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Spatial heterogeneity of canopy photosynthesis in black locust plantations

ZHENG Yuan, ZHAO Zhong* , ZHOU Hui, ZHOU Jingjing
Northwest A & F University/Key Laboratory of Environmens and Ecology in Western China of Ministry of Education, Yangling 712100, China

Abstract; Forest canopy is a direct part of a forest interacting with its environment. At the plantation level, there is a huge
spatial heterogeneity of forest canopy. At different canopy levels and canopy orientations, energy transmission, solar
radiation and water evaporation differ significantly, which may cause the spatial heterogeneity of canopy photosynthesis.
Obviously, the spatial heterogeneity of canopy photosynthesis should be considered when forest primary productivity is
estimated. However, little information is currently available about the spatial heterogeneity of canopy photosynthesis. To
better understand the spatial difference in photosynthesis at the canopy level, we analyzed the net CO, assimilation rate
(A,), transpiration rate (E), water use efficiency (WUE) , stomatal conductance (g,), carboxylation efficiency (V,),
vapor pressure deficit ( VPD) , stomatal limitation (Is), photosynthetic active radiation ( PAR) , air temperature (7T,) at
different canopy levels and orientations of black locust ( Robinia pseudoacacia) plantations located at sunny and shady
slopes at the Maliantan valley of Yongshou county, Shaanxi Province. Photosynthetic parameters at different canopy levels of
black locust plantations have showed significantly different values. Irrespective of slope aspects, values for A, E, g,, V,,
and PAR follow the pattern; the upper canopy is more than the middle canopy which is more than the lower canopy. In
contrast, values for VPD, Is, and T, show the pattern: the lower canopy is more than the middle canopy which is more than
the upper canopy. The contributions of main photosynthetic parameters to A, at different canopy levels or orientations of
black locust plantations were determined using path analysis. For the black locust plantation on the sunny slope, VPD, T, ,
g., E are the main factors to impact A, at different canopy levels. For the black locust plantation on the shady slope, VPD,

E, PAR are the main factors to impact A, at different canopy levels. No marked difference was observed in photosynthesis at
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different orientations of black locust canopies both on sunny and shady slopes. Values of most photosynthetic parameters
change little and E, Is, PAR, T, are the main factors to influence A, at different orientations of the canopies. For any
canopy level and/or orientation, the black locusts have higher daily mean A,, E, V_, VPD, Is on the shady slope, while
they show greater daily mean WUE, g,, PAR, T,on the sunny slope. The daily total A, of black locust plantation at the west
middle canopy level on the sunny slope and at the east middle level on the shady slope can represent the daily total A, of the
whole canopies on the sunny and shady slopes, respectively. These results suggest that spatial heterogeneity of canopy
photosynthesis in black locust plantations should be considered when forest productivity is simulated at the canopy level,
which may have a great implication for the simulation of forest productivity from a single tree to the plantation level. Our
observations also imply that black locust plantations on the shady slope present better photosynthetic capacities than those on
the sunny slope, which may lead to greater afforestation survival rates and/or higher primary productivities of this species on

the shady slope compared to those on the sunny slope on the Loess Plateau.

Key Words: Robinia pseudoacacia; photosynthesis; canopy; slope aspect; spatial heterogeneity

SHEEYIRDLE TR B R F RO 2 0 A Pk 2 e, R AR ERNIL, WER
M RGN KIHE— R R IR S RRIT G . F, bEEREEY A EE2RESRREESY
JEARF AR A EEMIER . MATEZ RIS INA AT R E B4, B &3 e £
PR LBI R  . hT R RUK SRR PR E e 12, T RE B B R B TS
VEFRFEMGE s ] SRR PE ), BT AL AF ok [ Y b 0 e 2 b & 1 I EAT T KRB BFSE, RB T “ kb ig
BY” ¢ IR RO SRR A VR AR (S R Z R T AR SN R, T
R FIERAL LMD A AR R 22 5, DL 2 B A BRAE 252 mi R T e AR B R 120 o

