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Abstract

Background and objectives: Purple coneflower (Echinacea purpurea L.) is one of the most
wellknown medicinal plant species with high economic value worldwide. In Iran, this species'
roots and shoots are used in herbal medicines. Many types of phytomedicine are commercially
produced from Echinacea aerial portions for boosting the nonspecific immune system and treating
the common cold. Environmental and health costs of chemical fertilizers have led researchers to
meet plant nutritional needs using chemical, organic and biological fertilizers. The present study
aimed to investigate the effects of organic and biological fertilizers on morphological traits, shoot
and root dry matter, and essential oil percentage and yield in the leaves and stems of coneflower
plants.

Methodology: This experiment was conducted on a randomized complete block design with three
replications at the Research Institute of Forests and Rangelands, Iran, in 2018-2019. Treatments
included COﬂtl’O', NPK (N50P25K25; N75P35K3s and N10oP75K75 Kg.ha‘l), manure (30, 60 and 90
ton.hal), vermicompost (5, 10, and 15 ton.hal), NsoP2sKzs fertilizer + 30 ton.ha manure,
NsoP2sKas + 5 ton.hat vermicompost, biological fertilizers including Glomus intraradaices +
G. mosseae, Azospirillum + Pseudomonas, Thiobacillus + 5 ton.ha vermicompost and
Thiobacillus + 250 Kg.ha* of sulfur (S). Before applying fertilizer treatments, a soil analysis was
done. After applying fertilizer treatments, the physical and chemical properties of the soil were
also determined. The treatments were selected based on the fertilizer requirements of the plant as
well as soil test results. Parameters such as plant height, leaf, stem, and flower numbers, root
penetration depth, root volume, leaf, stem, root, and flower dry matter, leaf, stem, and flower
essential oil, and essential oil yield of leaves, stems, and flowers were evaluated. At the full
flowering stage, samples were taken from aerial segments of plants in all treatment groups. After
shade-drying, the samples through a Clevenger-type apparatus were hydro-distillated to obtain
the essential oil. The oil percentage, as well as yield, was calculated based on the dry weight.

Results: The results showed that the highest leaf and stem dry matter was observed in the
15-ton.ha* vermicompost treatment. A 5-ton.ha® vermicompost treated with NPK fertilizers
displayed the highest flower dry matter. On the other hand, the highest root dry matter was
obtained in the treatment with 30 tons.ha* manure + NPK fertilizers. The highest flower essential
oils yield was obtained in ton.ha* manure + NPK fertilizers. The highest leaf + stem oil yields
were found at the flowering stage in 15 tons.ha vermicompost. Also, NPK treatment + 30
tons.ha* of manure resulted in the highest yield of flower essential oil. 15-ton.ha™* vermicompost
treatment yielded the highest stem and leaf essential oil yield. Only the organic fertilizer group
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(CM vs. V5) and the biofertilizer group (GM and GI vs. T) showed an increase in flower essential
oil yield compared to the other nutritional treatments. In the leaf+stem essential oil yield results,
all comparisons between treatment groups showed a significant effect, except for the organic
fertilizer group (CM vs. V5). Compared to the NPK group, the biofertilizer and organic fertilizer
group yielded the highest leaf+stem essential oil yield.

Conclusion: It was concluded that biological fertilizers treatment combined with organic
fertilizers could be a suitable alternative to chemicals in the sustainable production of this valuable
medicinal plant. These findings suggested that biofertilizers and organic fertilizers can benefit
Echinacea purpurea cultivation because, when combined, they enhance the essential oil
percentage and yield.
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Table 1. Physicochemical properties of research farm soil in 2018-19

Depth Electrical Satggﬁ ted Organic Total Absorbable  Absorbable Absorbable
Year P Pattern  conductivity . carbon  nitrogen  phosphorus potassium
(cm) reaction sulfur (ppm)
(ds.m) (oH) (%) (%) (ppm) (pPpm)
2018 Silty 1.2 7.7 7.9 0.06 30.2 114.7 24.2
0-30

