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Abstract; Picea mongolica, Picea crassifolia, Picea pungens and Picea meyeri are the four spruce species growing in
Mingin Desert Botanical Garden (38°35’ N, 102°58" E; 1378 m asl). In combination with the analysis of photosynthetic
pigments in.needles and annual growth of main braches, the chlorophyll fluorescence imaging of needles were performed
with prepared protocols using CF imager to determine the PS I photochemical efficiency and non-photochemical energy
dissipation, and their adaptability to steady-state light intensity. The results showed that, in the same habitat and
management, the four spruce species seedlings aged 15 years exhibited similar good growth behavior and all adapted to
desert climatic environment; the total chlorophyll contents were fairly higher in P. pungens while specific ratio of chlorophyll

atob (Chl a/b) was comparatively lower in P. crassifolia. Among the four species their photosynthetic response curves of
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PSI photochemical efficiency were similar, but P. pungens illustrated an obviously different photosynthetic response in PS
Il non-photochemical quenching coefficient (NPQ) from the other three. The consistent trend of NPQ irradiated with 150
pwmol m™* s™" low actinic light for 10 min and PS 1 photochemical maximum quantum efficiency (F /F, ) adapted for 20
min in dark exhibited the intrinsic photosynthetic characteristics of the species. That nearly no dissimilarities among the four
species in NPQ irradiated with 1 500 pwmol m™ s™" high actinic light and in PS Il maximum efficiency (F,'/F ") done with
low actinic light demonstrated their physiological expressions of convergent adaptation. Comprehensive comparative analysis
indicates that P. pungens and P. meyeri have lower ability in PSII non-photochemical quenching in low light intensity;, but
a relatively higher PS Il operating efficiency (F,’/F,") in high light intensity, thus a greater ability for light-acclimation ;
while P. mongolica and P. crassifolia share almost unanimously PS Il photochemical and non-photochemical characteristics ,
and similar shade tolerance and light-demanding; the complete presentation of PS Il photosynthetic  physiological
characteristics in the four species indicates their convergent adaptability to Mingin arid desert climates. so they are feasibly

important tree species in the northern shelter forestry construction in China and in the urban greening in dry areas.

Key Words: convergent adaptation; chlorophyll fluorescence; photosynthetic response /curve; PSTl non-photochemical

quenching; spruce species

AR (Picea) NHSFL( Pinaceae) 45T IR 2404 T AU 2P 3Rt DX 22 A4 KAEAEF- IR BE 4—12°C |
AFFEK IR 400—900 mm AFAIXHRIE 60% LA LAY g Ly iy ol e 26 B2 b, B HUse A BT Rk, At 2y
A 40 Fi FREA 16 DFh 9 AR R AZIBRIY i e 2 WER L HRT AR TR AR PO AR R
B> AR FE 5 RS T 7 R s A2 @A, L0 L T AR S FE A Iy T 5 DB AR 1 Bk T Ak 1 A A R
fip b V0 M 5 42 ( Picea mongolica) | 7 1 2 #2 ( Picea Crassifolia ) | ¥ 25 #% ( Picea pungens) 1 H FF ( Picea
meyeri) S IUVBUF A KA REIE W R B T R B AURERE . A OC 4 M A TEID SRR B A SR i
MERET M TAECHBRESHEE Y ZE D e T AR KB B AT &8s 2 MY = A2 it
BERTICBE, VNV A2 B 3R BB R LT IR 45 O T T AN TG BB AR FEXT 4 AR IREE A28 K
SoMA, B E SR AT T AMNE AT B R i s A2 A KA AE Y G 5 R A 3R B 4 Rt i v = A2 B A )
YIRIEOCMRE . SR, SR A B oA I8 P ) A B R A A0 M S T

KINFERRE AR BT T AEAE AR RN EAE ) , 32 255 AR S R 0 5200 | 23 T8 BUAR TR SR BL A 35 B R IE A =X
B A el i 7 R AR LR T S A ) (1 AR DA IR A BRI CRaTRD ) 3 R T R IAE TS (4
A A 22 5 T 5 BB TS5 A | - 9 R 00 58 M 38 2% 7 A O 7 1 45 4 R PIL B, 26 30 v R Y (] 3
PE S A0 A A I B A R SR SR RS TR S R R 0 T g W R 10 B s (A SR
23 [B) IGRAE K A S LR | S B A= 28 9 DA AL 1) e ) £ 25 A6 o e 33 50y, B AS AL ) () JE A W 48, HC 3T
K& JR S WL T SiE AT ) X A AR SR AR [RIIE N, 3 RGeS R A W M B (A S 3R I s D ) R AR
eI AR AR R R R R R N — T T RN A A 2 RS (A B ) SR )
REAARIE N , o7 TR I LSS5 M A A BEMLAE 5 F e A A PR BT AR B, SR, 384 A A& 4= 21
PR ) 1 N 7 T I TR A 2D, ELREUESE M A TEAL .

