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ABSTRACT

To evaluate dry matter yield and phh/tochemical properties of two years old purple coneflower [Echinacea purpurea (L.)
Moench] flower in intercropping with green beans and different summer time planting dates, a randomized complete block
design in split plot arrangement with three replications was conducted in Research Farm of Genetics and Agricultural
Biotechnology Institute of Tabarestan in 2012-2013. Treatments included planting arrangements [coneflower and green
bean monoculture, replacement intercropping planting with patterns of 1:1 and 2:2 ratio of coneflower: green beans],
planting dates (June 30, July 30 and August 29), and cultivation of green beans in the spring of 2012 coincided with the
emergence of coneflower. Results of the experiment showed that planting date of June 30 increased dry matter, caffeic acid
derivates, total phenol and flavonoid contents of flower. Among the intercropping planting arrangements, patterns of 2:2
ratio of coneflower: green beans, increased flower dry matter. While the highest amount of cichoric acid, chlorogenic acid
and echinacoside (29.3, 2.4 and 2.3 mg/g dry matter, respectively) were obtained in coneflower plants cultivated as sole
crop. The maximum amount of total phenol and flavonoid contents of flower were detected in coneflower plants cultivated
in June 30 and sole cropping pattern. Overall, it can be concluded that if the aim of cultivation of this plant is increasing
production of caffeic acid derivatives, sole cropping is better than mixed cropping. However, for dry matter improvement,
mixed cropping has more advantages. In addition, early cultivation of the crop is more suitable for caffeic acid derivatives
and dry matter production than delayed planting.
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Table 1. Some physical and chemical properties of experimental farm soil
Measured characteristics
Sampling ele-(l:—trl]' ?cal Saturated Organic  Total ~ Absorbable Absorbable Absorbable Absorbable Absorbable Soil
depth conductivi soil carbon  nitrogen phosphorus  potassium iron manganese zinc texture
(centimeter) (ds m_l)ty reaction (%) (%) (ppm) (ppm) (mg/kg) (ma/kg) (ma/kg)

0-30 0.92 7 26 0.22 284 451 206 98 15.3 gillii//

Gole 3 OYNN-AY ely5 o) Gialejl szl sl b 1o IS )5 o oy b 5ol # @y bogs po  owlilge oMol Y Jga
Table 2. Meteorological data (for 6 months) from the purple coneflower growing season in the years of the experiment
(2012-2013 crop year) in Sari

Minimum

Maximum

Rainy day Total
Months te?gsles riitsre te?gsles riitsre (day) monthly rainfall (mm)
Years of experiment

91 92 91 92 91 92 91 92

March- April 9.4 10.2 20.5 19.8 5 10 9 315
April-May 16.1 13.6 26.3 247 3 7 5 32.6

May- June 19.8 19.2 29.7 28.7 3 5 22.8 8.9
June-July 22.2 21.4 29.7 30.9 9 4 17.9 10.4
Julay-August 23.2 21.7 33.8 29.1 1 16 4.3 49.5
August-September 21.2 21.8 28.8 30.1 11 7 93.5 36.3
Total 1119 107.9 168.8 163.3 32 49 152.5 169.2
Average 18.65 17.9 28.1 27.2 5.3 8.2 25.4 28.2
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Peak 3: Echinocosid, Peak 4: Chicoric acid and Peak 5: Cinarin.

Figure 1. HPLC chromatogram for caffeic acid derivatives standards. Peak 1: Caftaric acid, Peak 2: Chlorogenic acid,



o B B pleriigid o Sy (o) 2 10 g pio gl 24

b gl DF gse Jsb 3 ieciab
e oy ookl b J5 035306 (slmme coles
3 G fsS 05 ke ez et ST 3l
Al Gl g dslre Sis 0ole 0,5
asews SAS l33le 5 5l deosls g Lol ayjm (sl
aslie 0l eolaxwl (SAS Institute, 2002) 4
Jolins B Jias 9051 b da e Sils
dslie vy iy Jlio| maw ;o g plil (LSD)
(SigmaPlot) LS 13810 5 U do,loged a5