2019 Clay 13 7.5 7.6 0.05 27.9 97.8 22.8
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Table 2. ANOVA of nutritional treatments effects on morphological traits of Echinacea purpurea in 2018-19

Mean of square

S.0.V. d.f. Plant Number of Number of  Number of Root Depth of root
height sub-stems leaves flowers volume penetration

Year (Y) 1 18129.9™ 5896.4™ 65710™ 1089.4™ 372504 14.2
Error Year 4 95.9 15.9 1048.0 8.89 342.3 1.68

Nutritional treatments (N) 15 205.7" 163.4™ 3928.7" 78.5™ 16296.8™ 25.0™

Y x N 15 118.1™ 46.9™ 3608.6™ 25.3" 74117 29.4™
Experimental error 60 49.9 10.8 514.1 4.8 3344 1.8
C.V. (%) - 10.2 14.0 17.7 134 13.7 5.4

**: significant at 1% probability level
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Figure 1. Means comparison of nutritional treatments effects on plant height of Echinacea purpureain 2018-19
N: nitrogen (kg. ha), P: phosphorus (kg. ha™), K: potassium (kg. ha™), thio: Thiobacillus (10°.g%), vermi: vermicompost (ton. ha™),
S: sulphur (kg. ha'), pseudo: Pseudomonas (10°.g%), Azo: Azospirillum (10°.g?), intera: Glomus intraradices (g),
mossea: Glomus mosseae (g), manure: Cow manure (ton. hal).
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 2. Means comparison of nutritional treatments effects on number of branches (a), leaves (b),
and flowers (c) of Echinacea purpurea in 2018-19
N: nitrogen (kg. ha™), P: phosphorus (kg. ha), K: potassium (kg. ha™), thio: Thiobacillus (10°.g%), vermi: vermicompost (ton. ha?),
S: sulphur (kg. ha*), pseudo: Pseudomonas (10°.g%), Azo: Azospirillum (10°.g?), intera: Glomus intraradices (g),
mossea: Glomus mosseae (g), manure: Cow manure (ton. hal).
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 3. Means comparison of nutritional treatments effects on volume (a) and root penetration depth (b) of
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N: nitrogen (kg. hal), P: phosphorus (kg. ha™), K: potassium (kg. ha™), thio: Thiobacillus (10°.g’%), vermi: vermicompost (ton. ha),
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Echinacea purpurea in 2018-19

S: sulphur (kg. hal), pseudo: Pseudomonas (10°.g%), Azo: Azospirillum (10°.g?), intera: Glomus intraradices (g),
mossea: Glomus mosseae (g), manure: Cow manure (ton. hal).
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 3. Group comparisons analysis (F test) of nutritional treatments effects on morphological properties of
Echinacea purpurea in 2018-19

Plant Number of Number of  Number of Depth of root
Treatment . Root volume .
height branches leaves flowers penetration
Control group vs different
9 . P 351.2° 233.1™ 6096.1" 90.7" 7317.8" 10.8"
fertilizers group
Organic fertilizer group vs.
chemical fertilizer (NPK) 50.2m 119.199 5065.2™ 74.6™ 9823.3" 10.8"
group
Biofertilizer group vs. NPK
group 130.7 159.6™ 6817.5™ 4.08™ 570.4 0.17
group
Biofertilizer and organic
fertilizer group vs. NPK 0.12m 165.8™ 7061.6™ 48.1™ 6373.4™ 4.69™
group
Biofertilizer group vs. o o - .
4114 13.5™ 584.2" 39.7 5117.3 14.2

organic fertilizer group
Organic fertilizer group
(Cow manure vs. 25.1m 29.9m 2271.8" 35.8™ 6567.04™ 13.5™
Vermicompost)
Biofertilizer group
(Glomus mosseae + Glomus

. . . . 158.4" 18.2™ 260.4m 103.2 13333.3" 27.07
intraradices vs. Thiobacillus +

Pseudomonas+ Azospirillum)
n.s., *, and **: non-significant, significant at 1, and 5% probability levels, respectively

WAV-aA bl s JE6 u Kts sl ladis byl 5T sty as =F Jsis
Table 4. ANOVA of nutritional treatments effects on Echinacea purpurea dry matter in 2018-19

