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Table 1- Climatic characteristics of the study area.

Year of 2017 14T Jle Year of 2018 VY Jle
Slale glos KL 4 c.
ole (- ) Sx,L - (w”..l,.mz)a) sbale glos ke
Month [J;’ i tu—z " (gt (aiden) (SN Average monthly
recipriation Average monthly Precipitation (mm) temperature (degrees
(mm) temperature (degrees Celsius)
Celsius)
e 15.02 3.66 19.84 4.05
January
o 27.01 2.53 30.62 6.46
February
_ 38.43 9.27 14.11 14.65
March
S 46.65 15.11 45.8 13.63
April
) 22.01 21.93 57.06 18.43
may
= 0 26.08 7.23 25.58
June
= 0.41 28.88 0 31.90
July
e 0 27.43 0 28.29
August
RS 0 23.72 0.81 24.00
September
. 4.8 17.02 29.12 16.62
Octol_)er
o 0.64 11.52 65.91 9.07
November
A 4.72 6.67 34.32 7.36
December
g/ e 159.65 16.15 304 16.67
Mean/Sum
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Table 2- Physical and chemical properties of the tested soil.

JiB b
- D5 20 SN RGIVIRVY
TSt s (4s) o)l D) A T S
- R L . . e
(m ) (oys) %) 0 ol 1 (Osder 55 Caand) (e 5 \_;w-e'u,)fu:) Sbt am il
q " clay i Phosoh (O5ekes Electrical Soil
San Silit %) Absorbable osphorus , conductivity acidity
%) %) Potassium (ppm) Nitrogen @S.m™
(ppm) (ppm) '
10 58 32 100 6.5 0.19 1.2 7.9

B2 0S10) 35 e 53 em Sl LS L
el oSS e s e o oLl
Dl 15 Slalllan 53 oS ol S g
(w308 o9 35S Sl eslanal S |3 (imen (WS
OTpH 5 EC &l ;3 352 50 olie olie sl
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Table 3- Organic matter and nutrients in vermicompost.

ol o H oS i (Jf_}f) d Qs 2 oS sw)
_ _ (4o s3) $ L») ~ S Jw) . Skt ay denl
SR s RS s, A = o
B B rganic (o5 5ks (o5 5s Electrical o1
el (e Carbon Phosph(?lms i conductivit acidity
F 7n o Absorbable  (mg.kg™") Nitrogen
N 1 K ) Potassium (mg.kg™) y :
(mg.kg™) (mg.kg™) (mgke) dS.m™)
55.24 9.35 9.63 4400 4230 6600 4.9 8.03
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Table 4- Results of analysis of variance related to growth traits of Echinacea under different fertilizer treatments in

two different years.

L sldas

)aﬁalm . _ o éﬁuﬁ&&"ojj
S o a.,\;AJJ? ol.é. “ L L}s JS&Z} E3%) " oy
25 aslw x ¢ DRl ]
= sl Number of ~ S» = Total dry :
SOV 2" Number of main Leaf area weight of Dry weight of
df  flowers per . . flowers the whole plant
flowering index
plant except the roots
branches
<
)’? 2 51.26%* 1.54ns 0.24** 845782.3ns 16488032.3ns
Repetition
L
J 1 13788.2%** 1536.0** 10.25%*  341852694.3**  1533528995**
Year
L x 18
J, ,X o 2 0.031 0.12 0.001 71157.3 1854178.1
Repetition * Year
s
o 15 151.6** 16.85%* 3.44%* 5546688.2** 29021045.0%*
Treatment
Lod L
e J 15 10.83%* 13.64%* 0.31* 987234 ** 3890024 **
Year* Treatment
[P
S A 30 3.31 0.99 0.042 76815.6 428854.5
Repetition*Treatment
5 sl
30 1.02 1.00 0.015 59257.3 172511
Total error
(Ao3) Dlyetd oy 5
Coefficient of variation - 4.5 19.1 5.7 1.5 4.4

(%)
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- and ns are significant at the probability level of 1%, 5% and no significance, respectively.
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Table 5- Results of comparison of the mean of the main effects of the year and the application of fertilizer in
agronomic traits of Echinacea.

