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ABSTRACT

To investigate the responses of yellow poplar (Liriodendron tulipifera 1.) seedlings to the interactive
effects of the elevated atmospheric CO, level and nitrogen addition, we measured biomass,
photosynthetic pigments, photosynthesis, and the contents of nitrogen (N) and carbon (C) from the
seedlings after 16 weeks of the treatments. Yellow poplar seedlings were grown under the ambient
(400 pumol mol™) and the elevated (560 and 720 pmol mol™") CO, concentratoins with three different N
addition levels (1.2, 2.4, and 3.6 g kg™') in the Open Top Chambers (OTC). The dry weight of the
seedlings enhanced with the increased N levels under the elevated CO, concentrations and the
increment of the dry weight differed among the different N levels. Photosynthetic pigment content of
the yellow poplar leaves also increased with the increase of the CO, concentration levels. The effects of
the N levels on the photosynthetic pigment content, however, were significantly different among the
CO; levels. Photosynthetic rates were affected by the levels of CO, and N concentrations. Stomatal
conductance and transpiration rates increased with increasing CO, concentration. The carboxylation
efficiency of the seedlings without N addition increased under the higher CO, concentrations whereas
that with N addition decreased under the elevated CO, concentrations. Nitrogen and carbon uptake in
leaf, stem, and root increased with the elevated CO, concentration level and N addition. In conclusion,
under the elevated CO, concentrations, physiological characteristics and carbon uptake of the yellow
poplar seedling were improved and increased with N addition.

Key words: Biomass, Photosynthetic rate, Nitrogen fertilization, Stomatal conductance, Carboxlation
efficiency
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Table 1. Changes in dry weights of Liriodendron tulipifera according to the elevated CO, and nitrogen fertilization levels

Treatment Dry weight (g)
Shoot/Root
CO, Nitrogen Leaf Stem Root Total
NOTC N (x1) 0.13+0.06 0.23+0.08 0.95+0.36 1.31+0.45 0.39+0.09
(AAXT) N (x2) 0.84+0.50 0.64+0.31 2.48+1.00 3.69+1.28 0.58+0.10
N (x3) 1.22+0.82 0.97+0.84 3.47+£2.24 5.66+3.87 0.59+0.15
or1Cl N (x1) 0.27+0.08 0.23+0.08 1.07+0.11 1.57+0.16 0.47+0.14
(AAXT) N (x2) 1.38+0.97 1.02+0.71 3.97+2.27 6.37+3.92 0.57+0.11
N (x3) 1.42+1.08 0.76+0.46 4.02+2.46 6.20+3.93 0.62+0.23
OTC2 N (x1) 0.26+0.09 0.19+0.06 1.19+0.42 1.65+£0.49 0.40+0.12
(AAX1.4) N (x2) 1.01+0.68 0.57+0.28 2.99+2.19 4.56+3.12 0.57+0.09
’ N (x3) 1.92+0.67 1.38+0.67 5.55+£2.25 8.85+3.41 0.60+0.14
OTC3 N (x1) 0.33+0.18 0.33+0.15 1.11£0.57 1.77+0.88 0.60+0.08
(AAX1.8) N (x2) 0.92+0.25 0.75+0.13 2.40+0.76 4.07+1.10 0.72+0.17
’ N (x3) 1.07+0.56 1.05+0.52 3.28+1.05 5.39+1.87 0.65+0.14
CO, n.s. n.s. n.s. n.s. *
Nitfogen soksk oKk koksk skoksk &k
CO, x nitrogen n.s. n.s n.s n.s n.s.

NOTC (non-OTC control) is the control that locates at the outside of open-top-chamber (OTC) and ambient air (AA)
condition. All the values are means of five replicates£SD, *p<0.05, **p<0.01, ***p<0.001, and n.s: non-significance.

Table 2. Changes in photosynthetic pigment contents in the leaves of Liriodendron tulipifera according to the elevated CO,

and nitrogen fertilization levels

Treatment Chl a Chlb Chl at+b Carotenoid Chl a/b Chl/Car
CO, Nitrogen pg/em?

