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Introduction

In recent years, the aggressive application of chemical fertilizers for agricultural production has endangered
the health of soil, water, air, as well as crops, and has raised many concerns for the global environment and
human health. In addition to the positive biological effects and modification of soil physical and chemical
properties due to the gradual release of nutrients, organic fertilizers cause less pollution in the environment. Due
to the significant role of medicinal and aromatic plants in different industries, it is important to increasing
production of yield and secondary metabolite produced without the use of harmful chemical fertilizers. Fennel
(Foeniculum vulgare Mill) is widely grown in arid and semi-arid regions and due to its economic importance and
pharmaceutical industrial applications, it is one of the world’s most dimension medicinal plant. This plant has
antiseptic, antispasmodic, antiinflammatory, diuretic, carminative and analgesic effects and is effective in
gastrointestinal disorder treatment. Moreover with its antioxidant and antiulcer properties, it is used to treat
neurological disorders.

Materials and Methods

This study was conducted to evaluate the effects of organic and biological fertilizers on the morpho-
physiological and phytochemical properties of fennel (Foeniculum vulgar Miller). In this study, the impacts of
vermicompost (0, 4, 8% in pot), animal manure (0, 7.5, 15% in pot) and mycorrhizal fungi (0, 1%) on
physiological and biochemical properties of fennel in greenhouse conditions was evaluated. In order to extract
the samples to measure biochemical factors, methanol 70% was used at a ratio of 5:1 (volume- weight).
Determination of free radical scavenging was performed by using the DPPH test. The samples’ absorptions were
read at a wavelength of 517 nm with Epoch Microplate Spectrophotometer, BioTek Instruments, Inc., USA.
Measuring the total phenols was performed according to the Folin’s reagent method and the use of gallic acid as
standard (purchased from the brand MERCK, Germany) by using a spectrophotometer at the wavelength of 765
nm. Total flavonoid content was measured using a spectrophotometer at a wavelength of 510 nm through a
standard curve of quercetin from Sigma-Aldrich. The Essential oils were obtained from seeds by
hydrodistillation for 3 h using a clevenger type device. The analyses of essential oil volatile components were
determined by gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS). Data were
analyzed by using Duncan’s multiple range test (P< 0.05) by SAS, version 9.4 for Windows.

Results and Discussion
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The results of current investigation showed that organic and biological fertilizers improved the fennel yield
and phytochemical properties such as the plant height, seed weight per plant, fresh and dry weight of roots and
plants, content of total phenols and flavonoids, antioxidant activity, percentage of essential oil and root
colonization. The highest plant height, number of flowers, umbrellas and seeds per plant and fresh and dry
weight of roots were obtained after combined application of 8% in pot vermicompost, 15% in pot animal manure
and application of mycorrhiza. According to the results, the highest amount of total flavonoids (177.66 mg/100g
DW) and root colonization (35.8%) after of 8% in pot vermicompost + 15% in pot animal manure + mycorrhiza
application was observed. The results also revealed that the highest fresh and dry weight of the plants (121.33
and 17.41 g, respectively) was obtained after application of mycorrhiza + 15% in pot animal manure.
Application of mycorrhiza in combination with 15% in pot animal manure compared to other treatments caused
a significant increase in total phenol content in aerial parts with 73.22 mg/100g DW. In addition, the highest
amount of antioxidant activity (51%) was obtained after 8% in pot vermicompost + 15% in pot animal manure
application. Application of organic and biological fertilizers significantly increased the 1000 seed weight and the
percentage of essential oil in fennel. After 15% in pot animal manure treatment, the highest percentage of
essential oil by 3.43% was recorded. In general, the highest percentages of essential oil components were related

to (E)-Anethole (78.26%), Fenchone (7.15%), Limonene (6.12%) and Methyl chavicol (3.85%), respectively.
The amount of (E)-Anethole as the essential oil predominant compound, in the control treatment was 66.92%.
The application of mycorrhiza + 4% in pot vermicompost increased the content of (E) -Anethole in essential oil
to 80.72%.

Conclusion

In general, application of vermicompost, animal manure and mycorrhizal fungi improved the growth,
biochemical and yield characteristics and essential oil yield of fennel in greenhouse conditions. These fertilizers
increased plant yield by providing large amounts of required nutrients and affecting various aspects of root
growth and development. Among them, the role of nitrogen may be more prominent due to its participation in
protein synthesis and the role of iron in nitrogen fixation, photosynthesis and electron transfer.
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Figure 1- The effect of vermicompost (a), animal manure (b) and mycorrhiza (c) on number of branches per plant in fennel.
(DMRT, p<0.05)
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Figure 2- The effect of vermicompost (a), animal manure (b) and mycorrhiza (c) on 1000-seed weight in fennel.
(DMRT, p<0.05)
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Figure 3- The interaction effect of vermicompost x animal manure (a) and vermicompost x mycorrhiza (b) on seed
weight/plant in fennel.

(DMRT, p<0.05)
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Figure 4- The interaction effect of animal manure x mycorrhiza and the effect of vermicompost on plant fresh weight (a and

b, respectively) and plant dry weight (c and d, respectively) of fennel.
(DMRT, p<0.05)
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Figure 5- The interaction effect of vermicompost x animal manure (a) and animal manure x mycorrhiza (b) on total phenol
in aerial parts of fennel.

