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Effects of Cu Zn and Se on contents of total flavonlid chlorogenic acid
and Se in the flower of Chrysanthemum morifolium Ramat.

TANG Tu LIN Jiang-hui YAN Guang-xuan LI Yong-ming LIN Ya-lan WANG Sheng LIU De-hui”
College of Resources and Environmental Sciences Nanjing Agricultural University Nanjing Jiangsu 210095 China

Abstract Using the 3512 optimum regression design with three factors and five levels effects of applications of Cu Zn
and Se on contents of main active constituents total flavonoid and chlorogenic acids and selenium in the flower of
Chrysanthemum morifolium were investigated by a pot experiment. The results show that applying Cu Zn and Se with
enough other macro and medium and trace elements is able to increase contents of total flavonoid and chlorogenic acids in
the flower of Chrysanthemum morifolium significantly and the interaction of the three elements also reacts to the influ-
ence on the active constituents contents of total flavonoid and chlorogenic acids are increased significantly under the Cu
—Se interaction however the contents are decreased under the Cu—-Zn and Zn—Se interactions. Higher concentrations of
Cu have inhibition or even toxicity effects on the crop growth and the main active constituents. The formation and accu-
mulation of the two main active constituents are restrained under Zn deficiency and Zn is a dominant nutrient factor of af-
fecting quality of Chrysanthemum morifolium. There is significant positive correlation between Se content of the flowers
and Se application amount. The selenium content of the flowers is not able to be influenced by the application of Cu and
Zn. This result provides theoretical basis for developing Se enriched Chrysanthemum morifolium Ramat and its series
products .
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Table 1 Designs of experiment
Treatment Cu 7/n Se
Cug 37112 55e18.0 6.3 12.5 18.0
3 Cus 3Zny2 55€) 6.3 12.5 0.0
Cuy 3703 75ey3 5 1.8 3.7 13.5
Cuyp.7Zms 75ey3 5 10.7 3.7 13.5
Cuy 8Zny; 3513 5 1.8 21.3 13.5
Cuyg 771y 35€y3 5 10.7 21.3 13.5
Cuyp 57013 55ey 5 12.5 12.5 4.5
“ 3512 CugZnyy 55e4 5 0.0 12.5 4.5
" Cug 3Zny5 0 Sey 5 6.3 25.0 4.5
Cug 37ZngSey 5 6.3 0.0 4.5
Cug 37112 559 6.3 12.5 9.0
CupZngSey 0 0 0
1 2 g/pot
Table 2 The amounts of other fertilizers applied
2007 5~11
3 5 3512 Amount of Amount of
Types -
12 1 4 elements fertilizers
CO NH, , 2.40 5.217
72 h 6 NaH,PO; 2H,0 1.00 5.033
9.5 kg 0.5 kg K,S0, 2.40 5.302
CaCl 1.2 3.33
25 cm 22 cm a2 0 0
MgSO; 7H,0 0.60 0.616
NapSiO5 9H,0 0.30 3.036
FeSO; 7H,0 0.09 0.447
Chrysanthemum morifolium Ramat. cv. Hongxin- MnSO; H,0 0.01 0.031
ju H; BO; 0.02 0.115

