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Abstract. In order to evaluate the effect of application of biological fertilizers and different amounts of
urea fertilizer under low water stress conditions on physiological traits of Calendula officinalis L. an
experiment was conducted during two years of cultivation of 2015-2016 and 2016-2017 at the research
farm of Islamic Azad University (IAU), Varamin-Pishva Branch, Iran. The experiment was split-split plot
based on randomized complete block design with three replications. The experimental treatments
included different levels of dehydration as the main factor in two levels (lack of water stress (control),
irrigation interruption during boiling stage), levels of biological fertilizers in four levels as a sub-agent
(no use of biological fertilizer, application of Azotobacter chroococcum, application of Azospirillum
brasilense, combination of Azotobacter and Azospirillum), and urea fertilizer sources at four levels as a
sub-subtype (non-consumption (control), recommended amount of urea fertilizer with sulphur coating,
75% of the recommended amount of urea fertilizer with sulphur coating was recommended as the most
common form of urea fertilizer (157 kg/ha based on soil test). The results showed that irrigation in boiling
stage increased activity of the enzyme di-hydroxy Guanuzyn, glutathione peroxidase, superoxide
dismutase also, production of the total phenol, total flavonoid and biomarker of di-tyrosine. In this study,
drought stress and application of Nitroxin fertilizer resulted in increased malondialdehyde in the first
year. In both years, the application of Nitroxin with the recommended amount of urea fertilizer with
sulphur coating resulted in an increase in total flavonoid and Glutathione Peroxidase enzymes. The
purpose of this study was to investigate the effect of bacteria in the plant, along with the amount and
sources of nitrogen fertilizer to reduce nitrogen fertilizer application on plant yield, as well as sustainable
agriculture management through integrated nutrition in different plant conditions.
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Introduction

Calendula officinalis is a plant native to southern Europe and can be found in
countryside fields. Calendula is an annual or sometimes biennial plant with erect stems
up to 40-70 cm tall and deep taproot. It belongs to the Asteraceae family, its English
name is Marygold. It is one of the well-known medicinal plants today, flowers and
essential oils are used in pharmaceutical and cosmetic industries. Pharmacological
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studies have confirmed that flowers have a large amount of biological effects and
pharmacological activity of the liver and antispasmodic protection (Arora et al., 2013).

Medicinal plants have high economical value due to the presence of effective
compounds in them. An agricultural crop is economically valuable medicinal plant
when secondary metabolites have reached the optimum level and the purpose of this
plant is to exploit the effective ingredients in flowers, especially petals. Nitrogen is one
of the elements that is lacking in most arid and semi-arid regions, because the amount of
organic matter in these areas is very low as the main source of nitrogen storage or it
decomposes rapidly due to high heat (Saneoka, 2004). If available nitrogen is toxic or
deficient for the plant, the vital processes of the plant cause a disorder that may occur in
various forms such as high growth, reduced transpiration, or even cessation of
reproductive growth (Saneoka, 2004). Since most nitrogen fertilizers are wasted shortly
after consumption, nitrogen management as well as crop should be done accurately
during the growing season. In the meantime, Sulphur Coated Urea fertilizer (S.C.U.) on
the one hand is a supplier of nitrogen and on the other hand, it is very important to pay
attention to the valuable role of sulphur in plant nutrition and the improvement of
agricultural soils, especially in our country, which accounts for over 70% of calcareous
agricultural land and high pH (Moallem and Eshghizadeh, 2007). One of the basic
pillars of sustainable agriculture is the use of bio-fertilizers in crop ecosystems with a
view to eliminating or reducing the use of chemical organs (Shubbra et al., 2004). These
bacteria, in addition to the role of elemental absorption, reduce disease, improve soil
structure, stimulate more plant growth, increase product quality and quantity, and
increase resistance to environmental stress (Nagananda et al., 2010). Drought is the
most important limiting factor for plant growth and crop production around the world
(Abedi and Pakniyat, 2010).

