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Photosynthetic characteristics of ten cultivars of autumn chrysanthemum ( Dendranthema
morifolium) and correlation analysis between net photosynthetic rate and some physio-ecological
factors LI Yong-hua”, ZHANG Kai-ming, YU Hong-fang ( College of Forestry, He’ nan Agricultural
University, Zhengzhou 450002, China), J. Plant Resour. & Environ. 2012, 21(1): 70-76

Abstract ; Parameters of photosynthetic characteristics of leaves of ten cultivars of autumn chrysanthemum
( Dendranthema morifolium ( Ramat.) Tvzel.) from September to October were determined by CIRAS-2
portable photosynthesis system. On this basis, light and CO, response parameters and daily change of
parameters of some photosynthetic characteristics were analyzed comparatively, and the correlation
between net photosynthetic rate (Pn) and some physio-ecological factors was also analyzed. The results
show that light compensation point (LCP) of ten cultivars is 92.83-167.37 pwmol + m™ - s™' and light
saturation point (LSP) is 962.51~1 077.53 wmol - m™ - s™', meaning that they are heliophyte. Their
CO, saturation point is 1 060. 461 485.48 pumol - mol™' and CO, compensation point is 77.62-133. 16
pwmol + mol™" | which are extremely higher than those of normal C,-plants. The daily change curve of Pn
of ten cultivars is a typical double peak type curve, the first peak (11-=19 pmol - m™ - s7') and the
second peak appear at about 10; 00 and 16 00, respectively, and there is obvious “midday depression”
phenomenon. The results of correlation analysis show that Pn very significantly positively correlates with
stomatal conductance, significantly or very significantly positively correlates with transpiration rate
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(except cultivars ¢ Guandongxinxia’, * Yunlongfengwu’ and ° Ribenhuang’) , significantly or very
significantly negatively correlates with intercellular CO, concentration, and un-significantly positive
correlates with photosynthetically active radiation intensity and atmospheric temperature, un-significantly
negative correlates with atmospheric relative humidity and atmospheric CO, concentration. Early flowering
cultivars ‘ Taipingdexiaogu’ and ‘ Tongquechunshen’ possess higher ISP and lower LCP and apparent
quantum yield (AQY) , indicating that both of them can adapt to wider light intensity and are suitable to
be planted in stronger light intensity environment. While cultivars ¢ Zaofenpan’ and ‘ Tanxiangshizi’
possess higher LCP, AQY and LSP, indicating that they have stronger ability to use strong light intensity.
Late flowering cultivars ¢ Guandongxinxia’, ‘ Liimudan’ and ‘ Xingguancanlan’ all possess higher LCP
and AQY and lower LSP, indicating that they have certain shade tolerance and can be planted in weaker
light intensity environment.

Key words: autumn chrysanthemum [ Dendranthema morifolium ( Ramat.) Tvzel.]; photosynthetic

characteristics; net photosynthetic rate; physio-ecological factor; correlation analysis
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Table 1 Comparison of light response parameters of leaves of ten cultivars of autumn chrysanthemum ( Dendranthema morifolium ( Ramat.)

Tvzel.) (X+SE)"

[T Epy

-1 em=2 -
.5 Pn,, /pmol - m

57! AQY

Regression equation

1

A o i
Cl:ﬂtivar LSP/pmol + m™ + 57" LCP/pmol + m™
B Zaofenpan 1077.53+40.72Aa  141.17+5.56Bb

#H4EH IR Tongquechunshen
AW+ Tanxiangshizi
KA HY/INEE Taipingdexiaogu

1 045.34+39.81Bb
1 035.44+33. 14Cc
1 030. 13+35.53Dd

120. 19+4.98Ee
134.28+5.66Cc
103.72+4. 10Ff

H 3 477 Richudongfang 1.022.52+40. 14Fe 167.37+5.98Aa
FKARH ¥ Guandongxinxia 1 017.53+31.53Ff 141.53+3.98Bb
= e X% Yunlongfengwu 1 010.24+39.42Gg 120.23+3. 76Ee
24} Liimudan 1 000.35+32. 14Hh 128.61+5.10Dd

