photosynthesis of rice under Cd stress
CK: Xf#f Control group; T:#Fk Mtk Si applied at transplanting stage; TJ . B 5HTT A/ WIitifE Si split at transplanting and jointing stage ;
T IWERE Si applied at jointing stage

FH50.1%, FEE Pn Gs MERIEDS Cd AHMIBT Cd L RAK Cd, Fo/Fm 172846 F 5C; PC2 7 22 TR B
20.8% , 53 W5 R Cd HB REL(MF ) JTr ANEEBERR Cd WA 3¢, TS0 R BL T 4540 BB
S E RS B, ASTE] Si Ab A A9 22 Sk B B KO (P=0.016) . 456 E s KR E , CK B i
] FHEI F1-Cd \F2-Cd DLt | Cd 5685 R, T M J ABR B RRAE 22 5% E2ARIAE PCL A R F 0S5
ST AEDE AR, M TI AF A ZEARHIE 22 5 R ERIAE PC2 A A T3 m it i 40 g Cd YR
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PAK F6-Cd He B2 2 28 BB AVE ] K7 | BT T ) AbBE . Z2 504 Si AbBEXT /KRS Cd Fitk 2ots =i
SR AT AN T AR FE A RCR BT T R T AL B,
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Fig.3 Effects of Si application on photosynthetic fluorescence induction of rice and its relative chlorophyll content under Cd stress
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r

P=0.016
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B4 AEECdREAESHERFTENERT AT
Fig.4 Principal component analyses among Cd, photosynthetic parameters and yield
CW-Cd : 41 RE 25 5 2548 Cell wall integrated Cd; Chp-Cd: M4 K 25 5 2548 Chloroplast integrated Cd; Cyp-Cd: 41 Jf Jii 45 5 &5 5% Cytoplasm
integrated Cd; MC-Cd ; 2 ki 1A %E 572547 Mitochondria integrated Cd; F1-Cd ; JGHL4R Inorganic Cd;F2-Cd : F HL4R Organic Cd; F3-Cd : B FIEE I
2557548 Pectate and protein integrated Cd; F4-Cd ; AN f#PEBERRSE Phosphate Cd;F5-Cd; HEER%H Oxalate Cd; F6-Cd ; 5% 2548 Residue Cd;Pn;
HtA H# Net photosynthetic rate; Tr: 7% 5 4 % Transpiration rate; Gs: ‘L L 5 J¥ Stomatal conductance; Ci: il 18] — % L% Intercellular CO,
concentration ; SPAD : X -4 2% £ it Relative chlorophyll content; Fo/Fm: 6 2 4% 1T it K64 22 Maximum photochemical efficiency of PS I ;

MF g SR [ KPR B 55 B8 2280 Transfer coefficient of Cd from leaves to grains
BeAh T R S SRS Cd R SO S SRR (£ 3) , ZBUM St & 5 R Cd KA
SPAD .qP . ®PS T Fl ETR RN b & 5 2 IE ARG TS5 0FFRL Cd i B W) S A Bl 3 6 A G

£3 MHASIiRES CdRERESSHMEXESH

Table 3 Correlation analysis of leaf Si content with Cd concentration as well as photosynthetic properties

WA Cd FPRLCd
EEN W W . ‘ , - )
Factors Leaf Cd Grain Cd Pn Tr Gs Ci SPAD  Fv/Fm qP NPQ OPS 1l ETR

concentration  concentration

S e
Leaf Si content

1 FORAE P=0.01 BEMAT I (FR) BB « FoRfE P=0.05 BEHKT L(FIRE) BEMIE,; Pn. it A 3 Net photosynthetic rate; Tr, 714 i %
Transpiration rate; Gs:SfL T Stomatal conductance; Ci.: Jil[f] % fLHk Intercellular CO, concentration; SPAD ; HIXFH4% 2 & i Relative chlorophyll content; Fv/Fm:J

0.754** -0.854"*  -0.495 0550  -0.485 -0.210 0.653" 0.628  0.696" -0.367 0.658 " 0.637*

5 T HAK A3 Maximum photochemical efficiency of PS5 qP: Y624 K R 4L Photochemical quenching; NPQ: 3F Y fk 22 K Z %L Non - photochemical
quenching; ®PSII IERG PR ERE Actual photochemical efficiency of PSTl ; ETR H1Ff£38 % Electron transmissible rate

3 it

857 Cd V5 Y5 KR B &= A — ROV R FE AR, N2 4 iz B 6 A1 F 32 IR B R % A3l R
RAARRAT: , BRI X 7= f B SR, (HUE Si nI A SR R % a R > Si A MK R AR K & & s iA 50
05 Cd KA DTRE O R AR LT L e Ah Si iR A LA Si— 4 A e 5 5 43 A 1A 199 X 42 B8 A 4 Jifd B
L3It Cd W E YRR, BRI RO B Cd SR R AR R AR FIALAE Y AR R, Si A B
KRG R Cd R BE B 3, i B Si kS Cd & i B AR B IE A (r=0.754, P<0.01) {H38 0 Cd B2 i
DIXMERS S TEAS CRIBFIEE A 548 Cd AN IEIEREIR Cd FRIEZS Cd) BliAkAE 20 R RE IR BE7 5 LUAE 1 R o
MCHALBREE | o5 Heik 55.37%—62.18% (I 1) ,ixX AT By 1k Cd %t A S5 R o8 HR K T B2 Si i s #

