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ABSTRACT

Chamomile is one of the well-known herbs in the world, with numerous medicinal, cosmetic and health
benefits. In this study, a factorial experiment was conducted in a randomized complete block design tech-
nique to evaluate the three different dosses of nitrogen (N1 =0, N2 = 50 and N3 = 100 kg-ha™') from urea
46%, and three different vermicompost dosses (V1 =0, V2 =4 and V3 = 8 t-ha!) and three different zeolite
superabsorbent levels (S1 =0, S2 =50 and S3 = 100 kg-ha™') on flower yield and essential oil of chamomile
in Kazeroon, Fars province in 2017. The results showed that increasing the amount of nitrogen and vermi-
compost increased the plant height, flower diameter, number of flowers, flower yield, essential oil content,
biological yield and essential elements content of the Chamomile. In the interaction of N x V, the highest and
lowest dry flower yields were observed in N3V3 (456 kg-ha™) and N1V1 (316.9 kg-ha™) treatments, respec-
tively. The interaction showed that the highest and the lowest of essential oil content were observed in N3V3
(2.82 kg-ha™) and N1V1 (1.56 kg-ha™), respectively. The highest content of chamazulene compound were
obtained in N2V3S3 treatments with 6.40% and the highest content of a-bisabolol oxide A related to N2V3
treatments with 53.50%. Based on the interaction results of N x V x S, the highest biological yield was
observed in N3V2S3 with 2012 kg-ha'. The reason for the results can be due to the high moisture storage
capacity of the superabsorbent and vermicompost, which can increase the availability of water consumption.
In general, it seems that with increasing nitrogen and vermicompost ratios of soil, not only the nutritional
availability of the plant (especially nitrogen, phosphorus and potassium) increased, but also the physical
structure and vital processes of the soil by creating a suitable substrate for root growth — increased the pro-
duction of chamomile flower yields.
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INTRODUCTION

At present, about 1/3 of the drugs used in human
communities are medicinal plant origin. Therefore,
pharmaceutical industries and affiliated research groups
in many countries focus on the cultivation and produc-
tion of medicinal plants [Kleinwéchter et al. 2014].
Chamomile (Matricaria chamomilla syn. M. recutita)
is one of the oldest and one of the well-known herbal
medicines [Ghanavatifard et al. 2018]. This plant is one
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of the most expensive herbs in Europe, which is mainly
cultivated in order to use its essential oil [Formisano
et al. 2015]. Chamomile used to treat insomnia, gout,
sciatica, indigestion and diarrhea and has a special place
in the treatment of childhood diseases such as bloating,
dental pain and childhood seizures [Park et al. 2017].
Improvements in production of medicinal and ar-
omatic plant products are needed to meet increased
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market demands [Duc et al. 2015]. In order to achieve
desired level of metabolites, correct nutrition of me-
dicinal and aromatic herbs through organic methods
as well as the combined method has a significant role
in the essential oils of this group of plants [Moore et
al. 2014]. Managing the essential nutritional elements
of plants can be effective in the production of quality
medicinal and aromatic herbs [Gopalakrishnan et al.
2016].

The use of organic or chemical fertilizers is neces-
sary in order to achieve high yield in pharmaceutical
products [Lim et al. 2015]. Correct and proper applica-
tion of nutrients and elements during planting, grow-
ing and harvesting of medicinal plants, not only plays
a major role in enhancing yield but also improves the
quality and quantity of the active ingredients [Naguib
et al. 2011]. Inappropriate use of chemical fertilizers
has caused pollution of surface and underground wa-
ter in many parts of the world [Qin et al. 2015]. The
optimum application of nitrogen in medicinal plants
is very important [Ranjbar et al. 2017]. Research has
shown that 85 kg of potassium oxide, 53 kg of ni-
trogen and 21 kg of phosphorus oxide are absorbed
from soil to produce 1,000 kilograms of flowers and
3,000 kilograms of vegetative organs [Hornok 1992].
Kariminejad and Pazoki [2015] showed that the high-
est performance of chamomile essential oil was ob-
tained using 65 kg of pure nitrogen per hectare.

Today, organic fertilizers have been proposed as an
alternative to chemical fertilizers in order to increase
soil fertility in the production of the plant products
in sustainable agriculture [Joshi et al. 2015]. Organic
materials increase soil quality through improving soil
structure, maintaining nutrition and biological activi-
ty [Lehmann and Kleber 2015, Paul 2016]. Given the
emphasis of sustainable agriculture on improving the
quality and sustainability of yield, in medicinal herbs
that are quality products, vermicompost is a good op-
tion for this system and in such a condition, it seems to
improve growth and yield.

The use of natural reformer compounds, such as
super-absorbents in agricultural fields, has been used
as a new way in order to increase the efficiency and
preventing the loss of chemical fertilizers [Eroglu et
al. 2017]. The structure of the superabsorbent, such
as zeolite, is sufficiently open and it can accommo-
date water molecules similar to cations [Teotia et al.
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2016]. Water molecules, as well as cations, can easily
move inside the network, without changing the net-
work structure. Because of its unique structure and
features such as inert and non-toxicity, it is possible
to use natural zeolites as Slow-down transporter for
the release of chemical fertilizer elements [Ozbahce et
al. 2015]. The use of natural materials such as zeolite
improves the physical and chemical structure of the
soil, increases water holding capacity in the soil for
a long time reduces the use of chemical fertilizers and
prevents environmental pollution [Lim et al. 2015].
Therefore, this research was carried out to investigate
the effect of balanced nitrogen and vermicompost con-
sumption with superabsorbent application on growth,
yield and nutrients absorption in chamomile herb in
Fars, Iran.

MATERIALS AND METHODS

This study was carried out in the Agricultural
Research and Education Center of Kazeroon, Iran
(29.6271°N, 51.6518°E) a factorial experiment based
on randomized complete block design (RCBD) with
3 replications in 2017. The climatic traits and soil prop-
erties of the studied site were shown in Table 1 and 2.

Seed bed was prepared using plow and disk in
late February, then the experimental plots were estab-
lished. Each plot consists of six rows with 0.3 m dis-
tance between the rows. Each experimental unit was
3 m long and consisted of six rows spaced 0.3 m apart.
Two m gaps were considered between blocks, and
1 m alley was established between each plot. The plant
density of 33 plants per square meter was achieved by
sowing seeds on the rows 10 cm.

