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Abstract

Selecting reasonable tree structure can guarantee ventilation and light transmittance in the ca-
nopy, which is better for improving the rate of light utilization and high yield, quality or regular
bearing. We used the open center shape, Y-shape, double layered shape and natural round shape
of Citrus grandis var. longanyou as the research object in this paper, and then photosynthetic cha-
racteristics and fruit quality in different position of four kinds of canopy were measured and their
relationships were analyzed. The results showed that: 1) The net photosynthetic rate (Pn) of the
upper leaves of four kinds of canopy was higher than that of the lower leaves. The Pn of the leaves
of different parts of the Y-shape was higher than that of the other canopies in the day, followed by
the open center shape. It is indicated that the photosynthetic abilities of Y-shaped and open center
shape were better than the other two. 2) The contents of Chla, Chla/Chlb and SPAD in Y-shaped
and open center shape leaves were higher than those in the other two, while the Chlb content was
opposite. The two canopies with higher level of carotenoid content were the upper part of open
center shape (0.61 mg-g-1) and Y-shape (0.54 mg-g-1), and natural round shape was the lowest. It is
indicated that the higher light-harvesting abilities of Y-shape and open center shape enhance its
photosynthetic efficiency. 3) The direct reasons for high fruit quality of Y-shape and open center
shape were that their fruit peel coloration, soluble solids content and fruit weight were better or
higher than those in other two. Moreover, the contents of Vitamin C (Vc) and total sugar were
higher, and the titratable acid (TA) was lower in the fruits of upper and lower parts of open center
shape, which indicated that its fruit quality was uniform. 4) There was a significant positive cor-
relation between Vc content and Chla/Chlb (r = 0.838) and SPAD (r = 0.866). The Pn was positively
correlated with fruit sugar and sucrose content, fruit weight and fruit shape index, and the corre-
lation coefficient with fruit weight was the highest (r = 0.712). In conclusion, Y-shaped and Open
center shape have obvious advantages such as better ventilation and light transmittance ability,
higher chlorophyll content etc.,, which could enhance the photosynthetic performance and be
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beneficial to increase the fruit weight and improve the fruit quality.
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[16)FIPERK 17155 W #A Bt 7, s v s it i SAEX S REBR FE I A 5 78, 3R19 5 St SR sk
TGS L AN G R R B . TR FAE AR S R D . A TR B LR e 2 () G IR B R
REERIE, NG R & ORI Z R [18]: HSEhr b, ERLHAFHRL g R &2 TR, Ik
I RS KA S R ERIE T RS ER . BRIk, B 5 B Aot S R AT B AT,
HRFOC BRI S Bz iR 2 R B B R o AW TR0 22 hb A [RIW R SR S 4 €0 ) 3T 0 ol A5
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2. MR EFE
2.1. R E 58

AR T 2015~2016 FAEVY) G T AT S X AR T B HATET . 24H1(106°76'E, 30°50'N) -3k
320 m, PRI 17.58°C, SR ATE 1 H, FISRE 4C A TE 7 A, PR 27°C . T/ 306~328
do PR KE 1240 mm, 73 HBEEECN 1213 h, LR 1 76 g 3 X 5 8 2 R AU AFAE

