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Abstract

This research involved in and coordinated multidisciplinary and complementary natural resources in the
area of sustainable soil and plant nutrient management as well as economic benefits of edible herb
production systems. The main concern was selection of the right growing media to achieve optimum yield
and growth rate while avoiding application of synthetic fertilizers. Froriepia subpinnata is a medicinal and
edible endemic vegetable which grows naturally in the north of Iran. In order to evaluate the effect of
compost tea, vermicompost, and mycorrhizal symbiosis on morphophysiological traits of Froriepia
subpinnata, a factorial experiment was conducted in Sari, Mazandaran based on randomized complete
block design with four replications. The factors included Glomus moseae at two levels (inoculated and non-
inoculated), vermicompost at two levels (without application and application at 2 tons/ ha), and compost
tea at two levels (no application and application at 1.5 liter/ ha). Results showed that the impact of dual
interactions of vermicompost and mycorrhizal symbiosis were significant on the length and diameter of
flowering stems, flower diameter, leaf width, and plant fresh weight at p< 0.01. The triple interactions of
the factors on leaf area, plant dry weight, and essential oil yield were significant at p< 0/01. The highest
plant dry weight (0.81 g/plant) and the highest essential oil content % 0.82 were observed with application
of vermicompost and mycorrhizal symbiosis.
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Introduction

Native and endemic plants, wild species, other human needs. Due to the different
and natural vegetation are considered as plant morphological and physiological characteristics
genetic resources of each region and are the and adaptation to ecological conditions of each
main elements of biodiversity. Plant genetic region, endemic plants have important effects on
resources provide livelihood resources such as ecosystem dynamics. Froriepia subpinnata has
food, grazing, fuel, fiber, medicine, and many 150 species in Eurasia and Africa and more than

16 species in Europe. Froriepia subpinnata grows
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this plant has been used as a carminative,
appetizer, antiseptic, antispasmodic, diuretic and
sedative in order to increase the milk secretion.
Froriepia subpinnata contains antioxidant and
antibacterial properties (Sivam, 2001; Gilgin et
al., 2003) and essential oils of 39 species have
been identified as anti-cancer compounds.
Consuming this plant as a flavoring agent in food
industry is affordable due to its naturally growing
property and its leaves and stems are used in the
preparation of local dishes. Considering the
importance of medicinal plants in various
industries, these plants are producing without
application of harmful chemical inputs. Proper
management and integration of symbiotic
microbial species with medicinal plants affect
their quality and yield (Abudul-Jaleel et al., 2007).
In addition to the importance of medicinal and
aromatic plants for medical uses, they have been
used extensively in many fields related to the
food industry, cosmetics, health, and food (Jesus,
2003).

Mycorrhizal symbiosis has a symbiotic
relationship with the roots of most crops and
increases the absorption of water and nutrients
such as phosphorus and some micronutrients,
reduces negative impacts of environmental
stress, increases resistance to pathogens, and
improves the plant growth and performance of
host plants in sustainable agricultural systems
(Sharma, 2002).

Vermicompost which is produced by
earthworms resulting from the transformation
and partial digestion of the organic waste
(manure, crop residues, etc.) while passing
through the digestive system of worms.
Vermicompost has high porosity, high level of
available nutrients with long term storage,
providing ventilation and proper drainage, high
water holding capacity, positive effects in
increase population and activity of beneficial soil
microorganisms (such as mycorrhiza fungi and
phosphate solubilizing microorganisms), and in
general improves the crops growth and yield.

Arancon et al. (2004) stated that sustainable
agriculture increases the crop quality and yield
stability. The medicinal herbs which are
considered as healthy products are suitable for
this system (Gupta et al, 2002). Mycorrhizal
symbiosis has a beneficial impact in increasing
the ability of the host plant for non-mobile
nutrient uptake, especially phosphorus and
several other micronutrients. Copetta et al.
(2006) reported that the inoculation of Ocimum
basilicum L. with three mycorrhiza fungi species
of Gigaspora rosea BEG 9, Glomus mosseae BEG
12, and Gigaspora margarita BEG 34, significantly
increased plant height, leaf number and surface
area, biomass, root length and lateral growth,
and essential oil content compared with control
treatment. It was also found that the use of
vermicompost increased the yield of two species
of plantain (Plantago major) as a medicinal plant
(Sanchez et al., 2008). In a survey on Matricaria
chamomilla, it was observed that using
vermicompost significantly increased the plant
height and plant vyield (Azizi et al.,, 2008).
Vermiwash, as the vermicompost extract, is a set
of substances and waste from earthworms
combined with major micro-nutrients and soil
organic molecules used for plant development
and growth and applied as foliar spray. Plant
spraying by vermiwash stimulates the growth and
increases the crop vyields, causing resistance
against a variety of environmental factors. This
substance can prevent damages to plants such as
leaf blight (Sivasubramanian and Ganeshkumar,
2004; Quaik et al., 2012).