The treatments included pure nitrogen at three lev-
els (N1 =0, N2 =50 and N3 = 100 kg-ha™) from urea
46% source, vermicompost at three levels (V1 =0, V2
=4 and V3 = 8 t.ha™!) and zeolite superabsorbent at
three levels (S1 =0, S2 = 50 and S3 = 100 kg-ha™).
Chamomile seed (Matricaria chamomilla cv. Bodego-
1d) used in this experiment was purchased from Pakan
bazr Company in Isfahan, Iran. Vermicompost was
provided from Zist Salem Kimia Company, (Tehran,
Iran). The vermicompost characteristics were com-
posed as the following: pH (7.70), EC (4.37 dSm™)
and total organic carbon (1.82%). The natural super-
absorbent used in this research was obtained from the

https://czasopisma.up.lublin.pl/index.php/asphc



Gandomi, A., Amiri, B., Sharafzadeh, S., Bazrafshan, F., Hazrati, S. (2021). The response of different fertilizer applications on chamomile
production and their quality characteristics. Acta Sci. Pol. Hortorum Cultus, 20(2), 107-119. DOI: 10.24326/asphc.2021.2.11

Table 1. Average temperature and precipitation of the studied site

Month Minimum Maximum Mean Total precipitation (mm)
April 13.2 30.9 22.1 101.2
May 6.8 20.4 13.6 23
June 5.8 17.3 11.6 145.3
July 5 17.5 11.3 29.4
August 10.3 24 17.2 10.1
September 11.5 249 18.2 35.8
Table 2. Physico-chemical properties of the soil in experimental region
. Zn Fe P K Oraganic
Soil texture  SP (% H EC (dS/ N (%
ofltexture SPOW P @M gy g mgn mgm Y carbon (%)
loam 52 7.50 0.63 0.78 42 15 345 0.08 1.02

Petrochemical Institute of Iran (Tehran). The superab-
sorbent and vermicompost were applied before sow-
ing by hand and incorporated into the top 10 cm of the
soil. Chemical N fertilizer (in chemical treatment, 125
and 225 kg ha! N as urea) was divided into two equal
amounts and applied at two stages, sowing and at the
four-leaf stage. The seeds were blended with the sand
and cultivated during February. Irrigation operations
performed once a day until the plant emergency. Weed
control was carried out during the chamomile growth
in three stages (20, 40 and 60 days after planting) me-
chanically. At 50% flowering stage (120 days after
sowing), the fresh chamomile flowers were collected.
At this stage, harvesting was performed from 2 m? of
each plot weekly. Flowers were manually picked over
2-3 weeks period. Flower yield for each treatment was
registered and final flower yield (sum of 3 harvesting)
was calculated.

Plant height, flower head diameter, flower number,
flower yield, biological yield, essential oil content and
its yield, nitrogen, phosphorus, and potassium con-
tents were measured at the full flowering stage (50%
of flowers open).

Essential oil content and yield. To determine es-
sential oil content, flowers were dried under shade and
powdered using electric blender, then, samples (50 g,
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three replicates) were subjected to hydro-distillation
for 3 h using an all glass Clevenger-type apparatus.
The obtained aqueous essential oil was dehydrated by
sodium sulfate (98%), followed by storage in airtight
glass vials covered with aluminum foil at 4°C before
the next analyses. Essential oil yield was result of mul-
tiplying percentage of essential oil in yield of flower.

Nutrient content. The last harvest (at the full flow-
ering stage) was used to take samples for N, P, and K
determination. 20 g of sample was taken from each
plot. The plant samples were oven-dried at 75°C for
48 h and then powdered by an electric mill. Then, the
total nitrogen was determined by the Kjeldahl method
[Novozamsky et al. 1974]. Phosphorus was measured
using the molybdate and vanadate, P content was de-
termined using a 6505 JenWay spectrophotometer
following colorimetrically method [Chapman et al.
1962], and total potassium (K") was measured via the
Flame Photometric method (JENWAY PFP 7 Flame
Photometer). This method is fully described in Haji-
boland et al. [2010].

Gas chromatography-mass spectrometry anal-
ysis. Gas chromatography—mass spectrometry anal-
ysis was performed using an Agilent Technolo-
gies-5975C-MS, 7890A-GC system that fitted with
a fused silica HP-5MS (30 m x 0.25 mm (ID) x film
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Table 3. Analysis of variance (mean square) for different traits in chamomile medicinal herb

Plant Flower flowers Flower Biological
SOV DF height diameter per plant yield Yie%d
Block (B) 21 3.636™ 8.178" 0.481™ 236.043™ 184.975™
Nitrogen (N) 2 840.084" 87.529" 2042.019™ 118155.354™ 1440726.000"
Vermicompost (V) 2 133.142" 80.067" 857.352" 29005.381" 428580.690™
Superabsorbent (S) 2 4.105™ 37.764™ 43.556" 1141.129™ 28508.910"
NxV 4 54.016" 0.524™ 24.093" 3026.231" 28659.380"
N xS 4 16.032" 1.360™ 4352 88.053 ™ 10665.940"
VxS 4 6.857™ 5.251° 21.546" 212.407"™ 34806.200"
NxVxS§ 8 6.739™ 6.114™ 7.079™ 262.964" 6350.150™
Error 52 5.070 2.076 7.624 116.866 4357.350
CV (%) - 5.061 7.250 4471 2.692 4716

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

Continue: Analysis of variance (mean square) for different traits in chamomile medicinal herb

SOV DF ol;:lszzrrllttlearit ](E)Tls ;?:131 Nitrogen  Phosphorus  Potassium w:;?;:‘i()] Chamazulene
Block (B) 2 0.006™ 0.008™ 0.193" 0.115" 0.002" 2.62™ 0.73™
Nitrogen (N) 2 0.054" 7.917" 2.149" 0.188" 7.690" 39.76 ™ 637"
Vermicompost (V) 2 0.056" 3.563" 0.586" 0.196" 5.672" 71.42™ 0.94"
Superabsorbent (S) 2 0.002™ 0.120™ 0.034™ 0.090™ 0.187" 0.73™ 1.88"
NxV 4 0.003™ 0.160" 0.078" 0.041™ 0.287" 31.38" 247"
N xS 4 0.009™ 0.144" 0.050™ 0.055™ 0.132™ 2.57™ 0.49™
VxS 4 0.001™ 0.026™ 0.082" 0.046™ 0.010™ 5.84™ 0.39™
NxV xS 8 0.004™ 0.075"™ 0.013™ 0.053™ 0.125" 2.09™ 0.75"
Error 52 0.003 0.064 0.025 0.049 0.086 2.78 0.27
CV (%) - 10.992 11.150 14.516 19.282 13.208 3.24 9.98

ns, * and **: are non-significant and significant at 5 and 1% probability levels, respectively.

thickness 0.25 um. The oven temperature was pro-
grammed as follows: from 60 (held isothermally for
2 min) to 210°C with ramp: 3°C/min then increased to
240°C with ramp 20°C/min and the final temperature
kept for 8.5 min. Run time: 60 min. The election ion-
ization energy was 70eV in the electronic ionization
(EI) mode, ion-source: 230°C, detector: 290°C MS,
interface line temperature: 280°C, injector: 280°C,
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split ratio: 1 : 50, He as the carrier gas (flow rate,
1 mL/min), mass range: 50—480 m/z. Gas chroma-
tography—mass spectrometry (GC-MS) enables fast
analysis, good separation and reliable quantitative and
qualitative data [Rubiolo et al. 2008].