EEAIEE Xingguangeanlan

H A # Ribenhuang

985.42+29. 9311
962.51+30.21];j

128.04+4.62Dd
92.83+3.92Cg

17.5320.75Aa
17.100. 69Bb
16.22+0.73Cc
17.16+0.58Bh
14.62+0. 66Gg
15.35+0. 61Ee
15.83=0. 64Dd
15.19+0. 59EFf
14.69+0.57Gg
15.13£0. 65Ff

0.044 5+0.002 0Aa
0.031 9+0.001 5Gh
0.042 1+0.002 0Ced
0.039 2+0.001 8De
0.043 2+0.002 0Bb
0.042 4+0.001 9Cc
0.038 6+0.001 7Ef
0.039 2+0.001 8De
0.041 9+0.002 1Cd
0.036 2+0.001 5Fg

y=0.044 5x-6.081
y=0.031 9x-4.175
y=0.042 1x-5.597
y=0.039 2x-4.163
y=0.043 2x-6.780
y=0.042 4x-5.724
y=0.038 6x-4.703
y=0.039 2x-4.960
y=0.041 9x-5.219
y=0.036 2x-3.436

D [51) Hp A R B RS FIVING TR B 3R 22 50 3 (P<0. 01) 8% 2 3 ( P<0.05) Different capitals and small letters in the same column indicate
extremely significant difference (P<0.01) or significant difference ( P<0.05), respectively. LSP: S Light saturation point; LCP; FkMez

max

: B RKiFOEA # % Maximum net photosynthetic rate; AQY: FWLE T40% Apparent quantum yield.
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£2 10 MRFRMA A CO, MRS LLE (X2SE) Y
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Table 2 Comparison of CO, response parameters of leaves of ten cultivars of autumn chrysanthemum [ Dendranthema morifolium ( Ramat.)

Tvzel.) (X+SE)"

CCP/pmol + mol™"  Pn,, /pmol + m™

*s

CE

[ml I Jy i

Regression equation

{=}

ﬂﬂ}tll »

Cultivar CSP/pmol - mol

43 8% Zaofenpan 1 100.46+41.24Li  100.31+4.02De

H4EH IR Tongquechunshen
T WF Tanxiangshizi
K4 /NE% Taipingdexiaogu
H %77 Richudongfang
FARHiF Guandongxinxia
B XEE Yunlongfengwu

1 285.31+47. 43Ff
1 060. 46£40. 41]j

1212.54+42.54Gg
1 132.53+43.32Hh
1 485.48+51.43Aa
1361.11£50.31Dd

100. 15+4. 06De
133.16+5.46Aa
107.85+4.54Cd
102.75+3.88De
111.21+4.21Cc
122.91+4.93Bb

24} Liimudan 1 456.25+54. 14Bb 87.83+3.21Fg
BN Xingguangcanlan 1 400.36+48.32Cc 77.62£3.98Gh
H 4<# Ribenhuang 1 305.28+49. 84Fe 93.64£3. 69Ef

19.99+0.76Dd
28.07+1.36Aa
19.18+0. 61 Fg
24.430.95Bh
21.2120. 69Ce
18.87+0. 81Ee
13.820. 58 Hj
14.980.63Gh
17.49+0. 66Ff
14.67+0. 42Gi

0.042 3+0.002 0Bb
0.052 6+0.002 5Aa
0.040 3+0.001 9Cc
0.038 1+0.001 6Dd
0.040 4+0.002 0Cc
0.034 3+0.001 6Ff
0.022 5+0.001 31Ii

0.027 2+0.001 2Hh
0.028 8+0.001 5Ee
0.028 3+0.001 1Gg

y=0.042 3x-4.217
y=0.052 6x-5.244
y=0.040 3x-5.237
y=0.038 1x-4.257
y=0.040 4x-4.311
y=0.034 3x-3.677
y=0.022 5x-2.839
y=0.027 2x-2.473
y=0.028 8x-3.008
y=0.028 3x-2.687