NOTC N (x1) 10.7£1.8 9.0+0.9 19.7£2.5 5.1£0.7 1.19+0.14 3.91+0.47
(AAX1) N (x2) 14.2+1.7 10.6x1.1 24.8+2.8 6.4+0.5 1.33£0.04 3.90+0.16
N (x3) 13.9+4.5 10.1£1.5 23.9+£5.8 6.1£0.9 1.35+0.25 3.86+0.38
OTC1 N (x1) 11.2+1.6 9.44+0.5 20.6+1.6 5.0+£0.5 1.20+0.18 4.18+0.21
(AAX1) N (x2) 11.2+0.6 9.7+0.5 20.9+0.9 5.1£0.3 1.16+0.07 4.10£0.10
N (x3) 16.1£1.0 10.7+0.5 26.8+1.4 6.7+0.7 1.50+0.04 4.01+0.24
OTC2 N (x1) 12.3+2.2 9.2+0.4 21.5+2.6 5.4+0.4 1.33+0.18 3.98+0.43
(AAX1.4) N (x2) 13.5+2.5 10.5+1.5 24.0+4.0 5.9+1.1 1.28+0.05 4.06+0.08
’ N (x3) 17.842.8 11.5£1.1 29.3+3.9 7.1+£0.8 1.55+0.09 4.15+0.15
OTC3 N (x1) 12.8+0.6 10.1+0.6 22.9+0.8 5.4+0.4 1.27+0.11 4.27+0.32
(AAX18) N (x2) 17.1+£0.3 11.9+0.3 29.0+£0.5 6.6+0.2 1.44+0.03 4.39+0.09
’ N (x3) 24.1+1.9 12.7+1.4 36.842.2 8.5+0.4 1.92+0.27 4.33+0.36

CO2 kokck skskosk ssksk dokok skskesk sk

Nitrogen Hokok sk sk Hokck sk n.s.

CO; x nitrogen EET) * k% EETY ok n.s.

NOTC (non-OTC control) is the control that locates at the outside of open-top-chamber (OTC) and ambient air (AA)
condition. All the values are means of five replicates+SD, *p<0.05, ***p<0.001, and n.s: non-significance.
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Table 3. Changes in photosynthetic parameters in the leaves of Liriodendron tulipifera according to the elevated CO, and

nitrogen fertilization levels

Treatment Photosynthetic rate Stomatal conductance Transpiration rate
(umol CO, m™s7™) (mol H,O m™s™") (mmol H,O m™s™")

CO, Nitrogen  400° 560 720 400 560 720 400 560 720
NOTC N (x1) 6.17+0.44 6.52+1.10 6.06+2.76 0.092+0.008 0.084+0.007 0.075+£0.005 1.41+0.10 1.30+0.08 1.17+0.06
(AAX]) N (x2) 4.94+0.59 6.25+0.99 6.88+1.22 0.054+0.010 0.043+0.010 0.034+0.010 0.90+0.13 0.71+0.13 0.56+0.15

N (x3) 5.30+£3.25 7.84+£2.60 9.69+2.36 0.148+0.076 0.140+0.077 0.130+£0.080 1.84+0.77 1.76+0.082 1.65+0.88
or1Cl N (x1) 5.90+0.63 535+0.18 4.70+1.73 0.147+0.039 0.133+0.035 0.120+0.034 1.90+0.32 1.79+0.34 1.63+0.33

(AAX1) N (x2) 6.46+0.83 8.46+1.22 9.68+1.31 0.105+0.034 0.093+0.033 0.079+0.028 1.55+0.43 1.40+0.45 1.22+0.41

N (x3) 8.59+0.58 10.94+0.33 12.43+0.19 0.168+0.051 0.157+0.052 0.148+0.054 2.18+0.48 2.07+0.52 1.98+0.57
oTC2 N (x1) 435046 527+0.10 6.54+0.09 0.158+0.030 0.154+0.017 0.145+0.012 2.14+0.12 2.19+0.01 2.08+0.05
(AAX1 4) N (x2) 6.27+0.83 9.01£0.65 10.15+0.81 0.153+0.007 0.137+0.006 0.109+0.004 2.22+0.14 2.00+0.08 1.73+0.04
N (x3) 5.85+1.70 7.42+2.51 8.76+2.68 0.139+0.027 0.139+0.037 0.116+0.028 2.15+0.45 2.16+0.59 1.84+0.45
01C3 N(x1) 4.76£1.01 6.48£1.01 7.99+1.51 0.102+0.017 0.106+0.025 0.100+£0.027 1.64+0.30 1.70+0.42 1.62+0.44
(AAX1.8) N (x2) 4.80+0.26 6.69+1.37 7.39+1.39 0.102+0.050 0.087+0.048 0.063+0.036 1.57+0.69 1.31+0.65 1.07+0.59
TN (X3) 3574056 546x1.12 6.36+1.21 0.115+0.047 0.114+0.059 0.091£0.049 1.81+0.74 1.80+0.89 1.48+0.76
C02 ks ek seskesk sokesk dokok seskesk ook L seskosk
Nitrogen n.s. ek ek Hoksk Hokk ek Aok Hokk seksk
C02 X nitrogen seskesk seskesk seskesk sk sk ook * n.s. *

