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Effects of biochar on seed germination and growth of Vallisneria spiralis
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(1: State Key Laboratory of Pollution Control and Resource Reuse, School of the Environment, Nanjing University, Nanjing
210046, P.R.China)
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Abstract: In order to explore the effect of biochar on the germination and growth of aquatic plants, atypical submerged plant, Val-
lisneria spiralis, was tested under the condition of two sizes of biochar ( small size biochar, SSB; large size biochar, LSB) and sili-
ca sand as the substrate of Vallisneria spiralis seeds. The germination and growthof Vallisneria spiralis seeds were investigated under
four nutrient concentrations. The germination rate, seedling morphology, biomass of Vallisneria spiralis, nitrate nitrogen, nitrite ni-
trogen, ammonia nitrogen and orthophosphate in medium were measured after 30 days of cultivation. The results showed that bio-
char could change the environment of the substrate of Vallisneria spiralis. Tt could also reduce nitrite nitrogen to lower the detection
limit and release the orthophosphate. The aqueous phosphorus concentration was 1.28-2.43 mg/L, reaching 3.2—6.1 times of ini-
tial concentration, and was beneficial to the germination and seedling growth of the seeds. The size of biochar could also influence
water nutrient concentrations. The finial ammonia nitrogen concentration (0.05 mg/L) was lower in SSB group than that in LSB
group (0.39-0.85 mg/L) , which was positive for seedling growth, and the germination rate of 80% in SSB was higher than that in
control and LSB, thus, SSB has more potential in aquatic plants restoration.
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AW ¢ (Biochar ) S& A 1A HLAARECRBE R FN T OKFF A5 ) 78 i 4 sl IR AU PR 458 v 2 B 2k A0 TR I i) —
KBTI, LR AR R B LA SRR AT B TR SR T AR 5 AT LR
BRAE T, WA 198 P S A 2 A T R, TR, LA 18 42+ 0 & R TS e T 1 AR W TR s T Ll
A B Ty 15 - SR B 3 RIS 3 SR R ) A R BE T R R A i
Wy 3 X K R e iR S A ML Y AR B 2 St LA R B T 2 0 R B A S O
A AT R AR R R ) KRR T RE B AR T RS R B IR SR A TR R
B S /KA, 45 53 WA L Tl B R R K A I S AOR S AR IRt 2 9 s T Tk AR 25
ARG UK R E B T 20 TRt (H AT G T A 4 0 R R T KA A A < A5 Wi i B 0, X 7K
A2 A FRGERY A i AN B

5L (Vallisneria spiralis) {8 FR/KAESE i FHEL 10 2 5048, 3B T /K ¥ B} ( Hydrocharitaceae ) 7% 5. & ( Val-
lisneria) F) 247 K SEAAR Y 2t SR AR 01 b KA o 43 A e Ay 8 DL B — R K A0 , 5 P
TR B SRR KR B RS TE B IR AR P E A K, X SR A IR A — S T
SEET AT R RS YK A PR B TR IR A K IR T RO AR s A LA T
. RIS BRI T, A0 L AF I YU A I R K A R R v % 8T DA I R 28, 57 8 9 A A 38 o
AR R AR fle A= b B, R 3R A 0 B e AK R P LKA AR S A 6 FH A 40 5 e A8 B2 32 451 A
i B H R S AT R SR UKAB ) v BEAE S 523 0 , T 9 A6 W) o o 0t B R ZE RN 40 B AR K 5%
Wiy, AR R (W A A B ROV, IR R ALK A A S =

1 MR E7E

1.1 FEMFIRES AT I8

16 BT FH o A1 o B TSR TR A S k. g KU R AE I o B TR T A SROK 24 b S B sl
W F R b A e 75 Jr SO PR LR R, 85 B T 4°CvKAE AL 24 h DL . SR IBCBURL AR I (9 Fl 7,
TER S TAEG A 70% LBEE T 30 s, 8% UCR IR ENTHTE 5 min, 55 J5 I TC BI/KIE BE4T .
1.2 £ RRF&ESLE