(DMRT, p<0.05)
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Figure 6- The interaction effect of vermicompost x animal manure (a) and the effect of mycorrhiza (b) on antioxidant activity
in aerial parts of fennel.
(DMRT, p<0.05)
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Table 4- Compounds identified in essential oil of fennel fruit grown under greenhouse conditions

8,lows S 5 o $51054 pasls
No. Composition name Retention index (RI)
1 a-Thujene 927
2 a-Pinene 935
3 Camphene 950
4 Sabinene 975
5 b-Pinene 979
6 Myrcene 991
7 a-Phellandrene 1007
8 p-Cymene 1025
9 Limonene 1028
10 1,8-Cineole 1031
11 (Z2)-b-Ocimene 1037
12 (E)-b-Ocimene 1047
13 g-Terpinene 1059
14 cis-Sabinene hydrate 1069
15 Fenchone 1090
16 Linalool 1098
17 Unknown 1106
18 Unknown 1126
19 allo-Ocimene 1129
20 Unknown 1141
21 Camphor 1147
22 Unknown 1174
23 Terpinen-4-ol 1178
24 Methyl chavicol 1196
25 endo-Fenchyl acetate 1223
26 exo-Fenchyl acetate 1236
27 (2)-Anethole 1256
28 p-Anisaldehyde-dimethyl acetal 1262
29 (E)-Anethole 1285
30 a-Terpinyl acetate 1351
31 Eugenol 1361
32 a-Copaene 1378
33 Unknown 1389
34 (E)-Caryophyllene 1422
35 (E)-b-Farnesene 1456
36 Germacrene D 1483
37 Unknown 1498

38 d-Cadinene 1525
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Figure 7- The effect of vermicompost (a), animal manure (b) and mycorrhiza (c) on essential oil content of fennel.
(DMRT, p<0.05)
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Table 5- The interaction effect of vermicompostx animal manure xmycorrhiza on concentrations of chemical compounds (%) identified
in essential oil of fennel

CogeaS gayy SO ol
Vermicompost Animal 132,505k Means
(% in pot manure Mycorrhiza
volume) (\(;/(()]|:.]nm’:(’§t a-Thujene a-Pinene Camphene Sabinene b-Pinene Myrcene
0 Non-use 0.008 0.98 0.12 0.24 0.06 0.59
Use - 0.84 0.12 0.2 0.05 0.54
0 75 Non-use 0.006 0.78 0.09 0.21 0.05 0.51
' Use - 0.97 0.15 0.22 0.06 0.6
15 Non-use - 1.01 0.15 0.23 0.06 0.71
Use 0.007 0.99 0.12 0.26 0.07 0.59
0 Non-use - 0.76 0.1 0.2 0.05 0.52
Use 0.004 0.82 0.12 0.21 0.06 0.54
4 75 Non-use 0.006 0.89 0.11 0.23 0.06 0.56
' Use 0.006 0.86 0.13 0.2 0.06 0.62
15 Non-use - 0.86 0.13 0.21 0.06 0.59
Use 0.009 0.93 0.11 0.24 0.06 0.53
0 Non-use - 0.98 0.1 0.23 0.06 0.52
Use - 0.77 0.12 0.21 0.05 0.57
8 75 Non-use - 0.87 0.1 0.24 0.06 0.59
' Use - 0.94 0.13 0.22 0.06 0.62
15 Non-use 0.006 0.84 0.12 0.23 0.06 0.56
Use - 0.98 0.15 0.22 0.06 0.69
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Continued Table 5- Effect of vermicompost, animal manure and mycorrhiza on concentrations of chemical compounds (%) identified in
essential oil of fennel

Congys gayy S8 Oeileo
Vermicompost Animal 3950 Means
(% in pot ;na_nure Mycorrhiza . . .
volume) (\ﬁllunmpe(;t a-Phellandrene p-Cymene Limonene 1,8-Cineole (Z2)-b-Ocimene

0 Non-use 0.18 0.03 6.84 0.11 1.32

Use 0.14 0.03 5.43 0.06 1.22

0 75 Non-use 0.12 0.03 5.86 0.13 1.09

‘ Use 0.15 0.03 5.53 0.13 1.12

15 Non-use 0.16 0.04 6.58 0.41 1.09

Use 0.14 0.04 6.68 0.009 1.2

0 Non-use 0.14 0.04 5.54 0.12 1.08

Use 0.15 0.03 5.25 0.08 11

4 75 Non-use 0.16 0.04 6.55 0.11 1.09

' Use 0.14 0.03 6.16 0.08 1.18

15 Non-use 0.12 0.04 5.92 0.32 0.98

Use 0.17 0.05 6.32 0.18 1.14

0 Non-use 0.12 0.06 5.93 0.16 111

Use 0.13 0.03 5.2 0.22 1.03

8 75 Non-use 0.12 0.03 7.5 0.05 1.15
' Use 0.15 0.05 6.27 0.02 1.006

15 Non-use 0.13 0.04 6.28 0.07 1.07

Use 0.15 0.05 6.41 0.03 1.09
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Continued Table 5- Effect of vermicompost, animal manure and mycorrhiza on concentrations of chemical compounds (%) identified in
essential oil of fennel