The data were analyzed using SAS software and
the means were compared by LSD test at 5% proba-
bility level.
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RESULTS

Plant height and flower diameter. The results
showed that increasing the amount of nitrogen and
vermicompost increased the plant height (Table 3
and 4) but the superabsorbent had no significant effect
on plant height (Tab. 4).

The results also showed that increasing the amount
of nitrogen, superabsorbent and vermicompost in-
creased the flower diameter (Tab. 4). The highest
diameter of flowers was observed in N1V3S3 and
N3V3S2 treatments with 26.00 mm and the lowest
in N1V1S1 and N2VI1S2 treatments were 18.96 and
18.33 mm, respectively (Fig. 1 A).

Flower number and yield. Among all the quantita-
tive traits studied in chamomile, flower yield is most
important. The main effects of nitrogen, vermicom-
post and superabsorbent affected the number of flow-
ers and the flower yield per plant. The results showed
that increasing the amount of nitrogen, vermicompost
and superabsorbent increased them (Tab. 4). In the in-
teraction of N x 'V, the highest and lowest flower yields
were observed in N3V3 (456 kg-ha') and N1VI
(316.9 kg-ha™) treatments, respectively (Tab. 5).

Biological yield. Based on the interaction results
of N x V x S/ the highest biological yield was ob-
served in N3V3S3, N3V3S1, N3V3S2 and N3V2S3
with 2012, 2065, 2097 and 2048 kg-ha!, respectively
(Fig. 1 B). In contrast, the lowest biological activity
was observed in N1V1S1 (control) with 1417 kg-ha™'.

Essential oil yield, content and compositions

The results of mean comparison showed that with
the increase of nitrogen and vermicompost, essential
oil content increased. However, the main effect of su-
perabsorbent had no significant effect on increasing
the essential oil content (Tab. 4). In addition, the inter-
action of N X V showed that the highest and lowest of
essential oil content were observed in N3V3 treatment
(2.82 kg-ha™') and N1V1 (1.56 kg-ha™), respectively
(Tab. 5). The major constituents of essential oil were
a-bisabolol oxide A and chamazulen. The results of
interaction effects showed that with increasing nitro-
gen and vermicompost content, a-bisabolol oxide A
and chamazulen content were increased. Regarding
the interaction effect of N x V x S had significant
effect on chamazulen, and the interaction of N x V
had significant effect on a-bisabolol oxide A (Tab. 3).

Table 4. Comparison of main effect of plant height, flower diameter, number of flowers per plant, flower yield and

biological yield traits in chamomile medicinal herb

Plant  Flower Number Flower Biological Essential Essential __. hos- .
. . . . . o Nitrogen Potassium
Levels height diameter of flowers yield yield  oil content oil yield %) phorus %)
(¢cm)  (mm) perplant (kgha') (kgha!) (%)  (kg'hal) ° (%) °
0 41.098° 19.054° 55.185° 352.448° 1257.930¢ 0.534° 1.906° 0.922° 0.131° 1.881°
Nitrogen b b b b b b b b ab b
(ke-ha ) 50 43.547° 19.228° 62.722° 406.620° 1362.590° 0.555 2.271 1.078° 0.177 2.169
100 48817 21.341* 67.370* 445.589* 1578.260* 0.596*° 2.671*  1.318* 0.249*  2.630°
Vermi- 43.085¢ 18.707° 58.185¢ 377.798° 1317.430¢ 0.530° 2.025°  1.034° 0.141° 1.939°
compost 4  44.193° 19.778" 61.037° 402.756 1387.070° 0.561°  2.285"  1.059° 0.162°  2.164°
-1
(tha™) 46.184" 21.137% 66.056" 424.104" 1494.280" 0.595* 2.538%  1.225% 0.254* 2.578*
Super- 0 44325 19357° 61.611° 396.326° 1373.200° 0.554®  2.228° 1.077° 0.162° 2.206°
absorbent 50  44.332% 19.426° 60.944° 403.363° 1410.410* 0.565° 2.306%  1.123* 0.162" 2.181°
-1
(kg'ha™) 100 44.806° 20.839° 62.722° 404.969° 1415.170° 0.566° 2.314*  1.118* 0.233*  2.293°
At o= 5% based on LSD, means with similar letter in each column are not significantly different
https://czasopisma.up.lublin.pl/index.php/asphc 111
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The results of current study showed that increasing ap-
plication of vermicompost and nitrogen tended to re-
sult in increased a-bisabolol oxide A and chamazulene
concentration, the highest content of chamazulene
compound were obtained in N2V3S3 treatments with
6.40% and the highest content of a-bisabolol oxide A
related compound to N2V3 treatments were 53.50%
(Fig 2 A and B6).

Nitrogen, phosphorus and potassium. The results
of main effects showed that with increasing nitrogen
and vermicompost content, nitrogen, potassium and
phosphorus content were increased. Regarding the
interaction effect of N X V, the highest nitrogen con-
tent was observed in N3V1, N3V2 and N3V3 treat-
ments with 1.32, 1.26 and 1.36% respectively and the
highest rates of potassium related to N3V3 treatments
were 2.8% (Tab. 5). Regarding the interaction of S X
V (Tab. 6), the highest nitrogen content was related to
S3V3 treatments with 1.3%.

DISCUSSION

In the present study, increasing the amount of nitro-
gen, superabsorbant and vermicompost increased the
flower diameter with 0.37 compare to control. Many
researchers showed that using nitrogen, superabsor-
bent and vermicompost increased the flower diameter
that was consistent with the results of this experiment
[Bichsel et al. 2008, Hadi et al. 2011, Hoover et al.
2012, Salehi et al. 2018, Gholami et al. 2018, Kisi¢ et
al. 2019, Giannoulis et al. 2020]. The results showed
that the interaction of nitrogen and vermicompost in-
creased the amount of plant height, number of flowers
per plant, flower yield, essential oil yield, nitrogen and
potassium by 31, 38, 43, 80, 73 and 92%, respectively,
compared to the control.