Dehydration also reduces water absorption by plant root system, reducing
transpiration, reducing Stomatal conductance and photosynthesis, as well as breaking
the hormonal balance of the plant (Auge et al., 2015). Superoxide dismutase is very
important for plant tolerance to oxidative stress, which has been reported by many
researchers (McKersie et al., 2000). Therefore, superoxide dismutase seems to be at the
forefront of oxidative stress protection and the increase of superoxide dismutase is
correlated with increasing the protection of damages from environmental stresses (Pang
et al., 2005; Sigaud-Kutner et al., 2002). In a study, drought stress resulted in an
increase in antioxidants in an Calendula officinalis plant (Sedghi et al., 2012). Oxidative
stress during drought stress and increased free radicals by reducing the antioxidant
defense results in damage to tissues, lipids, proteins and nucleic acids, and the
concentration of biomarkers such as malondialdehyde, di-tyrosine and di-hydroxy
Guanuzyn increased (Jose et al., 1999). Data were analyzed using (SAS) statistical
software (v.9.12) and the meanings were compared by Duncan's multiple range tests at
the 5% level. Draw charts with Excel (2010) software. Considering the above, the
purpose of this study was to investigate the effect of application of Bio-fertilizers along
with fertilizers of the hunchback on physiological characteristics of an ever-spring
medicinal plant under stressed water conditions.

Materials and methods

In order to evaluate the effect of application of biological fertilizers and different
amounts of urea fertilizer under low water stress conditions on physiological
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characteristics of Calendula officinalis L. an experiment was conducted during two
years of cultivation of 2015-2016 and 2016-2017 at the research farm of Islamic Azad
University, Varamin-Pishva_Branch in Tehran province (Table 1).

Table 1. Plan
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N1: non-consumption (control), N2: 75% of the recommended amount of urea fertilizer with sulphur
coating, N3: recommended amount of urea fertilizer with sulphur coating, N4: (common form)
recommended amount of urea fertilizer, S1: (control) lack of water stress, S2: irrigation interruption
during boiling stage, B1: (control) no use of biological fertilizer, B2: Azotobacter, B3: Azospirillum,
B4: Azot and Azos

Test site located at latitude 35.19 degrees east longitude 51.39 and the altitude is
1050 m above sea level, with dry and desert weather conditions, and steppes with an
average annual precipitation of about 175 mm. The experiment was split-split plot based
on randomized complete block design with three replications. The experimental
treatments included different levels of dehydration as the main factor in two levels (lack
of water stress (control), irrigation interruption during boiling stage) levels of biological
fertilizers at four levels as a sub-agent (no use of biological fertilizer, application of
Azotobacter chroococcum, application of Azospirillum brasilense, combination of
Azotobacter and Azospirillum (Nitroxin) and urea fertilizer sources in four levels as a
subtype (non-consumption (control), recommended amount of urea fertilizer with
sulphur coating, 75% of recommended amount of urea fertilizer with sulphur coating,
was recommended as the most common form (mentioned area) of urea fertilizer (The
amount of fertilizer usage based on fertilizer suggestion, 157 kg/ha™).