NOTC (non-OTC control) is the control that locates at the outside of open-top-chamber (OTC) and ambient air
(AA) condition. “indicates CO, concentration in the chamber of portable photosynthesis analyzer during measurement.
All the values are means of five replicates+SD, *p<0.05, **p<0.01, ***p<0.001, and n.s: non-significance.
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Fig. 1. Changes in carboxylation efficiency and photo-respiration rate in the leaves of Liriodendron tulipifera according to
the elevated CO, and nitrogen fertilization levels. NOTC (non-OTC control) is the control that locates at the outside of open-
top-chamber (OTC) and ambient air (AA) condition. All the values are means of five replicates + SD.
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CO, 1.8 AFHO0TC3)e] F4F &%= CO, 1.44)
A2 OTC2)ET S3ith. BE CO, Al7elA &
2 2l AR FAF He= FAMITET 248
ou}, i 3E) Al b e FAMITED
VAU HISs S ARSI

WShro] v g g8 da AR} gl AH)
X CO, A%} I STl As B, 2
2= AlAE CO, Aol o3l @3] 7HAsith
(Fig. 1). ¥HA, 24 ARlFe] &4 I §&LS U)7)
CO, FE(OTCelM = tET(NOTC)M T =94Th
TS gIEZF(NOTC), W7] CO, F=(0TC1) E CO,
149 AHZF(0TC2)e] BAvAaE-e A& AH7}

£ 0, B Z7K) ek B St )
ek,
T fRY 7FHEEE BE €O, 34 B

O o1

Z7Vel wel Srketd oy, Cco, 1.88) A2
(OTC3plA= FAEIFe) Zpol7} glSict. Wigh-o]
FoF S5 Aa AL gl el e E
&3 vRIRAE COo, A} A ST, A
&AM Co, AElE fHESY B3F S5
TR ZASIATHFig. 1), 3, BE CO, A8
TollA Fa ARl o) Beg = FUIsINeH.
F7RES gizTelA 7S Zick

34, Hao} Eta g2

Wehrel o, &7, el A% A g4
ke co, At 24 Amie} 3 Frkekck
(Table 4). F-AHITF2] 79~ Wghpe] 24 ) A4
TS COo, Aot A S7FIe™, CO, 1.84)
A2THOTC3)elA 71 =8k et da 20f A
Hlg2] A, th7] CO, FEOTCHoM= T+
(NOTORT} & A4 ghgo] F7FIA o, Co, F&%
7} S7Vel et F Aa ke 7] F5(0TCl)
oA A fFEO A FhgET A4St A 3
Hj Al M= CO, 148) AH2FOTC2y/HA = &
2 dhgo] Zrlalgd o, CO, 1.881 A2 FHOTC3))
A= 7] F=(0TCHET Yobx], tiZ7F(NOTC)S}k
fARE 58 BAh 28y BE CO, AHFTolA
A Ale)] o3 Z2F W) AAghES FARIFEG
S7FerT. FeHEE et 7P e da
< Yehlon, A AN] B} ol uel, o
7 F7)d FHEe Aa TRk STkst, A e
2A5Pe] Hl1E 7 A

ERAShERS AAgh) IR COo, AEeh A
2 Al o) FTtehs S BSATH(Table 4). -
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Table 4. Changes in nitrogen and carbon uptake of Liriodendron tulipifera according to the elevated CO, and nitrogen

fertilization levels

Treatment Nitrogen (g/seedling)

Carbon (g/seedling)

CO, Nitrogen Leaf Stem Root Total

Shoot/Root

Leaf Stem Root Total ~ Shoot/Root

0.16+0.01
1.18+0.02
1.73+0.05

0.34+0.02
0.89+0.02
1.26+0.08

1.23+0.04
3.19+0.05
4.46+0.01

1.74+0.04
5.25+0.08
7.45+0.14

N (x1)
N(x2)
N (x3)

NOTC
(AAX1)

0.42+0.02
0.65+0.01
0.67+0.03

5.7+0.1
39.1+0.3
56.440.1

10.4+0.1
29.0+0.2
45.240.2

39.0+0.1
104.9+0.8
146.2+0.5

55.2+0.1
172.9+1.0
247.8+0.3

0.41+0.01
0.65+0.01
0.69+0.01

N (x1)
N (<2)
N (<3)

