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Table 1- Chemical composition of vermicompost

K P N oC oM Ec (pH)
(%) (%) (%0) (%0) (%) (ds m*)
16 2.1 3.2 26 12 13 74
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Table 2- Analysis of variance (mean squares) of amount of nitrogen, phosphorus and potassium in leaf and stem of the
plant Echinacea purpurea under the influence of organic and biological fertilizers

Mean squares e po (Sl

AL @ Sl i S 2 u::l:” Snojes  dle ety St iy
Sources Bf va(riation @33l Shoot Leaf Leaf Shoot Leaf
d.f Phosphorus  Phosphorus _Sh°°t Nitrogen Potassium Potassium
Nitrogen
Repi‘i);ti on 3 19.20™ 18.04™ 0.007™ 0.04"™ 665.07™ 1594.70™
g’p”rb;j:’“@ 1 501.24™ 70.82" 0.19" 0.18" 6199.50" 43023.44™
Th::;;\b;mr 3 15.64 11.09 0.006 0.02 732.56 266.40
Organi‘i‘f;’:ﬂ“z ors 2 594.67" 342.68™ 0.23" 0.88™ 18618.19™  44526.24™
Big}r:i?lgizer 1 197607 260757 0.07" 0677  1720696™  7911.95”
oS % il Jolxe wox * o * ns o
Spraying x Organic fertilizers 2 8581 85.04 0.03 021 1886.10 2603.30
Sp;j;i}nl]ixBLirél%j:tli’;zer 1 4.77% 21.54" 0.001™ 0.05™ 698.01"™ 733.00™
st 265 % 38 el ns * ns ns ns
Organic fertilizers x Biofertilizer 2 1517 8.89 0.06 0.02 88.31 160.13
Al x s 258 x (58 ~ .
Organic fertilizers x Biofertilizer x 2 1.50™ 10.78™ 0.000™ 0.02™ 9045.52 6270.94
Spraying
AC;;;;U;”OF 30 125.38 314.22 0.04 0.81 9405.33 11038.39
(/)gl\)}?o/;ﬁ 4,61 7.05 4.61 7.05 4.13 421

A8l e (g0 Y me pis g N o 0 paws 43 (35 I txe 0k LS S 4 NS g % e
**and * and ns are significant at the 0.01 and 0.05 of probability level and non-significant, respectively.

(S 938 (sladalass
il Jalore ool 5 48" 0 oamliv O Jodo uls 4 dagi b
@ s lS Clio o il Jgne 55 J1 358 il o 5 J1 35
555 ool 31 Cpizmen Al by ime S5,y 50 W5451S 4 0
395 e &S Jl 3 39 )3 gne D J:89)lS o 3 S
Solosd S owimen 9 (I )3 () 255 (Bl Jgloxe > (s
o Olio ol 3 b oo ;> T3 w398 45w

S (gl pme gl sl

g.,‘_».].ob\_: C;‘_w%asu_‘c)5 J).g)lj J._w)u_o)_]é:.i LY ‘U’“"M

Ol ial s oble g S wde sl Sie culled (SS'SS o0
Ol 7 9 03d (Gime polie Ol dgu o S (9
ol aily U i) als o 3 Sy lawgs 0 Gl gty
(Kumar g oLS (g9, y ot pll ikl (Eliot et al., 1990)
hre yole Gl e Gl 8l oy ixen g €t al., 2006)
Jle <Lt (69 p CamgraS g (line ORI L ety 9 (159 k0
Lbb e ggdge ) Sy (Copsium annum L) oy s
b cwgeS o9 8,k ;I (Dehdashtizade et al., 2009)
D 0l e 48 At W S g Sl Ay 0aiiS wulais dlge
sl LappiS gl o o A8l plly jly 0o ) @yl Gl

(Muscolo et al., 1999) 6555 o puoly o @ g



WWAY bl oF ojlods N8 ol oyl yl (1)) Sleiidgiy 40 pis  YAA

(48l 9 S 32) yhandd 9 (359505 Cioo 31 (SF) (1 395 x onily Jglono Jaliie 51 (3uSloo o =Y Jgo
Table 3- Mean comparisons of interaction of the spraying = organic fertilizer (SF) on the characteristics of leaves and stems
nitrogen and phosphorus