B Set 055 mrads IS S 0

la Loy 5 sl kol 4l sl o et )
Treatments e okas § 5, OLSa 3 p S6kS) (ln 53 p S5kS) sty
Ju. Number of  Number of main L ' Total dry Total dry weight of
. eaf area .
Year flowers per flowering index weight of whole plant except
plant branches flowers(Kg/ha)  the roots (Kg/ha)
First year  Jyl JL 10.61b 1.22b 1.85b 1367.56b 5411.6b
Second year ;55 Jl. 34.58a 9.22a 2.50a 5141.67a 13405.2a
LSD (0.05) 0.15 0.31 0.038 234.2 1195.9
35 sbasles
Fertilizer treatments
VvC 16.42gh 4.5fg 1.34f 4516.7ab 9316.8d
HA 16.83g 3.5gh 1.75¢ 1676.7j 7168.3g
MY 17.83fg 3.5gh 1.59 3341.7d 8376.9¢ef
AZ 19.00ef 3.0h 1.60e 2413.3ghi 7388.2¢g
VCtMY 22.33cd 4.0gh 2.33cd 4250.0bc 11841.7bc
VC+HA 22.83¢ 4.6efg 2.15d 4266.7bc 11301.7¢
VC+AZ 23.17¢ 4.0gh 1.8¢ 4800.0a 13426.7a
MY+HA 22.33cd 6.6bcd 1.18f 2973.8¢ 8282.2f
MY+AZ 23.33¢ 5.5def 2.56bc 2806.7¢ef 9648.3d
HA+AZ 20.50de 6.0bcd 2.56bc 2595.0fgh 9343.3d
VC+MY+HA 26.17b 5.8cde 2.5¢ 2700.0efg 9133.3de
VCHMY+AZ 29.00a 7.1ab 3.16a 2358.3hi 6215.4h
VC+HA+AZ 30.42a 7.0abc 3.38 2625.0fgh 8350.0f
MY+HA+AZ 30.50a 8.1a 3.28a 4391.7bc 12061.7bc
NPK 26.82b 7.1ab 2.75b 4150.0c 1331.4b
CONTROL 14.33h 3.1h 0.93g 2208.3i 6350.5h
LSD (0.05%) 2.14 1.17 0.24 326.8 772.16

o gaS 5= VC) 065,105 (ls e Mt LSD ¢330 ulasl 1y dsys 0 Jlaz o 53 aliie Gy glls o pSols O g o )2
(1l o dals =CONTROL 5 oy + b +055 %5 pband 255 =NPK (¢ SU=AZ 3, s 2,6 =MY (o8 1l =HA

In each column, the means with similar letters based on the LSD test did not differ significantly at the 5%
probability level (VC = vermicompost, HA = humic acid, MY = mycorrhizal fungus, AZ = bacteria, NPK =
nitrogen + phosphorus + potassium fertilizer and CONTROL).

50.0 ba
£ 450 bebe .
%40.0 dqdddd =
. = 350 e ~
3 < 300 h i h
- 250
y:H%zo.o NEEEY
x B 150 Kl Kl k17K ik
? :.-) 100 H0nonon0 mn )
2 50 ﬁ ﬂ
2"0:0 777777777777777 (AR AN-R MWW W W
S Jalip PP D PP =P == DD R P
TrF AT LT AL L Z 2 TF AT LT A L L 22
VOIS E VORI =2 FE
SEPEEESEEE Z 0 SSCEEEESIE ¢
O > O > O
eSS S
First vear J o Jl. Scond vear » s> Jl

