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Abstract—Objective: Humans have long used volunteer edible
for food purposes, but with the advancement of Agricultural
science, the use of native wild plants has become less important
and today, with increasing population and food shortages, on
the one hand, the cost of cultivation and water supply and
Suitable agricultural soil, on the other hand, should once again be
considered as a secondary resource alongside other food sources.
The increasing use of chemical fertilizers has caused irreparable
environmental and health damage. Eryngium caeruleum is a
perennial and native plant that normally grows in autumn
and spring. Materials and methods: In order to study the
impact of different planting densities and biological fertilizers
on Eryngium caeruleum yield and essential oil content, an
experiment was conducted in 2013 in Sari based on a factorial
randomized complete block design with 9 treatments and 5
replications. The factors included Eryngium caeruleum with 3
density levels of (10 w 30, 20 y 30 and 30 y 30 cm), mycorrhiza
at 2 inoculated and non-inoculated levels and Azotobacter at 2
levels of inoculated with seeds and non-inoculated. Results: The
results showed that the mycorrhizal symbiosis treatments and
Azotobacter application had a significant effect on all measured
characteristics and increased the measured characteristics in the
experimental group compared to the control group. The amount
of naphthalene was obtained from mycorrhizal coexistence of
70.33% and the application of Azotobacter 3.33% and control
0.69.

Keywords—Apiaceae, Endemic vegetable, Falcarinol, Glo-
mus mosseae, Naphthalene

I. INTRODUCTION

Humans have long used volunteer edible plants for nutri-
tional purposes, but considering the progress in the field of
Agricultural Sciences, the consumption of native wild plants
have gradually lost its importance and on the other hand with
the expansion of urbanization, the consumption of these food
sources which were once the only source of human food has
been completely overlooked. Today, the population boom and
food shortages on the one hand and the expensive type of
cultivation and suitable soil and agriculture preparation on
the other necessitate considering these God-given resources
at least as secondary sources with other food sources. The
Apiaceae family contains more than 300 genera [1]. These
plants are used as medicinal plants, essential oils containing
plants and vegetables. Plants of this family, especially the
genus Eryngium, have great potential for the production of
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herbal medicinal products in the future [2]. Eryngium is the
largest and most controversial taxonomic genus belonging
to the Apiaceae family, containing more than 2,500 species,
subspecies, and approved species worldwide [3], [1]. Among
them, only 23 almost all phytochemical species have been
studied [4]. New research shows that different species of
Eryngium contain different phytochemical compounds and at
least 127 compounds have been isolated and identified [4], [5].
Recent studies have shown that plants of this genus contain
a variety of nutrients including vitamins, minerals, and pro-
teins [6]. Eryngium caeruleum belongs to the Apiaceae family,
which has different species in Iran. Eryngium caeruleum is one
of the most important species of Eryngium family in northern
Iran used as an endemic vegetable. The cooked leaves of
the plant are used as a flavor and also spice in local foods
and the dried powdered leaves are also used in stuffed food,
soups, yogurt, and olive mix. Eryngium caeruleum plants also
have medicinal properties (diuretic, appetizing, pain relief, and
powerful antioxidants) [7], [8]. The biosynthesis of secondary
metabolites in medicinal and aromatic plants depends on
genetic, physiological, and environmental factors [9]. Among
these factors, the use of biological fertilizers such as plant-
enhancing rhizobacteria (PGPR) and arbuscular micro bearing
fungi (AMF) as well as organic fertilizers such as vermi-
compost play an important role in improving yield, reducing
the use of chemical fertilizers by improving soil properties in
the rhizosphere. Enlargement of root areas, the possibility of
changes in the water relations of host plants and the effect
on metabolism, rapid activation of the immune system, im-
proving mineral nutrition, and strengthening drought tolerance
of host plants, while being environmentally friendly, natural,
and beneficial. Some researchers have reported that the water
relationships of cloned host plants with AMF and PGPR have
improved under moisture stress conditions [10]. Also, the
relationship between plant coexistence and root coexistence
by fungal micro environmental fungi (AMF) can make a
difference in the biosynthesis of its secondary metabolites [11].
AMFs have been associated with about 80% of groundwater
plants in natural and cultivated ecosystems, varying in coexis-
tence according to plant genotype [12], [13]. Plants inoculated
by AMFs are more tolerant of soil water shortages and use
more absorbed water. Also, they improve plant nutrition,
development, and essential oil content due to changes in the
biosynthesis of secondary metabolites [14], [15]. Biofertilizers
based on rhizosphere microorganisms are alternatives to im-
prove soil fertility and increase the productivity of sustainable
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agrosystem systems [16], [17], [18]. Among rhizosphere-
dwelling microorganisms, several bacterial species, known as
plant-enhancing rhizobacteria (PGPRs), can grow roots and
plants. Their mechanisms of action are direct or indirect. And
each can act independently with the ability to promote specific
physiological responses in plant cells and control biological
functions [19]. The inoculation of agricultural products with
PGPRs represents only a small part of agricultural practices
worldwide. However, several studies have shown that Azo-
tobacter and Azospirillum enhance plant growth, which can
affect the growth and yield of numerous plant species of agri-
cultural and environmental importance [20], [21], [19], [22].
They are not only effective in removing nitrogen. Azotobacter
spp also has other properties such as growth hormone pro-
duction, fungal production, siderophore production, and phos-
phate dissolving properties [23], [24], Azospirillum spp. Can
regulate and secrete plant growth regulators (phytohormones)
such as auxins (acetyl indole-3-acetic acid, IAA), cytokinins,
and gibberellins, as well as nitric oxide, which may be the
main signals and components. Are plant growth. Advertising
effects [19]. Distance and density are very important for
achieving optimal production in many vegetables. The choice
of plant density is one of the most important factors that
affect yield and quality. Appropriate plant distance can achieve
optimal yield while plant density or very high plant density
reduces yield and quality [25]. Planting density reduces the
yield and quality of aromatic plants. Other researchers report
that planting density alters the chemical composition of the
plant [26], [15], [27], [28]. This study aimed was to investigate
the application of mycorrhizal symbiosis and application of
Azotobacter and different plant densities on the number of
essential oil compounds in shoots, its functional components in
Eryngium caeruleum as a medicinal plant to reducing chemical
fertilizers to achieve sustainable agriculture.