M.S.
Shoot
S.O.V. d.f. Leaf dry Stem dry Flower dry Root dry
(leaf+stem+flower)
matter matter matter matter
dry matter
Year (Y) 1 1446.9™ 4048.2™ 4028.2™ 167057 27068.1"
Error Year 4 10.7 43.9 6.9 60.5 47.9
Nutritional - i - " -
15 165.6 609.88 127.6 6373.7 1890.4
treatments (N)
Y x N 15 26.1" 254.6™ 66.0™ 4825.3" 422.3"
Experimental error 60 15.6 23.2 8.1 239.1 425
C.V. (%) - 16.2 171 125 17.2 9.7

**: significant at 1% probability level
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Figure 4. Means comparison of nutritional treatments effects on Echinacea purpurea dry matter in 2018-19
N: nitrogen (kg. ha™), P: phosphorus (kg. ha™), K: potassium (kg. ha™), thio: Thiobacillus (10°.g), vermi: vermicompost (ton. ha?),
S: sulphur (kg. ha*), pseudo: Pseudomonas (10°.g%), Azo: Azospirillum (10°.g?), intera: Glomus intraradices (g),
mossea: Glomus mosseae (g), manure: Cow manure (ton. ha).
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 5. ANOVA of nutritional treatments effects on percentage and essential oil yield of Echinacea purpurea in

2018-19
M.S.
SOV af Flowers Leaves and stems Flowers essential ~ Leaves and stems
T v essential oil essential oil oil yield essential oil yield
percentage percentage
Year (Y) 1 0.426™ 0.006™ 0.045" 4.04m
Error Year 4 0.0005 0.002 0.94 7.3
Nutritional 15 0.095™ 0.022™ 245" 78.3"
treatments (N)
Y xN 15 0.033™ 0.025™ 6.07" 42.8™
Experimental error 60 0.0002 0.0006 0.67 2.2
C.V. (%) - 6.2 20.5 23.8 37.7

n.s., and **: non-significant, significant at 5% probability levels, respectively
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Table 6. Means comparison of nutritional treatments effects on percentage and essential oil yield of
Echinacea purpurea in 2018-19