A8 SR A R YO GG 0T B, B MR S 5EE DR T a2 FilE s st AT 4
a2 B YOG AN PG Rt . @t 7 A EF i PS T GAR ARG R e B Rk, SRads e ARAE
FHOGERTS PS I HC 8 A RE RFETICREAR , R0 1 4 i 977 80 2 %o B AR 308 ot K i P S 9 <Ak 194 6 [ 3 oz AL
BT FAUP X A B B R A R A T B R R SRR

1 #EFTEE

L1 o 5 AR
4 Pz A2 SR AR T D A A Bl B RA R 5 | R X RSB v A AR Wy el 07 T L 3 a5 Ak b 35

http ; //www.ecologica.cn



15 1 IMAESE A5 RENVERYIPE 4 R s A2 SR A G AL SRR A [ 2 ) 5041

R, RS FLUD PG AL (102058 E, 38°35' N, 4K 1378 m) , &3k [H 48 — A TR AR (1 v 24 i)
fel . YL Z AT 7.4 C Sl BE-28.8°C , i fmi E 38.1°C A P28 /K & 110mm, 7% & & 2485mm,
= 10°C AT SRR 3248.8°C, T 5.85,4F H HRAT 4L 2833.1 h, Ji MBI KBl <m0 X 4k
JRD B R T LAY VDI A

W5 =42 (Picea pungens) 51 A H i & /Ne LLARELIT ; Vo = 42 ( Picea mongolica) 13T ( Picea meyeri) 5| H N
AT LI I A2 (Picea crassifolia) 51 U H A KOLE, 4 Fhm 2 X808 TR I X 0 = 42 Ffphid
X, A 35 RIS RS AH [F) 5 PO 2R 15a, P80k = 0 (62.93£4.73) em,~F- 345l 4 (40.11£7.03) emx (41.11+
5.28) cm,
1.2 M RIOCSENNE

K HILE = CF-imager 28 2K 9¢ Y6 IEIG 438112 ( Chlorophyll Fluorescence Imager, Technologica Lid, UK) il
SEEM RS RS EL, 2015 4E 9 AW FE S AZRIRE X 4535 3 BRAR R , B AR 0TI 4 AL [ BHAL A 1 B, 18
HR S B R BREAET I DA B UK R S i e SR 4R BRI e, MR R PO IR L mEE A 3 KL 3 IR
WE B 4 A AZ TR AP BRI 14 ARET I BGOSR EE . IRIESC50 B 1is 1T BUERE R , I I 38 1 R AN [l RS S
VEFI G S RO UG FE AT AT, 5 18] 25 9 SR ZE R AE (18:0£1.0) °C |, % N 25 I B AR 6
fHAE
1.2.1 ey

Fazs PSITBALARCRINE -4 Fh A2 JEAE D) A EH 2 MER IS 15 17 20 ‘min J&7 , W05 PS IR ot 56 AT
W /N SRR DR (F,) FIFBCRES I e R R A7 3R (F,) AR IR 150 F11 500 wmol m™ s7' iK%
AR ASE FYER B —ER R IR 10 min J5 N8 LR =S8 () R R =238 (F,,) s T5E F, F1F, 191
Fk G R 6 840 wmol m™> s~ ik pii % 60 ms,

S 107 £ 0 5 . 2 B8 Baker 1 Rosenquist 7592 VERA IS IE IV 20 min Ji5, & 4 Fh = A2 4F M09 F, 1
F 3 TF I 60 07 h 2 00 e A5, 65 BE % 50 ,100,150,200,300,500 ,800,1200 .1 500 .1 800pmmol m™ ™" ;4
PRI R F RS, 50 1004150 wmol m ™ s~ KGR R BSEAGET R 3 min, KT 200 wmol m™
s DU E— G0 T A R E A 2 ming U SE F, A1 F, AR AKX 0GR 6 840 wmol m™ 7', ik il 4K Ay
60 ms,
1.2.2  FFE AL LG i dT