B I A S IR S TR T B R R E RS E 2. R (Robinia pseudoacacia)
R R EE AR —, b T A GE R B AR AR R R AR R R
BEVPMEERENAC o BUATREDES OB EEA X AR R A 1R A R R
JRAEBTIE 1 R TARIE -

A SCLA IR PG 48 7K 7B T S0 I 3o I 35 R0 R 3 S i By SRR A g 3o R, 18 5t S B 0 B 8 AL AS [ /2 CRIARS ]
TR RIS E, X AT BN RS RO 225, 2 B A e A b 22 53 B R R, Sk 7 T R 7K P A
HAEE R EOC S I BAERRE o Woh, 247 T S BASRISDE & R R 22 5, LU 38 s R T 5
T 54t X g AR RS AR Sh iR S5
1 #RERE
1.1 Hroesisd

B ST B AR P A 7k i B R ME L S8R, 3t A 2 R SR R R A S R I AR X, AR 42 108°08'—108°10”, Jt 4
34°49'—34°47" Mgk 1116—1276 m; Ja& iR R P2 XU 5 5P <R 10,8 °C, AR B = il 38.9 °C,
W - 18 C o FPHIMEN R 601.6 mm, ZEPT 7.8.9 Ay, HEFWERN 52.2%—52.6% . 4F
V3 BRI A A R 807. 4 mm, MR R OGS L ARYT £, DIRFIAIRER 1.0%,
TASARR 44.2 pg/g, HALDE 164.5 g/, HAHT 189. 1 pg/g, SR B, ABELLGIRIA . LRES/KERABT
HEIE . DREKE = (HREE - DRTE) /LR TE x100% .

LABTSE b 18 A= RIKE N TAABIFERS G2, 230 A BH3S A B 3 57 b 64 3 SARAREE 5T RIS G, B4
Mo BEPLEC B 3 SRR (20 m x 20 m) , BEATREAKL R, B V3K FE M 1| ARIUGEREAR . B 5T AR
DL 1,
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F1 AR
Table 1 Survey of the Robinia pseudoacacia plantation plots

W mEm i W i o BAEKE A
Plantation  Site type Slope/ (°) Height/m Diameter/cm C.anopy .Canopy Soil moisture Dens1ty2/
height/m diameter/m content/ % (#/hm?*)

1 BH ) 22 3% BB 6.6 10.2 + 0.6 8.6 + 0.4 4.4 £ 0.2 2.9 +0.4 11.8 = 1.1 1695

2 BH ) 22 3% BB 8.9 9.6 + 0.5 7.8 £ 0.4 4.0 £ 0.2 2.6 +0.3 11.7 = 1.2 1740

3 BH ) 22 3% BB 7.3 11.1 + 0.6 9.3 + 0.4 4.8 +£0.3 2.8 +0.4 11.9 = 1.4 1650

4 BA ) 28 3% 1R 7.7 9.0 + 0.5 7.3 £ 0.4 3.9 £0.2 3.2 £ 0.4 16.5 + 1.4 1710

5 BA ) 28 3% 1R 8.2 8.5 + 0.4 6.8 +0.3 3.8 £0.2 3.0 £ 0.5 16.8 + 1.6 1770

6 BA ) 28 3% 1R 6.9 8.2 + 0.4 6.2 +0.3 3.5 £ 0.2 2.9 +0.4 16.3 + 1.8 1815

1.2 SR #HM &

BREARRE- Y4 8 b R 3 SE)R, H GPS EAL AR R 75 b 4 AL, T 2008 4E 8 H i R AT
SARSHIM &, 724 E H #9 6:00—18:00, 55 2h # FUGEZ TR M 4 D AL NS B — A IE# kL
2% BUETIRES 5—T7 BV R, R A ERCS/ER & 48 (Li-Cor 6400; Li-Cor Inc. , Lincoln, NE,
USA) JEALIE SRS bR, RIS G R A, R R E B K 3 RIS WUE(A,/ E) SHL"
B g, BERPRAE V(4,7 C) JKIRET B VPD SALIRFIME Is(1 - C/ C,) JEEAREEE (PAR) =R
BE(T,) % E ARSI
1.3 SGEitartr