Inoculation of seeds took place with bio-fertilizer by (CFU) method (Bapat et al.,
2006). Before planting, to determine the physical and chemical characteristics of the
soil, from 0-30 cm depth and 30 to 60 cm soil, two locations for sampling were carried
out, the full specifications of which are given in Table 2. After the leveling of the land,
a 6x2 m plot was made, each plot having six rows and a row spacing of 30 cm and a
spacing of 10 cm. The cultivation took place in the first week of June. The first drip
irrigation was carried out after planting and until the emergence stage, irrigation was
carried out with 3-day courses. After emergence of the seeds, the irrigation interval
increased to 5 days and continued to 7-8 leaf stage. After the shrubs were fully
deployed, at the beginning of budding, the irrigation was stopped for 10 days (Varamin
district, Tehran province). The amount of fertilizer application was based on soil test.
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After harvest, the specimens were transferred to the laboratory to measure the traits and
there are traits such as total phenol, total flavonoid, di-hydroxy Guanuzyn enzyme,
glutathione peroxidase, superoxide dismutase, malondialdehyde biomarker and di-
tyrosine were measured. To determine the amount of superoxide dismutase, Sairam et
al. (2001) method was used. To prepare the reaction mixture of 13 ml of methionine,
25 uM of Nitroblutterazolium, 6 uM of 0.5 (MEDTA) solution, 1.5 ml of a solution of 1
M buffer phosphate (pH = 7.8), 60 mM Molybucent riboflavin and 50 mM sodium
bicarbonate. Then, 2.9 ml of the resulting mixture was poured into a sterilized tube,
immediately after adding 2 uM of riboflavin and 0.1 ml of the enzyme extract, for
15 min, a fluorescence lamp of 15 x 2 watts was placed.

Table 2. Soil field characteristics

B Mn | Cu | Zn Fe K P N |OM|OC|TNV pH EC |Silt|Sand|Clay| Type of
(Ppm) |(pPm) | (PPM)|(PPM) (PPM)| (PPM) (PPM)| (%) | (%6)| (%0)| (%0) (dS.M™)|(%)| (%) | (%) |experiment
1.22 | 9.74 | 0.96 | 0.56 | 3.44 |406.6| 12.8 |0.06|1.16|0.68|21.4|7.78| 1.97 |42 | 36 | 22 |Soil sample
C: Clay, S: Sand, S: Silt, EC: Electrical Conductivity, TNV: Total Neutralising Value, OC: Organic Carbon, OM:

Organic Matter, N: Nitrogen, P: Phosphorus, K: Potassium, Fe: Iron, Zn: Zink, Cu: Copper, Mn: Manganese, B:
Boron

To determine the amount of activity of the superoxide dismutase enzyme in the
mixture, Spectrophotometer was measured at 560 nm at 23 + 2 °C spectrophotometry
(to measure, 5 leaves from each line was cultivar, in the morning they were harvested
from the field). The amount of enzyme changes was determined by Paglia (1997) to
calculate the Glutathione Peroxidase enzyme (2 leaves of plant from each line). Di-
hydroxy Guanzine assay was performed according to the method (fresh plant tissue
(leaf) was homogenized by homogenization and then centrifuged at 5000 rpm for 60
minutes with a centrifugal machine) (Bogdanov and Bical, 1999). Measurement of
malondialdehyde and di-tyrosine was determined by the method (The extract used to
measure 8-0H-dG is based on the thiobarbetabic acid method with MDA) (Steven and
Joseph, 1978). The absorption rate of Flavonoids was measured by Krizek et al. (1993)
at three wavelengths of 300, 330 and 270 using the (RAY LEIGH UV 1601)
spectrophotometer (24 g samples of dried petals were needed). Also, total phenol
measurements were dried by extraction of flower samples and at a rate of 2 g of dried
matter Calendula officinalis (Extraction of polyphenols from flowers collected using the
company protocol Naturalin (Professional of Natural Ingredients)). Data were analyzed
using (SAS) statistical software (v.9.12) and the meanings were compared by Duncan’s
multiple range tests at the 5% level. Draw charts with Excel (2010) software.

Results and discussion
Total phenol

In both years of experiment, the effect of drought stress (S), biological fertilizer (B)
and urea fertilizer (N) on this trait was significant at 1% level (Table 3). Drought stress
in both years of experiment led to a significant increase in this trait. So that the Total
Phenol in stress conditions increased 8.3% and 8% in the first and second years
respectively (Table 4). The application of Nitroxin biological fertilizer in both years led
to a significant increase in Total Phenol the Total Phenol in terms of Nitroxin
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application increased 19.2% and 14.8% in the first and second year respectively
(Table 5). Also, application of recommended amount of urea fertilizer with sulphur
coating and recommended amount of urea fertilizer in both years of experiment resulted
in significant increase of Total Phenol (Table 6). High antioxidant Phenolic compounds
such as anthocyanin and Flavonoids play a major role in plant resistance to stress and
reduce the damage caused by it (Nasibi, 2005; Prasad, 2002).