2011 SFFEAHN S b HAARE BK-F— S e 22 (2010 FFFZR153%, 2011 SFFZ=EME, MATIE 5.0 x 5.3
m), R AFEAR —F e BT 4 FRTEOT O, Y T WESEF.. BRI IR Hh:
1) FEOTE, W E TR 50~60 cm, E5% 3~4 AN, FHA EHARIFR 2~3 AN B A REEEZ) 30~40 cm,
IR R 40°~50° [ ATk AR AL 90°~120° (3 Tk 9 120°, 4 EHN 90%): BHEITFTK, W 5E
MEZ 2 1:1. 2) Y FIE, ET @ 50~60 cm, WECEMATE, HHRHB PN T, MR 50
Y: FRECME, EREA 40°~60° 3) =R, MIEEAFOT, fLTERAET, @ TmE
21 50~60 cm; FEMRIESF 2 2, ZEEEL) 80~100 cm;  FERLKFER 3 A4S, FEBFER 2~3 4, SWMARLE
B 5~6 A BRI EERCOUEL, 2 AR 15~20 cm, 20Kl 40°~50°. 4) EARESLENA ST, 2
JEREAETE WX AT R TR 4ED . 2014 FFA&Z=E 8 AT 4 PR IRE i HR A —B, ok LF e
THIRAE NS RAEIE, 2015 SFEFFARHT S DabRlE, SCHATEGE - FIEUE. 5 HRhIX, 3 IRER.

2.2. REWHE

2.2.1. FEFBAMH KA FFRE FIEFNE
Rkt E i, KA LCPROGAAE I AN & e A AR bR, ISER (82 8:00~18:00, 4 2 h
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9 LAMEIR, e AL KR TR 28— B bS5 53 2 2, 23 ilid o AR R, e R EER

rPEAL AL, by RN 172 ALE KT A S AN ERE L AL, IEBCY AR B 3 AR bR IEH

HATIE(Y FRMER, T ERPEME AT ). WEfFEERRERE: @55 HZE (Net

photosynthetic rate, Pn). "< L5 /& (Stomata conductance, Gs)~ J}f[#] CO, ¥ [ (Intercellular CO, concentration,

Ci), W5E M R EAEE R T . R IHDE A A 2%% I (Leaf surface photosynthetically active radiation, Qleaf).
I A iRBE (Temperature of leaf, Tleaf).

2.2.2. FEIBUMHEAESERIBNE

Rt a ], 168 2.2.1 O EIE S FEEBALI AR S 3 A, 0 REE 15 F i BRI
RSG5, BY A, 2RI T, SR 80% N BRHREX 4306 6 FE 1L 2 M4 3% a (Chlorophyll a,
Chla). "f%¢Z b(Chlorophyll b, Chlb)f1ZE## | 2 (Carotenoid, Car), 1% Chla/Chlb. Chl (Chla + Chlb)
[19]. KM HZA Minolta 23 &) H{E 4 344 24 SPAD-502 I 5 M- A X H- 4% % & £:(Soil and plant ana-
lyzer development, SPAD).

2.2.3. FERIBMARSERBESH

RS, EREAEE . PR ARE IR S AL, SR 1 AR RSk BRI
SESM BT, F ORI E R, MR G R E N . ATV [ B (Total Soluble Solids,
TSS). AJ{i € BR(Titratable Acidity, TA). 4E2EZ C (Vc content). st f#(Total Sugar)Zsfibr 4 E FAxitk
GB8210-87 J732:5E o« FH 87K -l 5E B 5 5 (Per Fruit Weight). ] H ASSEASik CR-10 (422 {0 5E 5 57 (4
P, RGP L*. A4HWZE a*. IR ZE b, HHAEMME CHC* = [(a%) + (b%)1"°. @i
H° (H° = arc tan b*/a*)F1 {24555 kR CCI (CCI = 1000 x a*/(L* x b*)), CCI IEfHMRELLEME, FEAR
RIESFEE[20] [21]0

2.3. BuEsbE

K HI Excel 2003 FEPFLAE , 455 IMP 10 B /R4 B3R, 3 H] SPSS.13.0 B4 73 Bt 235 1tk S AR SRk
3. ZR5 9
3.1. FEIFMAHFEFELEERRATL

