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Abstract: To determine the physiological adaption of two shade-tolerant, ground-cover Chrysanthemum grandi-
florum cultivars, a greenhouse experiment was conducted with four shading treatments (transmittance of 25%,
50%, 85%, and 100% ) with C. grandiflorum ‘Jinbuhuan’ and C. grandiflorum ‘Meihong’. Light response
curve for each plant were measured by LI-6400. For each treatment, three leaves (i.e. three replicates) were
selected and alternatively. Results showed that with increased shading, the plant height, leaf area, flower diam-
eter, internode length, and total chlorophyll content (chlorophyll a + b) of the C. grandiflorum cultivars in-
creased significantly (P<<0.05); whereas, crown width, stem diameter, specific leaf weight (SLW), ratio of
chlorophyll a to chlorophyll b (chlorophyll a/b), number of flowers, and number of branches decreased (P<<
0.05). Photosynthetic light compensation point (LCP), photosynthetic light saturation point (LSP), and dark
respiration rate (Rd) also decreased (P<<0.05)as physiological adaptability to light decreased. Moderate shad-
ing (85% transmittance) improved photosynthetic capacity and reduced photo inhibition; even with 25% trans-

Wk H 9. 2014-12-02; &8 H 1. 2015-03-06

R H - FE SO R BT B (2015-LY-231)

PEHE RIS TEME, MR A5 B 5 . E-mail: 736053642@qq.com, Sl fE/EH . BT, BIH L,

A ] MR 4 B 9 R AL S B R AR5 . E-mail ;. 1qw6809@bjfu.edu.cn




BIREBHSH OMERE 2 A A O AN [ B O Ak B A P P 709

mittance, normal flowering occurred. However, physiological adaption of cultivars varied according to the range
of ecological adaptation to light intensity with C. grandiflorum ‘Jinbuhuan’ being broader than C. grandiflo-
rum ‘Meihong’. [Ch, 2 fig. 6 tab. 24 ref.]

Key words: horticulture; Chrysanthemum grandiflorum; shading treatments; photosynthetic characteristics;

chlorophyll; specific leaf weight; ornamental characteristics

W% Chrysanthemum grandiflorum 3§} Compositae % J§ Dendranthema % 4F- = 15 MEELARIE T, &
WA i 76— B A S5 FAT BN, ) v e 0 R ) B A 4 A O U5 S A AT 4 S TR A % A R B v O P
IS AETT LA E . OB A A AR . MBI . IEETE . ERED | B HrafithsR | mHHi
RS, BTES Y. #E . AR KR RS R, R 3R Ak kR 0 8
R . Mg 28 7 R U0 R A WAL b AR Y, FEZE R I AR AP . F & I ek SO0 A O ] R
HEENEM, BHAT, X 28 h g, s JiE . Hu . Mo LS A I T
17T G FROGT b A 25 77 26 1) 52 W 20 8 A AWESY . BE G T AL SR AR A b, St TR AR B W DR /L, e R
SEASHE . MR AR SO I L 2 T AR T, A TR S B AR AR IR L O B AR Sy R A ) O
AE e BB A, 5 MO P ) R R T, b 2 ) IR AR 13 B R e T
EAFEE MRS PN T, Rk, A 5858 o 6 b B 45 217 N T GA B, T AN R B AR 1 %
A A Rt SOUL R PE RS20, Ry b 28 VR S AR WEAE b e A ) i BE R 2% 1 BB AR A

1 M5 *

1.1 IG5

56 (07 T b UM R 2 el bR BE A A I, Ak 39°23'~41°05'N, 115°20'~117°32'E, b + o
SRR 12 Chta, AR CFREAR R T 0 CRyFRIR )TE 4 500 CLL E, RS, J 180~
200 d, HERFEAR, HEMECEE 2 600~2 700 h, A FEKE HA 600 mm 247, A1 S X008 52 ol
54%., BTZERNEW, BKRZEPEEE, H2FERKER 70%LL L, MiHE4L 2 FokEd, U
%% % o
1.2 RE#mERAEE