DR R G RE R | e (205 4 Fh 2 R BT AT 45 61 2O R Ry i R e
WS HEE, BAREEADIR I CF Imager fff FFH,
1.2.3 PSR AL SRR FER G A 2= K e 1o 43 A

PS I fc Sl et TR (F /F ) LIERERGE I 20 min I A5/ N SRR TE7HR(F)) |, Fl KI5 %
P HINF =F, -F, . #RSEMET PSTEKRBEE(F, /F,") M PSIIBIT8%(F, /F, ) K&
Genty 28 3K B4 9 i S R3HH. F/F, = (F,'-F,))/F,';F,'/F," = (F,'-F,)/F,", PS Il 3 %A T
(F,'/F," YA PS I e b 2F0 K 280 (NPQ) 4K M8 Bilger 1 Bjorkman Y23 R 380, F//F =(F,'-F)/
(F,/-F,");NPQ=F, /F,'-1, DL E&HNSHEITH M F, L Oxborough Al Baker Z256 AR . F' =
F/(F/F ~F/F."),
1.3 MRS ENIE

M4 RS RGN E . 9:00 DAFTE R X BT 4 B2 A2 1 2447 A i) BT /RS . BT
TPk K AR BUNS AT FREL 100 mg 0, 37 BIYR A PN 2 10 mIL P9 AT 2 BETR A 3R B (R IER: 2
WK =4.5:4.5:1) MBE B ; 55 SREA S , BIRIRAL BIRE L) 10 d =AY BFs 2% 6 IKE
MR SR SR AR RS

http ; //www.ecologica.cn



&
He

5042 2 SO Eire 378

1.4 A4 RKENE

2015 4 9 H i)  FE s AZFEIX L 4 Fh A2 @) BOARERR A 7 Bk, FHAN A RO E bk & el i 5 0T il 24
oty , MRV 1) 0 R 4548 BE R AR K
1.5 HdEotr

W2 Microsoft Excel #kPFHUALFLIR | RF] SPSS16.0 HCPEEFTALH AT, IR 25 5L FELER 6 22 07 22 507
(one-way ANOVA) , fe/ME 3522 5516 (LSD) T 2 FE iR, B KA a=0.05, Microsoft Excel {4l
Pl b B Al R PS40, T AR RN PR EZE (SD) .

2 EREH
2.1 4 Fh A2 gAY 0 A KRB A 16 ¢

BRI AER R RIS, 56 12 4F 4 Fh s A2
JEAEYI Y R A FEAL, 55 13 AEBR RO 4R
AR AN, A28 12 F FERAEK
I EMET 11a 1 13a 19(P<0.05) ; W5 14 4E R A K
I EHON 5 15 AE I s A K ER KR T o F2
0, T AR A TRE Z ),

22 AMaEBEEDE TR RESEZES

4 FOEAZ BA D EL T I B4 (Chl) 4R a "W itz s e s
(Chl a) FIFF£g 2 b(Chl b) & & EHA AL AT AE AL AR Growth year/a
o B2 BR,ESZE M Chl a S REESTHE
=2 (P<0.05) ,1fi Chl b & & T =25 (K 2)

KR
Annual increment/cm
[oe]

1 DA FERL BAUNARNEFERELR

Fig.1 Comparison of annual increment parameter of main

(P<0.05) (B E M5 E Chl &2 E T HA 3 Fio
,mkREEES (K 2), K2Rk, 528t
B2 2R a FIFEEER b HUfE (Chl a/b) i E/NF VL =

branch among four spruce species

L10,L11.L12 L13 ,L14 | L15 4350k FAE 4R A K 10, 11,12,
13,14 15a; EIP& S8 7 WEE BF 1, bRk 22500, &
ThRE

ERE =209 (P<0.05)
2.3 PS IBAb2ER0R B AR S AL 228 K It

4 P B A IR R PSTHBA TR (F,'/F,) PSIIRKRECR(F,/F,") Fl PSTTRCRFF(F,'/F,") )
St g 2 A8 Ak SAARARL, 1 3 KRB F,/F, " TEJEHR /N T 1200 wmol m™ ™' Z B FEARAL IR 7E h 450G
FIN S0 F, /R, WG TS S AZBIAR, F,'/F, TEGIRART 500 wmol m™ s~ Z HTFEAREL R ELTE 4 Fif
mRZ R A 22 5 WIS T2 5 (B 3) . F,'/F, IR S B S (765 KT 500 pmol m™
s ZHLICHEIR 2 JF T IS, 26K T 1 200 pmol m™ s GG IHSE ;4 =42 I8 FE W] 1 2 A0 5
HIHFRRIMEAR( K 3) . TERMOCHRIEFE N 4 R a2 B F, /F, W 2255 T F,'/F, T @ G yE A
2S5 W b, B TE RIS A 22 5. BB I ARy PS TRV O b R 5 E I S
AT AR A TE Z ),