. . s o Sy yhand Wl yiund
Slow Sy Oi9se Bl 459 5
Treatment Leaf Nitrogen Root Nitrogen Lafe Phosphorus Root Phosphorus
(mg.g™dw)
faaks) sy 2.06¢ 0.68d 40.66¢ 34.29d
Control
(oS 2 Sife 2.35b 0.88bc 46.36b 44.62ch
Vermicompost fertilizer
(o259 Sifs 2.38b 0.88¢ 47b 44.27¢
Cow manure
(i) 8212 2.24bc 0.88bc 44.13bc 44.42¢ch
Spraying
(oS 255 X b Jbe) Sl 261a 0.99a 51.40a 50.04a
Spraying x VVermicompost fertilizer
(il 255 b o) S 2.32b 0.95ah 45.78b 48.11ab

Spraying x Cow manure

)15 o b o iy Jloin] a3 (5l gtae (5 lel BB (5t oy alitie By o b (slaSilee
Means with similar letters in each column are not significantly different at 5% probability level
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Table 4- Mean comparisons of triple interaction of foliar x fertilizer x biofertilizers (SFA) on the characteristics of Potassium
leaves and stem
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Treatment Leaves Potassium Stem Potassium
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(aal) sifia 366d 355f
Control
$1f28y (s 355 X CusgyaS 00)9) 456.69h 435b
Vermicompost x Biofertilizer
(o> 555) s1f33y 419.79¢ 396.15¢e
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(525 25) _Slflaz 381.81d 420.67bdec
Biofertilizer
(CawgsoS 09 255) S1aa1 461.75b 430.67bc
Vermicompost fertilizer
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Cow manure x Biofertilizer
(rSlslxe) S22y 429 06¢ 405.38de
Spraying
$2f28p (i) 355% CusgpaS 0y 355 X ol Jslone) 530a 471.94a
Spraying x Vermicompost x Biofertilizer
Safaan(Lel> 298 % o8k Jglxe) 505.67a 462a
Spraying x Cow manure
stlaz(L_;w s;{ x L;ffls._J}b“) 470.33b 423bcd
Sprayingx Biofertilizer
Saf281 (CusgpaS aps X (0L Jgle) 469D 405.50cde
Spraying x Vermicompost
Safa8y (s 295 % (ol 298 % o8y Jgloxo) 503.88a 468.67a

Spraying x Cow manure x Biofertilizer
S5 o b doyd ey Jless] pdaws )3 (655 dme (Lol MBI gt ya 53 Glie gy b (sla ke
Means with similar letters in each column are not significantly different at 5% probability level
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(Theunissen et al., 2010) 355 0 oLS ;3 lausgigMd

Slgre Cp i 48 03> (LS @ (595 1 (S 52
Jhess an olS 5l 3 w2 S 0 Sl by S
2l U s ine GBS yes 48 caily olaid] CusgeaS 0y
A 355 (y9de slasd A G Gl o) VA (gl b las
(Mosavi et al., 2012)

o 3o lass 3
Jd clio oles ) s 9 (358 ooles 1ol lis il
odlw )_)‘ dLﬁjb » W )‘3‘_}_@40 ijﬁ 4.\“.5) a8l ‘j)J cﬁ
Pl Oizmed 295 )3 Hire iy Ji8 Cdo )3 b (8L Jgle
9 S I8 cdo > JlogS olpen 4 (L Jsle ()less oS 5
Goles S 5 Jloel (85 51l flas 1y oyl pixe cuglay dBlus
A o ine S U8 o 14 s 355 el & J 355
Pl izmen g G ) (B gdne )les oS 5l oslatul
Slis jl Sogd d (ibJede 1 g » J o8 $lfaw