Under the same environmental conditions, provid-
ing nutrients for the plant by different fertilizers can
increase plant growth and subsequently increase plant
height [Adesemoye et al. 2009]. Rahmati et al. [2011]
in a study on chamomile plant said that the increase
in nitrogen levels increases the flower yield, which is
consistent with the results of this study. Different re-
searchers have reported that that the effect of nitrogen
fertilizer on the yield was increased with increasing
the amount of photosynthesis and carbohydrate stor-
age [Tamagno et al. 2018, Chen et al. 2019]. The re-
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sults of the present experiment showed that the inter-
action of superabsorbent and vermicompost increased
the amount of plant height, number of flowers per
plant, nitrogen and flower yield by 7, 13, 26 and 15%,
respectively, compared to the control.

Regarding the interaction of superabsorbent with
vermicompost on flower yield (Tab. 6), it can be said
that application of vermicompost with superabsor-
bent, by improving the physicochemical structure of
soil such as increasing water absorption and nutrients,
especially nitrogen and potassium, can increase the
flower yield. In addition, adding superabsorbent to
vermicompost seems to prevent nitrogen loss during
mineralization process and these nutrients are gradu-
ally released and used at the right time and during the
plant growth period [Lim et al. 2015, Nigussie et al.
2016, Sharma et al. 2017, Zheng et al. 2018].

It was also observed that with increasing nitro-
gen, vermicompost and superabsorbent, the biologi-
cal yield increased, by 32% compared to control. The
reason for this result can be due to the high moisture
storage capacity of the superabsorbent, which can in-
crease the quality and quantity of available water to
the plant [Wu et al. 2016, Hazrati et al. 2017, Zheng et
al. 2018]. It can be stated that superabsorbent polymer,
by preserving water and preventing stress, increase the
performance of the vegetative organs in chamomile.
On the other hand, organic fertilizers, by supplying
microelements and macroelements, improvement of
physical, chemical and biological properties of soil,
increasing water-holding capacity in soil, proper de-
velopment of root system of the plant by improving
soil structure and increasing soil porosity, enhance-
ment and absorption and transfer of minerals, cause
more plant growth [Jannoura et al. 2014, Glaser et al.
2015, Lim et al. 2015, Kammann et al. 2015].

The results of this study showed that increase in
vermicompost application (0 to 10 t-ha™") and nitro-
gen (0 to 100 kg-ha™') significantly enhanced the es-
sential oil yield of the chamomile by 44% compared
to control. Increase in flower and branches increase
the yield of essential oil [Chrysargyris et al. 2016,
Stefanaki et al. 2016]. The presence of sufficient wa-
ter due to the presence of the superabsorbent poly-
mer also increases vegetative growth, followed by an
increase in the essential oil content and yield. The
results of this study are consistent with the results of

https://czasopisma.up.lublin.pl/index.php/asphc
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in chamomile medicinal herb

other studies and show that water scarcity reduced
essential oil yield in these plants [Govahi et al. 2015,
Salehi et al. 2018]. In addition, a study by Rahmati et
al. [2011] showed that increasing the application of
nitrogen fertilizer increased the amount of essential
oil content in this plant.

Emongor et al. [1990] stated that the essential oil
of chamomile increases with increasing nitrogen or
phosphorus fertilizers. Nitrogen plays an important
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role in the development and division of new cells con-
taining essential oil and biosynthesis of essential oils
and active ingredients of medicinal plants. Therefore,
it can be stated that the use of nitrogen fertilizer and
the use of condensed matter. Such as superadsorbents
that absorb nutrients and gradually are available to the
plant, as well as the use of vermicompost by provid-
ing photosynthesis and producing these compounds,
increased the essential oil in the plant than the control

https://czasopisma.up.lublin.pl/index.php/asphc
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Table 5. Comparison of mean related to interaction of vermicompost x nitrogen for plant height, flower yield, number of
flowers per plant, essential oil yield, nitrogen and potassium in chamomile medicinal herb

Numb Fl Essential
Nitrogen  Vermicompost Plant height umber 9wer sser} 1 Nitrogen Potassium
(ke-ha ™) (t-ha) (om) of flowers yield oil yield %) %)
per plant (kg-ha™) (kg-ha™)
0 37.710¢ 51.167¢ 316.928F 1.561f 0.793°¢ 1.4724
0 4 40.820° 54.500° 354.128°¢ 1.903°¢ 0.896 % 1.850°¢
8 44.750° 59.889 % 386.289 ¢ 2.252°¢ 1.078% 2.322°
0 42.910% 58.111°¢ 379.444 ¢ 2.002 % 0.987< 1.894°¢
50 4 43.580" 62.500 410.394°¢ 22754 1.016% 2.041°
8 44.140° 67.556" 430.022° 2.536% 1.230% 2.572%
0 48.620° 65.278% 437.022° 2.511% 1.322° 2.450°
100 4 48.170° 66.111° 443.744% 2,676 1.265° 2.600®
8 49.650° 70.722% 456.000* 2.827% 1.368° 2.839°

At o = 5% based on LSD, means with similar letters in each column are not significantly different

Table 6. Comparison of mean related to interaction of vermicompost x superabsorbent for plant height, number of flower

per plant and nitrogen in chamomile medicinal herb

Vermicompost Superabsorbent Plant height Number Nitrogen Flower yield

(t-ha™) (kg-ha™) (cm) of flowers per plant (%) (kg-ha™)
0 43.028° 59.333% 1.032°¢ 372.844°

0 50 43.006° 56.278 ¢ 1.019°¢ 382.922%
100 43.222° 58.944 < 1.050° 377.628°¢

0 43.283° 59.944% 1.071% 398.811°

4 50 44378 61.111% 1.106" 401.050
100 44917 62.056™ 1.000°¢ 408.406™

0 46.663 ® 65.556° 1.129%° 417.322°%°

8 50 45.611% 65.444° 1.244%® 426.117%
100 46.278* 67.167° 1.303° 428.872°

At o= 5% based on LSD, means with similar letters in each column are not significantly differe nt

[Sangwan et al. 2001, Bakkali et al. 2008, Amiri et al.
2017, El Gendy et al. 2017].

Results showed that with using of vermicompost
and nitrogen, the content of nitrogen and potassium
increased by 42 and 45%, compared to control, re-
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spectively. P uptake is highly affected by vermicom-
post and nitrogen, the application of 10 t-ha ' vae-
micompost and 100 kg' N increased by 44 and 45%
in compared to control, respectively. Organic fertil-
izers will balance the soil in a long time, by having
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the required macro-elements and the smaller amount
of microelements [Ravindran et al. 2016, Alinian et
al. 2016, Joshi et al. 2016]. Moreover, it seems that
adding vermicompost to the soil not only increases
nutrients availability directly, but also operates as
a slow-release fertilizer to provide N, P and K to the
chamomile steadily [Salehi et al. 2016], Studies have
shown that consumption of superabsorbent polymers,
nitrogen and vermicompost, by maintaining water,
increase the essential oil yield of the salvia herb [Go-
vahi et al. 2015]. The results showed that nitrogen and
vermicompost increased, the synthesis of chamazulen
and a-bisabolol oxide A increased by 13.5 and 41%,
compared to control, respectively. Chamazulene and
a-bisabolol oxide A are terpenoids with anti-inflam-
matory properties. According to Ghavimi et al. [2012]
report, chamazulene is an anti-oxidant-type inhibitor
which strongly suppresses the formation of leukot-
riene B4 in intact cells.