0.35+0.01
1.64+0.03
2.06+0.02

0.31+0.01
1.27+0.07
1.02+0.1

1.30+0.03
4.93+0.12
5.24+0.04

1.97+0.02
7.84+0.06
8.31+0.3

OTC1
(AAX1)

66.9+0.8
276.8+1.3
271.6+1.5

0.50+0.01
0.65+0.01
0.58+0.01

0.51+0.01
0.59+0.03
0.59+0.01

12.2+0.1
62.3+0.2
65.140.1

10.0+0.1
46.6+0.1
35.0+0.1

44.7+0.8
167.9+1.3
171.5+1.3

0.37+0.01
1.39+0.02
2.92+0.03

0.29+0.01
0.83+0.01
1.71+0.04

1.43+0.02
3.95+0.06
6.78+0.11

2.10£0.3
6.17+0.06
11.41£0.14

N (x1)
N (<2)
N (x3)

OTC2
(AAX1.4)

0.46+0.01
0.56+0.01
0.68+0.01

11.4+0.1
45.2+0.1
86.2+0.2

8.620.1
25.5+0.1
62.2+0.3

48.4+0.2
121.6+2.2
233.3+1.2

68.4+0.3
192.4+2.3
381.7+1.0

0.41+0.01
0.58+0.01
0.64+0.01

N (x1)
N (<2)
N (<3)

0.41+0.01
1.27+0.03
1.60+0.03

0.44+0.01
1.03+0.04
1.49+0.04

1.28+0.01
3.29+0.05
4.53+0.05

2.13+0.02
5.59+0.08
7.63+0.05

OTC3
(AAX1.8)

0.66+0.01
0.70+0.01
0.68+0.01

14.7+0.1
41.2+0.2
48.5+0.1

14.3+0.1
32.7+0.1
46.8+0.1

44.4+0.8
99.2+0.9
138.4+1.5

73.5+0.9
173.2+1.0
233.7+1.5

0.65+0.01
0.75+0.01
0.69+0.01

ok
Hkok
Hokk

ok
koK
Hokk

seoksk
kK
Hoksk

CO,
Nitrogen
CO, % nitrogen

seksk seksk
EE LS

ok

seskosk
seoksk

NOTC (non-OTC control) is the control that locates at the outside of open-top-chamber (OTC) and ambient air (AA)
condition. All the values are means of five replicates+SD. ***p<0.001.

ARl B, F A T Co, APst A T
7¥etont, O, 1.48) 2 7HOTC2)e] AU} Z719}
CO, 189 AH2]7(OTC3)2] Hel= tl7] =(0TCl)
o] Arch Sk, A 2] AlHITE] A, CO, 14
Hl(0TC2)9} 1.88] A=THOTC3)elM o, =71, e

F 7] FE(OTC1)2] AR gha Fao] Ligko
™, Az 3] AETIAME CO, 1.48] XE]T(OTC2)
7} ti7] FE(0TC)e] AR S718kdo, Co,
188 AZTHOTC3)= th7] F=(0TCHe] ZWTt 7+

*‘é}ﬁi‘i‘r A ABlE BE €O, ATAN g4 g
T STHIFCH, 53] HeellA 7P 2 g §

S R} w3k A AHlE 93 Z7)9] ekagler
& FAI, A sk B wE 2}
AlZe.

4=
—

v. o1& 3 A

AukzoF CO, FE F7h= 2] AL X8}
A, A7 A=l g S Ede] I
w} sl Yepdtt, B2 AolA o, =)
Edcins —r*EJ A o] F71 Z"-_xﬂ]'g*g AABFA
o, oZgh ¥ Ed Y dat F5E W 2o

A7} 88 v ¢ —,—%\a‘}gili}(Norby et al. 1986;
Johnson et al., 1995; Tissue et al, 1997). ¥ A+