Table 3. Analysis of variance of the effect of biological fertilizers and different amounts of
urea sources under irrigated conditions of Calendula officinalis L plant during two years of
experiment, 2015-2016 and 2016-2017

Average of squares

Total phenol Di-hydroxy Total flavonoid
Sources of Degrees of Guanuzyn enzyme
changes freedom | _ Second |- Second . Second
First year First year First year
year year year
Repeat 2 14.46™ | 11187 | 3.26" 1.617 0.57™ 1.06™
Drought stress (S) 124747 | 118.997 | 29.06” | 30.92 | 109.68" | 68.12"
Main error 2 0.04 0.35 0.11 0.14 0.67 0.05
Biological 3 9545 | 88.66™ | 7.41™ | 226™ | 12273" | 119"
fertilizer (B)

SxB 3 1.9" 0.49™ | 047" 0.09" 0.88" 1.3"
Sub-error 12 3.36 0.67 3.57 1.6 0.94 1.16
Usrgjr‘;irs“(','\f)er 3 69.627 | 727 | 623" | 395" | 14244 | 128.56"

SxN 0.74™ | 1.46™ | 0.04™ 0.01™ 1.03™ 1.21"
BxN 6.33™ | 1.97™ | 1.35™ 0.96"™ 5.69" 3.7
SxBxN 0.34™ | 0.34™ | 0.04™ 2.03™ 0.66"™ 2.67™
Sub-error 48 3.25 1.84 2.45 2.08 1.28 1.76
Coefficient of 6.8 5 14.4 12.4 6.4 8
variation (%)

ns, *, and ** were non-significant and significant at levels of 5% and 1%, respectively

Table 4. Comparison of the effect of drought stress on some physiological traits of
Calendula officinalis L. in two years of experimentation of 2015-2016 and 2016-2017

Di-hydroxy Guanuzyn

Total phenol (mg/g dry | Total flavonoid (mg/g

Experimental extract) dry extract) enzyme (nano mole per
treatments mg protein)
First year | Second year |First year| Second year | First year |Second year
Tension levels
Lack of water stress 25.24 b 25.81b 16.47b 15.79b 10.35b 11.04b
Irigation cutinthe | o7 55 0 | 2g04a | 186a | 1747a | 1145a | 1217a

budding stage

In each column, the same letters indicate that there is no significant difference between the mean of the
treatments
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Table 5. Comparison of the effect of biological fertilizer on some flowers in the two years of
experimentation of 2015-2016 and 2016-2017

Total phenol (mg/g fresh | Biomarker Di-tyrosine (nano mole per
Experimental treatments extract) mg of protein)
First year | Second year First year Second year
Bio-fertilizer
Lack of use (control) 2442¢c 25.24d 97.92a 106.47 a
Azotobacter 25.54 bc 25.95¢ 97.03 a 104.79a
Azospirillum 26.48 b 26.89b 84.52 a 90.31h
Combination of Azotobacter
and Azospirillum (Nitroxin) 29.1a 29.63a 879a 90.3b

In each column, the same letters indicate that there is no significant difference between the mean of the
treatments

Table 6. Comparison of the effects of urea fertilizer on some flowering traits in Calendula
officinalis L in two years of experiment in 2015-2016 and 2016-2017

Total phenol (mg/g dry Biomarker malondialdehyde
Experimental treatments extract) (Nano mol per mg of protein)
First year | Second year | First year Second year
Lack of use (control) 24 ¢ 244c 3.04c 2.95d
0 -
75% rec_ommended urea fertilizer 26.35 b 2719 b 3.98b 415 ¢
with sulphur coating
Recommended amount of urea 27.75a 28.06 2 49a 4722
fertilizer with sulphur coating
Recommended amount of common | 7 45, 28.054a 452a 4.41b
form of urea fertilizer