b JE BRI (B 1 Z) R B (] 1 ) e AR H AR SR I AR Pn HAZ AL
KEZBERIE ML, 10:00~12:00 HBLEIE, 14:00~16:00 HILKIE, ORI FET 12:00~14:00 HBL “6
G G VUM T LB A Po 3T R s — R Y FIRARBALH @G & A
T HARRE, HORIFLIE, (HAE “HE&TIR” BRIFOIRANZ 2 EE . BRBESREZERA K. H
SRIFISKTEAE 18:00 Zidy, BFSHF Pn 808 T 0, Rt Il SEHIRLIND A RE I RRAC, PRIRGE
FIERTHEER, —RPEREKRIE. WESBEE. LMY FIEAEE R K Pn EH25 58 10.9
pmol'm >s™'\ 9.8 umol'm *s ' 11.3 pmol'm >s ' F1 12 ymol'm *s ', HIFLIEA Y FHAE— K Pn ¥
ETHREL. WESER, WAL Y FRaa 6 B RE . SRS ETER,

3.2. AR FASEEMFERFRIEER

K 2 AAFERE R i SALFE Gs. JulE] CO, W Civ M F LR Tleaf FIMF F 3R HDE A A 2448
#t Qleaf B H AL U
VUFH A T 1) Gs H ARk A B AT FR XU #h 28, 75 10:00 H B B 165 12:00 B Gs PR Bk 2K,
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Figure 1. Diurnal variation of net photosynthetic rate in different tree shapes of Longanyou
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Figure 2. Diurnal variation of other photosynthetic indexes and environmental factors in different tree shapes of leaf
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Tleaf 1 Qleaf HASLAUR LR 8:00~12:00 B 6 HRZHTHY 17 THiy s 12:00~18:00 A PI IR bR 12
R, X EA AR AR ER—SC UMRET, BT Y TR A RROGIARECR, t ) Tleaf #1
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33. FRIBAMHAXAEGEESEER

W 1 s, Y FIRATF O/ F o Chlay Chla/Chlb A1 SPAD ¥ T XUZ 4 Z A H AR ESLE, H.
4 PR BRI B S & e T R, ZERIEEE K. AERIEH T Chla & &80 B3R
SPAD ALK —S, HRIF LI Efnt s, Hikg Y T Y TR FFOE. YUZ5 2K Car
SEETARELE, HdIrok Eim A dimE0.61 mge "), HKEY 7% E#0.54 mgg "), PiF
3ot BRI ST FIB Ry 29.78% 14.89%; ANEIMIEIAIY 2 FEI v Car & & s T Rl . XUZ
NERS BARESLIES Chlb S E&ET Y FRAIFOI, BaiPig e N AT EdrH, mE e
b A Chlb & T R e SR BRI, Y FIRAGR GBS S T Chla 1 SPAD i, XM
FOms T2 1) 0 22 hil o & e 0 B

3.4. FEIBMIFIRERRIH

k2 s, Y FIRAGF QR RE R TRESE M BRESLIY, BT 7= A FR AL
RSLp R EERALE, B0 ZEMERE I FARSc i L E a0 17.45%. 28.15%.
Y FHAMBZ 5 ZH LIRS Cx i, S LR se CxRE ST 8, MO AR R L C*
Wigm HES A RE . URRE L2 R 50k 8 B KT, K Y 2 RS0 i 5(80.95), H &M
JE5Y BT EIRFIF O B, BB BT IR LR S s R . HAR SRR T AR SR (LR A H
BT SRR RN TR ER L EEA H° BREZEFI, S5HAMN LA R H AL RS2 0 2 7k 53
Ko BWTEAFRBAL RS CCI ) 22 53538 B KF, FAEIIN T-0.59 Z-1.46 [0]; (HERTE LB
PEY ST R ERSE, HARBESLEAUZ 73 Z T 0 T RS CCL AR, 0B T B MioF2 0,
TR R AR 45 BRE, URRITEEE BRSPS BT R SE, BY F#
T FEOTE R SLAMI S T T X2 53 JZ T B SRR ST, 1 B TR by I 1) SR S A0 ot o 2 A B s 1)
e .