D [E3 F R B B K FIING TR0y 5 #8222 B 3 (P<0.01) BL . 3 (P<0.05) Different capitals and small letters in the same column indicate
extremely significant difference (P<0.01) or significant difference (P<0.05) , respectively. CSP;CO/L'@*‘H){—:T‘ CO, saturation point; CCP;CO, M
CO, compensation point; Pn, : HKIEIEA I Maximum net photosynthetic rate; CE; ¥R{EZLH Carboxylation efficiency.
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Table 3  Comparison of daily changes of photosynthetic parameters of leaves of ten cultivars of autumn chrysanthemum [ Dendranthema
morifolium (Ramat.) Tvzel.) (X+SE)V

5} [E] Time Pn Gs Ci Tr 5FE] Time Pn Gs Ci Tr

F K% Zaofenpan KA % Guandongxinxia
6.00 4.21+0.29 204.3+9.4 346.6x18.9 2.11+0.15 6.00 3.01£0.17 196.0+10.4 321.4x18.6 2.23+0.13
8.00 10.98+0.67 298.2+14.8 287.5+13.2 3.01%0.16 8.00 8.06+0.52 268.6+15.7 306.7+17.3 3.37+0.21
10:00 18.96+1.14 356.7x17.3 225.2+11.4 4.80+0.26 10:00 15.41+0.86 414.0+£23.5 248.6x13.5 4.57+0.27
12.00 11.30+0.58 204.6+10.7 239.4+16.4 5.01+0.24 12.00 7.09+0.41 208.3+11.9 261.8+17.8 6.37+0.45
14,00 3.82+0.16 113.8%6.9 270.6+15.8 2.28+0.18 14.00 3.68+1.23 155.0+8.3 300.0+14.3 3.12+0.16
16 .00 7.93+0.37 192.1x10.4 259.8+13.7 3.63+0.19 16 .00 5.45+0.36 210.4+11.2 268.7+12.6 4.32+0.22
18.00 2.98+0. 14 78.8+4.2 283.6x15.6 2.64+0.12 18.00 2.64+0.17 113.9+6.7 319.6+21.4 2.89+0.18

e BB Tongquechunshen = e S Yunlongfengwu
6.00 5.70+0.24 196.0+10.3 372.3+19.7 2.39+0.14 6.00 4.90+0.31 213.4£12.6 314.2+16.4 2.68+0.18
8.00 9.98+0.51 263.5+14.5 305.5%16.8 3.64+0.19 8.00 9.98+0.54 281.0+15.9 283.9+20.7 3.29+0.21
10.00 17.45+0.94 412.7£23.3 258.4+14.3 4.82+0.27 1000 14.79+0.86 331.7+18.2 238.3x13.9 3.69+0.23
12.00 12.17+0.75 261.6+14.2 280.7+15.2 5.25+0.31 12.00 7.59+0.35 195.8+10.3 268.5+14.6 4.48+0.27
14.00 5.99+0.34 121.9+7.6  300.6+14.5 2.98+0.21 14..00 2.86+0.17 112.7+6.5 295.6+17.8 2.84+0.17
16 .00 7.15+0.38 204.1+11.6 258.7+13.1 3.03+0.19 16:00 5.98+0.32 187.6+10.1 251.7+14.3 3.17+0.22
18.00 2.73+0.14 121.9£7.8 320.4%17.6 2.01%0.13 18.00 2.02£0.09 84.5+5.7 300.4%16.2 2.33+0.15

T AW+ Tanxiangshizi 234} Liimudan
6.00 5.29+0.31 230.2+14.8 301.5+18.4 2.76+0.18 6.00 3.61£0.19 193.3+10.4 330.6x17.6 2.26+0.13
8.00 7.71+0.38 315.1£17.3 271.5£16.3 3.17+0.21 8.00 6.52+0.42 224.7+13.5 274.1x14.6 3.74x0.21
1000 16.44+0.91 393.4+21.6 243.7+17.1 4.28+0.29 10.00 13.32+0.81 314.2+17.4 230.4%13.7 4.28+0.23
12.00 8.07+0.52 255.3+17.3 250.8+13.5 5.10+0.34 12.00 8.88+0.53 189.1+10.4 253.4+12.2 4.91+0.31
14.00 2.02+0.13 144.3+8.5 290.7+17.9 2.31%0.15 14,00 2.53+0.15 130.3+6.7 283.6+13.8 2.90+0.17
16 :00 6.72+0.37 186.6+10.7 252.5+14.2 2.88+0.16 16 :00 4.25+0.34 164.9+9.3 248.7x11.4 3.77+0.24
18.00 2.41+0.14 114.8+7.2 295.5%16.8 2.19+0.17 18.00 1.94+0.08 90.3+5.1 322.7+17.4 1.84x0.12