II. MATERIALS AND METHODS

Geographical characteristics of the place for performing
experiment

The experiment was conducted in fall 2013 in Aboksar, a
village near Sari with a geographical location of 53 degrees
and 62 minutes east, a latitude of 36 degrees 46 minutes north,
and a height of 17.3 meters above sea level, This design was
implemented as a factorial in the form of a randomized
complete block design with 9 treatments and 5 replication.

Characteristics of experimental plan

The factors include the mycorrhiza Glomus moseae on two
levels (inoculated and non-inoculated levels with two tons
per hectare), Azotobacter Chroococcum (non-inoculated and
inoculated with seeds at 0.5 liters per hectare CFU = 10%),
different densities of (30x 30, 20x30 and 10 x30 c¢cm) and 5
tons of vermicomposting per hectare with animal origin were
used for each plot. Azotobacter Chroococcum was prepared
from the soil and water research institute. The size of each plot
was about 1.5.5 square meters and six rows of planting
were considered in each plot. The results of soil and organic
fertilizer analysis are given in Table 1.

Conservation operation
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The planting operations were conducted in November 2013,
including irrigation, Weeding weeds. The plant watering was
performed once every 4 days after ensuring the plant growth
and establishment. To achieve proper density at the 4-5 leaf
stage (after the complete plant establishment), the shrubs
underwent a thinning process; and finally, the predefined
density in each plot density was kept constant.

Sampling during growing season

TO measure some morphological features and essential oil
content, vegetative organs were harvested. For this purpose,
8 plants per plot were randomly selected and the height and
lateral branches were measured and recorded separately. The
selected plants from each plot were harvested manually and
separately placed inside the package and were labeled. At
maturity, the final characteristics of plant Leaf yield, number
of seeds per plant, and 1000 seeds weight were measured.
The collected plants were kept in natural conditions away
from the sun to dry for ten days. After crushing the plants,
20 grams of samples were mixed with distilled water in
The Clevenger apparatus to extract the essential oil. The
essential oil extraction time for all the samples was 3 hours.
To identify the constituents of the essential oil, the GC /
MS gas chromatography, connected to a mass spectrometer
5973 and equipped with a 30-meter HPS column with an
internal diameter of 250 micrometers and the stationary phase
layer thickness of 0.25 mm, was used. The oven temperature
increased from 45 ° C to 250 ° C at 5 ° C per minute and then
increased to 280 ° C at 20 ° C per minute. The Helium gas with
ionization energy of 70 eV was used. The obtained spectra
were compared with standard compounds’ mass spectra. The
relative percentage of each ingredient component was obtained
according to the under-the-curve level in he chromatography
spectrum [29].

Data analysis

The data analysis was conducted using SAS software and
the mean comparisons were estimated using the LSD test at a
5% probability level.