TR BT T A W o iR B WL B8, s LB AT A8 T A, Jeds BAT 8 T2 b, TR AR
BUTBE 2 3 d, FEAETE R A M 25 T R T/, 175 VIR IA ) 800°C , iR Ja AT B B 1. 48 11y
A= Wy S5 A R REAILAT I R 5, ) FHAS ) FL A 1) B D00 445 L7 23 A 1~ 2 mm (YRR (large size biochar, LSB)
1 0.25~0.5 mm /745 (small size biochar, SSB) Wiy, #%45 1 g A=Y FA 5 10 ml 1 mol/L FHERHY L1451,
FHERBRIZ U 1 h, BRI A 2% 5T, SR 5 T A R K I e i BRI R W T v, e Ja 268 T oK e J5 1
BOCHUA Bt T = IE T ™ . EDS BRIl /M4t SR F W1, A AL ) R ¢ 1O S B 2 B 24008 95% , F19M L B i 4%
RBIR KRR B ), B s IR (B 1a) |, /INBIAR AR W A 28 3 DI Ak B IS 54 T2 A, B 4
SIPER IR AW B (&l 1b) .
1.3 i3t

DA AR 2R ), BRI TR 32K T AR 0 0 R 0] 55 R A R B 4l v A R s . S22 40 26 S
HR 2% 1 NaNO, il KH, PO, el i s SRR e B (MN) R 8 J2 U i B (LHN) (T 5 85 3 s e
JE (CHN) FE s & R AN (SHN) 4 A B IR AR B TE 1.7~ 12.5 mg/L Z ), GBI E7E 0.05 ~
0.40 mg/L Z[A] (& 1). w5 A KT R SORARAE M) 5 (LSB) Fl/NKLAR A= ) S5t 7 (SSB) |, I Fl A0 S b A
XHIR(CK) 38 12 AN bR, AR 3 N EE.

Frit LSB SSB FlA 9Efh (CK) 4% 50 g /A R EF SR, B T4 350 ml JRIE EAE 7.5 em 5 8 cm [
RN BRI (8 2) ARG TE 121°C KB 120 min DL A A 4y 0 328 06 225 SR i 5 . 4> 2 1%
R A 20 L RERR T IR 200 ml R R AlK A [ RS S R, TR TOL BB SR A T, 7E 25°C O
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Fig.1 SEM images of large size biochar(a) and small size biochar(b)
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AT AORE (AR RIEEOR R R R O

TR SRS AN AN p 0 2 K b 25 U L R T MW LHN HNSHAN
N-(1-Z836) -2 OB s 2 WA S AR, R FH 98 R 7] TN/(mg/L) 1.7 4.5 82 125
SI I M 5 R SR BT O skl Ak TP/ (mg/L)  0.05 012 028 0.40
E R

142 # KA Arty IO HERT 30 d S, MR A T

T 2 3 20 R 0 AR R A K 40 a

Tab.1 The nutrient salts concentrations

W AR 5 43 o ik o i S A BEAE T 60°C LT R IE T, FR ]
AR T E, VA H BT A T 0 A ) i L RAR AR ) W e
He M T A R LA R (A AR B W5 A
1.5 Gita#r

#iF MS Excel 2013 1 SPSS 21.0 #5455 #4748 34> s
Hr, R LSD 22 843 H1 LU [RI B0 4 9 22 5=, SR FRURI R K 2 i E A
553 MT (Two-way ANOVA ) 43 A7 7K 44078 SR L 56 i 28 U % Fig.2 The diagram of the test

WRH A A RIE S AP R R 5 BRI, >R ] Spearman
I A R AR SR IRE SRR 2 Y R BB MK RS «=0.05.