Table 1. The differences of photosynthetic pigment content in different tree shapes of Longanyou
=1L AENEERMELAERSEER

T Tree shape #BAr Location  Chla/(mg-g™") Chlb/(mg-g™") Car/(mg-g™')  Chla/Chlb Chl SPAD
Y 258 &8 Upper layer  2.90+0.07b  1.15+0.0lc  0.54£0.09ab 2.51+0.06a 4.05+0.08b 97.10+5.37ab
Y-shape T Lower layer  2.67+0.02d  1.10+£0.04c  044+0.07b 233+0.16ab 3.77+0.03d 90.17 + 1.85¢
0T % Upper layer  3.11+£0.02a 125+0.08b 0.61+£0.05a 2.51+0.17a 436+0.09 98.97+3.16a

Open center shape a1 (uerfayer  2.65+0.09 1.24+0.02b 0.47+0.06ab 2.14=0.05c 3.89=0.11c 91.90 +2.41bc

. ., # 7 +0. 26+0. S51+0. 20+£0. .04 £0. 20 + 3.
SRS RIS 3 Upper layer  2.77+£0.03¢  1.26£0.05b  0.51 £0.14ab 2.20£0.07bc  4.04+0.08b 92.20 + 3.20bc
Double layered shape a1 owerlayer  2.55+0.10c  13840.07a  0.41+0.06b 1.93+0.10d 3.94+0.07bc 8270 +3.30d

S ] ST b3 Upper layer  2.78£0.03¢  1.23+£0.03b  0.47+0.10ab 2.26 £0.06bc 4.02+0.02bc 85.83 + 1.90cd
A 2Rk T

Natural round shape ey o laver  2.14£0.06f  137£0.02a 041£0.04b 1570.0de  3.514006c 71.97=5.88¢

. RAPFE—HIR ARG FRERRLE 0.05 KT FEREH(p <0.05). FR,
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ANTRI B R RS2 P 38 B S o A e 3, DURIBRIFE R DL Y FIE R TSS & im0 B3R SR Sk
TEFEBITR S TA S EEBAK, HETEMERLEE R TEE. O LA N HRSER Ve &Y, o
FIEL AR SLTE R8I0 T 30.98%- 32.64%. Y FH b EB RS SobE & i m(10.28%), XMZrEMHE
SRIFISKTE TR S el & B RUC, TR0 B, NSRS EREA 8. Y FIRMIFOIEA FR A R 5k
HIRJER S R ERARE, HXE0EEMARESLE LR EEmT N, SR aRREE B TR
LI ERIE 13.71%. ARWEFR—wZRLHERT R LR ERES, HY F. FOEMESEE
RSB E TR TS BARREIE . [F—id 2RSS 2 B R BB R, (HXZE5)Z
TER AR BT AR A 22 R 2 . X R Y IR AT ORI RS2 S T H AR e, B OTEAH
HA SRS A —

3.5. FEIMEETHE. REMROERS S

XFPUFP e b AL 11 BOGE A B AR AT 3 7 70 B (] 3(a)). M 3(a) AT EAE H, PCIL
A PC2 43 HfARRE T AR B 66.3%M1 24.7%. FT 11 MMEARAT PCA #AIH, B 32 8 HAR IE 4 B 2 3 [X
I35 2 BRFSLIE i XZ0 BB SH4EER b —3, X UL Chlb J& A4 5 H AR F Sk T FIXUZ 4
EIECEREE R BRI R, PO E#E Chl. Chla. Chla/Chlb. Car. SPAD il Pn 7E—if2, #*H
Pn 50& R BMIMEERR; JFOE FEM Y #F E#5S Gs. Ci. Tleaf fl Qleaf 43—, Xt
BRI O R A Y 20 Bt i G S R ISR T Y I . AR LR T #6
5B R ETRbR S AR EOE, WH & A3, XAaesS BARSLE NEpkEc™E, mY 7

Table 2. Comparison of fruit appearance quality indifferent canopy location of four tree shapes