2014 4 3 H 10 HIE BUE K . 855 — Sy i 38 s Ffl & A Chrysanthemum grandiflorum
‘Jinbuhuan’ & “#ff41° Chrysanthemum grandiflorum ‘Meihong’ JHT#, FIE% MWK L7416
Ho SHI10H, ¥OLAEMRMITMEBIR 24N X4 30d, 6 7 10 H, £3EHL 60 f - Fp ' 4 34
— 2 ARKEEA AT AR EE TR, g 1S, AR RE G A B R AT AL HE . A A
(25%i%E %) . WHIB(50%35E 563 ) . ALFRC(85%i% 5 ) . X MR ck (206 M) . R %E 2 BEHLIX T,
5kk-4bBE, T 3R, 60 d GRS IS AR AT I E .
1.3 MEmMBERZ

WECALFE 60 d J5, FHAS RO @ ARk o . e, FHUEAR R RO A L R B A
MR, AutoCAD BPFMNE R . mE5E . mEmA ;AT LA (d=0.6 em) Bt f, I i 5457 T AR
JER B K S KD R 9 E LI-COR 724 )77 iy LI-6400 148 48 X% &40 %2 e ma iz il 28, 22 3
B AR AR AN ) AR R BT Fr B9 OE 5 AR (P, pmol -m?es™) , ZEEH A (T, mmol-mol™-s™), LT
(G, mol-m?-s7), Jfa] A ALHREE /R0 KL (G, pumol -mol™) Z5 65 B4, THIA AR AR HOEAME ST (Pre)
JEHR AN AL (Puse) , T RIFG G B (Po) » W WP IR A A (R ) Ml KRR TR0 (D) 5 iz ] UV-3300 430
JEEETE, SR Lichtenthaler™ 6l i M2 R T i 43 4. 10 H FAJEEAEI , WLEAERIE BRHE, FEbR R
RAEAEAE, 11 A 9O5%RIFER 2 )G, R, THEAER B8
1.4 BiEgEitS59Hm

K F SPSS 20.0 #1 Excel # A4 # 4750855385 SR A Duncan 38847 77 23875 18 A Farquhar ORI x}
e M &AL



710 /T N - N = = S 2015 4£ 10 A 20 H

2 HERG M

2.1 ESeXT I S EHE R R T

2.1 #EAMHAFH®REG ., e, AR, TEKAG Y HE LATH: 60 d i OEAL B AE B BR

L R AR TR ST T AR T IR o AEIE DGR 85% 4 1F R, 2 A b Rl bR A B f K
H

B, HUORBENCRE 25%5M T, REREBENHE S0%FTT, 2O THRERE, SOMAHNER 8%,
MELL e MR B A HOE AR B RS B s, AEADCIR AT IR B R 47.33 em, EOEHR 25% &M T

TR/ 29.33 em, AP R BE . SR TEBIER 85% KM N difi Kk 3433 em, LA
FUFTHMT 21.18%,  “MFLr’ AEAEIAM A BRZEM 9.97 mm, T &AM FEE LR 85%%
PFTFARARIAR, N 752 mm, RGN TFIIN T 14.81%, 7 8] 4 J3 Bl 25 86 F2 5 1) 389 o 32 347 Jin
Ko AL, $906A R FEMERKAEK . YR RBUR S FHYE, 2 KM 342 A 4 o B DA 7 A i 7 )
Pk BIMORTIUZ , MG R B B, X S5 af AR as R —30. B0 25% M5 E s T,
YokkmsE N, e IEARARA, wElEuN, WA, RS ANES, — @R L T H AR

R 1A XM FERT SR

Table 1  Effects of shading on plant morphologies of Chrysanthemum grandiflorum

i it Ak # P /em 5tk M /em 4%/ mm 5[] K JE /mm
AN 25%35 5t % 24.00 = 1.00 b 15.67 £ 0.58 d 3.84 £ 0.09 d 12.36 £ 0.87 a
50%:5 5t % 21.67 = 1.16 ¢ 2233 £ 0.58 ¢ 442 +£0.03 ¢ 9.67 £ 1.51b
75%i% 't % 30.00 £ 2.00 a 3433 £ 0.58 a 752 £0.12 a 7.78 £ 0.38 ¢
26 ck 21.00 = 1.00 ¢ 28.33 + 0.58 b 6.56 = 0.02 b 6.88 + 0.65 ¢
‘Myar’ 25%35 5 % 28.00 = 2.00 b 29.33 = 1.16 d 522 +0.12d 11.98 + 0.26 a
50%3%5 )t % 25.00 = 1.00 ¢ 34.67 £ 252 ¢ 6.75 £ 0.11 ¢ 958 £035b
T5%i% 't % 31.00 £ 1.00 a 38.67 £ 2.31 b 8.06 + 0.21 b 8.12 £0.19 ¢
2 ck 20.67 £ 0.58 d 4733 £251 a 997 +0.17 a 8.12 £ 0.19 ¢