2 BERE M

2.1 M BURIS KR E FFE R E R RN

AN R REAR A ) 5 e B A AR BRI 5 A P 2 XK A o IR R o B 7 A S [ RS2 0, 5500 4 R B2 AT
FEL 1557 30 d 5 A Ak R PR 285 SRR 2 i R R A1, A B T SR S v 2R (SHIN) LSB il SSB
AP REAS FIR A B35 T HABALFRA (P<0.05) . 547 9ER0 %] IRZE AR LL , 75 b 8 SR US IR B2 (MIN) I8, 250
A W B 5 2L KA R S 28 R R R DG 2 Sl 5 (P>0.05 ) T #85 W 43 5 % Eh W BE I, LSBT SSB. 41 A 25 AUk
JE LT CK 41(P<0.05) , [Ali) LSB 41K IARAH AR SR B2 4 W AR T SSB 41(P<0.05) . 7K M v IE B i £
We AR AL R H G S RN, A AL B4 30 d 5 IE B IR h B e 2 24 i T U I 0 U R AR R Wik 2. LSB A
SSB b PULH IEBERRER B L 2 1.28 ~2.43 mg/L, yfe @ B LMY 3.2~ 6.1 £, B W & T CK 4
(P<0.05) ,fH7E LSB A1 SSB Ab A AR 3 JC Wk 35 1 25 5 (P>0.05) (8] 3).
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(1 3). AIAZEFH N WA SRS R AL TC R 122 5, LSB A1 SSB 417K A v 7 fiF 25 S8k JEE 1 35 (1%
TABERS CK 41(P<0.05) , PFfAN [RPARLAR A= ) Ji 0 41 Hh I B 25 20k FE 2 A% TAS M FR ( <0.003 mg/L) . LSB 41
T AR R T SSB I BRZH , K A e A S R BEAE 0.39~0.85 mg/L 2 [H]. 7 LSB 44, MN F1 HN %]
BB SRR R T e AR R R P S A B IR R AL PR AR HO AT .35 28 57 (P<0.05) . SSB 4l hk (R e A R Rk
BERA, 75 0.05 mg/L 7= 4.
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Fig.3 Changes of nitrate-N (a) , nitrite-N (b), ammonia-N (c¢) and orthophosphate-P (d)
concentrations affected by different sized substrate and V. spiralis( Different small letters
indicated significant difference among the same substrate of different nutrient concentrations group
at 0.05 level, different capital letters indicated significant difference among the same nutrient

concentrations of different substrate group at 0.05 level; the same was below)

22 FAEEFRKETENMRERNIEEMFHESERKNEM

221 AR AN ELEMFHRLFEN YN FEARFBYILGEEITRERAKE T, A9 s wOoR 785 & 0 52
SR 4, FE A eRb CK A PO R IR 8 77 b KT X 05 SR P & R B W (P>0.05) i R R HA
50% i A, FRAL FRLAROK -, T SSB 21 757 BEAR B & 2381k 80% LA I, 3 & A 964 CK 4 (P<0.05). LSB 4
TR R R B SRR KT B R TR T B R B SRS IR B (SHN) TR P AR B2 THhERR
T BE (MN) (P<0.05) . XU 27 225041 45 SR R B, A2 W 00 o 2 48 v 9 R A 07 R R 22 R, i 4L L
AR5 T 5 A F 6 B R R T i 3 R (P>0.05) (£ 2).
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Fig.4 Effects of substrate on germination rate of V. spiralis under different initial nutrient concentrations

222 AMRAEL G ERAWE I AT REN 2 2 RIRIWIHE S Feth e B 53 Rk

LSOO Ry i AR RO AR P R R KR R DL S, X v R A AR A T 25 0 B
AYERY CK R KB RCE VUG E SRR Tab.2 Two-way ANOVA results of the effects of
FrEmib i, ka2 3— % different initial nutrient concentrations and
FRBE (k) T LSB 1 SSB 20 rb 25 400 1 785 3 vk JiE Xof 1 substrates on germination rate of V. spiralis
Fr AR B T A A . XU 3R 5 22 e M A R AR A5 SRR oA F i
WA A S e T
4788 (P<0.05) TR K I FL 536 0 %, ) i s
WRESFREIKOE R S EE TR 32 BAE X W AR KR avsesh v e <ot i 45.167 1.232
AR FEM(P>0.05) (% 3). SSB UM IR AR KES % 146.667 -

CK A C 3% 22 57 (P>0.05) , 1l LSB ZH A9 7 HEAR 3%
K F AR T SSB 4 AIX A (P<0.05) (141 5).

s FE N ARG, P<0. 001.
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Fig.5 Effects of substrate on leaf and root lengths of V. spiralis under different initial nutrient concentrations
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3 ARG E IR ER W 5 B R RN vy R4 i A 7 22 70 B
Tab.3 Two-way ANOVA results of the effects of different initial nutrient concentrations and substrates

on length of leaves and roots of V. spiralis

N LSS K
AR SRR
Rl F1ii il F 14
BIRERE 0.379 3.911°% 0.052 0.123
HF 0.624 9.660 ** 6.364 22.775*
B AR B X BT 0.434 2.241 0.476 0.568
R 0.775 — 3.353 —