“HA (e aS 55 = VO) JE,15 o 650 53 JS 3l 1 5355 il slajless o Jlu Jlie 1 il amlin gl —) IS
(a3l o 4815 “CONTROL 5 onslsy + i 4055 75 alboonts 355 “NPK (5 5SU=AZ 3,580 7,6 -MY (Sonsp
Figure 1- Results of mean comparing interaction effects of year and different fertilizer treatments on the number of

flowers per plant on Echinaceae purpurea L. (VC = vermicompost, HA = humic acid, MY = mycorrhizal fungus, AZ
= bacteria, NPK = nitrogen + phosphorus + potassium fertilizer and CONTROL).
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Figure 2- Means comparison intraction effects of year and different fertilizer application on leaf area index of
Echinacea angustifolia (VC = vermicompost, HA = humic acid, MY = mycorrhizal fungus, AZ = bacteria, NPK =
nitrogen + phosphorus + potassium fertilizer and CONTROL).
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Table 6- Means comparison intraction effects of year and different fertilizer application on Number of perimary
flowering branches of Echinacea angustifolia.

b sles dsl dle e Jle
Treatments First year Second year
vC 1.0+0.46i 5.0+0.47h
HA 1.0£0.46i 6.0+0.8gh
MY 1.0+0.46i 5.67+0.47gh
AZ 1.0+0.46i 7.00+0.23fg
VCtMY 1.0+£0.46i 7.67+0.43f
VC+HA 1.0+0.46i 7.00+0.81fg
VC+AZ 1.33+0.46i 9.67+0.55de
MY+HA 1.33£0.46i 8.33+£0.94¢f
MY+AZ 1.33£0.46i 12.33+0.47cd
HA+AZ 1.33£0.46i 11.00+0.81bc
VC+MY+HA 1.67+0.46i 12.33+0.47b
VC+MY+AZ 1.67+0.46i 12.65+0.76bc
VC+HA+AZ 1.67+0.46i 13.00+0.87b
MY+HA+AZ 1.67+0.46i 14.67+0.52a
NPK 1.33£0.46i 10.33+0.49d
CONTROL 1.0+0.46i 5.00+0.21h

=HA o suS oy5= VO) bl (guls me DDl LSD 05051 sl Loy3 0 ez mhans 3 wlie Gy gLl Gl Sils O o 53
(1sb o 1als =CONTROL 5 ooy + 5405 4055 55 abond 355 =NPK (s 8L =AZ 13, 5o 2 5 =MY (Ko pon 1l

In each column, the means with similar letters based on the LSD test did not differ significantly at the 5% probability
level (VC = vermicompost, HA = humic acid, MY = mycorrhizal fungus, AZ = bacteria, NPK = nitrogen +

phosphorus + potassium fertilizer and CONTROL).
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Figure 3- Means comparison intraction effects of year and different fertilizer application on Total dry
weight of flower in Echinacea angustifolia (VC = vermicompost, HA = humic acid, MY = mycorrhizal
fungus, AZ = bacteria, NPK = nitrogen + phosphorus + potassium fertilizer and CONTROL)
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Figure 4- Means comparison intraction effects of year and different fertilizer application on Total dry weight of
plants except roots in Echinacea angustifolia (VC = vermicompost, HA = humic acid, MY = mycorrhizal fungus,
AZ = bacteria, NPK = nitrogen + phosphorus + potassium fertilizer and CONTROL).
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Table 7- Results of analysis of variance related to biochemical traits of Echinacea under different fertilizer
treatments in two different years.

i e TS S e e SsS S
31 Caftaric Chlorogenic L Cichoric . .
S.0.V < . . Cynaric acid . Echinacoside
df acid acid acid
S
. 2 0.52ns 0.019%* 0.005ns 0.017ns 0.0035ns
Repetition
Jl
1 10.59%* 0.30%* 0.10* 3.78%* 0.098*
Year
Jle x )ljﬁ
. 2 0.007 0.004 0.001 0.002 0.004
Repetition * Year
Lo
o 15 16.88%* 0.82%* 0.0094** 9.90** 0.57**
Treatment
e x Jls
15 0.083** 0.025ns 0.00050ns 0.30%* 0.0042ns
Year* Treatment
e x LSS
. 30 0.013 0.0017 0.00058 0.017 0.0043
Repetition*Treatment
J5 sl
30 0.014 0.002 0.001 0.010 0.004
Total error