This study aimed at investigating the
effect of organic based fertilizers and mycorrhizal
symbiosis on the content of nutrients and some
morphophysiological characteristics of Froriepia
subpinnata in Sari- Mazandaran Province in north
of Iran.

Materials and Methods
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Table 1
Physical and chemical characteristics of the soil

Texture OC (%) Potassium Total Phosphorus oM T.N.V pH EC depth
(ppm) Nitrogen (ppm) (%) (%) Paste B (cm)
(dS.m1)
(%)
L 2.9 296 0.20 5.3 3.27 27 7.63 0.54 0-30
Table 2
Chemical analysis of vermicompost and compost tea
Cupper Manganese Zinc Iron Magnesium Calcium Phosphorus  Potassium  Nitrogen oM Ec pH
(ppm) (ppm) (ppm)  (ppm) (%) (%) (%) (%) (%) (%)
22 79.3 266 1981 0.15 4.09 2.2 3.9 1.55 20.17 1.2 6.35

The study was conducted in 2014 in Sari
(Mazandaran Province), in north of Iran (53° 63'
E, 36° 82' N) using a factorial experiment in the
form of randomized complete block design with
four replications. The factors included Glomus
moseae at 2 levels (no application and application
at 2 tons/ ha), vermicompost at 2 levels (no
application and application at 2 tons/ ha), and
compost tea at 2 levels (no application and
application at 1.5 liters/ ha). Compost tea was
sprayed at 4-5 leaf stage on the target plots. The
leaf area was measured by Image J Software.
Measurements were conducted at two levels of
vegetative stage (before flowering) and
reproductive stage (after flowering). The size of
each plot was 1.5 x 1.5 square meter and six rows
of planting were considered in each plot. Results
of soil and organic fertilizer analysis are shown in
Tables 1 and 2, respectively.

Planting operations were conducted in
November, 2014, which involved irrigation
practices, thinning, and weeding. The irrigation
was performed once every 4 days after ensuring
the plant growth and establishment. In order to
measure some morphological features and
essential oil content, 8 plants per plot were
randomly harvested and the height and lateral
branches were measured and recorded
separately. At maturity stage, the plant
characteristics such as dry weight, number of
seeds per plant, and 1000 seeds weight were
measured. Twenty grams of dried samples were
mixed with distilled water in a Clevenger
apparatus to extract the essential oil. The
essential oil extraction time for all samples was 3
hours. After dehumidifying the oil and using

sodium sulfate, the oil content was determined
based on the percentage.

Collected leaves were dried and
powdered by an electric mill and underwent the
digestion process using sulfuric acid, salicylic acid,
hydrogen peroxide, and selenium to prepare the
extracts and determine  the nutrient
concentrations. Nitrogen content estimated using
titration method after distillation in Kjeltec Auto

Analyzer (Bremner and Mulvaney, 1982).
Phosphorus content was analyzed using
colorimetric  method  (yellow  molybdate

vanadate). Trace elements such as iron, copper,
zinc, manganese, and potassium content were
also measured using spectrophotometry and
atomic absorption. Potassium content was
analyzed using the flame emission through a
flame photometer. Analysis of variance was done
using SAS statistical software and means were
compared using the Duncan’s Multiple Range
Test.

Results
Yield components

According to the results of data analysis
(Tables 3 and 4), the combined and single use of
vermicompost and mycorrhizal symbiosis had
significant effects on shoot length, number of
leaves, leaf surface area, stem diameter, and leaf
length and width (p<0.01), but the application of
compost tea had no significant effect on the leaf
area and width (Tables 3 and 4). Mean
comparisons showed that the application of
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Table 3

Analysis of variance for the measured traits in Froriepia subpinnata
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MS
S.0.V df  Leaf Leaf Plant Plant Height of  Flower Flower Seed 1000 seed
number  Area dry fresh flowering  number diameter number weight
weight  weight stem per plant
Replication 3 010 7.39 00009 006  0.75 4.80 0.007 8.09 0.00007
T 1 37.84"™ 0.59ns 0.33" 0.49™ 9.68 146.63™" 0.002" 813.05 0.00002"s
v 1 33.21™ 551.86™" 0.006" 0.24" 0.24ns 1443.18" 0.19" 5921.44"" 0.00037""
M 1 103.68™" 1421.11" 0.69™ 44.88™ 854.91" 2762.10"" 0.68"" 13093.66™ 0.0011*"
1 25.56 154.74 0.001"  2.86 183.36 90.78 0.014 151.81 0.00007"
1 48.02 404.20 0.003ms  1.27 14.58 203.51 0.024 568.68 0.0002
V.M - . - - . . . . -
1 22.11 422.31 0.082 0.54 226.84 100.46 0.11 415.44 0.007
V.T.M . ok . . ok
1 195.03 275.94 0.14 0.018™  0.66" 13.13 0.0002"  182.88 0.000003ns
Error 20 0.21 0.59 0.0009 0.014 0.25 0.34 0.0016 0.76 0.00002
ffici f
Coefficient o 2.21 1.38 5.47 358 157 0.86 3.21 0.66 0.73

variations (%)

ns, * and**: non significant and significant at 5% and 1% probability levels, respectively
(T): compost tea, (V): vermicompost, (M): mycorrhizal symbiosis, (V.M): vermicompost and mycorrhizal

symbiosis, (T.M): compost tea and mycorrhizal symbiosis, (T.V): compost tea and vermicompost, (V.T.M):

compost tea and vermicompost and mycorrhizal symbiosis.