(Y Jods) ol ol 1y (ol ixe gl

quaj slajles O ) sls ul—‘*" Q&Lm oo C”L”
S)less w8 5 5l 4398l 9 b Jg)l5 @ Jdg IS (e oy
i el L ly o)y (Bl olore olpen 4 CusgiaS o0y
(5 Jgi) sel Canday
ibwslil g pali 8 L ol ) ol olas g CusgreS o0
5 o2l 039 Wle Jidg)lS s 3 e (oS yolie (om)8
ili8l sl olS b 0ad Gl g5 GhI3SI Gioren 5w
@l D9-b e Sy (S jew 4wl 3 9 S 89yl Gliee
(Sifolaet lou, o9y olS jo (piize slaadl b ool Cowdds
Syl eille al., 2006; Tahami Zarandi et al., 2010)
CuwggeS (cayg &5 230> GUES Lgw obS ()2 )3 (eilizee (e
Aald ol b duslio )3 Sy S S (slgixe 5 daw il can
L J89,8" glgsime 8,k 51 .(Mottaghian et al., 2010) .
o3y byl S jl olS Lawgs odd s (glaiss yuolis o
Griwgid o alS 4 (59) ;o (ke PS> (ped 4 Wb
Sl YL ao)d (390 By Jds @y g 4l (090 9 (2lsnplu]
5 Lol (gzmen (b SlS 5 i Ll case Sosn

st 9 I S B3g5 l Codi US )8 pas 02,15 0LS Migiig, 5 9 b by S @ g S Colas pe (3aSilie il ylg 158 gl -0 Jgua
Table 5- Analysis of variance (mean squares) of chlorophyll a, chlorophyll b and carotenoid Echinacea purpurea under the
influence of organic fertilizers and Biological

Mean squares cles yo miilo

Oy @i @3l 4y a Jdg 5 b Jidg i g,
Sources of variation d.f Chlorophyll a Chlorophyll b Carotenoid
S 3 0.0019™ 0.0001" 1.38"
Replication
ilyine 1 0.003" 0.003™ 2.75"
Spraying
s 3 0.00005 0.000 0.39
Errora
S 2 0.0042" 0.003™ 0.12"
Organic fertilizers
) 355 ns * ns
Biofertilizer 1 0.000011 0.000 0.32
Xl 2 0.00032" 0.000" 1.65”
Spraying x Organic fertilizers
et 3 X el Jglne 1 0.000020" 0.000" 0.008™
Sprayingx Biofertilizer
sy 358 % I 398 ns ns ns
Organic fertilizers x Biofertilizer 3 0.000036 0.000 0.40
Bl dlre X 368 x I 568 ns ns ns
Organic fertilizers x Biofertilizer x Spraying 2 0.0013 0.000 0.004
S sl 30 0.0013 0.000 3.91
Total error
) St o2 9.40 8.38 9.40 8.98

Coefficient of variation (%)

A3l e (g0 43 e pas g Y o /0 zdaw )3 39 J5 dme odimd LS (S A NS g
** and * and ns are significant at the 0.01 and 0.05 of probability level and non-significant, respectively.
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Table 6- Mean comparisons of the interaction effect of Spraying x Organic fertilizers (SF) on chlorophyll a, chlorophyll b
and carotenoids contents of Echinacea purpurea

s A Judg )ls D Judy 5 Mgy,
Treatment Chlorophyll a Chlorophyll b Carotenoids
(mg.g~dw)
(anLs) S1fy 0.06d 0.03d 3.47c
Contrl
S12 (CasgeoS oys 35) 0.08c 0.04c 4.15b
Vermicompost
S1f3 (Loel> 555) 0.07c 0.04c 8c 3.
Cow manure
Saf1 (ChgneS oy9 355) 0.07c 0.04c 3.51c
Vermicompost fertilizer
Sofp (CawgoS cayg 55 X (b Jglons) 0.10a 0.07a 4.96a
Spraying x VVermicompost fertilizer
Sof3 (Ll 358 % sl Jslone) b 00 0.05b 4.35b

Spraying x Cow manure

)5 on b doyd B pdaw )3 (63 dme (g lol VIS gt ya y> lie gy b (sla ke
Means with similar letters in each column are not significantly different at 5% probability level

38 3l Gl S5 s (91> olS 59y 2 00 plo] (o)
=8 0,8des oyt b ygilgwge olyan &) Hiuden (Jumj (sladgS
(Agha Alikhani et 5o cuas Lo 5l gless oS )5 (o e Al
03> L Hlee ddduad oS (59, p AEST ) pizmed AL, 2013)

29l Sl 39 9 S5 Gl e Sjglan sladgS o4 A
(Sanches Govin et al., 2005) .