CogeaS gayy SO ol
Vermicompost 22:1“3?; 3955k Means
(:/00|Lnn?e§t (%Iin pz;t Mycorrhiza (E)-b-Ocimene  g-Terpinene msr—;?j?:ar;:ne Fenchone Linalool allo-Ocimene
volume
0 Non-use 0.04 0.09 0.01 7.01 - 0.07
Use 0.03 0.07 - 7.19 - 0.05
0 75 Non-use 0.04 0.12 0.008 6.49 0.02 0.06
' Use 0.03 0.13 - 7.12 - 0.07
15 Non-use 0.04 0.11 - 8.48 - 0.06
Use 0.04 0.09 0.01 6.66 0.01 0.08
0 Non-use 0.04 0.11 - 6.38 - 0.05
Use 0.04 0.1 0.01 6.64 0.02 0.06
4 75 Non-use 0.04 0.18 - 6.16 0.03 0.06
' Use 0.04 0.09 0.01 8.2 - 0.07
15 Non-use 0.03 0.12 - 7.53 - 0.07
Use 0.04 0.18 - 5.82 - 0.11
0 Non-use 0.04 0.12 - 6.61 0.08 0.06
Use 0.04 0.14 - 7.81 0.07 0.08
8 75 Non-use 0.04 0.11 - 6.83 - 0.06
' Use 0.04 0.13 - 8.04 0.02 0.05
15 Non-use 0.04 0.1 0.01 6.37 0.03 0.07
Use - 0.08 - 9.38 - 0.05
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Continued Table 5- Effect of vermicompost, animal manure and mycorrhiza on concentrations of chemical compounds (%) identified in
essential oil of fennel

T Sl
Vemeeot e e T ey
volume) (\“//Cl:IanPe‘;t Camphor Terpinen-4-ol Methyl chavicol en ;(;eg:g Y exgceigfe Y

0 Non-use 0.17 0.02 14.54 0.02 0.09

Use 0.17 0.02 3.37 0.02 0.09

0 75 Non-use 0.17 0.02 3.41 0.02 0.08

' Use 0.16 - 3.21 - 0.08

15 Non-use 0.19 - 3.31 - 0.09

Use 0.16 - 3.19 0.02 0.08

0 Non-use 0.15 - 3.25 - 0.07

Use 0.16 0.01 3.18 0.02 0.09

4 75 Non-use 0.14 0.01 3.31 0.01 0.09

' Use 0.19 0.02 3.17 0.02 0.12

15 Non-use 0.17 - 3.2 - 0.08

Use 0.13 0.01 3.16 0.02 0.09

0 Non-use 0.21 - 3.26 - 0.10

Use 0.22 - 3.1 - 0.13

8 75 Non-use 0.16 - 3.22 - 0.12

' Use 0.20 0.02 3.15 - 0.09

15 Non-use 0.17 0.01 3.06 0.02 0.1

Use 0.20 - 3.24 - 0.1
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Continued Table 5- Effect of vermicompost, animal manure and mycorrhiza on concentrations of chemical compounds (%) identified in
essential oil of fennel

CowigsoS (5059 ‘sﬂ""_’ . oSl
Vermicompost 22:1"3?; ‘}?‘)55%!-0 Means
(:/00|Lnn?e§t (\‘ﬁanmpez;t Mycorrhiza (Z)-Anethole Fgﬁ}‘::f:}'/?i;g?j (E)-Anethole a-Terpinyl acetate Eugenol
0 Non-use 0.16 0.07 66.92 - -
Use 0.13 0.04 78.46 - 121
0 75 Non-use 0.13 0.06 80.10 0.02 0.03
' Use 0.14 0.07 79.76 - -
15 Non-use 0.12 0.14 76.66 - -
Use 0.11 0.19 78.73 0.08 0.01
0 Non-use 0.13 0.12 80.69 - 0.02
Use 0.13 0.13 80.72 - 0.02
4 75 Non-use 0.13 0.04 79.58 - 0.04
' Use 0.14 0.06 77.7 0.01 0.27
15 Non-use 0.16 0.21 78.79 - -
Use 0.15 0.16 80.07 - -
0 Non-use 0.20 0.16 79.58 - -
Use 0.13 0.1 79.68 - -
8 75 Non-use 0.16 0.22 78.09 - -
' Use 0.13 0.18 78.1 - -
15 Non-use 0.16 0.09 78.26 0.01 1.59

Use 0.14 - 76.79 - -




V) slar ) oylond ¥ alr o((6559L08 gl 3 pole) il pole 4y pdi Yo Y

31, 0ga0 (bl 2B JuSUES Ol )5 1 152,650k Z 5B 9 (Flans 395 cCuwgnoS (09 J1lie 151 (1l du o -0 Joua aold!
Continued Table 5- Effect of vermicompost, animal manure and mycorrhiza on concentrations of chemical compounds (%) identified in
essential oil of fennel
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