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Abstract; Photosynthetic parameter diurnal changes, chlorophyll fluorescence parameters, and light
response curves and parameters of leaves in different positions of cultivar * Jinba’ of cut chrysanthemum
( Chrysanthemum morifolium Ramat.) at post-budding and pre-blooming stages were studied. The results
show that at post-budding and pre-blooming stages, the diurnal changes in transpiration rate ( Tr),
stomatal conductance (Gs) and net photosynthetic rate (Pn) of leaves of cultivar ‘ Jinba’ all are single
peak curves, with the peak values at 10:00 or 12;00, and that in intercellular CO, concentration ( Ci)
decreases at first and then increases, with the valley value at 12;00. In general, the average values of
Tr, Ci and Gs of leaves of cultivar ‘ Jinba’ at post-budding and pre-blooming stages increase gradually
with decreasing of leaf position. There is a small differences in the average value of Pn of leaves among
different leaf positions at post-budding stage, and the average value of Pn of leaves at pre-blooming stage
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decreases gradually with decreasing of leaf position. With decreasing of leaf position, initial fluorescence
(F,), the maximum fluorescence ( F, ), variable fluorescence ( F,), apparent quantum efficiency

(AQE) and the maximum net photosynthetic rate (P, ) of leaves of cultivar ‘ Jinba’ at post-budding

and pre-blooming stages, and dark respiration rate (Rd) at post-budding stage decrease gradually, while

Rd value at pre-blooming stage and light compensation point ( LCP) at post-budding and pre-blooming

stages increase gradually. With increasing of photosynthetically active radiation ( PAR), Pn value of

leaves in different leaf positions at post-budding stage and that of middle and lower leaves at pre-blooming

stage increase sharply at first and then change to be steady, while that of upper leaves at pre-blooming

stage increases sharply at first and then decreases gradually. It is suggested that during the facility

cultivation process of cut chrysanthemum, appropriate light supplement can enhance quality of cut

chrysanthemum.

cultivar “ Jinba ’
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Table 1 Diurnal change in transpiration rate ( Tr) of leaves in
different positions of cultivar ‘ Jinba’ of cut chrysanthemum
( Chrysanthemum morifolium Ramat.) at post-budding and pre-
blooming stages (X+SE)"
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Table 2 Diurnal change in intercellular CO, concentration ( Ci) of
leaves in different positions of cultivar ‘ Jinba’ of cut chrysanthemum
( Chrysanthemum morifolium Ramat.) at post-budding and pre-
blooming stages (X+SE)"

ANEIERAE M B Y Tr {B/mmol » m™2 « 7!

s} ] Tr value of leaves in different positions
Time gt gt DL
Upper leaf Middle leaf Lower leaf

AR F B Ci {EL/ pumol + mol ™!

s} ] Ci value of leaves in different positions
Time gt s L
Upper leaf Middle leaf Lower leaf

FE 5 Post-budding stage

8:00 1. 345+0. 001bB 1.973+0.004aB  2.214+0. 025aB
10:00  3.231+0.016aA 3.601£0.014aA  4.294+0. 007aA
12:00  4.158+0.021aA 4.844+0.002aA 4. 885+0. 001aA
14:00  2.262+0. 002bA 3.003+0.005aA 4. 764+0.010aA
16.00 1. 026+0. 004aB 0.788+0.004bB 1. 124+0.014aB
M2 2. 404 2. 842 3.456

AEHTH] Pre-blooming stage

8:00 2.005+0. 002aB 2.488+0.003aA  2.057+0. 003aB
10:00 3.831+0. 004aB 3.956+0.002aA  3.702+0. 007aB
12:00 5.450+0. 002aA 4.382+0. 004aA 5.668+0. 012aA
14:00 3.093+0. 002aB 2.610+0.005aA  2.966+0. 019aB
16:00 0.234+0. 008aC 0. 498+0. 003aB 0. 436+0. 029aC
M2 2.923 2.787 2.987

T

Foy=ai| Post-budding stage

8:00 382.449+0.083aA 387.447+0. 198aA 403.409+0.011aA
10:00 343.553+0.288aA 349.861x0.292aA 359.939+0. 063aA
12.00 323.426+0.006aA 339.678+0. 042aA 325.961+1. 670aA
14.00 348.168+0. 105aA 351.398+0.087aA 353.063+0. 104aA
16:00 389.318+0.231aA 387.575+0. 140aA 397.237+0.017aA
M? 357.383 363. 202 367.922