= 2. UM AN BB R SeSN L mm R EL 3L
B Ekg COCHHL REJFE (mm)

FR W TR Fruit Frit g e L GEMAIE Cr G @ESARIFCCT
Tree shape  Location . shape peel
weight . .
index thickness
L 1.81 £0.04a 1.03+0.00ab 15.92+0.17a 80.95+0.24a 52.01 £1.59a 96.27+0.53a  —0.59 £0.04a
. Upper layer
Y ¥
Y-shape
b 1.70 £0.01a 1.00+0.00bc 15.10£0.57ab 79.28 +£0.38d 49.27+£0.37b 95.44+0.75a —0.72 + 0.06bc
Lower layer
TR0 Uppfrﬁlliyer 1.77£0.02a 1.02 £ 0.0labc 15.27 £0.34ab 80.27 +0.25c 49.46+1.08a 96.07+0.58a  —0.65 + 0.04ab
Open
center T
shape i 1.76 £0.02a 1.01 £0.0labc 11.72+£0.72d 79.03 +£0.08d 49.80+0.51b 95.36+0.11a  —0.79 +0.02¢
Lower layer
nt
JI5£0. .04 +0. 01+0. .66 £+ 0. T7£0. S0 —0.61 £0.
KR4 R Upper layer 1.75+0.10a 1.04+£0.04a 13.01 +0.75cd 80.66 + 0.45ab 51.77+0.56b 95.51 £0.14a 0.61 +0.13ab
Double
layered i
shape i 1.49+0.08b 0.99+0.0lcd 12.89+1.72cd 78.41+0.35¢ 47.82+0.53¢c 94.64+131lab —1.23+0.03¢
Lower layer
ot
s 11 3 T + + + + + + — +
EUNZ DN Upper layer 1.73+0.12a 1.01 £ 0.01abc 14.93 +0.71ab 80.03 £0.17c 45.92+0.77cd 95.41 +1.13a 0.92 +0.06d
Natural
round
shape T

1.35+£0.08c 0.96+0.03d 13.83+0.88bc 76.97 +0.09f 46.81+£0.37d 93.42+1.25b —1.46+0.09f
Lower layer
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Table 3. Comparison of Longanyou fruit quality for four tree shapes in different fruit tree canopy location
3. RTINS EIERALR SE A BR M B EL AR

; G sy — ]
WG g TN T ) Ve #i B mpm mm N
AL y s [i] 2 Lt Ve content Total . Nvert
Tree Location E 1) JER TSS/acid (mg-100 sugar Reducing  Saccharose sugar
shape TSS (%) TA (%) mlh) %) sugar (%) (%) (%)
-
Upper 12.57+0.12a 0.93 + 13.48 £0.51b 36.99 £ 0.64a 10.28 & 3.71+£0.03a 6.48+0.06a 10.21 +0.06a
0.03bc 0.03a
Y #J layer
Y-shape |
12.12+ 0.92 + 13.18 + 356+ 10.12 +
I{;)}\Zc;r 0.41abc 0.04bc 032¢d 36.89 £0.73a 9.79 £0.63b 0.03ab 6.22 £+ 0.49ab 0.66ab
L 10.11 +
Frafg Upper 11.75+0.41cd 0.85+0.01d 13.88+0.30a 37.04+0.09a 9.64+0.09b 3.49+0.07b 6.36 +0.1ab 0 64ab
Open layer ’
center N HE 0.89 &
shape Lower 11.67+0.15cd 0'020d 13.09+£0.16d 37.51+1.41a 9.60+0.13b 3.58+0.lab 6.06+0.05bc 9.67 £ 0.2bc
layer ’
-
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Figure 3. Principal components analysis of photosynthetic characteristics (a) and fruit quality (b) for four different kinds of

trees
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TE R BRI A R &, IS 2] = #F & 80K,