CuSOy 5H,0 ZnSO; 7TH,0 H,MoO, 0.0025 0.004
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2 2.1.2 Cu Zn Se
2.1 3
2.1.1 Cu Zn Se yo» = 0.367 + 0.190%, —0.017x;x, + 0.014x;x3 —
3 0.006x;x3 2
2 F 9.167" " R’=
3 Cu Zn Se 0.840
mg/g 2 Zn
Table 3 Effects of Cu Zn and Se combined applications on 7n
contents of total flavonoid chlorogenic acids in flowers In Cu
of Chrysanthemum morifolium Se
Treatment Total flavonoid Chlorogenic acid
Cug 37012, 5Se1s.0 41.10£1.88h  1.72%0.14 be Cu Se xixg
Cug 3Zny2.5Se) 42.87+£3.57h 2.09+0.31 ab Cu Zn
Cuy gZn3 7Sey3 5 27.24+3.39 ¢ 1.10+0.26 de xixa  7Zn Se xx3 CuZn 7n
Cuyg 7213 7Se3 5 41.21£3.01 b 2.40+0.27 a Se
Cuy gZny; 35e3 5 55.63+3.23 a 2.59+0.32 a
Cuyg 7Zny; 3Sey3 5 33.11+£1.70 ¢ 1.30£0.20 cd In
Cuyy sZny; 5Sey 5 15.36+3.30 d 0.46+0.15 f
CugZnyy 5Sey 5 50.78+9.91 a 2.36+0.14 a
Cug.37n0s 0Sey 5 41.80+6.16 b 1.92+0.53 ab Zn Cu  Se
Cug 3ZngSes 5 8.50+2.06 d 0.15+0.09 ef Cu Zn Se
Cug 3Zny5 55e9 ¢ 38.76 £3.23 bc 1.59+0.58 bd Cu Se
CugZnySey 19.27£2.10d  0.63+0.27 ef Cu Zn  7n Se
5%
Note Values followed by different letters in same column mean signifi- 3 Cu 7n Se
cant at 5% level and the same as table 4. Cups sZnps sSes s Cug s ZngSes s
Cuxy Znx Sexs ConnoSeo
Cuy g Zny; 3Sey3.5
n 55.63  2.59 mg/g
2B 188.7%  311.1% Cu
/n Se
Cu Cujp.57Znp.55€4 5 Zn Cug.3Zng
y1 = 14.848 + 3.059x, —0.262x;x, + 0.191x;x3 — Se, 5
0.061x,x3
1 F 9.639" " R’= Cu Zn Se Cu Zn Se
0.846 %3 CuxZn Cux Se Znx Se
X2 X1X2 X1X3
1 Zn Zn 0.37 mg/kg
Zn 0.5 mg/kg Cu
Cu Se Cu Zn 7Zn Se
Cu Se x;x3 Zn Cu
Cu Zn xix, 5 Cu 7Zn

/n Se X2X3

Cu 7Zn
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Cu Cu
Zn Cu y3 =0.099 + 0.337x; 3
Cu ] X3
Zn Cuy gZny; 3Sey3 5 P =0.01
Se Se
Cu Zn Se Cu Zn

Cuyp sZny; 55e4 5

4

Se

/n Cug 3 Table 4 Effect of Se application amount on content of Se
7nySey s Cu  Se in the flower of Chrysanthemum morifolium
Zn mg/kg
Treatment Content of Se
CuoZigSeq 0.13£0.00 e
Cug 3Zny3 5Sen 0.12+0.00 e
2.2 CupZny; 55€4 5 1.65+0.01 d
Se Cug 3Znps 9Sey 5 1.62+0.63 d
y = 0.337x + Cug 3ZngSey 5 1.32+0.48 d
0.0986 R2>=0.987 Cupz sZny.58ey s 1.55+0.08 d
Cug 37113 55€9 ¢ 3.36+0.19 ¢
Cuy 8Zn3 7513 5 4.52+0.88 b
4 Cuy 3Zny; 35ey3 5 5.24+0.82 ab
5 X% Cuyg.7Zn3 73e13 5 4.52+0.55b
X1X3 XpX3 X12 X22 X32 X Cuigy 17091 35€1 5 461077 b
X Cus 37ny3 55€e15.0 5.91+£0.28 a
Se
5 3
Table 5 Significance test on regression equation between Se content in the flower of
Chrysanthemum morifolium and Cu Zn Se
Factor First effect Quadratic effect Interaction effect
X1 X2 X3 X 2 X22 X32 X)X X1X3 X X3
Regression coefficient -0.008 0.021 0.3457 0.002 0.000 -0.002 -0.003 -0.001 0.002
3
3.1 PAL
CA4H — CoA 4CL
CHS CHI PAL
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0.5 mg/g
3.2
PAL
7
100 mg/kg 100 mg/kg 10
8

50~300 pg 2002
NY/T600 —

; 2002 0.25 ~4.0 mg/kg

PPO SOD
PPO 0.45~0.90 mg/kg 1.32 ~
-7.44% SOD ~25.98% 3.36 mg/kg
PPO
PPO
1013 ~2025 g/hm’
1
2005 M . 2005.
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