KA/ Taipingdexiaogu AEHIEE Xingguangeanlan
6.00 3.45+0.21 179.7+10.1 325.3%21.5 2.85+0.19 6.00 3.31+0.17 228.5+13.6 300.6+16.2 2.45+0.14
8.00 6.82+0.39 221.5+13.4 289.0+16.8 3.87+0.24 8.00 5.93+0.34 252.1+14.8 256.5+13.6 3.55+0.17
10.00 15.02+0.87 321.0£17.5 260.4+15.7 4.87+0.31 10.00 12.58+0.75 371.6£25.3 214.4+12.7 4.52+0.28
12:00 9.83+0.53 193.9+9.4 290.3%17.4 5.42+0.37 12.00 7.01+0.42 226.4+13.2 232.4x12.3 5.24+0.26
14..00 3.12+0.24  99.0+5.8 306.9+20.7 2.58+0.16 14..00 1.91+0.11 106.3+6.4  279.2+15.2 3.13+0.13
16 .00 6.22+0.37 164.0£9.4 262.4+14.6 3.43+0.24 16 .00 3.98+£0.26 175.8+9.5 253.5+14.8 3.92+0.19
18.00 2.31+0.17 76.4%4.3 308.4%16.9 2.36+0.14 18.00 1.73+0.07 108.2+5.7 298.5+15.3 2.25+0.12

H %7 Richudongfang H 4# Ribenhuang
6.00 3.03£0.16  129.8+8.9 352.8+21.3 1.91x0.11 6.00 2.92+0.15 179.4+9.4 335.8+17.2 2.03+0.11
8.00 6.02+0.34 174.429.6 312.3x17.4 3.24+0.21 8.00 5.09+0.31 243.8+13.8 308.7+16.8 3.10+0.17
1000 14.27+0.86  299.5+16.2 283.0x16.9 4.14+0.25 1000 11.81+0.64 303.3+16.7 251.2+13.4 3.83+0.23
12.00 7.08+0.42 184.6+10.4 296.3+18.2 4.70+0.28 12.00 6.15+0.41 207.6+11.2 270.7+15.3 5.21+0.32
14,00 3.12+0.18 100.1+6.8 326.5+21.6 2.23+0.17 14.00 1.67+0.09 123.6+7.1 292.4+16.7 2.48+0.16
16.00 5.18+0.36  140.9+8.3 283.8x17.4 3.20+0.21 16 .00 4.82+0.27 195.1+10.3 235.7+14.5 2.91+0.14
18.00 2.12+0. 14 88.0+5.6 336.2+19.3 1.98+0.09 18.00 1.47+0.08 98.7+5.6 341.8+18.6 1.85+0.09

D Pn; #HE4A R Net photosynthetic rate; Gs: “TFLFE Stomatal conductance; Ci: Mi[E CO, ¥ Intercellular CO,

Transpiration rate.

2.4 SBAEEXRSTEABESEFHMEXMESHT

P 10 ANRREY SRR A (Pn) 575
LS (Gs) ZEREHR(Tr) M CO,MIE (Ci) g
ARG IR (PAR) KR (Ta) KA AN

. Sy
concentration; Tr; 7%

(RH) FIRS CO, M (Ca) FUFHE R BN 4, &
4 AT L 10 AR P 5 Gs BIAHE R BN 0.892 ~
0.987 , YRI M B EMWIEF X LR; Pn 5 Tr BIHH
KZRZECN0.652 ~0.906, Horp ff Fil ¢ Fofy 0 ¢ 4 48
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AR, SF 2 10 ADEREG SRS R B ol G R AR A PR S IR T B AR S 75