Golos oS 5 3l oslatnl b dBlos 5 Sy b e (390 g

3905 Ole iz Ol 1) (Bhdgbe olyen 4 CungraS )9 355
o (005 olyd g Sy e (38l bl I sleags S
50 Slampl sl ) S0 5o g 55l cdly gl culie
9 g 035l Gl 8l o ge g jtiwg ()8 pudgilio 5
(Arabci and Bayram, 5. o oS ol > uilwl 5, Slos
Do gyl oS 5 calize I clasg S I oolil 2004)
oy 0y Slee by iul38l eel (Anethum graveolens)
s (Khalid and Shafei, 2005) si il cusiS 5 (il
30 CawgraS Ciliseo pglan I odlatul a5 39y o] Kby Sod s
<30 (Dracocophalum moldavica L.) )b e, olS
51 (Hussein et al., 2006) s wolwl g 15y (sl el b i8]
ol (23355 31 Slia uilel oys 5 olS SS9 oS L]
o yomte yolis y iy () )5 (e 53 day oo JlaS 4
Ol ol 2 48 0ad o850 LS 5 Ay pde ()15
Sl plord LSl iy (i sLadgS () iS
(Arguello et al., Ko 4 9bs3,| adlllas (Yadegari, 2013)
CostsS g Joarmo 3y Slos ang B (]38l (e 55 2006)
Lol 39— (Allium sativum) e —g)ls oS 5 (LS9,3)

9 5l BSKi5 )d @yud G2yl 5l CungaeS 09 B pae 48 Adl )

VAT 550 U S i talel 51 Jools celoosls Lpolsl
255 Yot Op)lS aom ) Sid odle py S p ) S e
Lopd YY/FY dald U auslio )0 i 355 50 CungueS 059
Ol ot palafl slajloss o o oV JS3) b 33l
olyed oy CwgeoS (0yg )bl S 5 Sl Bl 5 S JiB
Lajlasd ol Jlosl aons 0 &S 650 & ol Cumwddy i Jgloes
U duslio 13 do)d FOFY o PO/ A sy dBlo |6 5 Sy i
25 ol o (ina (A Ji2) b ol Tl sals g
USY 5o L JS by yidn CawgaeS say9 395 oel Camda
Ot 55 9 20 YWIVA (Al b Sid osle p)57 o )5 e
ol o b duslie o 1y duo > YOINY il b ayy b ol5ee
(A Jgs) ol oyl
Lo U 5l ookl ams o Liss sael Comdas mls
CowgeaS (09 L ol yod jaud 008 J> 5 (19 ks 0MIS CeS
CuwgeaS (0)9 )3 9290 ymd g (190 Mo Sl ¥l s Wl o
YU 4,8 &g Oladss wll o (Kumar et al., 2001) >4
48 dp-Bse ol > (8 Sl 30 Vb cuw yolis nl (58,
(Athrixia phylicoides L.) Luss 51 sLS ;5 sdel cawdas ol
»59 9 3 (Fhatuwani, 2007) cowl cllo o Sy
ool ialisl 1) wlegw aJs o9l olalS cuis p JI cladgS
g Ll 01 glsil clacaS 5 (Al o don
4585 alsol bl ol [(Scheffer and Koehler, 1993)
S5 ge CwgpeS (s0yg Bpaae &S 2> (LS die)d ol (9,
aS 0ss wals b dwlis o Guilel 3 Sles g 20 5 alasMe 18
St odle inli8l 4y g o 1y olS cpl pd (uilul 3 Sas dau
(Pandey, 2005) sl5 cuws CwgnoS —0yg Byao 5l Jol>
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o Jsz)

L Jlsloags a8 oy plis pg)ls lals (caie; y Olasiss
S g 0355 g dagl i 5,00 (lie yolis (35 oal
(Scheffer and a_as o Lilidlly Slals oyl 5l esd gl sl
= T g Sogdgm sladg S 5wy ,> Koehler, 1993)
4 (Foeniculum vulgare Mill) asbjl, bl cuas 5 cusS
S)lbes S 5 5l eill o) (it oS 2Bl Cuwd doxsS
(Moradi et al., s Joolbs xSLigiil ol yon dy CamwguaS 0y9
5 Cito il i 295 3> i (6,505 8ao0 piczen -2009)
» (Valeriana officinalis) o)l fiw 5y Slas 1y (g)l5 o
b odmliiie jlaws (4l )3 0550 03lo oy yiidis 5 Al pdaw A g
.(Naghdi Abadi et al., 2012)