III. RESULTS AND DISCUSSION

Number of leaves

The variance analysis results (Table 2) showed that the
number of leaves in Eryngium caeruleum influenced by bio-
fertilizer and plant density had a significant effect on the
number of leaves (P <0.01). The comparison revealed that
the number of leaves per plant increased upon the use of bio-
fertilizers so that the highest number of leaves per plant, with
a mean of 13.00 leaves belonged to mycorrhizal symbiosis
treatments and the lowest with the average of 10.02 leaves
pertained to the control group (Figure 2, 3). Shabanzadeh et al.
(2009) reported an increased weight, height, and number of
leaves for the sunflower inoculated by Azotobacter, Azospiril-
lum and Pseudomonas bio-fertilizers [30]. Also, the study by
Hamidi et al (2007) showed that maize seeds inoculated with
bio-fertilizers had a higher number of upper leaves per plant
which is in line with the results of this study [31].

Flower number

The results of the variance analysis (Table 2) showed that
the application of bio-fertilizer had a significant impact on
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Fig. 1. Plant life stages Eryngium caeruleum

Table 1: Physical and chemical characteristics of soil

OC  Potassium Total Nitrogen Phosphorus OM T.N.V  pH EC Depth
Texture
) (ppm) () (ppm) (0) (%) Paste (dSm-1) (cm)
L 1.9 296 0.15 6.7 3.27 27 7.63 0.54 0-30
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Fig. 2. The effect of Azotobacter and mycorrhiza on the number of leaves

1250
12.00

d
b
C
11.50
11.00
10.50
10.00

30cm ¥ 10cm 3emx 2ecm 3lcmx 30om

[.zaf mun bar

Fig. 3. The effect of different planting densities on the number of leaves
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the number of flowers (P<0.01), and the density and den-
sity interaction with biological fertilizer did not affect the
Eryngium caeruleum, flower count. The mean comparison
showed the highest and lowest flower counts were observed in
mycorrhizal symbiosis treatment with 15.78 and control group
with 10.77 (Figure 4). In a two-year the study conducted by
Subramanian et al. (2006) on tomatoes, was indicated that the
symbiosis of the biological tomato roots with a single species
of mycorrhizal fungus significantly increased the flowers count
per plant compared to the control group. Increased flowering
in this study was attributed to improving the plant' sabsorption
of water and nutrients on account of the mycorrhizal symbiosis
impact [32].

Seed number per plant

The variance analysis results (Table 2) showed that the
application of bio-fertilizers had a significant impact on the
number of seeds per plant (P <0.01). The mean comparison
revealed that the highest and lowest numbers of seeds perplant
were related to the group treated with mycorrhizal symbiosis
and the control group as 873.73 and 624, respectively (Figure
5). Tavakoli Dinani (2008) reported that the inoculation with
phosphate biological fertilizer had a significant impact on
the yield and quality of two varieties of dill as medicinal
plants especially on properties such as plant height, biomass,
root length, number of seeds in the plant umbel and bush,
biological yield and the amount of the essential oil [33]. The
study conducted by Annamalai et al. (2004) also represented
a significant increase in seeds due to the consumption of
PSB in a medicinal plant called Phyllanthus amarus from the
Euphorbia family compared to the control group [34].

NS * and**:non- significant and significant at 5% and 1%
probability levels, respectively

Seed weight

The variance analysis results (Table 2) showed that the
application of bio-fertilizers has a significant effect on one
thousand seed weight (P <0.01). And the density and density
interaction with biological fertilizers did not affect one thou-
sand seed weight (Figure 6). Comparing the mean, all fertilizer
treatments, compared with the control group, increased one
thousand seeds weight. The highest and lowest seed weight
was related to the mycorrhizal symbiosis and the control group
with 1.19 and 1.11 grams, respectively In a study conducted
by [35], it was shown that fennel root symbiosis with VAM
fungi significantly increased the fennel seed weight. [36]
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showed that the effect of bio-fertilizer on fennel one thousand
seed weight was the highest when inoculated with mycorrhiza.

Root dry weight

The results of the variance analysis (Table 2) showed that
the use of biological fertilizer had a significant impact on
dry root weight (P <0.01). The mean comparison showed
that the highest and lowest dry root weight was related to
the mycorrhizal symbiosis and the control group with 4.75
and 1.79 grams, respectively. (Figure 7). [37] stated that the
Thyme inoculated with mycorrhizal fungi of G. intraradices
and G.mosseae species increased root dry weight compared to
the control. The results of the study on the Thyme grown in
the garden and inoculated with mycorrhizal species indicated
that the G. mosseae and G. intraradices increased the root dry
weight up to 2.5 times higher than non-mycorrhizal treated
groups. [38] stated that the application of vermicomposting
significantly increased the root dry weight of tomatoes.