X PUFPAR T 2 by R AL 15 Fl SRS SR bR EAT 2B AT (1 3(b)). A 3(b)RTEAE H, PC1
I PC2 43 BIAERRE T AR E Y 66.6%F1 18.6%. F:T 15 AL FFEARI PCA BRI, A4 IR LA T 1
B HIX 22 4 25, HAP U240 2R T BRBSIE 5 RS i fibr 5 e MR RO, $h
SR—%K. BREELE B SRR ERD N K. WESER L. Y T TFOE 5l E Y.
BERLL. b, Ve &E. PRE, REm., aFmAE. Mg 4 MRS N —2%. B
RS RS TR R AR RGL, IR AA R . SbE. RERE. FLBE. ERPE. Ve SR, PRE,
R MPEMREE . GEGAGTRRE . AT, 5ERESLEMLL, HAh =R T i B
S, IR Y IR O RS2 A

3.6. FEMFEASFHEMR SRR

TR A BESES RN AL 4. SO0 G B ZETERST, SPAD. Chla/Chlb
BT 5 TA 2R, 5 FHAS 05 56 br s A5 3 IEAHC; Chla 5 58508 B ATA e bs#0 21EAH G,
HSEJERE. b, M. Ve BRE. RIRIEH. L*. C*. H°. CCI MHRMHIENEE /K> Chib
Fr 15 TSS/TA BIEAKRAL, HHAWTEFRY RAAG, IFSILEE. Ak, B, DB, Ve, BRE
R FE AR Car MR 75 TA WK, 5 HABR S W BHRFR A SEIA R E . $TOLER
Frrfr, Pn SEEALRE. RERE. PARE. FRIEH. L*EWREE EMH>, 5iEFERE. 2. Ve. C*. H°.
CCI 2B F IEME; Tleaf. Qleaf 5 TSS. b, MR E, RGEEEREIEMIC, MR, SHE.
Ve C*. CCI &N 023 IEAH G

Table 4. Correlation analysis of fruit quality, photosynthetic characteristics and chlorophyll content

F 4. AU EMREIESRSIMREBIRERXES T

R SPAD  Chla Chlb  Chla/Chlb  Chl Car Pn Gs Ci Tleaf  Qleaf
AL EVE B TSS 0.535%% 0.467* —0.573%% 0.563** 0384 —0.145 0345 0342 0326 0.511% 0.523%*
Wi R TA -0.032 0.178 —0.116 0024  0.113 -0.417* 0.024 -0.186 —0246 0.010 0.052
[ % L TSS/TA 0374 0222 0011 0278  0.198 0356 0219 0367 039 0.117 0.088
JEJE MY Reducing sugar ~ 0.590%* 0.569%* —0.589%* 0.673** 0471* —0214 0496* 0244 0327 0393 0374
AL BE Nvert sugar 0.663** 0.553** —0.612** 0.706** 0.528** 0.029 0.614** 0.374 0409 0.494* 0.472*
REWE Saccharose 0.766%* 0.560%* —0.571** 0.766** 0.519** 0.055 0.564** 0.656** 0.633%* 0.609%* 0.590%**
JFE Total sugar 0.628** 0.503* —0.679** 0.682** 0.424* —0.148 0.500* 0.382 0.434* 0.531%* 0.546%**
Ve & Ve content 0.866** 0.666** —0.595%* (.838** 0.591** 0.073 0.475% 0.767** 0.714** 0.663** (.554**
R E Fruit weight 0.764** 0.750%* —0.614** 0.831** 0.679** 0.043 0.712%* 0.427* 0.505* 0.469* 0.425*
BIZFEH Fruit shape index  0.711%* 0.680** —0.439  0.684** 0.593** —0.069 0.517** 0283 0306 0278 0.227
LR JEP¥ Fruit peel thickness  0.150 0272 —0.499* 0387 0229 0208 0.463* 0.189 0273 0.415*% 0.511%
B Lx 0.758** 0.831** —0.569** 0.807** 0.761** 0.048 0.699** 0329 0346 0401 0375
BRI C* 0.805** 0.606** —0.394  0.725%* 0.553** 0.116 0.500% 0.785%* 0.752%* 0.597** 0.572%*
iR AHH 0.570%* 0.602** —0.482% 0.595** 0.513* 0.027 0.433* 0.418* 0289 0453* 0.385
LA bR CCl 0.849%* (.828** —0.689** (.867** 0.653** 0.547** 0.619** 0.584** 0.611** 0.581** 0.530%*