YL B NG B R Ot BR AL B2 (A 78 0.05 /K- b AFTE S 25 1 22 5 (P<<0.05) .

212 wmAeAAFAF hK HERART @RS a HER2 A REOLRR)E, TR

i, ot

Yo M ZE S W, RO AR BRI R S B B A DR B A B I 2R
P npR L R TE R T AR A G G AR B 3G R bR, ORI FE R 22 5 . Hoh b E R 4ok
HRBEGR 85% 550 T, MBI 85%FE K S0% 5510 T, HiBENHE 50%F)53E R 25% 54 T 1
3k MELL . 13.66%, 26.54%, 57.21%; ‘4 A’ . 30.53%, 32.72%, 25.58%. U] HERT,
FEBESGAAE T, M4 2 30 5 B S AR A 1 T BOR S AR R 8 1 SR RB SR AR S AR HEA TR B AR, ik
HE BT 2 A A S TR B P, DAE N S IR

213 BEAMNAFH OB, RILZARILZEG T w0 B8O AL & 326 ISR R 52 ) i 3%

2R AL IR X A F I AR RO 2 A

Table 2 Effects of shading on leaf characteristics of Chrysanthemum grandiflorum

i i AbH i J5/pm i i/ em® 4 /mm i 5§ /mm

AN 25%35 5t % 240.00 = 10.00 ¢ 30.00 £ 0.99 a 100.91 + 3.68 a 56.82 + 1.31 a
50%:5 5t % 256.67 = 15.28 ¢ 23.89 £ 0.69 b 92.99 £ 229 b 51.68 £0.77 b

75%i5 't % 310.00 = 10.00 b 18.00 £ 0.85 ¢ 73.50 = 1.50 ¢ 4482 + 1.10 ¢

2R ck 403.33 + 28.87 a 13.79 £ 0.59 d 64.98 + 0.86 d 4258 £ 042 d

‘Mg’ 25%3%5 e % 230.00 = 10.00 d 2234 £ 052 a 79.22 £ 0.13 a 53.10 £ 0.75 a
50%:% e % 26333 +5.77 ¢ 1421 £ 0.54 b 63.68 + 141 b 42.07 =+ 1.78 b

T5%i5 3t % 300.00 = 10.00 b 11.23 £ 033 ¢ 58.78 £ 0.45 ¢ 36.59 £ 0.20 ¢

26 ck 343.33 + 20.82 a 9.88 + 0.21 d 51.00 £ 0.26 d 34.65 + 0.38 d

Y« RSN [R]/ING 7R 3R e IEAR B 2 8] £ 0.05 7K A7 A8 235 1 22 5 (P<<0.05) .
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Table 3 Effects of shading on branches and flowers of Chrysanthemum grandiflorum

b ol 4k 2 B AL A% /mm
S 25%3% 6% 50+1.04d 29.0+3.0d 4121 £ 1.15a
50%i% % 9.7+06¢ 427+ 0.6 ¢ 4175175 a
75%i% 6% 240+10b 1473 +£55b 40.48 £ 0.99 b
26 ck 347 +25a 181.7 + 45 a 3779 + 041 ¢
ML’ 25%37 6% 80+1.0d 104.0 £ 79d 39.62 + 1.61 a
50%i% 6% 16.7 + 0.6 ¢ 186.7 +7.5 ¢ 3831 +0.71b
75%3% 565 27.7+12b 3540 £9.0b 3898 + 126 b
2 ck 373+ 15 a 4473 £85a 37.60 = 1.74 ¢