AEHT Pre-blooming stage
8:00 372.955+0.128aA 387.537+0.035aA 389. 629+0. 077aA
10:00 372.224+0. 161aA  363. 850+0. 085aA 378.424+0. 195aA
12:00 341.894+0. 195aA 344.861+0. 125aA  354. 865+0. 051aA
14:00 353.464+0.074aA 367.655+0.091aA 361.480+0. 104aA
16:00 370.066+1.087aA 384.410+0. 189aA 387. 436+0. 263aA
M2 362. 121A 369. 663 374.367

D EAT R RN R R R — I RS [ L[R2 57 .3 (P<
0. 05) Different lowercases in the same row indicate the significant
difference among different leaf positions at the same time (P<0.05)
[F1F1] H AN [ R St 3R [R) — FB AL AN [ s 1] 18] 22 e 8. 35 ( P<
0. 05) Different capitals in the same column indicate the significant
difference among different times in the same leaf position (P<0.05).

DM FHIME Average.

D RAT R RN R R R — I RS [ L[R2 57 .3 ( P<
0. 05) Different lowercases in the same row indicate the significant
difference among different leaf positions at the same time (P<0.05) ;
()31 HR AN [ R 5 B3 7S [) — B I A [ i ] 1] 22 57 W 25 ( P<
0. 05) Different capitals in the same column indicate the significant
difference among different times in the same leaf position (P<0.05).

DM FHME Average.
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Table 3 Diurnal change in stomatal conductance ( Gs) of leaves in
different positions of cultivar ‘ Jinba’ of cut chrysanthemum
( Chrysanthemum morifolium Ramat.) at post-budding and pre-
blooming stages (X+SE)!
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Table 4 Diurnal change in net photosynthetic rate (Pn) of leaves in
different positions of cultivar ‘ Jinba’ of cut chrysanthemum
( Chrysanthemum morifolium Ramat.) at post-budding and pre-
blooming stages (X+SE)!

ARIFFRALM A ) Gs fH/mmol » m™2 « 7!

Fisf fi] Gs value of leaves in different positions
Time Lt it T
Upper leaf Middle leaf Lower leaf

AIRERAEH F B Pn ﬁ/p,mnl em2 g7

Fisf ] Pn value of leaves in different positions
Time gt it gt
Upper leaf Middle leaf Lower leaf

5 W] Post-budding stage
8:00 302.860+0.019bA 330.894+0.037bA 372.075+0. 027aA
10:00  377.050+0. 020bA  426. 503+0. 027bA  493.359+0. 013aA
12:00  315.375+0. 025bA 384.683+0.012aA  376. 671+0. 243aA
14:00 165.309+0.014cB  221.701+0.002bB  372. 173+0. 021aA
16:00 133.028+0.012bB 104. 707+0. 015bB  152. 467+0. 008aB
M2 258.725 293. 698 353.353

AEHIH] Pre-blooming stage
8:00 315.734+0.036bA 399.859+0.017aA 353.735+0. 008aA
10:00  491.966+0. 033aA  486. 693+0. 015aA  435.439+0. 035bA
12:00 447.791+0. 048aA 332.430+0. 010bA  462. 627+0. 003aA
14:00  249.564+0.007aB  203.270+0.017aB  229. 549+0. 035aB
16:00  82.711+0.017bC 201.949+0.031aB 177.923+0. 001aB
M2 317.553 324. 840 331. 855

HEISH Post-budding stage
8.00  4.771+0.525aB 3. 167+0. 206aB
10:00 12.355£0.020aA  12. 119+0. 027aA
12:00 11.307+0.025aA  10. 189+0. 012aA
14.00  4.446+0.014bB 5.509+0. 002bB 8.405+0. 021aA
16:00  0.904+0.012aC 0. 859+0. 015aC 0. 400+0. 008bB
M2 6. 756 6.368 6.734

1. 297+0. 027bB
10. 605+0. 013aA
12.966+0. 243aA

AERTH] Pre-blooming stage

8:00  5.767+0.358aB  3.288x0.541aB  2.695+0.008aB
10:00  7.188+0.033aB  8.348+0.015aA  3.481+0.035bB
12:00 13.243+0.048aA  9.490+0.010aA  10.332+0. 003aA
14:00  4.984+0.007aB  2.555+0.017bB  3.556+0. 035aB
16:00  1.135%0.017aC  0.914£0.031aC 0. 485%0. 001bC
M2 6. 464 4.919 4.110

DRI T AN RN S 27 [l — B [ AR TR B8 A P[] 28 5 25 (P<
0. 05) Different lowercases in the same row indicate the significant
difference among different leaf positions at the same time (P<0.05);
)] b A [) R 5 S B RS (] — AR AL J AN ] e ] (7] 2 e . 38 ( P<
0. 05) Different capitals in the same column indicate the significant
difference among different times in the same leaf position ( P<0.05).