(Ao )3) Sl il o 2
Coefficient of - 2.56 4.38 8.07 2.48 9.48
variation (%)

.thdjlaw(&JM)ao‘M)a\JW!CRA)JJJJ‘W«:%JJQHSJ-:

xand ns are significant at the probability level of 1%, 5% and no significance, respectively.
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Table 8- Comparison of the mean of the main effects of the year and the application of fertilizer in phenolic
compounds in the essential oil of Echinacea.

Lo)les sl SIS Aol S35 18 el S5l el S5 S0 e SLor|
Treatments Caftaric acid Chlorogenic acid Cynaric acid Cichoric acid Echinacoside
503308 2 oS e
(mg/g.dw)
Jsl Jl
) 4.42b 0.97b 0.37b 3.8% 0.67b
First year
(ﬁé JL..«
5.08a 1.08a 0.43a 4.28a 0.74a
Second year
ol i
g 2 o 0.076 0.059 0.028 0.061 3.92
Aoy 0 Jlaxs|
LSD (0.05)
$3 55 slsled
Fertilizer
treatments
VvC 4.18i 0.78ij 0.44de 3.6%h 0.66fg
HA 3.18k 0.92h 0.25j 3.44i 0.51ij
MY 2.881 0.56k 0.32h 2.22m 0.35k
AZ 2.67m 0.58k 0.23j 2.561 0.32k
VC+tMY 5.28f 1.12f 0.46d 4.38f 0.89d
VC+HA 6.00e 1.22¢ 0.51c 4.78e 0.73ef
VC+AZ 4.90g 1.02g 0.40f 4.11g 0.58hi
MY+HA 4.35h 0.81i 0.41ef 3.73h 0.61gh
MY+AZ 3.12k 0.80i 0.28i 2.88k 0.51ij
HA+AZ 3.69j 0.73j 0.36g 3.27j 0.46j
VC+MY+HA 7.43a 1.78a 0.56ab 6.51a 1.23b
VCHMY+AZ 6.62¢ 1.58b 0.58a 5.53¢ 0.95cd
VC+HA+AZ 6.34d 1.29d 0.49¢ 5.01d 1.01c
MY+HA+AZ 7.03b 1.43¢ 0.55b 5.98b 1.36a
NPK 6.08¢ 1.24e 0.50¢c 4.85¢ 0.80e
CONTROL 2.23n 0.61k 0.18k 4.501 0.38k
LSD (0.05%) 0.13 0.049 0.028 0.077 5.26

A oal Aoy 0 Jlail o 53 (PLSD) e cblis s jmo olis Sl Ogal bl 1 (3 gime BVt Oy g (s1ls (gl slows
The treatments with the similar letters based on the LSD test did not differ significantly at the 5% probability level.
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Figure 5- Means comparison intraction effects of year and different fertilizer application on Caftaric acid in
Echinacea angustifolia (VC = vermicompost, HA = humic acid, MY = mycorrhizal fungus, AZ = bacteria, NPK =
nitrogen + phosphorus + potassium fertilizer and CONTROL).
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Figure 6- Means comparison intraction effects of year and different fertilizer application on Cichoric acid in
Echinacea angustifolia (VC = vermicompost, HA = humic acid, MY = mycorrhizal fungus, AZ = bacteria, NPK =
nitrogen + phosphorus + potassium fertilizer and CONTROL).