# RN AN, P<0.05;5 o FoR R WL AR, P<0.01.

223 AR AT FES AN EREG QTG H R R BRI 1 5 T At A R B 5
Wi (P<0.01) (&1 6) , )4k 75 % Eh v BE KL B S AR 0 oy B &y iy BRIt 2 ) LR SV E W ey R 3 M 2C
YEFR TR 7 0 e B X B 4 3 A AR A B X TC W 3552 M (P>0.05) (3% 4) . SSB 4 (w7 B4l 1 B v A=
Wy CREAS 2R P9 T AR I 26 g ) SR ) R AR iy et (RS2 5 P9 T 4T g e AR A ) 1 A
) Y55 T LSB 40 CK 26, CK 20 iy 4l i SR ZE W)= (A2 850 P9 T A 4 it AR A 1 5 ) ey ([
6) , GIRK K E BN G R BAER—B(E S5). Aderd CK H P HrE iy skt A4 9 s AL E Y s IR R 132
BRPARILG B SRR L RS2 R, BE A 78 57 R W B A T T I 3 IR (< 0.05 ), JUH 8 5 8 97 S vk Ji2
(SHN) Xt &y v AE 4 A5 B2 B A9l /E T, Ifii LSB 1 SSB 21 7648 & "5 TR IR N ( SHN) BBk 4N 1T 1 i e
HLEA: i W) i T HABE FRERACY (18] de) . RIS, 7E BB 8 FR U8 Ik B2 (SHN) RLSR i1t 8 37 8 ok B 2% 1
L2 A RPRLAR A 0 57 e 20 Hh B AR ) B R IR T A 9D CK 2 (P<0.05) iR i i SRR Wk B 464 —
HIRFE =S (E 6d).
2 4 AN[AIA) a8 TRk W B 5 R BNy 4y i AR ) AR SRR 1Y U 28 4
Tab.4 ANOVAs results of the effects of different initial nutrient concentrations and

substrates for biomass accumulation of V. spiralis

. B e B )T
Ap i
SEITH F1H ST F1{H SR F1{H
S A 1.770 1.448 13.216 16.215 3.484 1.425
SRy 0.356 0.671 2.855 8.068 ** 1.149 1.083
B 2.841 1.142 23.034 13.890 ** 7.357 1.479
BRI A 0.003 0.861 0.044 18.507 *** 0.020 2.879*
PR A ) 0.001 0.323 0.055 39.518 *** 0.004 0.888
PR SRR 0.005 1.147 0.169 61.709 *** 0.048 5.852*

* FER AL, P<0.05 5 s Fil s Y3340 WAL, P 43 5/NT 0.01 F10.001.

FEREWIUR T SRR e FE RIS [ 3 A fF T o B4l AR ZE W i RN 2B 4t e 3 5 9T/, #E MIN LHN
FHN B FRER KB R R B A R A W L AR A i L3 A M 22 7 (P>0.05) , A IER) CK
H R SE LA K F LSB A1 SSB Al iWia e (A2 5 A W3 (P>0.05) . & H RNk ¥ (SHN) T, LSB #1 SSB
R A Y L R R T CK 20 (P<0.05) AR AR i U RIAR St LY i 2 IF CK 41 (P<0.05) ,2 AN ARIA)RL
A=Y T A 2 0] R A g L AR B L RTAR 6 LE 22 ) ) G 8 25 25 57 (P>0.05) . LSB 41 il CK 14 AR
(IR S SRR AKOF N A i b AR A i B AR el LU 34 0 8 25 94 57 (P>0.05) , SSB 4] 1 & 8 SR s ik
B (SHN) F b A= Py i L 8 2 8 T At 3 A8 33K (P<0.05) | A A 1y 2 L FIAR S LY U 48 21K oA 3 A4
B FRE K (P<0.05).
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Fig.6 Effects of substrate on leaf biomass (a), root biomass (b), total biomass (¢), total biomass of single
plant (d), leaf biomass of single plant (e) and root biomass of single plant (f)

of V. spiralis under different initial nutrient concentrations

23 EEMFHAMEREKERLEFERENEXES

AR E FRER KRBT o BB TR SR A U KR B 8 FR R R 5 vy B R A A K AR A
(1) Spearman FHICAEIHTAEHANK 6 Bz, Fft 5 A 3 5 7 PR e 2 M 285 G M B8 22 0 3 B 56 (P<0.01) L 55
IR I 28 AE R R VR 2 1035 TE AT G (P<0.05) 5 4y 1 P15 i 22 i 285 00 1 I i 25 2R R P2 A 8 0 3 97 A O
(P<0.01) 5 ¥ REJ T A AR e AL AR W 2 5 B 2 A R 22 18 35 TR G (P<0.05 ) s AR 5 e Rl 25
RN A AS RO LI 12 1 25 TE A OG (P<0.05) , 5 e A G RN IE W R 6 e S22 4 12 b 35 7 DG (P<0.01) 5 4
SRR B R AR R IE IR R 3 12 38 UM 5C (P<0.05) . PRIk, A ) J5 3 oy B A I 45 X K AR o
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Tab.5 Effects of substrate on biomass allocation of V. spiralis under different initial nutrient concentrations