DM FHME Average.

DRI T AN RN S 27 [l — B [ AR TR A A 6] 28 5 25 (P<
0. 05) Different lowercases in the same row indicate the significant
difference among different leaf positions at the same time (P<0.05);
[) ) R A [7) K5 S R R R (] — AR AL J AN ] e ] (7] 2 e . 38 ( P<
0. 05) Different capitals in the same column indicate the significant
difference among different times in the same leaf position ( P<0.05).

DM FHME Average.
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Table 5

Comparison on chlorophyll fluorescence parameters of leaves in different positions of cultivar ‘ Jinba’ of cut chrysanthemum

( Chrysanthemum morifolium Ramat.) at post-budding and pre-blooming stages"’

ST
iee[ii]egjsi{r\ll (ultf)fjrem positions F, Fu Fy F/Ew F/E, qP NPQ
755 W Post-budding stage
&R Upper leaf 356 2 070 1714 0.83 4.81 0. 65 0.79
HhERI Middle leaf 352 1 698 1 346 0.79 3.82 0.67 0.71
TR Lower leaf 257 1 346 1 089 0.81 4.24 0.68 0.75
AEHTI Pre-blooming stage
_L#BMt Upper leaf 373 1814 1 441 0.79 3.86 0. 81 0.71
HFERIH Middle leaf 371 1173 802 0. 68 2.16 0.63 0.78
THE Lower leaf 261 974 713 0.73 2.73 0.71 0. 65

1) F, . #FIURZE Initial fluorescence; F, : # RPN The maximum fluorescence; F,; A AE%E )G Variable fluorescence; F /F, . PS I i KOGIb2#30%
The maximum photochemical efficiency of PS Il ; F,/F . PS I {fH: Activity of PS Il ; ¢P. Jafb 227 K R %L Photochemical quenching coefficient;;
NPQ . A4k 257K Z %0 Non-photochemical quenching coefficient.

2.3 EREMEEBAVIEESEM MWD R (AR, 2 DR LCP (EXI R AL R 5 B

Rz #h 2 5 BB L R

o AN AIAE 5 ST D) AE 46 it if < ot 2 I 7 Sl
MMALSEIN LA R LR 6, M3 6 AT UL . 75 5 101 A1
FERTIIVIAES i fif < 4 > i UL T-20R (AQE)
PRE I A B R S R TR A R, LR A AR
A AQE {EX W i T R Ef it 55 e AL AT i
Filr< I ROGRMEE £U(LCP) IR fE 340 5 AQE

T @R, WA A0 B FRAR, 355 0 5 R
L iy IR % (R ) 52520 W R AT A 4 T AR T
B Rd (R Z RS Z A, EEE TR R E S
I RN AL B I R i g e RV G R
(P YIRf I R 0o B P AR S B W A 1 a3, 75 15 10
AR L ISR P, {H(7.44 pmol - m™* - s ) BH
BARTARI(9. 59 pmol - m™ - s7") ; M A
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Table 6 Comparison on light response curve parameters of leaves in
different positions of cultivar ‘ Jinba’ of cut chrysanthemum
( Chrysanthemum morifolium Ramat.) at post-budding and pre-
blooming stages!

ANRIES AL A

Leaves in different positions

AQE LCP Rd P

75 J5 1 Post-budding stage

[0t Upper leaf 0.038 1.72  1.42 7.44
FRERI Middle leaf 0.032  1.93 1.40 5.74
T# - Lower leaf 0.013 3.15 0.77 3.8

AEHTH] Pre-blooming stage
3t Upper leaf 0.031 4.66 0.43 9.59

FFR Middle leaf 0.030 5.8  0.49 4.43

T#H Lower leaf 0.021 6.32  0.91 3.93

D AQE. FEMAE R Apparent quantum efficiency; LCP . FepME s
Light compensation point ( wmol - m™2 - s7'); Rd. IR 3 R
Dark respiration rate (umol - m™ - s71); P . WKEEA H R
The maximum net photosynthetic rate (pmol - m™ « s7').