B K RFR/INED (1 Pn 5 T B35 ARG, A
P MBI HIART gt ph R AR
B Pn 5 Tr B3 IEAC, HALG R Pn 5 Tr 2AE
FIE A OE 6 5 10 NEFP Pn 5 Ci IRISE R ECH
-0.898 ~-0.759, H i« By i WA R
REEIT RGN K BARE M Pn 5 Ci i)
ARG HA R Pn 5 Ci 258 35 Y 1R 06

KF, BAh, 10 ASFAE) Pn 5 PAR Al Ta 1EAH G,
5 RH I Ca FUAHIC  (HAHCHERIAS 2

S EE R I 10 AEREE SRR R g A R
TS AL T B I ] CO, W Y R, 5 2% s
R OCEABERGREE KR A X B AR
R CO, MR BEAT — 2 M AH G

F4 10 RERMIFHERSER(Pn) 5EEEBESHAFHEXRY

Table 4 Correlation coefficients between net photosynthetic rate (Pn) and main physio-ecological factors in leaves of ten cultivars of autumn

chrysanthemum [ Dendranthema morifolium (Ramat.) Tvzel.)!

Pn SAEIRFRIAHIEZEEL  Correlation coefficient between Pn and different factors

i

Cultivar Gs Tr ci PAR Ta RH Ca
B Zaofenpan 0. 892 0.864 %  —0.864 *x 0.428 0.026 -0.184 -0.383
H4EH IR Tongquechunshen 0.957 = 0.906 =3 —0. 898 s 0.534 0.508 -0.250 -0.456
FEF T Tanxiangshizi 0.922 0.787 = -0. 878 0.316 0.233 -0.047 -0.204
KFHY/NEL Taipingdexiaogu 0.902 s 0.885 %%  —0.767 * 0.531 0.467 -0.278 -0.449
H 777 Richudongfang 0.987 0.764 = -0.785 * 0.464 0.391 -0.217 -0.378
KA Bk Guandongxinxia 0.964 = 0.692 -0.759 = 0.433 0.354 -0.162 -0.351
ZIE RS Yunlongfengwu 0. 949 s 0. 664 -0.779 * 0.330 0.240 0.014 -0.200
4P} Liimudan 0. 899 0.782 = -0.790 = 0.478 0.425 -0.186 -0.398
AN Xingguangceanlan 0.934 s 0.774 = —0. 884 s 0.409 0.343 -0.123 -0.321
HA# Ribenhuang 0.925 0.652 ~0. 895 0.416 0.337 -0.162 -0.316

D Gs: SFLSBE Stomatal conductance ; Tr: K R Transpiration rate; Ci:

fafE] CO, ¥ ¥ Intercellular CO, concentration; PAR ; Yo7 55 4 i o &

Photosynthetically active radiation intensity; Ta: K*THLE Atmospheric temperature; RH: KTHIXTEE Atmospheric relative humidity; Ca: K<

CO, ¥¢J# Atmospheric CO, concentration. # ; P<0.05; ## . P<0.01.

3 i AEgin

FEYI F A fE T SR 55 7 — 2 FE R L Bk T
PR AR R0 SRR S RO o BT Sk
M AR s E S G R RE 1, it AL A R
P GG R BT A5 Ryl I, T 468 1 110 A M sk ] 530
FEPITAE RN A A SR T RCR AL,
X IERE R A RE ks, A 10 Bk E SR K SR
IR 962.51 ~1 077.53 pmol + m™ - 7' JeAME A
$992.83 ~167.37 pmol + m™2 - 57", FEH X BLFK 3
F)JE TS5 ehi . B AS ) i P ool ol R 2% A 1)
FRETIARTE, 4 S Fp 2 i) 22 53 3% . R AE MR
Foft ¢ R4 T R 7 AR S5 e Rz o5 AN
FEM R TROR A R, R 2 AL A T
e A ST CAER B YN FE R & 5 i Al © K
S /INEL I 28 R HLAT A O A LA
BARADCAME SR F R FRCR , WX 2 A 5 Foxt
IR S 1) 38 7 3 PRI, 386 B A b B B ) 85