Irrespective of management and environmental
factors effects on essential oils quantity and quali-
ty, several reports have indicated that environmental
conditions had no, or only slight, effect on chamazu-
lene contents. According to reports, chamazulen and
a-bisabolol oxide A are the most important secondary
metabolite [Mohammad and Hamid et al. 2010, Salehi
and Hazrati 2017]. The essential oil is terpenoid com-
pounds that need N and P for their biosynthesis. The
role of N in terpenoids biosynthesis is well document-
ed as N increases photosynthesis rate then affect ter-
penoid compounds biosynthesis by supplying required
C through photosynthesis [Niinemets et al. 2002, Sale-
hi et al. 2018]. Also, the presence of vermicompost in-
creases the amount of water in the environment around
the roots and the water is gradually provided to the
roots during the growth period of the plant. On the oth-
er hand, photosynthesis plays an important role in the
production of primary metabolites, which are essential
for the production of secondary metabolites. There-
fore, with the presence of vermicompost and due to
maintaining better conditions for photosynthesis, the
amount of a-bisabolol oxide A and chamazulen metab-
olites increased. A number of researchers have pointed
to the role of vermicompost in increasing photosyn-
thetic capacity as well as the synthesis of secondary
metabolites [Salehi et al. 2018].
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CONCLUSION

Application of suitable amounts of superabsorbent,
vermicompost and nitrogen improved biological ac-
tivity of soil and fertility and optimum absorption of
nutrients by the plant, by improving the components
of yield. Increasing vermicompost levels affect the
absorption capacity, maintaining high levels of mois-
ture and nutrients such as nitrogen, phosphorus and
potassium on increasing plant components such as
height, number of flowers per plant, flower diameter
and biological yield and therefore improve flower per-
formance. The highest content of essential oil content
related to N3V3 (2.8 kg-ha™') treatment. In addition,
the highest biological yield was obtained in N3V3 and
all three superabsorbent levels. Regarding the increase
in flower yield, with increasing the levels of vermi-
compost, it seems that with increasing vermicompost
to soil, not only the nutritional availability of the plant
(especially nitrogen, phosphorus and potassium) in-
creased, but also vermicompost, with improving the
physical structure and vital processes of the soil, by
creating a suitable substrate for root growth, increased
the production of flower yields. Also, the results of this
experiment showed that the use of vermicompost and
nitrogen played a very important role in increasing the
amount of a-bisabolol oxide A and chamazulene sec-
ondary metabolites.

ACKNOWLEDGEMENTS

The authors acknowledge University of Firooz-
abad Branch of the Islamic Azad, Firoozabad, Iran, for
funding and supporting this work.

CONFLICT OF INTEREST

All authors declare that they have no conflicts of
interest.

REFERENCE

Adesemoye, A.O., Torbert, H.A., Kloepper, J.W. (2009).
Plant growth-promoting rhizobacteria allow reduced
application rates of chemical fertilizers. Microb. Ecol.,

https://czasopisma.up.lublin.pl/index.php/asphc



Gandomi, A., Amiri, B., Sharafzadeh, S., Bazrafshan, F., Hazrati, S. (2021). The response of different fertilizer applications on chamomile
production and their quality characteristics. Acta Sci. Pol. Hortorum Cultus, 20(2), 107-119. DOI: 10.24326/asphc.2021.2.11

58(4), 921-929, https://doi.org/10.1007/s00248-009-
9531-y

Alinian, S., Razmjoo, J., Zeinali, H. (2016). Flavonoids, an-
thocyanins, phenolics and essential oil produced in cum-
in (Cuminum cyminum L.) accessions under different
irrigation regimes. Ind. Crop. Prod., 81, 49-55. https:/
doi.org/10.1016/j.indcrop.2015.11.040

Amiri, R., Nikbakht, A., Rahimmalek, M., Hosseini, H.
(2017). Variation in the essential oil composition, an-
tioxidant capacity, and physiological characteristics of
Pelargonium graveolens L. inoculated with two spe-
cies of mycorrhizal fungi under water deficit condi-
tions. J. Plant Growth. Regul., 36, 502—515, https://doi.
org/10.1007/s00344-016-9659-1

Bakkali, F., Averbeck, S., Averbeck, D., Idaomar, M. (2008).
Biological effects of essential oils—a review. Food Chem.
Toxicol., 46(2), 446475, https://doi.org/10.1016/j.
£ct.2007.09.106

Bichsel, R.G., Starman, T.W., Wang, Y.T. (2008). Nitrogen,
phosphorus, and potassium requirements for optimizing
growth and flowering of the nobile dendrobium as a pot-
ted orchid. HortScience, 43(2), 328-332, https://doi.
org/10.21273/HORTSCI1.43.2.328

Chapman, H.D., Pratt, P.F., (1962). Methods of analysis for
soils, plants and waters. Soil Sci., 93(1), 68, https://doi.
org/10.12691/wjar-4-2-4

Chen, J., Liu, L., Wang, Z., Sun, H., Zhang, Y., Bai, Z., Song,
S., Lu, Z., Li, C. (2019). Nitrogen fertilization effects on
physiology of the cotton Boll-Leaf system. Agronomy,
9(6), 271, https://doi.org/10.3390/agronomy9060271

Chrysargyris, A., Panayiotou, C., Tzortzakis, N. (2016).
Nitrogen and phosphorus levels affected plant growth,
essential oil composition and antioxidant status of lav-
ender plant (Lavandula angustifolia Mill.). Ind. Crop
Prod., 83, 577-586, https://doi.org/10.1016/j.ind-
crop.2015.12.067

Duc, G., Agrama, H., Bao, S., Berger, J., Bourion, V., De
Ron, AM., Tullu, A. (2015). Breeding annual grain le-
gumes for sustainable agriculture: new methods to ap-
proach complex traits and target new cultivar ideotypes.
Crit. Rev. Plant Sci., 34(1-3), 381-411, https://doi.org/1
0.1080/07352689.2014.898469

El Gendy, A.G., El Gohary, A.E., Omer, E.A, Hendawy,
S.F., Hussein, M.S., Petrova, V., Stancheva, 1. (2017).
Effect of nitrogen and potassium fertilizer on herbage
and oil yield of chervil plant (Anthriscus cerefolium L.).
Ind. Crop Prod., 69, 167174, https://doi.org/10.1016/j.
indcrop.2015.02.023