Net photosynthetic rate

FOEA A wmol + m? - s

0 1 1 1 y
‘|t0 500 1 000 1500 2 000
-2 e BA RS pmol + m™2 + 57!

Photosynthetically active radiation

- Pmaxﬂa‘%:zs 74 pmol - m™ - s ETAERTII(4. 43
pmol - s7) 75 E RN ﬁuﬁﬂTjﬁﬂfﬂ’J PW{EU"J
143 \ﬁ%n& 7J'U\7 3.89 F13.93 umol - s,
2.4 EREMENHIEE R WE& M F 3t
BZ i 2% B bE Bt

I WURAEET Y AE 2 Rl ¢ b R [R]ER A67
FEam 2 WL 1, | 1 A] L 7 S AR
DS SRR < Bl T AR B A 3 (Pn) A
T R R E

Bl A A SR ST (PAR) FHi, 8 5 1A [] 358
£t 5 P fH 5 8 20 T & 5 TP AR i A2 ka3
FERTIA L3R 0 P B 00 52 58 2R & ) 3 T
AR AR A Tt H B i R R Y P (B2 5 SR T
ey =R R SR (A <N

S

Net photosynthetic rate

AR, pmol + m? -

1 1 1 J
4 500 1 000 1500 2 000
He BB GRS pmol + m? - 7!

Photosynthetically active radiation

—@—. [#RM Upper leaf; —O—. H#RH Middle leaf; — A—: T Lower leaf.

A. FBIEM Post-budding stage; B: yiaiip:i] Pre-blooming stage.

B 1 EEEMIEEEAYIEE R D AR BRI F St i 2
Fig. 1 Light response curve of leaves in different positions of cultivar ‘ Jinba’ of cut chrysanthemum
( Chrysanthemum morifolium Ramat.) at post-budding and pre-blooming stages
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BR o AWFEGR VAR LTEA R A BB, M0
AVERII H 2SI A 2 [ E A AZ 1 T2 il REFEAE &
WA EE A F 1A R R B P AR AR

AR C, A R R B AE R
G EAEHTRE I FIR IS5 G RE I #AR SR . ABF 5,
VIAEAG S A A b it Jy it 2 R PO S B E 45
AOGIR  hZ B 45 RABUESE T X — 4518, SE
K& E WA A ROLEERIRRE & T
FERTHA MR R IRER B TEAE AT G S AE A A T
FRARK, WA A« FH-E ™, x4
B ( Capsicum annuum Linn.) N £ AR A T
(Lathyrus pratensis Linn.) "™ N[ A & WHEG AR
WFREER—2, R, RN BRI Po B R
T E AR B, X S E C, M E K (Zea
mays Linn.) FIBFFE 4516 —30 , bR AR A S
FEr, 3 Po (EAYZEAL AT 230 3 AN F Bl T4
S 3 381 0 (LA X REE 174) 0 S0 R 28 T T e )
B R I IIRE A T T IR T 2 B A
(AR ARBFFEEBURF  #E b h R 3 AN
(LRI P B A E 530 S A A RS ) O
A S I O (= S o N o VALY 6 =TI SR VAL
WKZ, T A, e Po (B RS S HA KR
BHEYIE .

iR A R B EAME R (LCP) (1. 72~6. 32
pwmol « m™ « ™) ML K T FHA K M - LCP “SF4){H
(10~20 pmol - m™ - ™)' LI YK LCP {HIF
FEPE AR, AN A PR H O % R s T 80R L
ELcA ( Rhododendron lapponicum ( Linn.) Wahl. ] ' Fi
‘ Furnival* s Daughter’ FII7 ( Armeniaca vulgaris Lam.)
mnA ¢ 4 R PBH’ (¢ Sungold ) M H Y LCP {H [%
RV EAR TG ARE B AU LG E AR R T
T i I N i S A e B W R DN (DA L L DIV
MERATY T LA H A6 J5 40 ) — o & i R p G iR A sl
WAL, A [ AL R G AR AT R A T 400 ~ 600
pwmol - m? - s Z 8] H OGRS A 2R FAE IR
FEH 80~120 pmol + m™2 « 7', FHZRME 4 KA
SRIEN 80 ~200 wmol - m™ - s7 LI AL T A il
SRR DGR R I B Bt R B R IR
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