Root length

The data variance analysis results (Table 2) showed that the
application of bio-fertilizers had a significant impact on root
length (P <0.01). And the interaction of biological fertilizer
and plant density had a significant effect on root length at
(P <0.05). The interaction means comparison showed that
the biological fertilizers had a significant effect on Eryngium
caeruleum root length, accordingly, the highest and lowest
values were related to the mycorrhizal symbiosis treatment
with a plant density of 20 30 cm, and the control group as
21.45 cm and 11.38 cm (Figure 8), respectively. [39] reported
that plants inoculated with mycorrhiza, produced Auxin which
affected the root growth. Producing plant hormone (plant
growth substance) and increasing the Enzyme activities, fungi
can intensify the plant and root growth leading to higher ab-
sorption of the nutrients which provide the ground for averting
the drought condition. The mycorrhiza Hyphae extending out
are the main factors in supplying the Phosphorus and moisture
for the plant [40], [41]. According to the report by [42], the
bean root in the presence of vermicomposting witnessed an
increase.

(D1: plant density 30X 10 cm, D2: plant density 30X 20
cm, D3: plant density 30X 30 cm)

(C: Control, M: Mycorrhizal symbiosis, A: Azotobacter)

Root diameter

The variance analysis showed that the biological fertilizer
application and the interaction had a significant effect on
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Fig. 5. Effect of Azotobacter and Mycorrhiza on seed number
Table 2: ANOVA results of factors affecting plant traits
S.oV. Root Leaf
Leaf Flower Seed number 1000 seed Root Root
df . dry .
number number per plant weight . length diameter
weight yield
Replication 4 0.55 4.09 1368.66 0.0002 0.03 2.86 0.01 3.56
Biofertilizer 2 33.63" 94.01" 244630.06™ 0.03" 32,92 361.45" 76.07 5721429.1"
Plant density 2 227" 0.62m 100.06™ 0.00006™ 0.12m 0.67" 0.06™ 19.83™
Interaction of
biofertilizer 4 5 0.45™ 1956.13  0.00006™  0.17" 1.81° 0.15" 0.89"
and plant
density
Error 32 0.38 0.82 1179.64 0.00009 0.08 0.56 0.03 0.69
Coeflicient of 5.34 6.80 4.60 0.80 8.75 4.59 2.90 0.04
variations
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Fig. 6. Effect of Azotobacter and Mycorrhiza on 1000-seed weight
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Fig. 8. The effect of different planting densities and application of biological fertilizers on root length

root diameter (P <0.01) (Table 2). The interaction means
comparison showed that the biological fertilizer application
increased Eryngium caeruleum root diameter of which the
highest rate belonged to mycorrhizal symbiosis treatment and
plant density of 20,30 cm with 8.50 mm compared to that of
the control group which was about 3.79 mm (Figure 9). [38]
stated that the application of vermicomposting significantly
increased tomato root diameter. Accordingly, it can be stated
that vermicomposting, due to the presence of microorganisms
such as mycorrhiza and its role in increasing the hydraulic
conductivity of water in plant roots, is probably increasing the
root diameter and dry weight. The vermicomposting increased
photosynthesis and shoot growth and subsequently promoted
root growth.

(D1: plant density 30x 10 cm, D2: plantdensity 30x 20
cm, D3: plant density 30%30 cm)

(C: Control, M: Mycorrhizal symbiosis, A: Azotobacter)

Leaf yield

The analysis of variance results (Table 2) showed that
Azotobacter and mycorrhizal application and density had a
significant impact on the Eryngium caeruleum leaves yield
(functioning) (P <0.01). The mean comparison showed that
the highest and the lowest yields were witnessed for the
mycorrhizal symbiosis treatment and the control group with
2574.52 and 1347.55 kg/ha, respectively (Figure 10). [43]
stated that the simultaneous application of mycorrhizal and
vermicomposting increased the fresh (green) leaf yield. There
is so much evidence to say that plants nourished with my-
corrhizal increased photosynthetic rate to provide for their
symbiotic needs which are done by increasing the leaf area,
increasing the stabilized amount of carbon dioxide per unit

of leaf weight and changing the water and hormonal relations
(Valentine et al., 2006). Regarding the fact that the increase
in leaf area would expand the leaf yield, studies have shown
that mycorrhizal enhanced the plant growth and development
by increasing the water absorption and transmission, providing
nutrients such as phosphorus and zinc as well as improving
and developing the soil microbial content and protecting the
plants against pathogens [44], [45].