BAE gt prilad SPSS 13.0 g/, SCHP EIFETE Origin 7.5 BHIZ B P 5E . SCHEEEY B3
B + FRUEIR (SE) R o ABFRILERE 9 BRAEA, AT EEHREAWER (L P T 3 MER, 3K H.
V.t 4 DNIr6L) B A, E WUE g, .V, .VPD Is \PAR T, 4 H 38 (B, %4845 7E H 2L 9 6:00—18.:00
I 7 A E ]S PR AR B SRR R IRAR I H BB AT, 20 B X R A 7] 2 R S A [R] 7 for
1) B BHEHEAT 7 225301 , W& FRAL 89 B B8 M BERIRITRIBEA RE A Z Rl 22 e . SR 2 E LB
H YR 2047 (Duncan’ s test) #7275 (n =9) , R FRERRTE P <0.05 K PERBE

AR LASE & A AR 25 TR X0 B 3R IR DG R B 43y LR [B) 4 1 B2 ), R F5 A 8 BB IR 3
BVAMISCHE R AR TTHR /N2 FEA SO R A, WA 2SR, g, JEVPD s PAR\T, y HAF B, & N T E
Bl 12 R PO ] Bl AR R BN HE S S
2 ZR5H5H
2.1 FBREEEERERFZER K2R
2.1.1 SUEAEFASIERE L B T RRNES

HT T R G AR RTEA R BRI, 22 B b T 3 SRR E TR & A B A
SHEVR. TCIBTERISOE B, R E R 3 MEREDEE A A, 7E H s B EA BRI, H 4,
FERGEARZRRIL : b > > THE, 78 H R R0 2 B 18] 5, B 38 760 57 35 0 A ) 28 1 3.
R ESITE g, RIUKEV, SCEHERIEN PAR BRI : b > > THER MR, KIRES B VPD R
FLBRMIME s S RIRE T, B8R F > i > LR KSR AR WUE ZEFRSEN T > o > b ZEB SN
Jp: E>H>T(EL,

XX EEFEARTEA R B IR H BIME R 7 2085 R W3R 2. PRSI FZ R B9 B ¥ A, Z 18] () 22 R R IA
BT BEKE, AR LR A PR T 9.31% , M2 A LT EBEEH 37.38% ;E Fil PAR #£[H
W¥h EERETHERGTRREES T TR EERRNRIE 3 MNERZEEN BE 25 Mm% g, B
AR EE, N EEEERTHRE, FEXEES T TE;V.RIA LEADEEEE T T T)Z; M VPD I,
WUE KR T EZRERTHEMLEE;T,BEREHEEZRMERMNA S HEaE, A EZRNERHFAR
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Fig. 1 Diurnal dynamics of photosynthetic ecophysiological parameters in different canopy layers of black locust
. L, ARFDGEEEESERESZRZAIRA DR KK ZER
x2 FRKBEARRBRRAGERNTEST
Table 2 Variance analysis of photosynthetic parameters in different canopy layers of black locust
Py BHY¥% Sunny slope B3 Shady slope
Parameters | Upper 1 Middle T Lower | Upper i Middle T Lower
& A,/ (pmol CO, m~2s71) 9.06 £0.64a 7.89+0.52b 5.25+0.56c 9.28 £0.47a 8.49 +0.65a 6.18 +0.79b
ZE% R E/ (mmol H,0 m~2s71) 2.94£0.22a 2.68 +0.20a 1.43+0.24b 3.84+0.24a 3.46+0.32b  2.68 +0.36¢
KRR WUE/ (umol CO,/mmol H,0)  3.18 +0.13b  3.33+0.19b  4.03£0.22a 2.41+0.11a 2.54 £0.18a  2.45 +0.22a
SHFE g/ (mol HLOm 2s71) 0.35+0.04a 0.23+0.03b 0.09+0.02¢ 0.20+0.02a 0.16+0.02b  0.11 £0.02¢
BRI V,/(mol CO, m~2571) 0.035 +£0.002a 0.031 £0.002a 0.020 +0.002b  0.038 £0.002a 0.036 +0.003a  0.027 +0.004b
KT B VPD /kPa 1.15£0.04b 1.26+0.03b  1.51£0.04a 1.91+0.04b 2.12+0.05b  2.37 +0.08a
SALFRHIME Is 0.22+£0.01b  0.25+0.02b  0.31+0.02a 0.26+0.01b  0.30+0.02a 0.32 £0.02a
SeE B REES PAR/ (pumol m™2 s71) 1240 +44a 1122 +40a 860 +30b 980 £31a 863 £35b 646 +23c
ERBET,/C 31.05+1.10a 31.40+1.16a 31.77+1.12a 27.43+0.97a 28.30+1.01a 28.99 +1.02a