http ; //www.ecologica.cn



5942 A E = 2%

SN RE ZHE S T MR RO A R A QR AL R AR RESRAE T A AR 4N M N N g LA B S R A
FERO S SIAN A RTRES SiCEFRA LY, S DU T2 IS A, BT Cd ZEn 5 BB Shahid 457 &
P 4 R T 2 M & BB BRI B 1« 27 48 B (E ), AT D Cd 728 3R 88 B OFFRL) I E L, AR
SEILA R Si Ab B S WA 08> Cd ZEAPRL AR, HFPR R A Cd i 5 Siodess R W A SE e R
(r=-0.854, P<0.01), FFHUGM FiZEi s EMAR RS Cd B IR” 285, HE B Cd AT F3E 1 1 bl 7 5 4 o
A I ) R RO A ARG S R PE R K Cd B A S T 5 CK ML, il SionT 3 R A
Cd 5% 280, Hoh T AbFRFE IR X 47.29%—66.05% , TG R0 78 24 IS WORPRE Cd 1 B e

i, Si REFE KRG 2 B AU DURUE B ek — A 0" DUZZ5 48, BT RE T 38 5 7 O el 38 Hoet )2 19 52 0%
B AT PO EOCRER AR, AN, MR SR PO A E B AT A
YRR 7= A B 2 Y m i i i 4R R 0GR T 3l 1 S8 AR ok I e T AREISE Si AbBEOGHUE: T Ab PR NS
T4 3 G2 A R DR Cd B IR BN B4 (8] 3) , IR RS E TR B KB BOH SPAD {H i E 310, 5
Si FEM A AR B A 1 IE U AE R (r=0.653, P<0.05) o BEAM, $51 It ae (TJ . J AL PR ) i 25 32 5 iUy P
Tr.Gs LAREZ DI REM B (19 P2 AR EEA TR R 3t A X} Cd B EBUFERL Y R 8 JEH Te T
BRI TR A RS S0 R 58 R R SE SO M APREFE R  SyAiFge 0 B, Si Bl 2% 15 48 ik P e
FIE R A X e KRR ML Cd™ 77 A 58 4 S48 B0 RO, IR A F Re  ff A 88 & cd> b /b ik
B, SRR LASCER R R AR ) Cd™ B 5 , TGS /K R X Cd TR 20, ik 2= 25l o OB H i 3L R 48
WAL CA> FEm B A A, R I 22 M R AR AE UL, 3™ BB ) T AL 19 B AT 52 MR AR AR 1 AR
ASHe , MREAL)S A AN BESS AT T RS FLiz sh ' . ARG TJ Ab B REAE 2 REE 2% T 28 45 S WP 2 A s b fie
AT , BIEE A TR CO, ) A TR , AR TORE Wi hiliE . Cd #F A Y40 5 1 SR 2k ™
ARFEMRA, THOCA R TGS ARSCE: TI AbBREE T LB SR J AbPE i E IR LR R Cd e | X fig s
SRR AT IEIE R (ETR) , LS50 Si R IEAHX KR (r=0.637, P<0.05) , 3825 PS I BB A3
F ARG IMAR ALK R, A R G T RE RS 15 8 i, A5 PSIT RIS AY BB 1 R B ST
A, D 8 ' K T M AR A TSR IR I SR AR HILAE ) AR 9 2 B0 T Ak B A 3 A K U 7K R £
NPQ & 1N, iX 3R BIK R AAFE R 3 2 | 0k 2800 Ji it FH o] BB A RO 2 A Cd XK DR AR B il
M i R AR AR i ™ T, (BT R ARG AT TAEBR IR 3BT, 5 73 6B FE v 45 A7
TE—E AERR 25, OB AT 082 AT 858 S5 A B AR, X 3k — 5 I8 A FRp it — 25 e

AN] Si AL FEXT K FE A — 2 WG P E T, T T ) 88 CK 4351135 7 18.99% ,38.81% Fl 23.33% , #fi Cai
ST ST IR TN Si 4% CK 1977 10.52% , MLt Si ALHE ™ 7.02% ., Si DM P 0 B 12 5 0 1 T4 i
FRIBURZE SR HYOE TR E AN ZEARIRGE P i Si AT oK ARG A 1R A s, TI A #i%s CK i 35 3
TNEERRIEL (16.50% ) FIZESEHR (6.99%) , LA VRN AT L&A B Si Ab BT /K REIH Cd P S6A RrE K re B (0 B i
YEHIR/IN R TISIST,

4 Lt

3 PN FRE R, St 2 TR AN S5 41 S0 70 0t P (T A B SR T B TR R R B Ol & Rk
B R, 5T T ALBEARLE, T) AP e AR A Si R ARR BN Cd fE i BT A RO SR Cd XDt s
A E RO MIEEAR Cd il PR ARG RS o AN, TI Ab PRI 25 3R K R AR Y P Tr (G, A AL A
THEAIIRE; R ETR 1 ®PS I3 2 2 E e T, gb— et =W a il S kit . 4556 et Cd R K
RER LAl A SEHEREAE Cd 15 YA T T R R ANEA T 39 300t PRk 3R, LAAR A LR A 42 S 7 RCR
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