Essential oil ingredients

The results showed that the highest percentages of in-
gredients in the control group were D-limonene (1.17%),
Cyclohexane (15.75%), and Naphthalene (49.37%), also, most
of the ingredients in Azotobacter treatment were Falcarinol
(78.52%), Morpholine (5.04%), and Naphthalene (3.33%),
accordingly, the ingredients in mycorrhizal symbiosis treat-
ment included Naphthalene (70.33%), Methyl phenyl (3.1%),
Falcarinol (1.3%), and Benzaldehyde (2.23%) (Figure 11). In
a study conducted by [46], the highest oil yield per hectare, as
well as Chamazulene for German chamomile, was witnessed
in Phosphate solubilizing bacteria (PSB) and Nitroxin (com-
bination of Azotobacter and Azospirillum) treatments. [47]
reported the use of bio-fertilizers to improve the essential
oil Anatole and as a result improved the level and quality
of fennel essential oil. In another study done by [47], it
was indicated that the cilantro inoculation with two species
of mycorrhizal fungi significantly increased the quantity and
quality of essential oil in a the way that the Geraniol and
Linalool values, as important components in the oil mixtures,
dramatically increased. The biosynthesis of secondary metabo-
lites in medicinal and aromatic plants depends on genetic,
physiological, soil and environmental factors [9] and in partic-
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ular can be significantly affected by the association of fungal
microenvironmental fungi (AMF) and roots. Confirmation of
the second phenomenon was reported by [48] On inoculation
of Glomus mosseae in Artemisia annua.

IV. CONCLUSION

The obtained results cast light on the fact that the application
of mycorrhizal and Azetobacter treatments and different plant
densities increased the Leaf yield, 1000 seed weight, and
Essential oil ingredients. And also, by increasing the plant
density, due to the optimal use of environmental factors,
the possibility of increasing the yield components is pro- vided.
Such increases in the yield and yield components of
Eryngium caeruleum -using biological fertilizer can be
attributed to the increased nutrients content such as nitrogen,
phosphorus, potassium and micronutrients and Rhizosphere
microbial populations in the soil or by seeds inoculation with
growth- promoting bacteria which increased the Eryngium
caeruleum growth by creating a cycle making nutrients avail-
able to them as a result of fungi mycelia production, which
increases nutrient uptake by roots pointing to the improved soil
microbial activity. Therefore, by conducting additional tests,
the mycorrhizal symbiosis impact and vermicomposting and
Azetobactor application can be attributed to an increase in the
plant yield and plant component yields. Generally, the results
of the study showed that the combination of low input systems,
ecology, free-living nitrogen-fixing bacteria, and mycorrhizal
inoculation could be an appropriate alternative to chemical
fertilizers and full inputs systems.

Competing interests: The author declares that they have no
conflict of interest.

Citation: Kaleji MK, Ardakani M. Quantitative and
qualitative changes of Eryngium caeruleum under the
influence of biological factors. FTHC. 2021, 3(3): 67-75. doi:
10.53388/FTHC20210415003.

Submitted: 15 April 2021, Accepted: 27 July 2021,

On-line: 01 August 2021

© 2021 By Authors. Published by TMR Publishing Group
Limited. This is an open access article under the CC-BY
license (http://creativecommons.org/licenses/BY/4.0/)

REFERENCES

[1] Accessed The Plant List. Apiaceae. Available from, 2013.

[2] K. Khoshbakht, K. Hammer, and K. Pistrick, “Eryngium caucasicum
Trautv. cultivated as a vegetable in the Elburz Mountains (Northern
Iran),” Genetic Resources and Crop Evolution, vol. 54, no. 2, pp. 445—
448, 2007. [Online]. Available: 10.1007/s10722-006-9121-5;https:
//dx.doi.org/10.1007/s10722-006-9121-5

E. Kiipeli, M. Kartal, S. Aslan, and E. Yesilada, “Comparative evaluation
of the anti-inflammatory and antinociceptive activity of Turkish
Eryngium species,” Journal of Ethnopharmacology, vol. 107, no. 1,pp.
32-37, 2006. [Online]. Available: 10.1016/j.jep.2006.02.005;https:
//dx.doi.org/10.1016/j.jep.2006.02.005

P. Wang, Z. Su, W. Yuan, G. Deng, and S. Li, “Phytochemical con-
stituents and pharmacological activities of Eryngium L. (Apiaceae),”
Pharm Crops, vol. 3, pp. 99-120, 2012.