vermicompost and mycorrhizal symbiosis caused
a significant increase in stem length and leaf
number compared to the control. The highest
number of leaves/plant (25.92), the maximum
length of the stem (18.77 cm), the highest
number of stems/plant (18.70), the maximum
leaf area (66.21 cm), and the maximum leaf
length (1.22 cm) (Table 8) were obtained in the
treatments with no mycorrhiza application while
compost tea and vermicomposting were applied;
and the maximum leaf width (0.70 cm) was
achieved in the treatment without application of
vermicompost (Table 7).

Length and diameter of flowering stem

The variance analysis (Table 3) showed
that the application of compost tea in
combination with mycorrhizal symbiosis had a
significant effect on the length and diameter of
the flowering stem (p<0.01). Double interaction
of vermicompost and mycorrhizal symbiosis
showed the highest flowering stem diameter and

length in the treatments without vermicompost
(Table 7) and (4.53 mm for stem length) in the
treatments with mycorrhizal symbiosis while no
compost tea was applied (Table 6).

Number of flowers and flower diameter

The analysis of variance (Table 3) showed
that the main effect, double and triple
interactions of application of vermicompost,
compost tea, and mycorrhizal symbiosis had
significant effects on flower number and flower
diameter (p<0.01), but compost tea and triple
interactions of the factors did not have any
significant effects on the flower diameter (Table
3). Results of mean comparisons showed that
combined application of vermicompost and
mycorrhizal symbiosis increased the number of
flowers and flower diameter compared to the
control. The highest number of flowers was
achieved (83.27/plant) when vermicompost and
mycorrhiza fungi were applied together (Table 8),
and the maximum diameter of the flower (1.41
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mm) was obtained while both vermicompost and

mycorrhiza fungi were applied (Table 7).

Plants fresh and dry weight

Table 4

8). The highest plant fresh weight (4.62 g/plant)
related to
treatment without compost tea (Table 6).

was

the mycorrhizal

symbiosis

Number of seeds per plant and 1000 seeds

Analysis of variance for the measured traits in Froriepia subpinnata

MS
E -
Shoot Shoot Leaf Leaf Root Root Root flower Leaf ssence E,Ssent'al
S.oV. df | h b | h idth length diameter dry stem Yield (dry) vield ol
engt number engt widt g weight diameter v content

Replication 0.07 0.37 0.002 0006 0057  0.03 0013 004 182.6 3.69 0.0009
T 1 14.7" 17.55"  0.80" 0.002" 0.88" 0.61"" 0.07* 0.21"" 92923.6"" 319.41" 0.014"
v 1 15.2"" 5.36" 0.12"" 0.037" 033" 0.04" 2.07" 1.62" 316768.2" 13800.4" 0.066"

1 77.81 59.13 0.28 0.90 15.41 7.52 17.68 6.48 3881176.6 341043.0 0.38

1 7.90 0.52 0.06 0.07 0.24 0.03 0.0016™  0.18 59788.8 6202.19 0.020
T'M * *x *k *k

1 0.94 14.17 0.18 0.02 3.82"  0.09™ 0.39° 1.12" 139788.2°  6690.35 0.12"*

1 2.07 16.10 0.32 0.09 221 0.61 0.66 1.90 125801.2 627.81 0.14
V..M - - - . . . . . .

1 10.48 6.21 0.10 0.007"  1.57" 1.81" 0.08" 0.011m 155319.5" 315821 0.04"
Error

20 0.13 0.05 0.003  0.002 0.02 0.002 0.001 0.006 2.59 0.25 0.0002
Coefficient
of
variations 2.18 1.40 5.21 7.07 2.54 1.29 1.63 2.004 0.43 0.26 2.41