YEA



OlyKod g (yI3g05%0 dyrw

Sols mme O L (Aol Sngod + 1505 580 +
D Y0 ol s S L il Jles 4 cad
2l Sl el g s Lol bl
Oree 5 plord £l b o0 4w oS 5 slajles
slasled 5o SV Sl ol sl de L) 8
OlS o ploord a0 d® 4 G b Gladss
slye 5 Sist osle dS g5 Bl 5l a8 b S ames
Sl eslial 33 055 e S 53 sl o5y
Lo s alie o0 Ses 4 gl glao S
Mg asse 5 eoladl b shandl sl caws VL
s A e Cae Sl sl dioS
PN DU SN WU W I S
g el ol S0l s s ST obS 5
L s Sl ol 51 s G )
L s 5o Sl Al wlinle 5l A5
s Sbady S e cad e s Jabess
25 Al Gl opl 505 8 e Ol pland
oy S 5 ol g (g3l sls pltl
O de dy g agh at b gl A5 sl S S
5 Gl Gs 45 ol 6 a5 L Ll e s llas
A2l e ol W (g 5o pls OllS W
ElE a5 L elS ol a5 sl e algdy
SLassS 5l sl U ol an i ol 51 ool

Spdy Dose e

Refrences

1. Agha Alikhani, M., Iranpour, A., and
Naghdi Badi, H. 2013. Changes in
agronomical and phytochemical yield of
purple coneflower (Echinaceae
purpurea (L.) Moench) under urea and
three biofertilizers application. J. medic
Plants. 2: 46. 121-136.

2. Akbari, 1., and Gholami, A. 2015.
Evaluation of mycorrhizal fungi,
vermicompost and humic acid on
essence yield and root colonization of

1£4

IS (55 Az
ﬁ))\beqw\)jj\mmuijéws
oo 5 Laglas 55 as e b s 5l SO
&)Mx.?k:ﬁm‘ j'i"\'.’.ulg"" _5)\.5 e.,\MS.,\J)S LSLQ kLSJ..ZA.:
Slilosl 5l s ols W55 glacS o a5 (4l
Jﬂudog&}ﬂ)b:ﬁ)ﬂo;‘)ﬂﬁ\)ﬂé);o)'\.lj\
(el 55 5 5SS b (S35 0S
)mexjdgb)bﬁjjwtbu\‘w‘
ol (o pm sl s 58 e Oln) S 58
calllan ) 3 el s @ S bl s e
JJLZ&J}oJLAJWQ\ﬁASJ&W
=S 5 sbasles s Bl 5 S o (JS JS 03
L s o Sl lamdss slajlogs s 4 oo
)Le._ﬁl_:A_..\..iu.d BEEEEY) J.'?‘YL: é)\bw:u |
Sl Ol Ll 3 050 o 5 s Sas
ol A5 Ol e 1S 31 0L s S8 A

fennel. Iran. J. Field Crop Res. 13: 4.
840-853. (In Persian)

3. Arancon, N.Q., Edwards, C.A,
Bierman, P.,Welch, C., and Metzger,
1.D. 2004. Influence of

vermicomposting on field strawberries.
Bio Tech. 93: 2. 145-153.

4. Ashenavar, M., Bahmanyar, M., and
Akbarpour, V. 2014. The effect of
different fertilizer sources on growth
indices and vyield of (Echinacea
purpurea L). Agron J. 6: 2. 266-274. (In
Persian)



IFAQ (£) pdjmw A o £1,5 HBLS Wi & i

5. Bonomelli, C., Cisterna, D., and Reciné,
C. 2005. Effect of restraining nitrogen
fertilization on the mineral composition
of Echinacea purpurea. Cien Inve agr
32:2.8591.

6. Bruulsema, T.W., Heffer, P., Welch,
R.M., Cakmak, I., and Moran, K. 2012.
Fertilizing crops to improve human
health: a scientific review. Int. Plant
Nutr. Inst, USA. 3: 119p.