B g iAW % A=Wy s L/ % M5/ %
MN CK 57.85+10.33 42.15£10.33 76.25+28.54
LSB 66.96+3.49 33.04+3.49 49.60+7.75
SSB 63.91+4.41* 36.09+4.414 56.94+10.434
LHN CK 62.36+11.59 37.64+11.59 64.35+32.30
LSB 64.16+8.46 37.12+6.49 59.41+17.86
SSB 67.97+1.28"" 32.03+1.28F 47.17+ 2.78"8
HN CK 54.43+5.49 45.57+5.49 85.01+19.17
LSB 60.90+11.75 39.10+11.75 68.77+35.60
SSB 68.38+1.4848 31.62+1.4848 46.30+32.08"
SHN CK 53.33+6.88° 46.67+6.88" 89.74+25.83"
LSB 69.02+2.14" 30.98+2.14" 44.98+4.54"
SSB 72.50+0.54" 27.50+0.54% 37.94+1.03

# [A) 51 R R R OR [ — B B R0 80 8 SRR B AL D% 4 22 57 .35 (P<0.05) 5 [RI /NG 5B 3R [R] — W) 4R 2 7R 4k
WAL ) FE B A bR 28 5 B35 (P<0.05).

R 6 KR LB IR ER R 5 8 FORR T W R A A R BR A Spearman AHSCHEZM BT

Tab.6 Spearman correlation analysis of final nutrient concentration and growth parameters of V. spiralis

A TSR WA HA IERERER
R 0.142 -0.574* 0.280 0.365*
g -0.335" -0.501 ** 0.428 ** 0.260

i8S 0.464 0.591 -0.795** -0.658 **
B YR 0.398 -0.151 -0.168 -0.073

SARE YR 0.399* 0.220 -0.549 ** -0.424 *
SR 0.433 -0.053 -0.306 -0.206

* FoR A, P<0.05, #x FRM B, P<0.01.

3 itig

31 BRIDKKE SRR EW R

ABFFEHEIR T 2 B RPHLRR 09 M5 A1 BE RO LT SEB P A, 7 0 B S K (e 8
T S A D o AW TS RS ST — 2 OOV AP, B LS X5 B0 i 0
B A 1SS AL RER UK P A5 0 4 2 IR 9 T AL o O Y25 R I 850 1 900 X 1
AL, S5 T A RS BB 2™, 1A T LA WA o 5 RV . B2 R DL
AT e A ) R BB, S LSB 4K PRI e SSB 41T 8, T 41 908 CK LUK
HEISE NI TR A7 BRI ™ RIS 8 0K Dol 4625 RV R B A5 > > IS
AR CK 4100 425 RHR R/ — B, AU I 0 JR AL LS 10 2 S KE i T 5 AL
J, SSB LN JEL G 2B A s R P S ORI P ™ L e R L T e B 2
B TR R, B, A 0 B U (<02 ma/ L) S SRR ok i 1 1
. AT T A SRR/ AR R A, IR SSB UK PR BE IR T 1B 41,
@R CK ALK MR TE BRI RV S0V A3 A — B, 7 LSB 0 SSB ALK e 24 IE Bl
ACIE £ 035 1T L DR A TR AL 2 1 3528 5. /A A Bk R ™, 500
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FA 03 ¢ BRARTEAT T BRI Sl7K R, (R R A M AN 48 K IR 34 19 6 5 7 o 2 ) B e AT 9% R Bl —
BB, SOOI A5 R 2 D, AR 64 R K R IE R ER vk B b TR AR R RS L .
32 kfFEFRHESERMEEMTLZFERKNFIG