BT [SAN ] /NS 5 B 2 7 Ol B Ak 32 (] 78 0.05 /K SF- b AFTE 1 35 1 22 5 (P<<0.05)

22 EXNHMEHIEHRE, EUERERERAUERIKENIMN

P B A A RO AR — DN E RS, TR ) R LS TR B 6 ER S R R A
HREMREO R 4 TR SHOCA IS MR RO LM B | B T AR BT R AR K
SR, =HLEE B MR ECTERE R, PO SR | A T AR SR A AL T BRSO
AT AR

x4 ERLENNMBERH A RENH N

Table 4  Effects of shading on leaf weight of Chrysanthemum grandiflorum

i il Ak H L i 5 4t/ (mg  em ™) B TR T/ (mgeem™) A7 TR % K B/ (mg s em )

AN 25%i% e % 290 £ 0.01d 26.57 £ 0.19d 23.66 £ 0.18 d
50%;i% )t % 341 +0.01 ¢ 2934 £ 0.11 ¢ 2593 +£0.10 ¢

75%i% 6% 3.54 £ 0.03 b 3225+ 0.30b 28.71 £ 0.27 b

26 ck 4.07 £ 0.05 a 3575 £ 0.11 a 31.82 £0.10 a

‘ML 25%:% 5 % 245 +0.03d 24.66 + 0.28 d 2221 £025¢
50%:% 5t % 2.81 £ 0.03 ¢ 2555+032¢ 2274 + 033 ¢

75%:% 5t % 336 £+ 0.03 b 30.08 £ 0.32 b 26.72 £ 0.28 b

2 ck 3.90 £ 0.03 a 32.63 £ 031 a 28.73 £ 0.28 a

VLA . [GAS [l /NS 5 B 3205 G HEAL B Z 8] 7 0.05 7KF FAFAE 12 35 1 22 5 (P<<0.05) .
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Table 5  Effects of shading on chlorophyll contents of Chrysanthemum grandiflorum

AL T RS T

2% b/(mg-g™)

45 R S/ (mg-g™)

JHE MR/ (mg-g™)

‘Mper’

Ak 7 M4 R a/(mg-g™)
25%i% 63 1.226 + 0.007 a
50%i% 63 1.193 = 0.008 b
75%i%6% 1,138 + 0.011 ¢
45EH ek 1.069 = 0.010 d
25%iB 6% 1.182 + 0.008 a
50%i% % 1.138 + 0.006 b
75%3% % 1.089 + 0.005 ¢
49 ck 1048 + 0.006 d

0.533 + 0.005 a
0.504 =+ 0.011 b
0.449 + 0.015 ¢
0.406 + 0.010 d

0.457 £ 0.007 a
0.403 + 0.009 b
0.361 + 0.004 ¢
0.324 + 0.006 d

1.759 + 0.012 a
1.698 + 0.012 b
1.587 + 0.026 ¢
1.475 £ 0.020 d

1.639 £ 0.011 a
1.541 £ 0.011 b
1.450 = 0.009 ¢
1.372 £ 0.011 d

0.244 + 0.001 a
0.231 + 0.008 b
0.223 + 0.007 be
0.216 + 0.006 ¢

0.262 + 0.006 a
0.251 + 0.003 b
0.237 £ 0.006 ¢
0.219 + 0.002 d

2% 2% a/b

2301 £ 0.013 ¢
2.367 = 0.057 ¢
2.536 + 0.057 b
2.633 + 0.038 a

2.587 £ 0.039 d
2.826 + 0.065 ¢
3.016 = 0.021 b
3.237 £ 0.055 a

Y« RSN [R]/ING 7R 3R e IEAR B 2 8] £ 0.05 7K A7 A8 235 1 22 5 (P<<0.05) .