S. A. Erdem, S. F. Nabavi, I. E. Orhan, M. Daglia, M. Izadi, and

S. M. Nabavi, “Blessings in disguise: a review of phytochemical
composition and antimicrobial activity of plants belonging to the genus
Eryngium,” DARU Journal of Pharmaceutical Sciences, vol. 23, no. 1,
pp. 1-22, 2015. [Online]. Available: 10.1186/s40199-015-0136-3;https:
//dx.doi.org/10.1186/s40199-015-0136-3

(31

(4]

(5]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

TMR 4

J. H. A. Paul, C. E. Seaforth, and T. Tikasingh, “Eryngium
foetidum L.: A review,” Fitoterapia, vol. 82, no. 3, pp. 302-308,
2011. [Online]. Available: 10.1016/j.fitote.2010.11.010;https:
//dx.doi.org/10.1016/j.fitote.2010.11.010

M. Semnani, K. Azadbackt, M. Hushmand, and A, “Check Essential
ingredients aboveground plants Eryngium bungei,” Bioss.and Eryngium
caeruleum M.B Journal of Pharmaceutical Sciences, pp. 43—48, 2004.
P. Trautv, “Plants for a future, edible, medicinal and useful plants for a
healthier world,” Eryngium caucasicum, 2004.

M. S. Freitas, M. A. Martins, and 1. Vieira, pp. 887-894, 2004. [Online].
Available: https://doi.org/10.1590/S0100-204X2004000900008

M. Kaushal and S. P. Wani, “Plant-growth-promoting rhizobacteria:
drought stress alleviators to ameliorate crop production in
drylands,” Annals of Microbiology, vol. 66, no. 1, pp. 35— 42,
2016. [Online]. Available: 10.1007/s13213-015-1112-3;https:
//dx.doi.org/10.1007/s13213-015-1112-3

S. C. K. Carlsen, A. Understrup, 1. S. Fomsgaard, A. G. Mortensen,
and S. Ravnskov, “Flavonoids in roots of white clover: interaction
of arbuscular mycorrhizal fungi and a pathogenic fungus,” Plant and
Soil, vol. 302, no. 1-2, pp. 33-43, 2008. [Online]. Available: 10.1007/
s11104-007-9452-9;https://dx.doi.org/10.1007/s11104-007-9452-9

P. Bonfante and A. Genre, “Mechanisms underlying beneficial plant—
fungus interactions in mycorrhizal symbiosis,” Nature Communications,
vo. 1, mno. 1, pp. [1-11, 2010. [Online]. Available:
10.1038/ncomms1046;https://dx.doi.org/10.1038/ncomms 1046

S. E. Smith and D. J. Read, Mycorrhizal symbiosis. London: Academic
Press, 2008.

G. Al-Karaki, B. McMichael, and J. Zak, “Field response of wheat to
arbuscular mycorrhizal fungi and drought stress,” Mycorrhiza, vol. 14,
no. 4, pp. 263-269, 2004. [Online]. Available: 10.1007/s00572-003-
0265-2;https://dx.doi.org/10.1007/s00572-003-0265-2

M. Nell, C. Wawrosch, S. Steinkellner, H. Vierheilig, B. Kopp,

A. Lossl, C. Franz, J. Novak, and K. Zitterl-Eglseer, “Root
Colonization by Symbiotic Arbuscular Mycorrhizal Fungi Increases
Sesquiterpenic Acid Concentrations inValeriana officinalisL.” Planta
Medica, vol. 76, no. 04, pp. 393-398, 2010. [Online]. Available:
10.1055/s-0029-1186180;https://dx.doi.org/10.1055/5-0029-1186180

B. Ritika and D. Utpal, “Biofertilizer, a way towards organicagriculture:
A review,” African Journal of Microbiology Research, vol. 8, no. 24, pp.
2332-2343,2014. [Online]. Available: 10.5897/ajmr2013.6374;https:
//dx.doi.org/10.5897/ajmr2013.6374

M. de Cassia Soares da Silva, T. de Almeida Paula, B. C. Moreira,
M. Carolino, C. Cruz, D. M. S. Bazzolli, C. C. Silva, and

M. C. M. Kasuya, “Nitrogen-Fixing Bacteria in Eucalyptus globulus
Plantations,” PLoS ONE, vol. 9, no. 10, pp. el11313-e111 313, 2014.
[Online].  Available: 10.1371/journal.pone.0111313;https://dx.doi.
org/10.1371/journal.pone.0111313

R. Li, R. Tao, N. Ling, and G. Chu, “Chemical, organic and bio-
fertilizer management practices effect on soil physicochemical property
and antagonistic bacteria abundance of a cotton field: Implications
for soil biological quality,” pp. 30-38, 2017. [Online]. Available:
10.1016/j.5ti11.2016.11.001;https://dx.doi.org/10.1016/j.still.2016.11.001

S. Fibach-Paldi, S. Burdman, and Y. Okon, “Key physiological properties
contributing to rhizosphere adaptation and plant growth promotion
abilities of Azospirillum brasilense,” FEMS Microbiology Letters, vol.
326, no. 2, pp. 99-108, 2012. [Online]. Available: 10.1111/j.1574-6968.
2011.02407 x;https://dx.doi.org/10.1111/j.1574-6968.2011.02407 .x