Pl
F s oolo
oly lias 8 Sis oolo gloosls il lg 4y o0 s
Lolse cainS bagSl g il &)l S epy oS
(¥ Jgaz) iy (g lo sixe b Sy ol » (oo,
Ole 90 iRl bl cutS (tlel l 4o
ciS szl aen ;5 (YY) jew bugd 5 5155
odds 5 )5 s 5 Sz oole il e allinsls
L cuS Glag b e o Sy opl &5 I 50 ol
LY o) o plis mals da 515 oaSSS
g i Vo 0 b 5w sy S b gz oyl
e b g S Gl 50 G0, ¥
0SB Sl b JS St oole oo (5 i
YV USE) el casoay B0 S

LSS

ol el gl g dsd Ghsy b S5 S 2b)]
clale oYL cdeay (Singleton et al., 1999)
VYO .60l 38, ,L Ve adigas lal ¢ s LS 5
TYO L oad gl Jyie olae Sl s Seo
By Ve s B S e Y1 5 O iy Ses
@By il 3l e ol bele 4y aial bl
Al dlal woye VIO mawoly,S s de g
aids A 5l e 2Ty bgle iz ol
VPO zge Job j0 ,9 ov kil o (6l
(Unico, USA) miwcal olliws aiwgds yiogil
69, 3l S U Jade ol 5o ad s pSesll
Sl VST o5 s a3 il imie
A8 ol Ses oole )5 S e SIS

J5 agigdle (b))l
SIS pseiall 6 IS gy b S aigidle Juia
VO- a4 laml (Du et al, 2009) oi (s ,Sojll
Voo e eddglsiil ojlac e S
ude e VO ey Ve gl idg S
FedgySee VO g Yoo do /0 moislo i
s alolidl g Lol Vo o /Y pgiragllay IS
Sy Voo i B iy CUbAS 5l e A 00
Al aBlol Yo deo SO mrawanSs e Jolow

oKiws b Ll Jade w@dds Ve-V0 3l e

elanignd sla Sing 5 i osle s, bl ot slagSll 5 coslS Gl sl b il el s a5 ¥ Jgor

B 2o 5 Lk o S
Table 3. ANOVA of effect of planting dates and row intercropping pattern treatments on flower dry matter and
phytochemical properties of coneflower flower at full bloom stage

Mean squares

Source of variation df Dry Cichoric  Caftaric ~ Chlorogenic . . N Total Total
. . . Echinacoside  Cinarin .
matter acid acid acid phenol  flavonoid
Replication 2 0734 528  0.0008™ 0.018" 0.002™ nd 28.4" 0.266™
Planting dates 2 2647 28677 8907 438" 1.92™ nd 100.9™ 8.47™
Error a 4 0189 0.759 0.004 0.015 0.0006 nd 11.4 0.419
Row intercropping patterns 2 1041 451" 0.109" 1.68" 1.08™ nd 1664.7" 21.5™
Row intercropping patterns 4~ 0571 23.2" 1.93" 0.903" 0.382" nd 182.1" 1.21™
x Planting dates
Error 12 0.102 1.65 0.026 0.003 0.0007 nd 6.33 0.814
CV (%) - 55 6.6 43 43 2.7 nd 45 8.4

elolis pas ind o g B 0415 g wo 0 iy 5 S haw )0 o Jixe B MNS g s e

s, 3%, ns: Significant at 1% and 5% of probability levels, and non-significant, , respectively nd :Not detected.
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Figure 2. Interaction of planting date and mixed cropping patterns on coneflower dried matter. Values are mean of
three replicates = SE. LSD value (P<0.05) for interaction of planting date x mixed cropping patterns: 0.609
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Figure 3. Interaction of planting date and mixed cropping patterns on coneflower cichoric acid. Values are mean of
three replicates &= SE. LSD value (P<0.05) for interaction of planting date x mixed cropping patterns: 2.07
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Figure 4. Interaction of planting date and mixed cropping patterns on coneflower caftaric acid. Values are mean of
three replicates = SE. LSD value (P<0.05) for interaction of planting date x mixed cropping patterns: 0.247
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mean of three replicates £ SE. LSD value (P<0.05) for interaction of planting date x mixed cropping patterns: 0.044
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Figure 7. Interaction of planting date and mixed cropping patterns on total phenol of coneflower flower. Values are

mean of three replicates = SE. LSD value (P<0.05) for interaction of planting date x mixed cropping patterns: 4.77
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