In each column, the same letters indicate that there is no significant difference between the mean of the
treatments

Total flavonoid

In both years of experiment, the effect of drought stress (S), biological fertilizer (B)
and urea fertilizer (N) sources on 1% was significant on Total Flavonoid. Also, in the
first year of effect (BxN) at 1% level and in the second year at 5% level, this significant
trait was significant (Table 3). Drought stress in both years of the experiment led to a
significant increase in this trait. The total flavonoid in stress conditions increased 11.4%
and 9.6%, respectively, in non-stress during the first and second years (Table 4).

Comparing the average interactions of biological fertilizers and urea, the results
showed that in the first year, the highest total flavonoid in the treatment of Azotobacter
and Azospirillum (Nitroxin) and the recommended amount of urea fertilizer
(21.91 mg/g dry extract) and combined treatment Azotobacter and Azospirillum
(Nitroxin) and application of recommended amount of urea fertilizer with sulphur
coating (22.57 mg/g dry extract). In the second year under Nitroxin application, the use
of all three sources of urea fertilizer resulted in an increase in total flavonoid (Table 7).
Flavonoid antioxidants have a protective effect during dry stress. Many Flavonoids are
active ingredients in medicinal plants and have medicinal properties. As active
physiological compounds, stress-protecting agents and as absorbents play an important
role in plant resistance (Tattini et al., 2004).
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Table 7. Comparison of the intermediate effects of biological fertilizers and different
quantities of urea sources on the Calendula officinalis L. plant in two trial years of 2015-

2016 and 2016-2017

Total Phenol (mg/g dry

Glutathione Peroxidase
enzyme (mg of protein per

Experimental treatments extract) minute)
First year | Second year | First year |Second year
Bio-fertilizer Urea fertilizer sources
Lack of use Lack of use (control) 11.85i 12h 21.69fg | 22.24¢h
(control)
Lack of use 75% recommended urea
fertilizer with sulphur 14.02 h 13.81¢g 23.36 efg 23.28 gh
(control) -
coating
Lack of use Recommended amount of
urea fertilizer with 17.77 efg f16.14 24.22 defg 24.16 efg
(control) .
sulphur coating
Lack of use Recommended amount of
common form of urea 15.07 h 16.16 f 23.64 defg 24.06 fg
(control) o
fertilizer
Azotobacter Lack of use (control) 12.58 i ghl12.82 22.01fg 22.58 gh
75% recommended urea
Azotobacter fertilizer with sulphur 16.83 fg 13.57 gh 24.1 defg 25.06 defg
coating
Recommended amount of
Azotobacter urea fertilizer with 19.74 ba 17.19 ef 27.54 bed 27.1 bf
sulphur coating
Recommended amount of
Azotobacter common form of urea 19.24 bed 17.65 def 25.54 cdef | 27.43 bcde
fertilizer
Azospirillum Lack of use (control) 16.42 g 13.16 gh 21.81fg 22.38 gh
75% recommended urea
Azospirillum fertilizer with sulphur 18.35 cde 17.43 ef 26.19 bede 26.64 def
coating
Recommended amount of
Azospirillum urea fertilizer with 20.29b 18.79 cde 27.61 bed 28.06 bcd
sulphur coating
Recommended amount of
Azospirillum common form of urea 18.16 def | 19.26 bed 26.46 bede 26.9 cdef
fertilizer
The combination of
Azotobacter and Lack of use (control) 16.69 g 16.12 f 21.01¢ 20.56 h
Azospirillum
The combination of| 75% recommended urea
Azotobacter and fertilizer with sulphur 19.08 b-e 20.02 abc 29.6 b 30.08 bc
Azospirillum coating
The combination of | Recommended amount of
Azotobacter and urea fertilizer with 2257 a 21.25a 33.47 a 34.28 a
Azospirillum sulphur coating
The combination of | Recommended amount of
Azotobacter and common form of urea 2191a 20.73 ab 28.99 bc 30.28b
Azospirillum fertilizer