4 R 4 ZAZJEAEPE RS PS TR A0 ARG AR 220 K ZE(NPQ) Bl OGSR 3 I ifii 7+ &5 . KT 500
pmol m™ s~ ZZHT NPQ Fhsg Bl , e WA I 2% ; 76 h 565 Ffl N, 35 =421 NPQ BUIK, WL = 2 A il =
WSS, AR TN ERGE D 2 2 ME B A2, 4 Fh 2 @AY E NPQ B N 2% 5 3= B R Bl fE
FOERIE I ; Th s G Is AR 242 5 1Ay 3 Pl 022 5080 | i B 242 7518 =42 R 3T 2Z (R AR X
KAMIEE A, UL, B A5 PS T H L TR BE R AR LU F R K RE T S H AR 3 M ek 5+,
NPQ B PS W sAT20% F,'/F, HECRINF F,'/F, 5
2.4 PSTTIGAb 2R AEAE AL 25 IO m AR AR S A i A i i

FIsF R4 22 IR ANEB I 3, 2220 min W5 35 N 5 4 Fh = A2 B A 9 A9 PS T B KOG AL 2% & FR0R

http ; //www.ecologica.cn



15 AR A5 RENVAERYIPE 4 R s A2 SR ARG AL SRR A [ 2 ) 5043

0.8 r a 0.5 r
ab 04 | T
\,M? 0.6 F ab b ﬁ b ab I a_l|?
I i | T
$ .0 gEorh 1
% 'éb 04 H’%%EO
15 £z 0
Z ol 3
0.1
0 1 1 1 J O 1 1 1 J
W= HE=E BEP HHF Wiy HEst o st [SES
20 - . 12 - a
: T A
b a
L6 _I_ I _I_ a a
po] —
= [ 08 |
e 12} pode {» {‘
<5 H& 20
& = 20 8D
% o0s | gé
= Wm= 04
@)
04
0 1 1 1 ] 0 1 1 1 )
DB B #lizsi [EE3S WHiEY HEast o ot [EES

A4 Fh Plant species

2 AN BB EEUMBFHTHHRESEMLENESR
Fig.2 Differences of chlorophyll contents and its ratio among four spruce species

INGFRIIR 4 ZRZIE YRR 1025 5 B EE (0=0.05) , B ADIRIF YRR 6 W T4 {E , T 1 AR RRPRER

08 r 08
:\E 0.6 f 0.6 -
= :
N .
B 04t § 04 -
& X
] )
a 02 = 02 b
a . gj -
0 1 1 1 J 0 1 L 1 J
0 500 1000 1500 2000 0 500 1000 1500 2000
HEBETEREE
1.0 ¢ PPFD/(umol-m™2-s7")
- o8t
; 0.6 | - DHER - HWEH
= - WE o A
¥ 04}
&
=
2]
a 02}
0 1 1 1 J
0 500 1000 1500 2000

NERFIEEEE
PPFD/(umol-m2-s7")

B3 MR FEIY ERLMAFN PSIETREF,/F, ) ERREF, /F, ) MEERF(F,'/F,") BISENRE # 2
Fig.3 Photosynthetic response curves of PSII operation efficiency (F,'/F, '), maximum efficiency (¥,’/F,") and efficient factor (F, '/

F,") among four spruce species

A BN 14 ARET ISP BRI 22BN R AR

http ; //www.ecologica.cn



5044 JAE = 378

(F/F,) BEE W > > AT > o AR s
fE#EH 150 pmol m™ s R SARIE IR FE IR 10 min B, 4
o2 EiEYE PS ARG 2= PR K R EL(NPQ) I AH X 22 ol

<]
S5 F/F, WAL L 20 NPQ RERM (P B |
0.05) , il 2 PRI A A2 NPQ W& B (P<0.05) £ &
(FE15) 51500 pmol m™ 5™ B FOEB T 4 PR 2 2}
VI NPQ (HE 2 4.0 Zeti HERFERSF (K S). & ¢ | o B - BT