Y. Bashan, G. Holguin, and L. E. de Bashan, “Azospirillum-plant
relationships: physiological, molecular, agricultural, and environmental
advances (1997-2003),” Canadian Journal of Microbiology, vol. 50, no.
8, pp. 521-577, 2004. [Online]. Available: 10.1139/w04-035;https:
//dx.doi.org/10.1139/w04-035

M. Lucy, E. Reed, and B. R. Glick, “Applications of free living plant
growth-promoting rhizobacteria,” Antonie van Leeuwenhoek, vol. 86, no.
1, pp. 1-25, 2004. [Online]. Available: 10.1023/b:anto.0000024903.
10757.6¢;https://dx.doi.org/10.1023/b:ant0.0000024903.10757.6¢

J. Perez-Pazos and D. Sanchez-Lopez, “Influence of plant growth
promoting bacteria in seed yields of superelite sweet potato (Ipomoea
batatas Lam) in the field,” Applied Biotechnology, vol. 35, no. 2, pp.
2211-2216, 2018.

N. Narula, V. Kumar, R. K. Behl, A. Deubel, A. Gransee, and

W. Merbach, “Effect of P-solubilizingAzotobacter chroococcum
on N, P, K uptake in P-responsive wheat genotypes grown
under greenhouse conditions,” Journal of Plant Nutrition and Soil
Science, vol. 163, no. 4, pp. 393-398, 2000. [Online]. Available:
10.1002/1522-2624(200008)163:4<393::aid-jpIn393>3.0.co;2-w;https:


http://creativecommons.org/licenses/BY/4.0/)

Food Therapy and Health Care

//dx.doi.org/10.1002/1522-2624(200008)163:4<393::aid-jpIn393>3.0.
c0;2-w

[24] R. Nosrati, P. Owlia, H. Saderi, I. Rasooli, and M. A. Malboobi,
“Phosphate solubilization characteristics of efficient nitrogen fixing soil
Azotobacter strains,” Iranian Journal of Microbiology, vol. 6, no. 4, pp.
285-295, 2014.

[25] M. Moniruzzaman, “Effects of plant spacing and mulching on yield and
profitability of lettuce (Lactuca sativa L.),” J. Agric. Rural Dev, vol. 4,
pp. 107-111,2006.

[26] T. A. Turk and A. M. Tawaha, “Impact of seeding rate, seeding date,
rate and method of phosphorus application in faba bean (Vicia faba L.
minor) in the absence of moisture stress,” Biotech. Agron. Soc. Environ,
vol. 6, pp. 171-178, 2002.

[27] D. K. Biswas, H. K, A. M. M. Rahman, and M. A, “Infuence of plant
population density on growth and yield of two blackgram varieties,” J.
Agron, vol. 1, pp. 83-85, 2002.

[28] D. N. Njoku and C. O. Muoneke, “Efect of cowpea planting density on
growth, yield and productivity of component crops in cowpea/ cassava
intercropping system,” J. Trop. Agric. Food Environ. Ext, vol. 7, pp.
106-113, 2008.

[29] N. W. Davies, “Gas chromatographic retention index of monoterpenes
and sesquiterpenes on methyl and carbowax 20 M phases on methyl and
chromatography,” International Biodeterioration and Biodegradation,
vol. 503, pp. 1-24, 1998.

[30] P.Shabanzadeh, D. Habibi, A. Asgharzadih, and N. Khodabande, 2009.

[31] A. Hamidi, A. Asqarzadeh, R. Chokan, D. Shoar, M. Ghalavand, A. Ja-
farmalakoti, and M, “Study of plant growth promoting rihizobacteria
(PGPR) biofertilizers application in maize cultivation by adequate input,”
Journal of Environmental Science, vol. 4, pp. 1-20, 2007.

[32] K. S. Subramanian, P. Santhanakrishnan, and P. Balasubramanian,
“Responses of field grown tomato plants to  arbuscular
mycorrhizal fungal colonization under varying intensities of
drought stress,” Scientia Horticulturae, vol. 107, no. 3, pp. 245 253,
2006. [Online]. Available: 10.1016/j.scienta.2005.07.006;https:
//dx.doi.org/10.1016/j.scienta.2005.07.006

[33]Dinan T. “The effect of phosphate solubilizing organic fertilizers on
the yield and quality of two varieties of medicinal plants there”.
Master Thesis Agriculture, Islamic Azad University Rudhen 2008.