AR FERARTE P <0.05 KFEFBF
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2.1.2  ERAEMEASHNT XA R RIS BRI

TeEHR A, RAAYDEE VRS K B BRI, B Bk At R e 52 B 22 A AIAME R T 3L R Wi o
N T 25 T X SR R X A, i B A ] AR R A [R]2 Ok i 57 ), R AR A e 4R T &
ZAEHAESRTXARR AR RN 3 3 A% T BRI, 7 L RFHJZ VPD T, \PAR Xt A, H
BAEFBOR, VPD \E T, MR AR FRBOR 7T IR g M E 5351 BRI B RHEAE FT 5 X T BASORIER , 7ER 7
EJZ VPD s \E Xt A, U EL AR FIBOK, VPD \PAR (g W RIEEAE AR, TAE PR TIT R Els SR B HHEAE
1, PAR T B i R EIEAE (R 3)

x3 HBRKNEARRREBESEFNLAERWERLER
Table 3 Path analysis in A, against photosynthetic ecophysiological factors in different canopy layers of black locust

il NES I Upper i Middle F Lower
Slope aspect Factor O L
Direct effect  Indirect effect Direct effect  Indirect effect Direct effect Indirect effect
FH3% Sunny slope & 0.407 0.267 0.418 0.434 0.733 0.185
E 0.102 0.779 0.070 0.832 0.332 0.500
VPD -1.249 1.312 -1.339 1.447 0.010 0.042
Is 0.295 -0.311 0.287 -0.399 0.304 -0.306
PAR 0.512 0.230 0.505 0.167 0.090 0.428
T, 1.011 -0.701 1.040 -0.668 -0.201 0.361
A% Shady slope g 0.183 0.649 0.288 0.573 0.414 0.396
E 0.710 0.201 0.770 0.112 0.703 0.175
VPD -0.839 0.978 -0.373 0.471 -0.139 0.171
Is 0.750 -0.433 0.634 -0.324 0.604 -0.404
PAR 0.062 0.721 -0.025 0.805 -0.027 0. 669
T, 0.060 0.338 -0.259 0.595 -0.357 0.600

2.2 R EEE AR FIAEA R T AL 22 5
2.2.1 SUEAEFABIERER 78 LT B2

H T G ATERIR AR 7 222 R R R, 2 BITEAR B8 P b 4 DT ALINE T A, o FHSEAN BRI
WA R AL A, 2B EEAAHR i H 2, B2 FIA R, BARBR M h SRS B A R 8 i 19 B 2846
B BES AR, HR TS ISR A, A e & A B A IR ERIE AR (B 79 LI AL 22 51 A2 AR
AR(E2) .