(%)

ns, * and**: non significant and significant at 5% and 1% probability |
(T): compost tea, (V): vermicompost, (M): mycorrhizal symbiosis,

evels, respectively;
(V.M): vermicompost and mycorrhizal symbiosis, (T.M):

compost tea and mycorrhizal symbiosis, (T.V): compost tea and vermicompost, (V.T.M): compost tea and vermicompost and

mvearrhizal sevmhingic

The variance analysis showed that the
main effect and double interactions of
application of  mycorrhiza  fungi and
vermicompost were significant on fresh and dry
weight of plants (p<0.01) but the application of
vermicompost, double interactions of compost
tea and vermicompost, and triple interactions
had no effect on plant dry and fresh weights
(Table 3). Mean comparisons showed that the
application of vermicompost and mycorrhizal
symbiosis caused an increase in plant fresh and
dry weight compared with control treatments in
which the highest dry weight (0.81 g/plant) was
attributed to the vermicompost and mycorrhizal
symbiosis treatments without compost tea (Table

weight

The results of variance analysis (Table 3)
revealed that the main, dual, and triple
interactions of mycorrhizal symbiosis,

vermicompost, and compost tea had a significant
effect on the number of seeds/plant at p<0.01
level, but application of compost tea, double
interactions of compost tea x vermicompost, and
triple interactions had no effect on 1000 seeds
weight (Table 3). The highest number of
seeds/plant (163.55) was recorded in the
treatments containing mycorrhizal fungi applied
with compost tea and vermicompost (Table 8).

Root parameters
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Table 5
Mean comparison for double interactions of compost tea, vermicompost on evaluated traits Froriepia subpinnata

Height of Flower Leaf flower stem Plant
. . . . Fresh
Treatment flowering diameter width diameter .
stem (cm) (mm) (cm) (mm) weight
(kg/ha)
AoBo 29.02c 1.13c 0.57c 3.60c 2.85c
AoB1 33.63b 1.33a 0.73a 4.20a 3.62a
A1Bo 34.91a 1.20b 0.68ab 3.91b 3.69a
A1B1 29.95c¢ 1.31a 0.66b 4.21a 3.27b

(AoBo): Control, (AoB1): vermicompost, (A1Bo): compost tea, (A1B1): compost tea and vermicompost

Table 6
Mean comparison of double interaction of compost tea and mycorrhizal symbiosis on the evaluated traits Froriepia
subpinnata

Height of Flower 1000 seed . flower stem Plant
. . . Leaf width . Fresh
Treatment flowering diameter weight diameter .

stem (cm) (mm) (8) (cm) (mm) weight
(kg/ha)

AoCo 25.48c 1.06¢ 0.61bc 0.57c 3.26d 1.85c
AoC1 37.17a 1.41a 0.63a 0.73a 4.53a 4.62a
A1Co 27.93b 1.13b 0.61c 0.65b 3.80c 2.50b
A1Cy 36.92a 1.37a 0.62b 0.70ab 4.32b 4.47a

(AoCo): Control, (AOC1): mycorrhizal symbiosis, (A;Co): compost tea, (A1C1): compost tea and mycorrhizal symbiosis

Table 7
Mean comparison of double interactions of vermicompost and mycorrhizal symbiosis on the evaluated traits Froriepia
subpinnata

Fl Pl
Height of Flower 1000 seed Leaf ower ant
. . . . Stem Fresh
Treatment flowering diameter weight width . -

stem (cm) (mm) @ (cm) diameter weight
(mm) (kg/ha)

BoCo 24.13d 0.96¢ 0.60b 0.52b 3.06c¢ 1.95c
BoC1 39.80a 1.37a 0.63a 0.73a 4.45a 4.58a
B1Co 29.28¢ 1.23b 0.62b 0.70a 4.00b 2.39%
B1Cy 34.30b 1.41a 0.62b 0.70a 4.41a 4.50a

(BoCo): Control, (BoCi1): mycorrhizal symbiosis, (B1Co): vermicompost, (B1C1): vermicompost and mycorrhizal symbiosis

Variance analysis (Table 4) showed that Essential oil content and essential oil yield
the main and dual interactions of applying
vermicompost and mycorrhizal symbiosis had The results of variance analysis showed
significant effect on root length, root dry weight, that the application of mycorrhiza fungi, compost
and root diameter at p<0.01 level, but the double tea, and vermicompost increased the essential oil
interactions of compost tea and vermicompost content and essential oil yield compared to the
had no effect on root dry weight. The comparison control treatments and their interaction was
of the triple interactions showed the highest root significant at p<0.01. The highest percentage of
diameter (4.87 mm) and length (8.24 cm) which essential oil contents was %0.82 when the plants
were achieved in treatments with mycorrhizal were inoculated with mycorrhizal fungi and
symbiosis and vermicompost without compost vermicompost without application of compost
tea (Table 8) and highest roots dry weight (3.49 tea was %0.26 (Table 8).
g/plant) which was obtained in the application of Leaf yield (dry)

vermicompost and mycorrhizal symbiosis without
compost tea (Table 8).
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Variance analysis (Table 4) showed that
the combined and single application of
vermicompost and mycorrhiza fungi had
significant effects on Froriepia subpinnata dry
leaf vyield (p<0.01). The mean comparisons
showed that the highest dry leaf yield was
achieved  through  mycorrhizal  symbiosis
treatment (1564.9 kg/ha), while the lowest
accompanied by the application of compost tea
and vermicompost (422.3 kg/ha) (Table 8).