N -o- B

SR ARFRASMEFDGIR T (19 NPQ L ELA Fh g Py B (AL 7E
R T 4 R E S B HLP— SR R RO 0, = s = So00
KEETT SLa AR AR AR BCR B B R 1 Piéﬁﬁ);i}ﬁ%%%’g)

K6 KB, 150 pmol m™ s IR ZSAE HI Dotk 4 1
10 min J&,4 ZAZ B WA I PS IEATACR(F,/ B4 AN BERY EMAFHI PS 1EXLER
F,') PSRRI (F, /F, )M PS TRH T (£, FRANPQMEAEAS
FT’) %M‘&ﬁ% j(ﬂ: 1 500 p,mol s %*%:?&*ﬂfﬁﬁﬁ‘ﬁgﬁ Fig.4 Photosynthetic response curvesof PS Il non-photochemical
THI(P<0.001), LM T, EEHM F,/F, B35

0.80

quenching coefficient’( NPQ) among four spruce species

20min.figi&

0.76
J 074 F
ab a
C
0.72 F
0.70 : :

be
WHIEY  HESY WS SES

e

2

o
T

PSIHR IO
FoJFn

T Rk b2 Ak
= 4 b — = — & g a
W& W&
iﬁ;ctf ;m,g b
* S 55
=z 2 r a a a a B
R D 04t c

1 L 1 ) 0 1 1 1 J
wHials  Hlnl  #Enk EE{R Wzt HlRal  #Eak HiF
HHY R Plant species

5 A BFBAY BEASMBFHH PSIRAKXUFEFTRE(F,/F,) RERIEANLEX PSTIERUERERRZE(NPQ) K
0
Fig.5 . The maximum quantum efficiency of PS II photochemistry and PS Il non-photochemical quenching coefficient (NPQ) from high and

low actinic light among four spruce species

INEFEFRIR 4 BB YR R IO SR 2 57 BV (a=0.05) , 2 HR BRIy 14 ARET 9P 24948, 2 B 4 R b ifi 22

/N(P<0.05) , AFF F,'/F," BE/NTEH B A 220 H R ERTHZ20(P<0.05) 5 mti N
W F,/F, BENTER AT (P<0.05) AP S A3 FY LR ELER(K6), K6k
O R F,/F, BB W A A I SN E BT (P<0.05) 5 MOt T =20 F,'/
F, WA, T A2 00 4 s A2 @AE R TC 35 22 5% MH R 0.45, (O & a2y F,'/F, ' JC

http ; //www.ecologica.cn



15 1 AR A5 RENVERYIPE 4 R S A2 SR A CAL SRR A ) 2 ) 5045

BEZS MEDCER T AW F,/F, BERR DA a2 S HRER T ES 2 A (P<o0.
05) (K 6), IR MRFEEAEADEIRT 4 Fh o269 S s 38R F,//F, 230G R ; M s esR T
(4 PS BRI B2/ TG T /Y, A s A 2552

10 [ A A B 08

il i C
r 08 £ 06 f
" 0.6 ol ab a b ab
%’ . ab a a ¥ 04 +
% b ol
X 04 £
: 2
% 02
& 02t ?2
0 . . . . 0 . . . ‘
Pzt HESE BB SE5 WiiEY Flais ot SEES
0.8 HEF PlantSpecies
A A
. 2 A 2
£ 06 f
54 .
% O REaA e
& 04 f K ket
fid
59
5 N % % % %
0 1 1 1 J

PHEY  HESE B Hif
A4 Fh PlantSpecies
BEo6 BRMEMNEX4TMIMBEEWEHM PSIIBITHE(F,/F,) RAME(F,/F, ) MMEEF(F,'/F,") M0
Fig.6 Effects of high and low actinic light on PS Il operation efficiency (#,'/F, '), maximum efficiency (F,'/F,') and efficient factor
(F,'/F,") in four spruce species X5 FRAVNG FRG IR RR, SR SME DGR T 4 Z2BEYTH R RTOS RN 2ER L EFN (a=
0.05) , & HEAR I PO BE g 14 AREF A9V 0, T B Ok RnAr 2