T HE— 2B 75 22 ST AT, BRSRIBRAY H ¥ A 78 4 A Or AR B0 : 2R > b > B > 74, T BASCRIER 89 A, 0
Jo:db > T > TG > AR, TR, BAA A FEARNRIr AL R 0855 AL HENE B R E 2R (R 4) 5V,
VPD PAR T #FRILH AR G5 R , X Se8 A RS R B A R Iy R Z [ R B BB 2250 (R 4) 54 N7
BLH) WUE g, \Is TEFRYE 2 A 2, T BSCRIBR ) WUE F Is 057 Fidb )y B& & TR 5 Fim 5, g, Z0R 3N
ARITAE T BER TR AT (R 4) s RERK E LEBI N R I R 7 Fdb Jr B2 & T 04 5 Fise Jy , ZEA 3
TREER(EL) .

2.2.2 FEAFESRE TR ITAOEE BRI

0T FEE RIS AR 7 LG AR B A ZS B X A, B AR A B, 204 T X 28 (5 X A, 1
WARGER, RS TR, X TR, E FEMTEAR B 8 AL 4 D J7 AR I R i B AR, T Is \VPD 1E
AT AR IR, PAR (T, \Is 778 V4 (AL 7 BRI E T X T BRI AR , 4% A 31 AE 5 B 7 X ) S A ]
TL A, IS HE R & AR BRI R I ls JE FEAR R 7 L8 e R B B HVE Y, PAR (T, W76 55 K 14 [R] 42
ERI(ES) .
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Fig. 2 Diurnal dynamics of photosynthetic ecophysiological parameters in different canopy orientations of black locust

2.3 RUBREDLE VR FITEA RIS e 22 5
2.3.1 JIBRH BEPEE ISR TEAR RIS 22 1L

RIRE B & A2 B8 A 3R AR AR A [R]J2 ORI (2 BA A R AR R 9 22 53¢, T EL7E 3 89 S (Rl 354 1)
Z A RBH BRI A . BRI B BDEERAREAR RS 2B, ZBTCexT TRER B
TEMNRUERAR P AT, AR RS R E R B B3 A, (E\V, . VPD Is, T FHSCR AR U B
BERKH WUE g, PAR.T, (& 1,25 £2,584),
2.3.2  HEIGEERIERIBA A RO XT

I EEBE AT, S BURIBER T P 12 SR Fr i BB & R BRI ZE , B ASTR 4 5
PR ERALRDEE RGN AT, FARBE N ERAOLE T, RIGHRR T B R A REAM 1 e GER
iR PR E RN EGE R, N 7E B3 AEASE , 205 T iR BERURTE)ZE B BOLa BRI MR AL
SRR, PRISORI BN 768 B o J2 75 0 A0 BASBORIBRAR S () 2 2R 7 20 3145 PRI RI A S B U e 2 P 3t i R
BORHL (1B 3) , 22(HMHIL A7 4. 40 mmol CO, m ™ d ™' 15.98 mmol CO, m™* d ™', HH BB FE XS
3 Fit5ifit

T Ve SR MALER I SR AR SR AR A B2 G ST IR, AL e 2 o ) 2 1R S5 o P SR
H AR SRR AT R MOB & A 7= T ORI o AR S 38 5 X R R S R J2 R RS [ B R R
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HE R, RKE TOEEERENEA R R BAEZERNER, IF BT T RIS 20t & 18 F7E B
BRI ZE 5, X T RIBRARAE 7= 41 ol SR B bR 23 B ROBEHEE A R S IR