é

0\__

Me vt 37 39 A COo, 5
7} SVl whe, ““?‘Jr‘/}*r«] T 0FFe TR
ARk, A F7} AlRlel] tigh b= w9 AgHE 0]
th =, A4S ) AMIZE AS, AFHEHS Co, TR
o] S71e} A FAAsision, AAE MR St Al
HIg 75, CO, 1.49) AHEFHOTC2)elM= A F
7Fe BAARE, CO, 1.88] AEFHOTC3plAE= A%
o] Z4sl3itt. ol A= CO, Tt EAad Al
H] o] w} wehie] A £31 avpy) dexl
The As ovlshet, &, A4 571 AL §le 3
BlolA] whi-o] A% CO, &= AA FEFS
o, Aavt 7k AMlE 73S, COo, &
2 AR] @37} Al YERARE, =& COo, F5ol
A A F7F Al gigk &9 REE e E
3k, CO, 5 S7H Aol A I 9
Qe Fol, AL ARG ME ZEAIL, B
7HAY] WS f5sh, JiskE X3k (Bazzaz and
Fajer, 1992; Tissue et al., 1997). ©|9} 2 AP
9,]_ 1]‘3].1?_ ]:]]9,] 71—}\ 6ﬂ}\]—5_>. X]JJ}. xﬂﬁ‘]-}.‘—,] /\]%oﬂ}\i
F5ietAl vER, AIZE ZE AEdA e RE
AdE-ef AsHe] H7F gtk (Baxter ef dl,
1907). B 479] A%, MIPLT] ARt A
HI= CO, =8} A AH] 76| we} thegsisint.

A e

__L_

S5 Z]

)

__L_
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ZAH] Aol Co, 1.88] A2 (0TC3y= APdis)
A3k Mg FPAE, olste o) A 7
o 71Q1gk Zojek. ¥, F7} AAvt ARlE A
CO, 1.88 AEFHOTC3)elM Adet A|ahi-2] vl
7} Z7RF AL Co, B= F70] W #ele] HE
F Aot doju 719 AT AR 7] Wi
ojty. gH, A Fgo] AL AdElolA Aehks A=
& AVFe] ARG Ashiel Hele] A o] T
=S ™M (Brouwer, 1962; Van de Werf and Nagel,
1996), Alto] o] WSt Grime et al., 1991;
Fichtner and Schulze, 1992).

™, COy} =2 $HEolA ARt AlEexe J4 A
3 == JEAY] E84 st FEET R B
agdl Qlovt (DeLucia ef al., 1985), Y¥Ho=
CO, T=} A AHle)] tigh A& J=4
Hel= 4R BhE-S Holx] &=t COo, T S7}
of ot A F3& AEL TS A A
om, FFo me Hkg 2o]7} ATKSage et al,
1989). $-gl9] Al Ho] F5o], ALk AWl &2
< Aerolx] Wighre] B RS STIIFA
7 CO, F=0 wet AL o] St e 2
o 3, A Aol ofs) lo] Aol FUIeE =T
(NOTC)®] A4~ 3uff Ag]7-¢} CO, 148} A2+
(OTC2)9] A~ 20l Aplollx= FE4 el S7F
Zo] ulg- H} o] ] FHHUE FAALE
o] o] A F7Ieh A A UelA FAEH
&l Aoz uEd olok= WHIE, CO, %
F7HlE S8kl 1o A FTPE 2A 4%d
OTC39] A4 v} 3ul] ]| FAA4 FHake F
AR} HlwsiA =LA S7FsEdet], o3t Hae
F7F ARlelE Eetar, o] A F3o] AgkEe
24, S| o 22 Yol SA=U] W] A
°oF ek

3, CO, % /1= g4 14 589 F ¢
Rubisco A8le] ZH4AE B3l =3434S 711714,
el go] S SUMAIRITH(Stt, 1991; Bowes,
1996; Drake et al., 1997). ¥ AFoM= F71 2
A A7 Q= el Co, T F1l od #
e =t g s FVHE ERIT 5 Ae
wh, "avt 71 AlE Adeeae da 1.48)] A

TR B S 71E A ¢ Ak

o bl
= YA S71EHAINL, COo, BTt AT 1S
HolMw A3 271 O ol ST & w3t
Hhg-o] dojutt. F3Pd =3} -2 Rubisco THA
S 230 7o ofsf RS AAE T
A H(Tissue et al., 1993; George et al, 1996; Drake
et al., 1997). ey} B ATollA, da F7}F A7}
= dElolA 919 2o B 3 v Ay
2| ekt @3] At 57 AMlE fHY A
CO, §%=9] F71l wet g aso] A3,
CO, 1881 HZFHOTC3PIM= B3 57 T
sl 71| A7 Aol mEw, Co, §% SVt
o o5t B wsh= Ah AT} RS 2ETE
A7} Ak 22004 o F5i8kA] YERITH Wong
1979; Oberbauer et al., 1986; Pettersson and
MacDonald, 1994; Bowler and Press, 1996). ©]<}
o] B A7 Hipt 71 A AFe} ol
1 AY 2319 AlelollA HIZE o= wdkdn