7. Darzi, M. T. 2007. Investigating the
effect of biofertilizer application on
quantitative and qualitative yield of
fennel in order to achieve a sustainable
crop system. PhD Thesis in Agriculture.
Tarbiat Modares University. 165p. (In
Persian)

8. Davazdah Emami, S., and Majnoun
Hosseini, N. 2008. Cultivation and
production of certain herbs and spices.
Tehran University Press, Tehran. Iran.
300p. (In Persian)

9. Fayazi, H., Abdali Mashhadi, A.,
Kouchakzadeh, A., Papzan, A., and
Arzanesh, M. 2016. The effect of

organic and biological fertilizers
application on yield and some
morphological characteristics in

Coneflower (Echinaceae purpurea L.).
Iran J. Field Crop Sci. 47: 2. 301-314.
(In Persian)

10.Gualandi, R.J.J.
endophytes  enhance
production of natural
Echinacea purpurea
Master's Thesis. (In Persian)

11.Jalil  Sheshbahrhe, M., Movahhedi
Dehnavi, M., Bahreininejad, B., and
Salehi, A. 2018. Response of yield and
physiological characteristics of purple
coneflower (Echinaceae purpurea (L.)
Moench) to nitrogen sources at different
levels of irrigation. J. crop prod, 10: 3.
145-156. (In Persian)

12.Liuc, J., and Pank, B. 2005. Effect of
vermicompost and fertility levels on
growth and oil yield of Roman
chamomile. Sci Phar. 46: 63-69.

13.Mrozikiewicz, P.M., Bogacz, A.,
Karasiewicz, M., Mikolajczak, P.L.,
Ozarowski, M., Seremak-Mrozikiewicz,
A., Czerny, B., Bobkiewicz-Kozlowska,

2010. Fungal
growth  and
products in

(Moench.).

Yo

T., and Grzeskowiak, E. 2010. The
effect of standardized Echinacea
purpurea extracts on rat cytochrome
P450 expression level. Phytomedicine.
17: 10. 830-833.

14.Nihorimbere, V., Ongena, M.,
Smargiassi, M., Thonart, P., and
Biotechnol, 1. 2011. Beneficial effect of
the rhizosphere microbial community
for plant growth and health. Agron.
Soc. Environ. 15: 2. 327-337.

15.Pandey, R. 2005. Management of
Meloidogyne incognita in Artemisia
pallens with bio-organics.
Phytoparasitica. 33: 3. 304-308.

16.Pellati, F., Benvenuti, S., Magro, L.,
Melegari, M., and Soragni, F. 2004.
Analysis of phenolic compounds and
radical scavenging activity of Echinacea
spp. J. Pharml. Bio. Anal. 35: 2. 289-
301.

17.Ravindran, B., Wong, J.W., Selvam, A.,
and Sekaran, G. 2016. Influence of
microbial diversity and plant growth
hormones in compost and vermicompost
from fermented tannery waste. Bio.
Technol. 217: 200-204.

18.Razavi Nia, S.M., Aghaalikhani, M., and
Naghdi Badi, H.A. 2015. Effect of
vermicompost and chemical fertilizers
on quantitative and qualitative properties
of Echinaceae pursuerea (L.) Moench.
Iran.J. Med. Aromat Plant. 31: 2. 357-
373. (In Persian)

19.Roshankar, T., Peidaei, F., and Rashno,
A. 2018. Investigation of the effect of
biological fertilizers on  some
morphological parameters of the farm

(Echinaceae purpurea L.) The 4th
International Conference on New
Findings in Agricultural Science,

Natural Resources and the Environment.
Iran. (In Persian)

20.Shirani, H., Abolhasani, Z.M., Lakzian,
A, and Akhgar, A. 2011.
Decomposition rate of municipal wastes
compost, vermicompost, manure and
pistaco compost in different soil texture
and salinity in laboratory condition. J.
Water. Soil (Agric Sci. Technol). 25: 1.
84-93. (In Persian)