e *REEMK(p <0.05), *RKWLEEMK(P<0.01). R: HIKREL
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F LA (Pn) M 2 RFOCEMERIE Hiebs, AEEMFMHER Pn G ZER, WEWREH, ¥
SEREARIE [ P LA, CpliHA 508 37 B % T Rubisco A& HIH P CO, HIHHIEH 77, M
MPFEAC 7 OLE M E[22] Sebr b, HIEWEGEE R BAAE M E 20, A0 E S5
PR E R ZIFROR, A5 ENRNRR &I CAFHEAE R AW EERKER 13 i,
FLJ PR 2 Sy T IR AR A AN 2 0 B A Bl BLA R [23 ] ARHIESE ELBUA IR T P B9 H AL R Y 5T
FIFFOTE Pr YIORFFR K, WA, X AEHE AN R TR e ST 7 A A AR IR [24] 0 T 5K 2 )11
25 RIAR ML EE IR SRR AR, BANEZ M Pn RN, HEHF Pn 2%
KT E#. T, SR e 2 A 1 6 Gl 2R AR DA 75— B A 7t . AR R, BEE S
FLSE (GG, e CO, IRIF(CiIME, Pn BEZ I 24 Gs PUE FF&N, 1 Civ Pn £BEZ 18T
B . U8 Pn 5 Gs. Ci B%4HK, H Pn (0 FREMN EZARTSILEEZHM . sAh, ABFFH 8:00
1) Ci BAKT 10:00, H5HAWNMLRA AR, HIEFTREHE ., EYASAFE S, HEAEERE
it — B

KB BESEEERSRETOCRET . L MEElh, Hoo RS & E B W6 &2,
Hrp28 R (Chl) KHE b R(Can) 5 EEHP KR EY), D43 a(Chla)ig NEZE[26]; H Chla 5
Pn 2 [A] 2 3% EMOR[27] AT Y FE 5O A Chla & &I KT X250 B B AR R ELE,
HUTFOIE B ihdgE, iU O Y FIREG R VR B RE L. SR ETE 5, A] WA
TERFEA R THRRAREM R, XWIEFER EARAURIN28]. HAl, E oM E R 482010
SEI] SPAD fH, AJ 4R It RS EA G A ESY, 5 Chla. Chlb, SRS EEMEEM
F[29] [30] [31], RAEAHIF HWAFFIESE, H SPAD {45 Chla &8 B —SAs ki, ok, Bk
ERIAZ 53 JZ A BRI LA R EREIH A Chlb & 252, AR B reRED, isdE
B, WERZIGCERTE, XEKFELNITFHERBBRI32]. MRS T, BRETHETH
MR Z, WA & Car fH, BT BIRORY[33], AFFTKIN Y FIEE5IFOIER Car HEE,
XA RE R AT TR Ik A FER, M B ERAE D ML &

T A BE 2 ST BRI SRR, 90% LA BT W SR E I A e 34], Rk A BE
(14 AT 25 AR 5 TR 42 5 T SS9 5o 1T P 2 BRI B SR I R A e SIS AL, A RS E M SPAD
KRN EBE SR RR, UM Pn. e AR S E. SPAD HRIH MR8 IEM S, AHE T i@
ANFIR T G A AR BRARARREAT A b R BL, PO L4 5 Chl. Chla. Chla/Chlb, Car. SPAD F
Pn £k, JFOJETFEA Y T E#5 Gs. Ci. Tleaf A1 Qleaf BHERKIT. 1M HARELIE. WENEE
556G R BIRA R M E EROT, X UL LI TR R e 2, @ R, s T R R %
i, NITHER T RHAYC A RE T, RETTREm RSE SR  IXFE EFR[35]. FKOR[36]55 A XS R MAF 7 h
FALK I -