, B AFIA] ARSSE BEGS DAt Ak el
o, £ ATellA #EE CO, FE T gt
T St SRS A WS A4 Ag
of oJal veh b= B34 3} wheley|Rth= Co,
TEL TS AElelA ] 71Fe] BeA vehd
AR AeEn B AeA co, 1.88 A
(OTC3)pIIA YeRd Qo] 73" 4w ol#sh
A3E slaTar St

2150 24 U] ON HlE F7M7IE A= 7]
ZRE 5T 5 e @A ol JFS et
B Aol At F7F ARIEA] R AdejellA 2
2 FEE CO, % 371} A STleilot, A4
F7F Al el A= €O, % STl o8l Ha
Shro] ATt ole}h 2o Aavt FE53 Aol
A, CO, &% F71 o3l =2 W 2 o] 5
7k 2l Ad o8 JEo| IR whitolH,
o|2 QI3 A& A ST, BudAel 2
A vliE 54 JeRiAl "ok Norby et al., 1986;
O’Neill et al., 1987).

B A7 Aol o], Al FEg el
COo, v&7F S7skd, Ae 279 i w59
Rubisco Fo] ZHA-SHH(Cotrufo er al., 1998). ©]&
gk Whg-2 CO, &9} EAh Alel o8t A 37

PO\

|\

o,
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o] A7z Aol 2" FAart A% STl sl
3] 4% 17] WjZolthCao et al, 2008). Roberntz
and Stockfors(1998y= CO, F=7} Z71E 3H7g0llA
At SQ7REHIGR] S U] FA TR SVRIA
2o AL Qo Aot g VO R oFEY] u)
Folglal Bt} T3, COo, F5% F7H oluA]
H8-S HA3817] flete] A viliE-s M7=,
APl B A olfEHE Aave FHoAn
(Van Oosten and Besford, 1994), A|SHEQ1 A
R E= dhe 718K Billes ef al., 1993).
AFAME CO, = F7H0 o3t Aol A
i 7R} ABPe] A il TR Wil AgkH o]
Rom, o]zt AYE COo, 1.48] 22]F(0TC2)2]
FATeE A onl] Xl ARt TEE I

gk, Wgh i fEe] 24 o gagRke A4
H9} 9 F7sIGEt, o3 AAAMle <3t A
Z FX9] g ddee, 24 ) v AR
CO, % F7I= 7]¥o] 239 1.88] #2]7(0TC3)
o= A o] asidnh T, v ek
A Al o3 APFREREO uiEo] SO,
CO, % Z7ol 2% e ghake) i 54

CO, FEs} A AMle] FFol] Pake W Qo
s,

N}

Agzoz wghivel 4% 8 4eH 542 co
Frel A Aol el wel et 3, 2
F7H AL g Adeield wighirel e co,
el ZA FES wgkon, Aivt U2 AHE
7%, CO, FES} Ak AW &} FAI] EREA]
T =2 CO, solX Za F7} ARl oigk At
e Ao e

B

¢

fr

N o
e [ =

£ A= 715s) sollA Eue} 719k ARE
ol A3 =58 NS SIsiA, A e
%2l(Open Top Chamber)S ©]83}, CO, =5
718} 1469} 188 27N AElolA, A E
o W& M) e whe-S RARRALAL A4
Aok, T FHe AT BE CO, % I
A, A ARl F71eL A Skt 2evt
CO, % SVl we Why e wshe A4
A wEel] wEt O ARE Btk & 9549

2 o il 2 rfo

FIzEolE ke 2B A4 AH]FA CO, TR
7k} A SIS o, dA AEle] g By
CO, =0 we} zfo|7F YTt wighpre] by
B Co, 34 T%, CO, AT v= 2 A A
H| Fxo) wg} Xjols Hom, rledrre} F4t
E£5E CO, Aol &l F7lstact. Wghbi-o] g
2VHEEE CO, TF TV} I S7behs BES
HYPou, di AMlFAXE Co, 5 S o5
23|y stk Wigho 9, £V, irelel] %3
B Arot Ba ke Co, TR A Amlg) &
A 718100 ABHCE CO, 557t B Aol
Al aghel Ay B4 gA F5 e da
AlRlel] oJ3iA =AY F718IEARE, CO, F=0
we} FA] FIS gt

INEIE

o] =2 20118Pd%E AEoigtn A7d g o
FHle] eJaje] AT
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