Emongor, VE., Chweya, J.A., Keya, S.O., Munavu, R.M.
(1990). Effect of nitrogen and phosphorus on the es-
sential oil yield and quality of chamomile (Matricaria

https://czasopisma.up.lublin.pl/index.php/asphc

chamomilla L.) flowers. E Afr. Agric. For. J., 55(4),
261-264, https://doi.org/10.1080/00128325.1990.1166
3593

Eroglu, N., Emekci, M., Athanassiou, C.G. (2017). Appli-
cations of natural zeolites on agriculture and food pro-
duction. J. Sci. Food Agric., 97(11), 3487-3499, https://
doi.org/10.1002/jsfa.8312

Formisano, C., Delfine, S., Oliviero, F., Tenore, G.C., Rig-
ano, D., Senatore, F. (2015). Correlation among envi-
ronmental factors, chemical composition and antioxi-
dative properties of essential oil and extracts of cham-
omile (Matricaria chamomilla L.) collected in Molise
(South-central Italy). Ind. Crop Prod., 63, 256-263,
https://doi.org/10.1016/j.indcrop.2014.09.042

Ghanavatifard, F., Mohtadi, A., Masoumiasl, A. (2018).
Investigation of tolerance to different nickel concentra-
tions in two species Matricaria chamomilla and Matri-
caria aurea. Int. J. Environ. Sci. Technol, 15, 949-956,
https://doi.org/10.1007/s13762-017-1435-7

Ghavimi, H., Shayanfar, A., Hamedeyazdan, S., Shiva,
A., Garjani A. (2012). Chamomile: An ancient pain
remedy and a modern gout relief-A hypothesis. Aft. J.
Pharm. Pharmacol., 6, 508-511, https://
doi.org/10.5897/AJPP10.197

Glaser, B., Wiedner, K., Seelig, S., Schmidt, H.P., Gerber,
H. (2015). Biochar organic fertilizers from natural re-
sources as substitute for mineral fertilizers. Agron. Sust.
Dev., 35, 667-678, https://doi.org/10.1007/
$13593-014-0251-4

Giannoulis, K.D., Kamvoukou, C.A., Gougoulias, N., Wo-
giatzi, E. (2020). Matricaria chamomilla L. (German
chamomile) flower yield and essential oil affected by ir-
rigation and nitrogen fertilization. Emir. J. Food Agric.,
32(5), 328-335, https://doi.org/10.9755/ejfa.2020.v32.
15.2099

Gholami, H., Saharkhiz, M.J., Fard, F.R., Ghani, A., Na-
daf, F. (2018). Humic acid and vermicompost increased
bioactive components, antioxidant activity and herb
yield of Chicory (Cichorium intybus L.). Biocatal. Ag-
ric. Biotechnol., 14, 286292, https://doi.org/10.1016/].
bcab.2018.03.021

Gopalakrishnan, L., Doriya, K., Kumar, D.S. (2016). Mo-
ringa oleifera: A review on nutritive importance and its
medicinal application. Food Sci. Hum. Well., 5(2), 49—
56, https://doi.org/10.1016/j.fshw.2016.04.001

Govahi, M., Ghalavand, A., Nadjafi, F., Sorooshzadeh, A.
(2015). Comparing different soil fertility systems in
Sage (Salvia officinalis) under water deficiency. Ind.
Crop Prod., 74, 20-27, https://doi.org/10.1016/
j.ind-crop.2015.04.053

Hadi, M., Darz, M.T., Gh, Z., Riazi, G. (2011). Effects of

117


https://doi.org/10.1016/j.indcrop.2015.11.040
https://doi.org/10.1016/j.indcrop.2015.11.040
https://doi.org/10.1007/s00344-016-9659-1
https://doi.org/10.1007/s00344-016-9659-1
https://doi.org/10.1016/j.fct.2007.09.106
https://doi.org/10.1016/j.fct.2007.09.106
https://doi.org/10.21273/HORTSCI.43.2.328
https://doi.org/10.21273/HORTSCI.43.2.328
https://doi.org/10.3390/agronomy9060271
https://doi.org/10.1016/j.indcrop.2015.12.067
https://doi.org/10.1016/j.indcrop.2015.12.067
https://doi.org/10.1080/07352689.2014.898469
https://doi.org/10.1080/07352689.2014.898469
https://doi.org/10.1016/j.indcrop.2015.02.023
https://doi.org/10.1016/j.indcrop.2015.02.023
https://doi.org/10.1080/00128325.1990.11663593
https://doi.org/10.1080/00128325.1990.11663593
https://doi.org/10.1016/j.indcrop.2014.09.042
https://doi.org/10.1007/s13762-017-1435-7
https://doi.org/10.1007/s13593-014-0251-4
https://doi.org/10.1007/s13593-014-0251-4
https://doi.org/10.9755/ejfa.2020.v32.i5.2099
https://doi.org/10.9755/ejfa.2020.v32.i5.2099
https://doi.org/10.1016/j.bcab.2018.03.021
https://doi.org/10.1016/j.bcab.2018.03.021
https://doi.org/10.1016/j.fshw.2016.04.001
https://doi.org/10.1016/j.indcrop.2015.04.053
https://doi.org/10.1016/j.indcrop.2015.04.053

Gandomi, A., Amiri, B., Sharafzadeh, S., Bazrafshan, F., Hazrati, S. (2021). The response of different fertilizer applications on chamomile
production and their quality characteristics. Acta Sci. Pol. Hortorum Cultus, 20(2), 107-119. DOI: 10.24326/asphc.2021.2.11

vermicompost and amino acids on the flower yield and
essential oil production from Matricaria chamomile L.
J. Med. Plants Res., 5(23), 5611-5617

Hazrati, S., Tahmasebi-Sarvestani, Z., Mokhtassi-Bidgoli,
A., Modarres-Sanavy, S.A.M., Mohammadi, H., Nicola,
S. (2017). Effects of zeolite and water stress on growth,
yield and chemical compositions of Aloe vera L. Agric.
Water Manage., 181, 66—72, https://doi.org/10.1016/j.
agwat.2016.11.026

Hajiboland, R., Aliasgharzadeh, N., Laiegh, S., Poschenrie-
der, C. (2010). Colonization with arbuscular mycorrhi-
zal fungi improves salinity tolerance of tomato (Sola-
num lycopersicum L.) plants. Plant Soil, 331, 313-327,
https://doi.org/10.1007/s11104-009-0255-z

Hoover, S.E., Ladley, J.J., Shchepetkina, A.A., Tisch, M.,
Gieseg, S.P., Tylianakis, J.M. (2012). Warming, CO,,
and nitrogen deposition interactively affect a plant-pol-
linator mutualism. Ecol. Lett., 15(3), 227-234, https://
doi.org/10.1111/j.1461-0248.2011.01729.x

Hornok, L. (1992). Angelica. In: Cultivation and Process-
ing of Medicinal Plants. JohnWiley & Sons, Chichester,
UK, 1992, pp. 147-150.