RS R BT B — A R EARAR,  BIE BT TR B SR S AN N AE (2] [37]. A
5T e e b AS [ TR B S S N R B3 e T R R S, X S AT AR 38, H Y FIRAIFO
TER by N SE AR A BN A — o TR RS BT R, 2R UGS/ Z 450, RS2
TARRTIH By o A2, AT SR S 0 3 [39] [40] [41]. WFCE RPN, SEEA Pn X B SN T A =
KECM, X ATE S 2 ARG, Hop Pn 5 RS, nlya RS . PERR LLAE W i fa b 1 2 635 TEAH
oK, 1M P X 4EAE R C & B IPE AR B R [42] . YERE I S5 [ 24 [ K B Pn 5P 1 B R B AR DG MERCK (r = 0.854%%)
AWFFTH Pn 5 ERE . IR E R E IEMOS, EANIA A Pn ik 5RPE, EERE. Ve SRS EREE
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K LE. Y 7. OIS EEE Y. ERREL . BRERERE. R, Ve 8. BIRES 14 MR
A TARAR R R . USRI SIERE. MR E . Ve SR, AR MERETEY) . SRS RS Fe AR A
MR, XL RS SRR bR S Pn 2R E IEAOE, Xt — IR SEAE B S5 (R T mT i v A4 52 0 AR R
FEEA TR, WM SRS, A, AWFFIEKI, SPAD. Chla/Chlb 5 TSS. i M. ik,
JERE. SBE, Ve, IR HEYENEZE FMX, 5 TA 25K, i Chla 5 F50 5 5T Fabs#6 2 EAH S,
Ho 505, ve. R E, FIBREEEIRR IR E MG, X UL E SR8 SeE AR R &, dR
GCERETD, AR TN L AR m R s b, Ve B

TR R B R A R I SRR A R AR A S A S R R, A R R AR S R
R IEAHIR[43]0 B T B 20k B IR B B SOG A T WIAR B LU R =0 s TSR B B
HATYIRAIR44], TG, B E 2R 5 A FEA = R B 55 NS ARG [45]. sz fr [F 4L
FEVIRIR T R E R O G A, BRI o G AN S B B G . 5K A S 28 18 T R ISE AL =
B A B () AT A SR S B M AR T B 2, HREOWEE . AR, Y #F
AIFF ORI EORE LHE. AEA W AaFERAE C EImT HRRE KA RN I R R @, HY
FIEATFLIEH) By SR SEO MR B RO —, RIEERT K, WESEE B Y FE.
OISR GFEBAE. BRf. GEZGIERERIIMNILR BTSN —K. S Y FE.
FEO RS T e N eI A E, SRR BT . ARG S e T B, Pn 5 L* 2R S # IEARE,
5 c*, h £EEFIEME; SPAD. Chla/Chlb 5 L*, C*. h 2T FIEMHIE; Chla 5 L*, C*. h 5%
PEIEM R #/KF, 18] Pn. Chla. Chla/Chlb. SPAD 5 R R EMIE. W, Jozehh Bzl
S AR AR R S, IR SYEAAC S [45 TEM A T O Fo g S — 3. 25 BnT 0L, e i ik i F A2 B R

B E eI A, M EiE e & a8, FFRF s R ik,
5. &t

DY 7. TFLRERE L, ARk R RS &, A o rge.

2) Y FIATFOTE RS AR B R, IO T A FRRAL AR SE i BB —, R 7RI LR e
A ROGRT Y P, (HILTR AR RS A A2, H ARSI T AR S B R 22
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