®4 HERERRFALESEIRNGTEZST

Table 4 Variance analysis of photosynthetic parameters in different canopy orientations of black locust

kR BH3#% Sunny slope BH3#% Shady slope
Index 7% East B4 South V4 West Jt North 78 East T4 South V4 West Jt North
GAHEA, 7.84 + 7.23 ¢ 7.10 = 7.43 + 7.61 = 7.94 & 7.92 % 8.45 x
/(pmol CO, m~2s71) 1.12a 1.26a 1.33a 1.62a 1.03a 1.21a 1.27a 1.27a
KBHRE 2.60 + 2.32 % 2,12+ 2.35+ 3.27 + 3.30 + 3.31+ 3.43 +
/(mmol H,O m~2s71) 0.38a 0.54b 0.54b 0.62ab 0.38a 0.48a 0.51a 0.55a
KGR WUE 3.56 + 3.49 + 3.45 + 3.55 + 2.25+ 2.38 + 2.55+ 2.68 +
/( wmol CO,/mmol H,0) 0.40a 0.39a 0.34a 0.41a 0.23¢ 0.18be 0.29ab 0.23a
SHFHE g, 0.24 + 0.22 + 0.21 + 0.22 + 0.17 + 0.16 = 0.14 0.15 %
/(mol H,0 m~2s71) 0.08a 0.08a 0.08a 0.08a 0.03a 0.03ab 0.03c 0.03bc
R Ve 0.031 = 0.028 + 0.027 + 0.029 + 0.031 + 0.033 + 0.034 + 0.036 =
/(mol CO, m~2s71) 0.004a 0.005a 0.006a 0.006a 0.004a 0.004a 0.005a 0.004a
KIEE T 5k VPD 1.26 = 1.34 = 1.33 1.31 2.09 + 2.14 + 2.16 + 2.14 +
/Kpa 0.09a 0.10a 0.13a 0.13a 0.13a 0.15a 0.15a 0.14a
0.25 + 0.27 + 0.25+ 0.26 + 0.27 + 0.29 + 0.30 + 0.32 %
= |
AL b 0.03a 0.03a 0.03a 0.04a 0.03b 0.02ab 0.02ab 0.03a
SeBAG R RS PAR 1104 + 1077 + 1060 + 1056 + 806 + 832 + 833 + 847 +
/(umol m~2s71) 39a 38a 37a 37a 29a 29a 29a 30a
S5 T./C 31.42 + 31.49 + 31.35 + 31.37 = 27.94 + 28.18 28.36 + 28.47 +
1.11a 1.11a 1.11a 1.12a 0.99a 1.00a 1.00a 1.01a

REFRFRARTE P <0.05 kP27 BE

x5 FHBRKMEARAFUEBRESEFNLAERWERLER
Table 5 Path analysis in A, against photosynthetic ecophysiological factors in different canopy orientations of black locust

% East T4 South 75 West Jt North

o AT AR RHET AR RN AR RN AR e
aspect Factor Direct Indirect Direct Indirect Direct Indirect Direct Indirect
effect effect effect effect effect effect effect effect
PHE g 0.324 0.425 0.434 0.280 0.359 0.337 0.543 0.270
Sunny slope E 0. 666 0.209 0.718 0.165 0. 831 0.038 0.734 0.186
VPD -0.474 0.541 0.025 0.008 -0.003 -0.017 0.219 -0.196
Is 0.478 -0.624 0.365 -0.526 0. 469 -0.504 0.408 -0.521
PAR 0.312 0.412 0.136 0.582 0.031 0.650 -0.011 0.707
T, -0.061 0.384 -0.287 0.557 -0.420 0.5% -0.416 0.699
BAE g 0.274 0.529 0.447 0.372 0.443 0.481 0.519 0.425
Shady slope E 0.898 0.012 0.521 0.375 0.510 0.393 0.504 0.390
VPD 0.119 -0.210 -0.557 0.557 -0.332 0.443 -0.299 0.407
Is 0.591 -0.386 0.583 -0.421 0.516 -0.256 0.440 -0.242
PAR -0.102 0.847 0.067 0.667 0.097 0.699 0.018 0.797
T, -0.668 0.820 0.061 0.158 -0.151 0.517 -0.082 0.427