Jannoura, R., Joergensen, R.G., Bruns, C. (2014). Organic
fertilizer effects on growth, crop yield, and soil micro-
bial biomass indices in sole and intercropped peas and
oats under organic farming conditions. Eur. J. Agron.,
52, 259-270, https://doi.org/10.1016/j.eja.2013.09.001

Joshi, R., Singh, J., Vig, A.P. (2015). Vermicompost as an
effective organic fertilizer and biocontrol agent: effect
on growth, yield and quality of plants. Rev. Environ. Sci.
Biotechnol., 14(1), 137-159, https://doi.org/10.1007/
s11157-014-9347-1

Kammann, C.I., Schmidt, H.P., Messerschmidt, N., Linsel,
S., Steffens, D., Miiller, C., Joseph, S. (2015). Plant
growth improvement mediated by nitrate capture in
co-composted biochar. Sci. Rep, 5, 11080, http://dx.doi.
org/10.1038/srep11080

Kariminejad, M., Pazoki, A. (2015). Effect of biological and
chemical nitrogen fertilizers on yield, yield components
and essential oil content of German Chamomile (Matri-
caria chamomilla L.) in Shahr-e-Ray region. Biol. Fo-
rum, 7(1), 1698.

Kisi¢, 1., Kova¢, M., Ivanec, J., Bogunovié¢, 1., Tkal¢ec, G.,
Hannel, L. (2019). Effects of organic fertilization on
soil properties and chamomile flower yield. Org. Agric.,
9(3), 345-355, https://doi.org/10.1007/s13165-018-
0231-0

Kleinwéchter, M., Selmar, D. (2014). Influencing the prod-
uct quality by applying drought stress during the cultiva-
tion of medicinal plants. In: Physiological mechanisms
and adaptation strategies in plants under changing envi-
ronment, Ahmad P., Wani M. (eds). Springer, New York,

118

NY, pp. 57-73,
8591-9 3

Lehmann, J., Kleber, M. (2015). The contentious nature of
soil organic matter. Nature, 528(7580), 60, https://doi.
org/10.1038/nature16069

Lim, S.L., Wu, T.Y., Lim, P.N., Shak, K.P.Y. (2015). The
use of vermicompost in organic farming: overview, ef-
fects on soil and economics. J. Sci. Food Agric., 95(6),
1143-1156, https://doi.org/10.1002/jsfa.6849

Mohammad, R., Hamid, S., An, A. (2010). Effects of plant-
ing date and seedling age on agro-morphological char-
acteristics, essential oil content and composition of
German chamomile (Matricaria chamomilla L.) grown
in Belgium. Ind. Crop Prod., 31, 145-152, https://doi.
org/10.1016/j.indcrop.2009.09.019

Moore, B.D., Andrew, R.L., Kiilheim, C., Foley, W.J. (2014).
Explaining intraspecific diversity in plant secondary me-
tabolites in an ecological context. New Phytol., 201(3),
733-750, https://doi.org /10.1111/nph.12526. Epub

Naguib, N.Y.M. (2011). Organic vs chemical fertilization
of medicinal plants: a concise review of researches. Adv.
Environ. Biol, 5(2), 394—400.

Nigussie, A., Kuyper, T.W., Bruun, S., de Neergaard, A.
(2016). Vermicomposting as a technology for reduc-
ing nitrogen losses and greenhouse gas emissions from
small-scale composting. J. Clean. Prod, 139, 429439,
https://doi.org/10.1016/j.jclepro.2016.08.058

Niinemets, U., Hauff, K., Bertin, N., Tenhunen, J.D., Stein-
brecher, R., Seufert, G. (2002). Monoterpene emissions
in relation to foliar photosynthetic and structural vari-
ables in Mediterraneanevergreen Quercus species. New
Phytol., 153, 243-256, https://doi.org/10.1046/j.0028-
646X.2001.00323.x

Novozamsky, 1., Eck, RV., Schouwenburg, J.C., Walinga, 1.
(1974). Total nitrogen determination in plant material by
means of the indophenol blue method. Neth. J. Agric.
Sei., 22, 3-5.

Ozbahce, A., Tari, A.F., Goniilal, E., Simsekli, N., Padem,
H. (2015). The effect of zeolite applications on yield
components and nutrient uptake of common bean un-
der water stress. Arch. Agron. Soil Sci., 61(5), 615-626,
https://doi.org/10.1080/03650340.2014.946021

Park, E.H., Bae, W.Y,, Eom, S.J., Kim, K.T., Paik, H.D.
(2017). Improved antioxidative and cytotoxic activi-
ties of chamomile (Matricaria chamomilla) florets fer-
mented by Lactobacillus plantarum KCCM 11613P.
J. Zhejiang Univ. Sci. B, 18(2), 152-160, https://doi.
org/110.1631/jzus.B1600063

Paul, E.A. (2016). The nature and dynamics of soil organ-
ic matter: plant inputs, microbial transformations, and
organic matter stabilization. Soil Biol Biochem., 98,
109-126, https://doi.org/10.1016/j.50i1bi0.2016.04.001

https://doi.org/10.1007/978-1-4614-

https://czasopisma.up.lublin.pl/index.php/asphc


https://doi.org/10.1016/j.agwat.2016.11.026
https://doi.org/10.1016/j.agwat.2016.11.026
https://doi.org/10.1016/j.eja.2013.09.001
 https://doi.org/10.1007/s11157-014-9347-1. 
 https://doi.org/10.1007/s11157-014-9347-1. 
https://doi.org/10.1007/978-1-4614-8591-9_3
https://doi.org/10.1007/978-1-4614-8591-9_3
file:///D:/2021/ASPHC%202021/ASPHC%202/do%20I%20korekty/J. Sci. Food Agric.,
https://doi.org/10.1002/jsfa.6849
file:///D:/2021/ASPHC%202021/ASPHC%202/do%20I%20korekty/New Phytol.,
https://doi.org/10.1016/j.jclepro.2016.08.058
https://doi.org/10.1046/j.0028-646X.2001.00323.x
https://doi.org/10.1046/j.0028-646X.2001.00323.x
https://doi.org/10.1080/03650340.2014.946021
file:///D:/2021/ASPHC%202021/ASPHC%202/do%20I%20korekty/J. Zhejiang Univ. Sci. B,
https://doi.org/110.1631/jzus.B1600063
https://doi.org/110.1631/jzus.B1600063
https://doi.org/10.1016/j.soilbio.2016.04.001