Plant nutrient contents

Table 10

Mn (61 ppm), and Fe (622 ppm) were achieved
with application of vermicompost. On the other
hand, the highest amounts of Zn (30.7 ppm) and
calcium (2.67%) were obtained using mycorrhiza
fungi. Finally, the highest amount of magnesium
(1.02%) was obtained in the treatments involving
application of compost tea.

Discussion

The results showed that mycorrhizal
symbiosis has a positive effect on plant leaf area
which is similar in many other edible plants (Amiri
et al, 2013). Moradi et al. (2009) reported the pea
plant height increased by Glomus inoculation.
Widada et al. (2007) stated that Sorghum bicolor

Mean comparison of the main effects of vermicompost, compost tea, and mycorrhizal symbiosis on nutrient contents of
Froriepia subpinnata

Nitrogen  Phosphorous Potassium Cupper Zinc Manganese Iron Manesium Calcium
Treatments (%) (%) (%) (ppm)  (ppm)  (ppm) (ppm) (%) (%)
v 0.62c 0.13c 3.82b 20.75a 11.2c 6la 622a 0.68b 1.10b
T 2.33a 0.16b 4.32a 10.25c¢ 17b 25.7b 363 c 1.02a 1.09b
M 1.90b 0.18a 3.25¢ 12.75b  30.7a 25b 394.5b 0.39¢ 2.67a
Control 0.57d 0.11d 0.81d 8.66d 7.3d 17.3c 134d 0.26d 1.05c

(T): compost tea, (V): vermicompost, (M): mycorrhizal symbiosis

Results of variance analysis (Table 9)
showed that different treatments had a
significant effect on Froriepia subpinnata
nutrients (p<0.01). Mean comparisons showed
that the application of vermicompost and
mycorrhizal symbiosis significantly increased the
nutrients in Froriepia subpinnata. The highest
(%2.32) and lowest (%0.57) levels of nitrogen
were achieved with application of compost tea
and the control treatments, respectively. The
highest amount of phosphorus was achieved in
the treatments with mycorrhizal symbiosis (18%)
while the lowest amount with control treatment
(11%). The highest and lowest potassium levels
were observed in compost tea (%4.32) and
control treatments (%0.81), respectively (Table
10) which was similar with the results of
Zaefarian et al. (2013) and Ardakani et al. (2011).
The maximum amounts of copper (20.75 ppm),

L. inoculated with mycorrhiza had a higher plant
height. Koozehgar Kaleji (2014) reported that the
use of biological fertilizers significantly increased
the diameter of flowering stem of Eryngium
caeruleum. Tahami Zaranadi et al. (2010)
reported a positive effect of organic and
biological fertilizers on increasing number of
flowering stems and the number of flowering
cycles in Ocimum basilicum L. Increasing the
number of flowers in this study was attributed to
the improvement of the water and nutrients
absorption by plants which were inoculated with
mycorrhiza  fungi. The  application of
vermicompost increased the number of flowers
per plant for Echinacea purpurea (Razvinia et al.,
2015). Taher et al. (2013) reported that the effect
of solubilizing phosphate bacteria on Tuberose
flower diameter increased significantly. Bigonah
et al. (2014) stated that biological fertilizers and



2464 Iranian Journal of Plant Physiology, Vol (8), No (3)

vermicompost increased plant dry weight in
cilantro. Farzaneh et al. (2009) reported that the
seed inoculation of peas with mycorrhiza fungi
increased total dry weight (43%) compared with
the control treatments. The reason for such an
increase was ascribed to the length of root hairs
and fungal hyphae. Bigonah et al. (2015) stated
that biological fertilizer and vermicompost
increased seeds yield per plant in cilantro. In
other experiments, the application of organic and
biological fertilizers had relatively similar effects
on the total weight of seeds per plant and 1000
seeds weight in Ocimum basilicum L. (Tahami
Zarandi et al.,, 2010) and fennel (Moradi 2009).
Abrishamchi et al. (2014) stated that the
application of vermicompost significantly
increased tomato root diameter. Sirrenberg et al.
(2007) reported that in plants inoculated with
mycorrhiza fungi, auxin synthesis increased
significantly which had a positive effect on root
growth. Production of plant hormones (plant
growth substances) and increase in enzymes
activities by mycorrhizal symbiosis can intensify
the plant and root growth leading to higher
absorption of water and nutrients. Samiran et al.
(2010) stated that the bean root in the presence
of vermicompost increased significantly. Azimi et
al. (2013) reported that the thyme inoculated
with mycorrhizal fungi (G. intraradices and G.
mosseae) species increased root dry weight
compared to the control treatments. Abrishamchi
et al. (2014) reported that the application of
vermicompost significantly increased root dry
weight of tomato. Mycorrhizal symbiosis also can
enhance root development in alfalfa as reported
by Ardakani et al. (2009). Kapoor et al. (2004)
stated that fennel root symbiosis with two
species of vesicular-arbuscular  mycorrhiza
enhanced essential oil content and quality. Darzi
et al. (2009) reported that vermicompost
increased the percentage of essential oil in
fennel. Mona et al. (2008) reported that
vermicompost positively affected fennel essential
oil. Considering the fact that the essential oil
function is part of the dry weight and essential oil
percentage, any increase in these two cases can
lead to increased oil yield. The results of many
other experiments showed that mycorrhizal
symbiosis increased photosynthetic rate by
increasing the leaf area, accordingly (Valentine et