BT A B AR T HAARE BRME SR U
TR LA SR R G D s, 3 W HGE I 4 )l BE 2% 1
TR A (BRI HID G RE A RE 7 5 EL REAE AH X 45559 1)
JERAIREE AR, MR S R h SRR OCARB R
CEREEPE RN BRI B R R ME s R
TR A AR R 0 A5, BEAS 8 AH X 55 55 i
HRARE N R FGRE , vT LAAEAR B T S50 HE A% 1 A X 4
55 PRI R AT R R H AR N = e KU
AR R A, M o5 R SR 0 i R R A8 A1, ZR A
X2 A AP R — 2 BT B, (8 HR 55 Y R
AHXF A5

CO,J&IEAVEF 1) F B R}, FOvR 3 B 42 52 Wi
WL EVER ., COMREET R, — g M T CO,%f
Rubisco W45 60 S 58 4 iR T, HF M 42 = R AL R0R
55— T AT G AE R i e A R
HER Y 10 DFEE AR CO,HME 5 (77. 62 ~133. 16
mol ™) 6 K F— e WL C, M8 (30 ~70
wmol + mol™") | 15 BH X LEFk 2 i A 44 Sk B fiY C,tH
Y1 BATRAERL M 0. 022 5 ~0.052 6, B BE T

wmol -
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WILAY G, (0.06 ~0.12 ), 53005+ A A
( Chorisia speciosa St.) ARG, R 10 SRR

[ CO, #M32 25 F1 CO, 1 FT A5 (1 060. 46 ~ 1 485. 48
pmol -+ mol™") B, FRWIBKAG XL BE CO, iy H)
FHRESIA SR, (HE AN [FRK 4G SRR CO, Y T RE

ZeSp 2 Jrp R gt PE BRI K HAR
) CO, MR I BUIK, CO, MRS 48, 3R B X
3 ARG e BE B = Wk B CO, BRI FH BB 1 335k

YR B BIF 90 45 2R R - 2 Bl 18] CO, ¥k B 24 300 ~ 800
pmol + mol ™', 10 4> Bk 25 & Flt 1) ¥ O & 1R Ky

6.75 ~24.43 pmol - m™ - &7 AT UL 3E SN CO, Wk
JERT 0 PR MK OGS R, TEEPRA 7 AT
Phidi 3t CO, NE RS R i ke 52 i 2 AL DG & %

BERY 10 DB S FEOE A 3R (Pn) 19 H 2B 1L
RSV R AL, S SR R R il 2k,
WEFHBLAE 10,00 Z2 47, IR IEX) h BLFE 16,00 £ 47,
AW ADEE PR G BAL R AN P 53 =
T W AE & L 7E 10.00, - 4L & Bl Pn Ry 14,27 ~
18.96 pwmol » m™ - s7' WML S AP AT Pn ly 11,81 ~
15.41 wmol - m™ - 57" 10 NEKEH S FI Y SFLFEEM
ZRIE R G H AR 5§06 A HOR AL, B3 20
WY il 2k 5 T M lE] CO, MR B H A i S AR | 5
G HRA R

AHOCHE BT 25 3R W - 6K 10 >Rk 2 it F i1
FOLAHER 5ILTE 2 W EIEMSE, SR Co,
W RE 5 I S B 2 AR DG, SO B AR S R
AR AR E A 35 TEAH OG5 KA EE RS
CO, M A W 2 FORF G BR b < SCAOR R L =
S e HARED Ab, Hoftl 7 A5 Fh B A %3
575 AT ) i W R IE A OC O R, LIRS,
SRR B 7 1 eAE 2 S AL S fE] Co,
W EE | 2R M R RO G A R S i B A A A S 1
MIZRE R For S LS BE AL E] CO, 7 B2 1Y 52 M 4
Ko HAAFA SN F 5 ACEEH I ER ML
YEHMLIA Rt — 2085

g DRI a5 R, U R A 1 A 7 R R
Ot e I S AV Y B 2 6] 2 A AT 3 22 a8 B R
DARGEAR 25 SR EE | 30 s ASOREDGT R 32 AT i/ A
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