PR R 2 A ORI R AR I T e R T BT R R R LA B EY AR R, R T TR
AR SR E FRER MR (AR ST, G5 R . 7E CK 4P, W A e R 40% ~55% , 7E A [ 90 i
EREWE Z WA BENEES. 5 CK 4 1L, LSB 413 5 T & R B &, E B0 4 Fhita s 5
RV E T W & RHRAE 80% LA, R, K (A B 5 S Wk o R T R 2R IR S A R, R R/ N 2
R RO R B &R XSG AR AR — 5 AR IR Rk (LHN (HN Al SHN) ', LSB 41
3 BT R R 60% ~T73% , bt CK ZH45% 7 T 20% ~33% , SSB 4 17 i i ke F A 1 , 31X 5 B A 9y Joit 3 ke
TIN5 B (Y T 2 358, A ) T R ) 2 /N AR AR ) R A R T B R K

W B R B 25 R R, 76 W — AR LR AL B T O /IR AR A A ST R A v R K AT
AR EMEES, R TR Y B s AR R BB 5 B v R B 280 W 5 0, i 6 A 0eib CK 4l i 8
FRERVR B RGN, P B AN T 0t K R W R A, AR DGR A M A ST A, i B S K A e S L T T
AR W A C, R R A KR 2K R = 8 S 3k vk B il i A 8D CK 4 AR 5 7 SR TR ik
FE(LHN) Rt K B R KT LSB 41, CK 418 = 01 4R S Eh vk B (SHN) R it Jy KB b 35 A8 F A= W B e s
TNZR , B LA W) kSR SE IS, BB AR A VR B RN R B ¥ ol , A R A L5 P S MR B B R 2
S BT A AR IR R K R SR R R R TR A AR DG T A 0 R LA R LA
J31 AR T KR r R UM, X R A v A KA B . A 2 A SR Rk B (HN A SHN) & /FF
SSB ZH B B S A W i T A YR CK 4, i LSB 410 5 /B RN S CK 48 i 3 2% 5%, 1) SSB
YRR XS R E Y A B R R . 7088 B BRI IR B (SHN) ' SSB 41 Atk KL 9 AL 4
355 F LSB 41 fN CK 4, LSB 21 +% # &y i Supkit AE i 5 CK AARMI, 3 3¢ B 56 o A v Bk 2 R g A
YrEA kA B R R b T B

AR AT HT A R i , SSB A P AR R K E S CK 41T 3% 25 5%, 1M LSB 4 A AR 2 K 3 b 25 4
HRFR A e 5 R R RIE R AR 2 M) E B 22 57 (SRR R A Wt A S 45 SR I CK 4 g 3
BT A ERA. FIL, 5650 CK UM H, /ANVBAR A W I s 4 s AR R K EA G L N AR A
BT B ; R0, 758 B S FE A Ny B (SHN) '~ SSB 40l LSB 2H 17 wAR A= ¥4 L FIAR 7 LU AR i 35 IR T CK 4,
X B AR R R A A L T 5 B v AR T D, PR K RS 35 B B B 5 FOAR e L S 3 M A
B2 s A3 PR AR 2R, ATl 18 5 TR A P e B 22 1) 3R L MR T SR R M ROR 4 A £
BRI TEY TR, Fl, W EARATRENAEY R ER R b MR R AEY & A BT R, 1m0/ RiAR
HE W T e B TR A ) T ER AL SR AR T B A

4 gt

SR 2 BhAS [RPREAR B8 A 400 5 5 A D 8 S5 A0 SRR A S o R, A o A AN 4l i 2B,
AR U E R AR SE T LR T o R T S AR R B AR W S RO SRR, AR W R R S R T
B A AT AR ) D2 A1 T SRR A 45 A 0 S5 5 KPR AR R/ IN A S /IR AR A W) S5 Xy e o 1 ke A
FHEE A WY, i w5 1 2 31k 8096 DAL AR S i AN 285 i e o b 1 R T LA R el i A
K, S IRMAR A JRHA /IR A W JBOBAT A I KPR rh B8 G0 e JEE SRR, Dy iy e 40 A K (A T 9 3R 5
BAFTHAA. FELUGF IR T, i 6 2y i A AR AR AR AR 1A 0 72 S0 A7 , TR R W B0 X
A K AR BB . ARSI A W T v R B A AN A A I RS PR T AR e A b R e
HEAT TR AL R, HERR T HAG A= Wy WA M0 R B AL RUK A A AR K2R, T — BT TE A AR 25 T O
GO BRI R A A A A A 0 ™l P R T R R A R S SRR AR S 4.
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