al. 2006). Azizi et al. (2005) investigated the
positive  effects of different levels of
vermicompost to improve uptake of nitrogen,
phosphorus, and potassium and stated that
vermicompost and vermiwash were effective on
the amount of Ocimum basilicum L. active
ingredients. Compost tea contains humic acid
which improves the availability of certain
nutrients, especially iron and zinc. The main
factor for increasing availability of organic waste
consumption is the formation of organic
complexes (Atiyeh et al., 2002).

Conclusion

Results show that, the application of
mycorrhiza fungi, compost tea and vermicompost
had significant increase in the measured traits. In
fact, increasing yield and its components when
using mycorrhiza fungi and the application of
vermicompost and compost tea when spraying
on the plant caused increased absorption of
nutrients such as nitrogen, phosphorus,
potassium and micronutrients. Since the
mycorrhizal symbiosis had a positive effect on the
plants, they can be used as a substitute for
chemical fertilizers in order to move towards
sustainable agricultural production.

References

Abdul-Jaleel C, P. Manivannan, B. Sankar, A.
Kishorekumar, R. Gopi, R. Somasundaram
and R. Panneerselvam. 2007.
'Pseudomonas fluorescens enhances
biomass yield and ajmalicine production in
Catharanthus roseus under water deficit
stress'. Colloids  and  Surfaces  B:
Biointerfaces, 60: 7-11.

Abrishamchi P, A. Ganjali, A. Bey K khurmyzi
and A. Avan. 2014. ' Effect of vermicompost
on germination and seedling growth of
tomato (Lycopersicum esculentom)varieties,
Mobile and Superorbina'. Journalo f
Horticultural Science , 27( 4): 393, 383.

Arancon N. C, A. Edwards, P. Bierman, C. Welch
and J. D. Metzger. 2004. 'Influences of
vermin composts on field strawberries: 1.
Effects on growth and vyields'. Bioresource
Technology, 93:145-153.



Froriepia subpinnata under mycorrhizal symbiosis, compost tea, and vermicompost | 2465

Ardakani M. R, G. Pietsch , A. Moghaddam , A.
Raza and JK. Friedel. 2009. ' Response of
root properties to tripartite symbiosis
between Lucerne (Medicago sativa L.),
rhizobia and mycorrhiza under dry organic
farming conditions'. American Journal of
Agricultural and Biological Sciences, 4: 266-
277.

Ardakani M. R, D. Mazaheri, S, Mafakheri and
A. Moghaddam. 2011. 'Absorption efficiency
of N, P, K through triple inoculation of wheat
(Triticum aestivum L.) by Azospirillum
brasilense, Streptomyces sp., Glomus
intraradices and manure application'.
Physiology and Molecular Biology of Plants,
17:181-192.

Alguacil M. D, F. Caravaca, G. Diaz, P. Marin and
A. Roldan. 2004. 'Establishment of Retama
sphaerocarpa L. seedlings on a degraded
semi arid soil as influence by Mycorrhizal
inoculation and sewage-sludge amendment'.
Journal of Plant Nutrition and Soil Science,
167:637-644.

Atiyeh R. M, S. Lee, C. A. Edwards, N. Q.
Arancon and J.D. Metzger. 2002. 'The
influence of humic acids derived from
earthworm-processed organic wastes on
plant growth'. Bioresource Technology, 84:
7-14.

Amiri M. B., P. Resvani Moghadam, R.
Ghorbani, J. Falahi, R. Dihimfard and F.
Flahpor. 2013. 'By seed inoculation effects
of biofertilizers on growth characteristics
and cultivars in the green In greenhouse'.
Iranian Journal of Field Crops Research,11:
64-72.

Azizi M, F. Rezwanee, M. Hassanzadeh Khayat,
A. Lackzian and H. Neamati. 2008. 'The
effect of different levels of vermicompost
and irrigation on morphological properties
and essential oil content of German
chamomile (Matricaria  Chamomilla L.)
C.V.Goral ". Iranian Journal of Medicinal and
Aromatic Plants, 24: 82-93. (In Persian).

Azizi M, M. Baghani, A. Lakzian and H. Aroei.
2005. 'Effect of vermicompost and
vermiwash foliar application on
morphological characters and active
ingredients content basil (Ocimum

basilicum)'. Journal of Agricultural Science
and Technology, 21: 41-52. (In Persian).