[34] A. Annamalai, P. T. Lakshmi, D. Lalithakumari, and K. Murugesan,
“Optimization of biofertilizers on growth, biomass, and seed yield of
Phyllanthus amarus (Bhumyamalaki) in sandy loam soil,” Journal of
Medicinal and Aromatic Plants Sciences, vol. 26, no. 4, pp. 3340, 2004.

[35] R. Kapoor, B. Giri, and K. G. Mukerji, “Improved growth and essential
oil yield and quality in Foeniculum vulgare mill on mycorrhizal
inoculation supplemented with P-fertilizer,” Bioresource Technology,
vol. 93, no. 3, pp. 307-311, 2004. [Online]. Available: 10.1016/j.
biortech.2003.10.028;https://dx.doi.org/10.1016/j.biortech.2003.10.028

[36] Q. Rassam, M. Qrbanzadh, and A. Dadkha, “Effect of planting date and
nitrogen on yield and seed yield components (Anethum graveolens L,”
Shirvan. Agricultural Sciences and Natural Resources, vol. 13, pp. 1-9,
2006.

[37] R. Azimi, M. Jangjo, and H. Asghari, “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, vol. 11, no. 4, pp. 666-676, 2014.

[38] P.Abrishamchi, A. Ganjali, K. Bey, A. Khurmyzi, and A. Avan, pp. 393—

383, 2012.
[39] A. Sirrenberg, C. Gobel, S. Grond, N. Czempinski, A. Ratzinger,
P. Karlovsky, P. Santos, I. Feussner, and K. Pawlowski,

“Piriformospora indica affects plant growth by auxin production,”
Physiologia Plantarum, vol. 131, no. 4, pp. 581-589, 2007.
[Online]. Available: 10.1111/j.1399-3054.2007.00983.x;https:
//dx.doi.org/10.1111/j.1399-3054.2007.00983.x

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

[41] J.-M. Barea, M. J. Pozo, R. Azcoén, and C. Azcodn-Aguilar,
“Microbial co-operation in the rhizosphere,” Journal of Experimental
Botany, vol. 56, no. 417, pp. 1761-1778, 2005. [Online]. Available:
10.1093/jxb/eri197;https://dx.doi.org/10.1093/jxb/eri197

[42] S. Roy, K. Arunachalam, B. K. Dutta, and A. Arunachalam,
“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, vol. 45, no. 2, pp. 78—
84,2010. [Online]. Available: 10.1016/j.aps0il.2010.02.004;https:
//dx.doi.org/10.1016/j.aps0il.2010.02.004

[43]

[44]

[45]

[46]

[47]

(48]

TMR 75

S. G. Moghaddam, A. Nasiri, and M. Sharifi, “ECCO Mnemonic
Authentication—Two-Factor Authentication Method with Ease-of-Use,”
pp. 11-18, 2014. [Online]. Available: 10.5815/ijcnis.2014.07.02;https:
//dx.doi.org/10.5815/ijcnis.2014.07.02

1. Paradi, Z. Bratek, and F. Lang, “Influence of Arbuscular
Mycorrhiza and Phosphorus Supply on Polyamine Content, Growth
and Photosynthesis of Plantago lanceolata,” Biologia plantarum, vol.
46, no. 4, pp. 563-569, 2003. [Online]. Available: 10.1023/a:
10248197293 17;https://dx.doi.org/10.1023/a:1024819729317

J. Arpana and D. J. Bagyaraj, “Response of kalmegh to an arbuscalar
mycorrhizal fungus and a plant growth promoting rhizomicroorganism
at two levels of phosphorus fertilizer,” American-Eurasian Journal
Agriculture Science, vol. 2, no. 1, pp. 33-38, 2007.

J. Fallahi, A. R. Kochaki, and P. Rezvanimoghadam, “Investigation of
effect of biofertilizers on quantitative and qualitative yield of Achillea
millefolium L,” J. Iran Agron. Res, vol. 7, pp. 127-135, 2009.

M. T. Darzi, A. Ghalavand, and F. Rejali, “Effect of mycorrhiza,
vermicompost and phosphate biofertilizer application on flowering,
biological yield and root colonization in fennel (Foeniculum vulgare
Mill.),” Iranian J. of Crop Sciences, vol. 10, no. 1, pp. 88109, 2008.
J. H. Huang, T. J. F, J. H. K. Zeng, and R. S, “Effects of inoculating
arbuscular mycorrhizal fungi on Artemisia annua growth and its officinal
components,” Ying Yong Sheng Tai Xue Bao, vol. 22, pp. 1443-1449,
2011.



	Geographical characteristics of the place for perf
	Characteristics of experimental plan
	Conservation operation
	Sampling during growing season
	Number of leaves
	Flower number
	Seed number per plant
	Root dry weight
	Root length
	Root diameter
	Leaf yield
	Essential oil ingredients