R EARRRECEERREARZ 70, RESbEEBMAESEERAS : £ > & > TR,
VPD.T, g, E RSB HBRIARER A, BB ZER N EZRWE T, i VPD E PAR J2 3 BUASRIRA R JZ
WA, B2 BB T S E 1R FITE B3R RS RIRA T A ] 75 (L B 22 7,4 DT LR 28K
BRI/, E s PAR T &AL 4 ML A, BB EERNEZRH . IR EAE &K
H¥1 A, E.V, .VPD ls, i FHBCRIMLEA B = 19 H 3 WUE g, \PAR T, , -5 % FHSSORIREAN T i J2 176 75 B 3
JRARI7HI B Bt & B ARAE AT MR PRI R BRI R A2 1 B BDE &R,
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Fig. 3 Contrasts of A, in leaves in different canopy locations

MEFRE R PR AR

MATEEAEREMFHRMEEE - BN E AR —, SWER MR (s SN A&
M SRR IR 2 R I 4 B A A MR 4 ) BT RISE ™ o Baldochhi Ak, J67E &2 H (15
SRR A R ER™ D REENEZ LR T2 IEBREEER. 1N, X T2 AT 1A E i
R AR AN AE, EEERTT B DS RIIMRATE BT ERRE TR, X F8 S
AR ESR R RS RS INE H A L0 EARBIIP, ERE AR FZ R e & A A 25
IR BENZES, B P RPEY KA KIE AR ES, i THER MU S RHE, =M A b
F R MOGE A SO S A0 BBl A 2 R B AR AR A, (450 76 P9 TR B R S R R B B3R 52, B
TREAF R EH R HtaRNI2REBEER

EABIRI, VPD T LAN A, &) B2 0 FRSCHEE0Rm ), TR A, B IEARSCIRL M B
VPD I T, & HHETE X A, LA™ o APPSR B2R, VPD M T2 SRR R 2R 2
X A, B RRHERERMEEER, Z4R S BRGIeH 8 —8oky, LR HET CO, KRR
P EELEIE , g, 2 R WOX PSS RE ) SRR . TH E 5 g HE T BRVINKR, ZHEREm A,
MBI X — ISR SR WA T AT, AR SBIR T — SRR AR R 2 KT 1
A RE, I A OEADE S BB R : £ > b > T RBRHE—B5H 7 VPD PAR.T, E
g EMILFIERT A, WEMEKEE T M ERBEZR AT, R EAK ARG R T, 0%
S8Rt A B A A 2 ) S B

RIBLS AR T7 (2 R R 40 e B AR B A A5 18P B 22 SRR AN B3, TRIRTE PSR R B, X A, 7 8

WA E Is PAR T FEAR I E B BARAHRKMZESR . HETCAKERLEERRER S EEA
& AR AT R TR BT 1 L OB EE AL, I BUE BT 7 i ARG . AR RIS R
4 TR TJ7 1 S R 45 R ik — 25 BRIE T X S R B R R IR B TE A & BRI, (ELX T B b X B i )
EIERTEEE IR ZER AT — 25T,

P REMAAEE M E N E I N 72—, U T TR TR X, RO RS 2 8] 5 A%
SMFEAEE S BE AR R A R AR KR, T BN R AR M 4 = M R A
wrse, B LR RS R A R K H 3 A, (E\V, VPD ls 3% T2t P35 B3 22 18] A [ B O R 2 1
2R EHOR D EIREE N TR (R 1,3K2) o — T, 28 4w 5 B3 5 o' R AR B2 PR T IR Y
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HeEAER; 75—, FISCE Z 8 20K A T RSB AR R T, SR S RIBLRE A P58 AN B F , BA
ORI S R B E R R R A A E Zes, Nimfedt T B S et a R Bk, JotaEmeES M
BB 78, BRI LU PR3 R R B SR G 3 BE ), X 2 S B0 i J IX BRI 38 B0 T P BT R SR
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