Azimi R, M. Jangjo and H. M. Asghari. 2014.
'The effect of mycorrhizal fungi inoculation
on the establishment of morphological
characteristics of primary and thyme herbs
in natural areas'. Iranian Journal of Field
Crops Research, 11: 666- 676.

Berta G, A. Fusconi and J. E. Hooker. 2002.
'Arbuscular mycorrhizal modifications to
plant root systems: scale, mechanisms and
consequences'. Mycorrhiza Technology in
Agriculture, from Genes to Bioproducts.
Basel, Switzerland, Birkhauser Verlag p.71-
85.

Barea J. M, M. J. Pozo, R. Azcon and C. Azcon-
Aguilar. 2005. 'Microbial co-operation in the
rhizosphere'. Journal of Experimental
Botany, 56: 1761-1778.

Bigonah R, P. Rezvani Moghadam and M.
Jahan. 2015. 'Effect of different fertilizer
management on certain quantitative and
qualitative properties of medicinal plants
Coriandrum sativum L." Iranian Journal of
Field Crops Research, 12: 574-581.

Copetta A, G. Lingua and G. Berta. 2006.' Effects
of three AM fungi on growth, distribution of
glandular hairs, and essential oil production
in Ocimum basilicum L. var. Genovese'.
Mycorrhiza, 16: 485-494.

Darzi M. T, A. Ghalavand, F. Rajali and F.
Sefidkan. 2006. 'Study the effects of
biofertilizers on yield and yield components
of Foeniculum vulgar MiLL'. Journal of
Iranian Medicinal and Aromatic Plants, 22:
276-292 (In Persian).

Darzi M. T, A. Ghalavand, F. Rajali and F.
Sefidkan. 2007. 'Effect of mycorrhiza,
vermicompost and phosphate fertilizer on
the quality and quantity of essential oil of
fennel'. Journal of Medicinal and Aromatic
Plants Research, 24: 396-413.

Darzi M. T, A. Ghalavand and F. Rajali. 2008.
'Study the effects of mycorrhiza,
vermicompost and  biophosphate on
flowering, biological yield and colonization
of Foeniculum vulgar Mill'. Journal of Iranian
Crop Science, 10: 88-109 (In Persian).

Darzi M. T, A. Ghalavand, F, Sefidkon and F.
Rejali. 2009. 'The effects of mycorrhiza,


https://www.scopus.com/authid/detail.uri?authorId=28367548400&amp;eid=2-s2.0-70450181770
https://www.scopus.com/authid/detail.uri?authorId=56240511800&amp;eid=2-s2.0-70450181770
https://www.scopus.com/authid/detail.uri?authorId=56508499300&amp;eid=2-s2.0-70450181770
https://www.scopus.com/authid/detail.uri?authorId=55561842700&amp;eid=2-s2.0-70450181770
https://www.scopus.com/authid/detail.uri?authorId=7006356141&amp;eid=2-s2.0-70450181770
https://www.scopus.com/authid/detail.uri?authorId=56508499300&amp;eid=2-s2.0-79958038777

2466 Iranian Journal of Plant Physiology, Vol (8), No (3)

vermicompost and phosphatic biofertilizer
application on quantity and quality of
essential oil in fennel (Foeniculum vulgare
Mill.)'. Iranian Journal of Medicinal and
Aromatic Plants, 24: 396-413 (In Persian).

Farzaneh M, S. Wichmann, H. Vierheilig and H.
P. Kaul. 2009. 'The effects of arbuscular
mycorrhiza and nitrogen nutrition on growth
of chickpea and barley'. Pflanzenbauwiss,
13:15-22.

Franz Ch. 1983. 'Nutrient and water
management for medicinal and aromatic
plants'. Acta Horticulturae, 132: 203- 216.

Gupta M. L, A. Prasad, M. Ram and S. Kumar.
2002. 'Effect of the vesicular-arbuscular
mycorrhizal (VAM) fungus Glomus
fasiculatum on the essential oil yield related
characters and nutrient acquisition in the
crops of different cultivars of menthol mint
(Mentha arvensis) under field conditions'.
Bioresource Technology, 81: 77-79.

Hamidi A, A. Asgarzadeh, R. Chokan, M.
Dehghan Shoar, A. Ghalavand and M.
Jafarmalakoti . 2007.' Study of plant growth
promoting rihizobacteria (PGPR)
biofertilizers application in maize cultivation
by adequate input'. Journal of
Environmental Science, 4: 1-20.

Jodral M. M. 2004. 'lllicium, Pimpinella and
Foeniculum (Medicinal and Aromatic
Plants'). CRC Press,13-20.

Kapoor R, B. Giri and K. G. Mukerji. 2004.
'Improved growth and essential oil yield and
quality in  Foeniculum vulgare Mill on
mycorrhizal inoculation supplemented with
P-fertilizer'. Bioresource Technology, 93:
307-311.

Karimi K, S. A. Boland Nazar and S. Ashori.
2013. 'Effect of biofertilizers and arbuscular
mycorrhizal fungi on yield and quality of
green beans'. Journal of Agricultural Science
and Sustainable Production, 23: 158-166.