Flowers Leaves and Flowers Leaves and stems
Treatment Year essential oil stems essential essential oil essential oil yield
(%) oil (%) yield (kg.hat) (kg.ha)
2018 0.0+31.08¢ 0.0+19.03¢ 5.0+13.13¢ 5.0+30.49¢
N100P75K75
2019 0.0+1605f 0.0+8.0f 5.0+£33.23¢ 4.0+£20.34¢
2018 0.0+46.11P 0.0+10.01¢ 3.0+40.14¢ 0.0+36.02)
NsoP 25K 25 N
2019 0.0+14.03f 0.0+2.009 3.0+36.16¢ 0.0+66.06"
2018 0.0+9.00¢ 0.0+8.009 4.0+56.26 4.0+30.36°
N75P35K35
2019 0.0+18.04f 0.0+11.02¢ 2.04£53.19¢ 3.0+26.26f
. . 2018 0.0+6.00" 0.0£3.00¢ 1.0+0.08¢ 1.0+73.119
Thio +vermi-5
2019 0.0+10.01f 0.0+17.03 3.0+40.33¢ 3.0+86.15f
. 2018 0.0+16.04f 0.0+2.00¢ 0.0+33.00" 0.0+43.06'
Thio+S250
2019 0.0+11.03f 0.0£11.01¢ 1.0+66.11" 4.0+£45.29¢
. 2018 0.0£37.07¢ 0.0+12.02¢ 2.0+80.13% 0.53+0.07
NsoP25Kas+vermi-5
2019 0.0+14.021 0.0+£14.01¢ 1.0+90.21f 5.0+70.53¢
2018 0.0+26.06% 0.0+10.0% 4.0+63.42¢% 2.0+0.008¢
Pseudo+Azo
2019 0.0+17.03f 0.0+16.02¢f 4.0£76.13¢ 3.0+63.13f
) 2018 0.0+27.00¢f 0.0+8.00¢ 1.0+66.26f 1.0+£33.11"
intera+mossea
2019 0.0+11.01% 0.0£37.06% 2.0+80.36% 5.0+43.46¢
10 2018 0.0+26.03¢% 0.0+£37.042 2.0+£33.23¢ 1.0+46.06"
vermi-
2019 0.0+15.00f 0.0+17.02« 1.0+90.22¢f 11.1+9.1°
15 2018 0.0+32.04¢ 0.0+6.00f 3.0+43.254 22.1+16.892
vermi-
2019 0.0+15.00f 0.0+14.01¢% 3.0+13.43¢ 8.0+£16.36°
5 2018 0.0£38.08°¢ 0.0£20.03°¢ 1.0+93.18¢f 0.0+83.06
vermin-
2019 0.0£10.00¢9 0.0+7.00f 3.0+3.23d 3.0+2.37f
2018 0.0£23.01¢ 0.0+24.04° 3.0+90.33¢ 11.0+6.83°
manure-90
2019 0.0£24.02¢ 0.0+14.01% 5.0+£66.26° 5.0+73.29¢
2018 0.0£38.06°¢ 0.0+18.03« 3.0+20.19¢ 3.0+26.26f
manure-30
2019 0.0+31.03¢ 0.0+6.00f 7.0+£33.43P 1.0+66.08"
2018 0.0£22.01¢ 0.0+£11.02¢ 2.0£60.06¢ 0.0+26.03
manure-60 )
2019 0.0+11.00f 0.0+1.00¢ 2.0£13.13¢ 0.0+55.04'
2018 0.0£87.092 0.0£2.00¢ 11.0+£7.342 0.0+40.00i
NsoP2sK2s+manure-30
2019 0.0+£38.03¢ 0.0+7.00f 7.0+16.26° 2.0+96.369
Conrol 2018 0.0+19.00¢f 0.0£2.03¢ 2.0+£40.14¢ 4.0+86.62°
ontro
2019 0.0+8.009 0.0+3.00¢ 1.0+40.11¢ 1.0+36.16"

N: nitrogen (kg. ha™), P: phosphorus (kg. ha™), K: potassium (kg. ha), thio: Thiobacillus (10°.gT), vermi: vermicompost (ton. ha@),

S: sulphur (kg. ha*), pseudo: Pseudomonas (10°.g™%), Azo: Azospirillum (10°.g%), intera: Glomus intraradices (g), mossea: Glomus mosseae (g),
manure: Cow manure (ton. ha®)

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 7. Group comparisons analysis (F test) of nutritional treatments effects on dry matter and essential oil of
Echinacea purpurea in 2018-19

Flowers Leaves and Leaves and
Shoot . Flowers
Root dry essential stems . stems
Treatment (leaf+stem-+flower) . . essential .
matter oil essential oil L essential
dry matter oil yield o
percentage  percentage oil yield
Control group vs. different - - - -
. 4256.3 2141.7 0.014 0.000004" 394 0.086"
fertilizers group
Organic fertilizer group vs.
chemical fertilizer (NPK) 20.1" 12261.2™ 0.022** 0.007™ 2.07m 13.4"
group
Biofertilizer group vs. NPK - . . - -
1204.2 1096.1 0.002 0.178 0.050m 515.2
group
Biofertilizer and organic - - - -
I 121.1™ 8429.8 0.015 0.054 1.23™ 140.6
fertilizer group vs. NPK group
Biofertilizer group vs. organic - - - - i
. 1984.5 5256.5 0.009 0.161 1.39"™ 508.3
fertilizer group
Organic fertilizer group
(Glomus mosseae + Glomus 450.7™ 54.6™ 0.121™ 0.016™ 11.2™ 0.510™
intraradices)
Biofertilizer group (Glomus
mosseae + Glomus intraradices . . . N -
o 5292.1 8226.8 0.0005" 0.006 4.08 2159
VS. Thiobacillus+ Pseudomonas+
Azospirillum)
n.s., *, and **: non-significant, significant at 1, and 5% probability levels, respectively
.(Anwar et al., 2005) s sals s
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