Gandomi, A., Amiri, B., Sharafzadeh, S., Bazrafshan, F., Hazrati, S. (2021). The response of different fertilizer applications on chamomile
production and their quality characteristics. Acta Sci. Pol. Hortorum Cultus, 20(2), 107-119. DOI: 10.24326/asphc.2021.2.11

Qin, H., Lu, K., Strong, P.J., Xu, Q., Wu, Q., Xu, Z. (2015).
Long-term fertilizer application effects on the soil, root
arbuscular mycorrhizal fungi and community composi-
tion in rotation agriculture. Appl. Soil Ecol., 89, 3543,
https://doi.org/10.1016/j.aps0il.2015.01.008

Tamagno, S., Sadras, V.O., Haegele, J.W., Armstrong, P.R.,
Ciampitti, [.A. (2018). Interplay between nitrogen fertil-
izer and biological nitrogen fixation in soybean: impli-
cations on seed yield and biomass allocation. Sci. Rep.,
30, 8(1), 17502, https://doi.org/10.1038/s41598-018-
35672-1

Rahmati, M., Azizi, M., Khayyat, M.H., Nemati, H., Asili, J.
(2011). Yield and oil constituents of chamomile (Matri-
caria chamomilla L.) flowers depending on nitrogen ap-
plication, plant density and climate conditions. J. Essent.
Oil Bear. Plants, 14(6), 731-741, https://doi.org/10.1080
/0972060x.2011.10643996

Rubiolo, P., Liberto, E., Sgorbini, B., Russo, R., Veuthey,
J.L., Bicchi, C. (2008). FastGC—conventional quad-
rupole mass spectrometry in essential oil analysis.
J. Sep. Sci., 31, 1074-1084, https://doi.org/10.1002/
j8s¢.200700577

Ranjbar, F., Pessarakli, M., Rezvani Moghaddam, P., Ko-
ocheki, A. (2017). Responses of anise medicinal plant
species in terms of essential oil contents and concen-
trations to different planting times and various nitrogen
fertilizer sources under semi-arid climatic conditions.
Commun. Soil Sci. Plant Anal., 48(7), 801-807, https://
doi.org/10.1080/00103624.2017.1298791

Salehi, A., Tasdighi, H., Gholamhoseini, M. (2016). Evalu-
ation of proline, chlorophyll, soluble sugar content and
uptake of nutrients in the German chamomile (Matri-
caria chamomilla L.) under drought stress and organic
fertilizer treatments. Asian Pac. J. Trop. Biomed., 6(10),
pp. 886-891.

Salehi, A., Gholamhoseini, M., Ataei, R., Sefikon, F.,
Ghalavand, A. (2018). Effects of zeolite, bio-and or-
ganic fertilizers application on german chamomile
yield and essential oil composition. J. Essent. Oil Bear.
Plants, 21(1), 116130, https://doi.org/10.1080/097206
0X.2018.1436985

Salehi, A., Hazrati, S. (2017). How essential oil con-
tent and composition fluctuate in German chamomile

https://czasopisma.up.lublin.pl/index.php/asphc

flowers during the day? J. Essent. Oil Bear. Plants,
20(3), pp. 622-631, https://doi.org/10.1080/097206
0X.2017.1351895

Sangwan, N.S., Farooqi, A.H.A., Shabih, F., Sangwan,
R.S. (2001). Regulation of essential oil production in
plants. Plant Growth Regul., 34(1), 3-21, https://doi.
org/10.1023/A:1013386921596

Sharma, A., Sharma, R.P., Katoch, V., Sharma, G.D. (2017).
Influence of vermicompost and split applied nitrogen on
growth, yield, nutrient uptake and soil fertility in pole
type french bean (Phaseolus vulgaris L.) in an Acid Al-
fisol. Legume Res. — Int. J., https://doi.org/10.18805/
Ir.v0iof.9107

Stefanaki, A., Cook, C.M., Lanaras, T., Kokkini, S. (2016).
The oregano plants of Chios Island (Greece): Essential
oils of Origanum onites L. growing wild in different
habitats. Ind. Crop Prod., 82, 107-113.

Teotia, P., Kumar, V., Kumar, M., Shrivastava, N.,Varma, A.
(2016). Rhizosphere microbes: Potassium solubilization
and crop productivity — present and future aspects. In:
Potassium solubilizing microorganisms for sustainable
agriculture, Meena, V., Maurya, B., Verma, J., Meena,
R. (eds). Springer, New Delhi, pp. 315-325, https://doi.
org/10.1007/978-81-322-2776-2 22

Wu, Q., Xia, G., Chen, T., Wang, X., Chi, D., Sun, D.
(2016). Nitrogen use and rice yield formation response
to zeolite and nitrogen coupling effects: Enhancement
in nitrogen use efficiency. J. Soil Sci. Plant Nutr.,,
16(4), 999-1009, http://dx.doi.org/10.4067/S0718-
95162016005000073

Zheng, J., Chen, T., Xia, G., Chen, W., Liu, G., Chi, D.
(2018). Effects of zeolite application on grain yield,
water use and nitrogen uptake of rice under alternate
wetting and drying irrigation. Int. J, Agric. Biol., En-
geneer., 11(1), 157-164, https://doi.org/10.25165/j.
ijabe.20181101.3064

Ravindran, B., Wong, J.W., Selvam, A., Sekaran, G. (2016).
Influence of microbial diversity and plant growth hor-
mones in compost and vermicompost from fermented
tannery waste. Biores. Technol, 217, 200-204. https://
doi.org/10.1016/j.biortech.2016.03.032

119


https://doi.org/10.1016/j.apsoil.2015.01.008
https://doi.org/10.1080/00103624.2017.1298791
https://doi.org/10.1080/00103624.2017.1298791
https://doi.org/10.1080/0972060X.2018.1436985
https://doi.org/10.1080/0972060X.2018.1436985
https://doi.org/10.1080/0972060X.2017.1351895
https://doi.org/10.1080/0972060X.2017.1351895
 https://doi.org/10.1007/978-81-322-2776-2_22. 
 https://doi.org/10.1007/978-81-322-2776-2_22. 
https://doi.org/10.25165/j.ijabe.20181101.3064
https://doi.org/10.25165/j.ijabe.20181101.3064
file:///D:/2021/ASPHC%202021/ASPHC%202/do%20I%20korekty/Biores. Technol,
https://doi.org/10.1016/j.biortech.2016.03.032
https://doi.org/10.1016/j.biortech.2016.03.032