Koozehgar Kaleji, M. 2014. 'Qualitative and
quantitiativa response of  Eryngium
caeruleum to mycorrhizal symbiosis,
Azotobacter and various levels of plant
densities'. Master thesis Agroecology,
Islamic Azad University Karaj Branch. 128 p.

Liuc J and B. Pank. 2005. 'Effect of vermi
compost and fertility levels on growth and

oil yield of Roman chamomile'. Scientia
Pharmaceutica, 46:63-69.

Mona Y, A. M. Kandil and M. F. Swaefy Hend.
2008. 'Effect of three different compost
levels on fennel and salvia growth character
and their essential oils'. Biological Sciences.
4: 34-39.

Moradi S, H. Besharati, V. Feizi Asl, H. Nadian,
E. Karimi and A. Golchin. 2009. 'Effect of
different levels of humidity, mycorrhiza and
Rhizobium in germination, flowering time
and morphological traits in chickpea'. In:
11th Iranian Soil Science Congress, Gorgan,
Iran, 12-15 July. p. 243-244.

Okon, Y and R. Itzigsohn. 1995. 'The
development of Azospirillum as a
commercial inoculants for improving crop
yields'. Biotechnology Advances, 13: 415-
424,

Ratti N, S. Kumar, H. N. Verma and S. P.
Gautam. 2001. 'Improvement in
bioavailability of tricalcium phosphate to
Cymbopogon martinii  var. motia by
Rhizobacteria, AMF and Azospirillum
inoculation'. Microbiological Research, 156:
145-149.

Quaik S, A. Embrandiri, P. F. Rupani, R. P. Singh
and M. H. Ilbrahim. 2012. 'Effect of
vermiwash and vermicomposting leachate in
hydroponics culture of Indian borage
(Plectranthus ambionicus) plantlets'. UMT
11th International Annual Symposium on
Sustainability Science and Management.
210-214.

Razvinia M. S, M. Agha alikhani and H. S.
Naghadbadi. 2015. 'The effect of
vermicompost manure and chemical
fertilizer on quantitative and qualitative
characteristics (Echinacea purpurea (L.)
Moench)'. Journal of Medicinal and Aromatic
Plants, 21: 357-373.

Samiran R, A. Kusum, K. D. Biman and A.
Ayyanadar. 2010. 'Effect of organic
amendments of soil on growth and
productivity of three common crops viz. Zea
mays, Phaseolus vulgaris and Abelmoschus
esculentus'. Applied Soil Ecology, 45:78-84.

Sanchez G. E, G. E. Carballo and G. S. R. Ramos.
2008. 'Influence of organic manures and
biofertilizers on the quality of two



Froriepia subpinnata under mycorrhizal symbiosis, compost tea, and vermicompost

Plantaginaceae: Plantago major L. and
Plantago lanceolata L.'. Revista Cubana de
Plantas Medicinales, 13: 12- 15.

Sirrenberg A, C. Gobel, S. Grond, N.
Czempinski, A. Ratzinger, P. Karlovsky, P.
Santos, I. Feussner and K. Pawlowski. 2007.
'Piriformospora indica affects plant growth
by auxin production’. Physiologia
Plantarum, 131: 581 — 9.

Shaalan M.N. 2005. 'Effect of compost and
different sources of biofertilizers, on borage
plants (Borago officinalis L.)." Egyptian
Journal of Agricultural Research, 83: 271-
284,

Sharma A. K. 2002. 'Biofertilizers for Sustainable
Agriculture'. Agrobios, India. 407 pp.

Sivam G. P. 2001. 'Recent advances on the
nutritional effects associated with the use of
garlic as a supplement'. November 15-17,
1998. Newport Beach, California, USA.
Proceedings. American Socity of Nutrition

Sciences, 131(3s), 951s-1123s.

Sivasubramanian, K. and M. Ganeshkumar.
2004. '‘Influence of vermiwash on the
biological productivity of Marigold'. Madras
Agriculture Journal, 91221-225.

Tahami Zarandi, S.M.K, P. Rezvani Moghaddam
and M. Jahan. 2010. 'Comparison the effect
of organic and chemical fertilizers on yield
and essential oil percentage of Basil
(Ocimum  basilicum L.)'. Journal of
Agroecology, 2 : 70-82.

Taiz L and E. Zeiger. 2000. 'Plant physiology'. 3rd
edn, Sunderland Sinauer  Associates
Publisher,705pp.

Zaefarian F, M. Rezvani, M. R. Ardakani, F.
Rejali and M. Miransari. 2013. 'Impact of
mycorrhizae formation on the phosphorus
and heavy-metal uptake of alfalfa'.
Communications in Soil Science and Plant
Analysis, 44: 1340-1352.

2467


https://www.scopus.com/authid/detail.uri?authorId=6504700698&amp;eid=2-s2.0-84876028758