Sl limg S Gl cage ol by 090 a5 s 5
Jgmamme 3, Shos o] Cdlate g 010, (1S9, lai Slezslo
boo d9m0 oy
glo (B glog,S Lalojl (VL arja Jdoe 150 j95ud !
Lais (5598wl (65 05105] ¢ yiolojl (sladiges dluss (39) YU
Sobosd S 5 WY sl LSS ¥ a5l ond g oS 5o aigad il
S Sl Cdo (uilly o bl cpl b el
OIS OlFe 1y plie (S g cn e Ladd g 0398 Sl
S5 1y S5 SoSed el (e (il V S @ drgi Lo yS
Lt saeonslom (i 355 olyad &) CungeaS 009 365 (o less
oiaS ool (Lt Lt o3le p5 1 p)S e YVISF il
L (1ald) (s 395 olyom 4 1568 (g)loss o8 5 5 ol
Sl cwddy Sid ole p)S p p)S e YOINY Lyl (S5bo

9 I srgS Tl cod U5 )1 pus 0l Cilitsen (gl siise 50 b g U b im0 ol po (Silie il ylg 15285 S -V Jgaa
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Table 7- Analysis of variance (mean squares) of total phenol and phenol content in different parts of coneflower under
the influence of organic and biological fertilizers

Mean squares e wo oSl

i e @31l a3 S Sp g e ady, g S5
S0V Degrees of Flowers Leaf Shoot Root Total
e freedom Phenols Phenols Phenols Phenols Phenols
RS 3 0.05"™ 0.03™ 0.19™ 0.12" 0.22"™
Replication
b gl 1 112 0.832 1.09 0.007™ 9.67
Spraying
kol slas 3 0.10 0.14 0.06 0.19 0.94
The main error
Y1 2 2.77 0.006 3.67 0.31 46.007
Organic fertilizers
st 365 1 156" 0.23" 0.25" 0.15° 6.95"
Bio-fertilizer ” .
G198 x 5L Jgloxe 2 0.0736™ 0.16 0.30 0.006™ 0.034™
Spraying x Organic fertilizers
) 365 X ol Jgloe 1 0.078™ 0.02" 0.0009™ 0.006™ 0.24"™
Sprayingx Biofertilizer
st 365 % 35 2 0.96™ 0.01" 0.46" 0.04" 0.70™
Organic fertilizers x Biofertilizer
b gloe X sy 398 x I 568 2 0.116™ 0.01™ 0.031"™ 0.012™ 0.48™
Organic fertilizers x Biofertilizer x
Spraying
oo lbs 3 221 0.28 122 0.79 4.61
Accessory error
(7)) @lyoss oy 8.46 4.24 9.008 18.84 4.55

Coefficient of variation (%)

A3l oo g0y xe pas 9 Y 9 D o )3 35y I gme 0l LS il NS g s i
** and * and ns are significant at the 0.01 and 0.05 of probability level and non-significant, respectively.
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Figure 1- Mean comparisons of interaction of vermicompost x Azospir Biofertilizer on flowers phenol attriute

S5, e oL aBlw 9 Syp L8 yl5u0 39 (SF) suilJglone X (I 395 Lo 51 pSilue dunslio ~A Joua
Table 8- Mean comparisons of interaction of Organic fertilizers x Spraying (SF) on phenol leaves and stems of Echinacea

purpurea
s S Jid FENTS
Treatment Leaves Phenols Stems Phenols
(mg.g™"dw)
Slf]_ (.\Ibl.w) 1.69e 1.6e
Control
Slfz (CAM)%J@” .)9{) 2.62b 2.45ab
Vermicompost fertilizer
S1f3 (ool 355) 2.22¢ 2.19cd
Cow manure
Sof1 (sl gloxe) 1.89d 2.14d
Spraying
Sofy (CowgueS (0y9995 X (b Jgloxe) 2.79a 2.65a
Spraying x Vermicompost fertilizer
Saf3 (ool 395 % (il Joloxe) 2.64b 2.37cb

Spraying X Cow manure
5 o b o3 B Lo j3 (I gime (el M) g y2 > alie gy b (gl ko
Means with similar letters in each column are not significantly different at 5% probability level