712 /T N - N = = S 2015 4£ 10 A 20 H

XHHRE . FARRBUN . WHER R a, MHERER b MO SR i A O R B A R Iz e s kR /b fH
TE W43 33 SR A S D0 T B/ o X U] TSR b BRI B EE 2R 2K a K, ORI X 55 O 3R

BRI B A A IE N, ORUEAE P 55 6 PR B v BT A b A FHRLS G, DA $eE AR R B DG RE A TR s S
B MR G A EOGRR AR I  R R e ar g O PRAE — e R R AR T bR A i e R
a, MR b, MERAFMENE PRWBTRESE, B TSR ab E, Rid 58 6HE .
2.4 EXITH F L S ERN RN

LT FIE 2 AT LAE Y 24005 A RUE ST Rew 75 800.000 wmol -m=-s™ DI, ik 25 M o6&
AR P, B Ros BYSE IR TF 55 24 Rean 155 800.000 wmol -m=-s™ J5, P, HENZEME , H24 Rew 3T —E
WG, kM P EL PR AR, e o Gl R O R B Mm%, &k 6 v fEHhat
FE, MR OGRME A IR A BRREOL G R | BORRUE TR . IR R 22 5
B TEACIRRMET, G A B R (E 2 046.663 pumol -m? s, IR 3 ORT A 3 ZH 40 BER A
PROGICIFN S, BB & SRR BRI, DB RS R RE BE A REAIR, JLrp, EB 3 85% 5% F T IE &2
1 869.030 pmol-m™2-s™, BFEHEK 50% 24T FFEAE 1 717.083 wmol :m>-s™, BFEEEK 255U T THE
1 645.373 pmol-m™-s™;  “MFLL’ FEBE R 85% 41 FOLM M A K, 4 2 003.080 wmol-m™-s™, B
B T AE IR AT OB L 1 732,587 pumol-m-s7, Al JLASAE IR, 60 0 5 B A G AR B2 B 3
M HAG . 56K 50% 41T H 1 694.603 wmol-m?-s™, i#H V6K 25% 41T Jy 1 293.443 pmol -m?-s™',

JEAME AL BOREOG A A | T R AR A 5 G A R B R G AMEE RUBRAIT,
0 %5 55 6 R B8 A 35 17 R s s A B , MR A M R O AN L IR TR R B Kol

RN IR AR R AR, SXTMAZEREE,; B4 RREOCEEREEE 85% KM M
K AE 29.593 wmol-m™-s™, W AIEIRARAF T RE TR T 18.84%, BHER S0%5% M T i Kt & H R
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Figure 1  Net photosynthetic rate-light response curves in Figure 2 Net photosynthetic rate-light response curves in
leaves of ‘Jinbuhuan’ leaves of ‘Meihong’
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Table 6 Effects of shading on photosynthetic parameters of Chrysanthemum grandiflorum
- e JeAMER Pl BRI P/ (pmol - e RIFOE G P/ FOREFWE 7205 G FIFIGEZE R,/
A

(pmol -m2-s7")

m?2-s7)

(pmol-m2-s7")

D

(pmol-m2-s7)

BB 25% K

28.610 £ 0.459 d

1 645.373 + 41.987 d

17.247 + 0.683 d

0.070 + 0.010 b

2.639 + 0.003 b

50%iE % 32910 £ 0.757 ¢ 1 717.083 £ 6.713 ¢ 20.907 + 0.676 ¢ 0.061 + 0.002 ¢ 2424 + 0.151 ¢
75%i%E % 35.583 £ 0406 b 1 869.030 £ 23.757 b 23.443 + 1.209 b 0.065 + 0.002 be 2.285 + 0.005 ¢
2 ek 38903 £ 0309 a 2 046.663 + 44.597 a 26.120 + 0.887 a 0.076 + 0.001 a 3.340 £ 0.010 a
MELL’ 25%:B % 27.673 £ 1.105d 1293443 +13.699 ¢ 18.616 + 0.204 ¢ 0.059 + 0.001 ¢ 1.808 + 0.054 d
50%iE % 35417 £ 0519 ¢ 1 694.603 £ 33238 b 24248 + 1.044 b 0.051 + 0.002 d 2.467 + 0.015 ¢
T5%B 6% 61460 + 0973 a2 003.080 + 8.640 a 29.593 + 0.878 a 0.071 + 0.002 b 4771 £ 0.010 a
el ck 43273 +£0.343 b 1732587 £25.067h 24901 £ 0.398 b 0.076 + 0.002 a 3.445 + 0.015 b

Y] RS [E]/ING A R e AL B 22 A1 1E 0.05 7K A7 A8 235 1 22 5+ (P<<0.05) .
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