3 e

REN VDL bl 1) 5 LR AR S0 52, YD b 5 42 (P mongolica) (T3 =42 (P. crassifolia) (¥ =42 (P.
pungens) FAFF ( P. meyeri) #f5fig 18 W ML AR Y HE A Bl P e M PR, AR BEFE VD438 - JE ot 1Ay 15 i R 28
RUFAERKAS, 4 MAZEAYNEEE KSRV IE S BA MBS B KR, TP = A2 FF
A AR (1B 1) 5 S AR 75 FIRRHEAE S | P56 T 5 3 18 A2 % H AR M — B0 BE AR 2 I AR 1Y
FAA KGR, 3R AT R IR KRS, SR WIZAE Wik 88 P05 19 RE g i I =i A= B 2 BE A 4K &2 45008
G2 T 14 FTAS AR = A2 1 i AR S5 RSB B AR A e A 2R 06 0 Y SB T I 2A5 OC

Mot a b HAE (Chl a/b) R/ R D BRI LB E IR A 5 0 4 ZAZ @Y Chl a/b 5K,
B BB I 5 5 RS AR R s AR M T UESS . 88 = AZ4T Y Chl Chl a A1 Chl b Hym & T3
R3 FHEYIN, BE S S 121 Chl a/b BE R THEF R AZH (P<0.05) , AT BE 28 UK DG 1k 23805
e R A ERGE ARG — DR 1 A2 40 7R A [E] w00 30 B i (56 Bl s IR ER B, oA
XFRA A 23 26 i P I S5 IR Chl a/b AR AT RE 2 X e A 35 1 9 Ak 38 B,

ML RISEEE IR B E 2 PS IDEFRBCRSECR A G U PS TP A ) TR
PS8R (F, /F,,") Silad PS IO oL A Z M i 115 1 8 i ( LEF ) 25 U0AH G, m] PR iz OB IR 28 1k
s AR R AR B PS TR HhoC (R LA 43 B R 2 PS TR AR 23 K R BL(NPQ) W SRR S A HLAG
T ARG e AR O AL ER PS 1L SO Lok & BE AR R I IAFERLRE ) K/, S A M) OB TR

http ; //www.ecologica.cn



5046 JAE = 37 &

R EE I RRE TR 4 R a2 BRY0 F,/F, 16 150 pmol m™ s IRERS/EHIE T
K EE S HBEZ M 0.67; 1M 7E 1 500 wmol m™ s~ EESAEHE T, NPQ 0 i 3 2 5, H(E N
4.05, DIRVENTH BN 4 2 2B IOGIR T 1021 TRCRIR — B, SO T 56 A P T 55 6 IR 5T 138 N ;
ISR e H—30A NPQ T 2B X ik e 0K BE () AFERICRE 0 425600, B Re IR o Y ik | 2 4 A2 @Al
Py %ot R B 3 VB A Dl 107 A R

W3 W B PS TR KOG 2R B3GR (F L /F,) /20 PS TR H o0V FE e s il AR 80R i e Akt
4 ZAZIBREZ: 20 min BEIERJG I F /F, #EA%, HIAME K 0.76 KT — M A R8> o) 6E 5 27 A REE 4
TR TS 712 5 A ¢ , W RHER A AP R RePE I T RE . 150 pmol m™ s MIKJEIR T ,4 = A2 @ AEY (8] NPQ 5
F/F, BRI A fE—80H 22 5200 8, R I35 N6 A WA A fh 2 KA N B0k | e 4125 00 AE 3k 45 1
T R RO AN ) /N2 AR B E B — 307, FL/F, R NPQ R IX Fh Y ZLAEME LS 4 A2 B YIIH] Chl A1
Chl a F I AYAHXT 225324 5, I HE Chl &4, JUH: Chl a & 5 A9 SRS & OG5 R PS 1T 0t Rl 3k

2R 2R S S Lz 1 2 PTG i WA ) 56 & D REXT FRBE R AR (R I 2 . B IEL 3 AT 4 Fh s A2
JEAPE I PS T GAL =R B e i i 2 5 A R 5 AR 28 Ak R 3 S SG-A Il T B8 T 52 3 e = i #a )
N R, 4 R NPQ BOGIR BAEOGRIEE N (K 4) 5085 OGHER T AR 22 758 2 — 2 HE
FRAOEIR T NPQ Y928 4.0 A4, S0 1 Ay U A0 L (R A7 AN [) , 3k 5 R B0 1) 1 FH D' 5 %)~ i [] AS [)
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& PSR RBERE F,'/F, s RIS RSO G0 AR B R F,/F, W PS LIS TTRCE F,'/F, 4 R 5L, &
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