IS, oLS S Jid g duy Ji8 l5ue 3 (F) (1595 03lw 131 puflue dunylio -4 Jou
Table 9- Mean comparisons of the effect of organic fertilizers (F) on root phenol and total phenol content of Echinacea

purpurea
Treatment Root Phenols ~ Total phenols
(mg.g"'dw)
fi (12L5) 0.75b 7.31¢
Control
2 (Ssseot o) 0.94a 9.67a
Vermicompost
f3 (o 299) 0.89ab 8.86b
Cow manure

S0 e b oy O maw 3 ()l Gxe d)bi AW gw o > aliie Bg o b (sla(:Ske
Means with similar letters in each column are not significantly different at 5% probability level
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Figure 2- The effect of organic and bio-based fertilizers on the attribute of flower Chicoric acid
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Introduction

In recent decades, agricultural production has become increasingly dependent on the consumption of
chemical inputs to obtain higher yields, which in turn has led to major problems such as environmental pollution
and consequently, arresting sustainable production. In order to reduce these hazards, application of resources and
inputs must lead to long term-sustainable agriculture system as well as supplying the current needs of plant.
Proper plant nutrition and soil fertility management can enhance environment protection and moreover, improve
input use efficiency and the quality of water, reduce erosion and maintain biodiversity. The valuable medicinal
plant “purple coneflower”, is widely used in pharmaceutical, food, cosmetics and health industries. Although not
native to Iran, the plant has been recently categorized as an indigenous plant. This plant has been used in the past
for the treatment of snakebite, gums and mouth disorders, colds, cough, and sore throat. In the last 50 years, due
to its anti-viral, anti-fungal and anti-bacterial properties, purple coneflower is globally well-known and its
derivatives are categorized as immune system tonics. Nowadays, products of purple coneflower are presented as
blood purifier, antiseptic and sedatives. Therefore, according to background of the use of medicinal plants and
change in point of view regarding to this kind of crops as well as increasing global demand for the use of these
plants in the treatment of diseases, and considering the harms caused by the consumption of chemical drugs, it is
necessary to conduct a comprehensive research on medicinal plants.

Materials and Methods

The experiment was carried out as split factorial based on randomized complete block design with four
replications in experimental fields of Khuzestan Agricultural Sciences and Natural Resources University
between 2013-2014. Foliar application of vermicompost tea was performed at two levels (with and without tea
use) and was assigned to the first factor in main plot; the second factor was organic fertilizer which was applied
at three levels (zero application, vermicompost and cow manure); and finally biofertilizer was the third factor
and had two level (without biofertilizer application and azospirillum biofertilizer). The latter two factors were
assigned to the subplots. In this experiment, some qualitative characteristics such as mineral elements,
photosynthetic pigments and the amount of substance active ingredients were evaluated.

Results and Discussion

According to the results, the highest root and total fenol were obtained from vermicompost treatment,
whereas the highest leaf nitrogen, stem nitrogen, leaf phosphorus, stem phosphorus, chlorophyll type a,
chlorophyll type b, carotenoid, leaf fenol and stem fenol was observed for the combination of vermicompost and
tea vermicompost treatments. The highest flower fenol and chicoric acid content was recorded in vermicompost
treatment together with azospirillum biofertilizer. On the other hand, the lowest stem and leaf potassium
belonged to the combined treatment of tea vermicompost foliar and azospirillum biofertilizer. Generally, organic
and bio-fertilizers, directly and indirectly, increased nutrients absorption in coneflower via improving plant
access to macro-micro nutrients as a result of altering physico-chemical circumstances, stimulating the activity
of beneficial soil microbes, increasing water absorption, availability of macro and micro elements and presence
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of hormones such as auxin, humic acid and GA3. Foliar spraying of vermicompost as a complementary to soil
fertilizers provides quick and direct absorption of nutrients through shoots. Consequently, the treatments applied
in this study simultaneously improved the characteristics of purple coneflower and the amount of its active
ingredient.

Conclusions

The research showed that the combined treatment of vermicompost and foliar application of vermicompost

tea was more feasible in the cultivation of purple coneflower rather than other treatments applied, so it was
identified as the ideal treatment.

Keywords: Azospirillum biofertilizer, Chicoric acid, Fenol, Vermicompost tea