In each column, the same letters indicate that there is no significant difference between the mean of the

treatments
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Di-hydroxy guanuzyn enzyme

In both years of experiment, the effect of drought stress (S) on the level of 1% was
significant on the amount of Di-hydroxy Guanuzyn enzyme (Table 3). Drought stress in
both years of the experiment led to a significant increase in this trait. The di-hydroxy
Guanzine enzyme in stress conditions increased 10.6% and 10.2% in non-stress during
the first and second years respectively (Table 4). Increasing the amount of di-hydroxy
Guanuzyn increased production of superoxide radicals as a result of the occurrence of
oxidative stress in the plant. Increasing of di-hydroxy Guanosine under drought stress
indicates damage to plant synthetic structures and destruction of nucleic acids (Wenho
and Russel, 2000). The results of Davoudi Fard et al. (2012) indicate a significant
increase in di-hydroxy Guanuzyn due to drought stress.

Glutathione peroxidase enzyme

In both years of experiment, the effect of drought stress (S), biological fertilizer (B)
and urea fertilizer (N) sources on Glutathione Peroxidase enzyme activity was
significant at 1% level. Also in the first year of effect (BxN) at 5% level and in the
second year at 1% level this trait was significant (Table 8). Drought stress in both years
of the experiment led to a significant increase in this trait so that the activity of
Glutathione Peroxidase enzyme in stress conditions increased 56.6% and 56.2%,
respectively, compared to non-stress conditions in the first and second year (Table 9).
Results showed that in both years, the effect of Glutathione Peroxidase in the treatment
of Azotobacter and Azospirillum (Nitroxin) and application of recommended amount of
urea fertilizer with sulphur content was highest (Table 7).

One of the mechanisms can increase the tolerance of the plant to stress, by activation
of antioxidant systems. A large number of physiological disorders in plants are due to
the increased production of active oxygen species due to environmental stresses such as
drought (Sgherri and Navari-Lzzo, 1995; Zhang and Kirkham, 1994; Miller et al.,
2010). Since one of the common effects of drought stress, like other environmental
stresses, is primarily oxidative damage (Chen, 2000), plants to cope with oxidative
stress and overcome these active species, antioxidant defense system with enzymatic
and non-enzymatic mechanisms such as superoxide dismutase, catalaze..., along with a
number of non-enzyme antioxidants such as Ascorbic acid, Glutathione, Alpha-
tocopherol, and Cartenoids constitute the bulk of this defense system (Nasibi, 2005;
Prasad, 2002). The results of Sedghi et al. (2012) indicate that antioxidant enzymes
increase the activity of drought stress in an evergreen plant.

Enzyme activity of superoxide dismutase

The results of analysis of variance showed that in both years the effect of drought
stress (S) on 1% level was significant on the activity of the enzyme superoxide
dismutase (Table 8). Drought stress in both years of the experiment led to a significant
increase in this trait. The level of enzyme activity of superoxide dismutase in stress
conditions increased to 85.7% and 100.6% in the first and second year respectively
(Table 9). Kawakami et al. (2010) reported that superoxide dismutase enzyme activity
increased significantly under drought stress. In this regard, drought stress has been
reported to increase the activity of superoxide dismutase in wheat (Tian and Lei, 2007)
and rice (Sharma and Dubey, 2005). The results of Sedghi et al. (2012) indicate
increased activity of the enzyme superoxide dismutase due to drought stress.
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Table 8. Analysis of variance of the effect of biological fertilizers and different amounts of
urea sources under dehydrating conditions of Calendula officinalis L plant during two years
of experiment, 2015-2016 and 2016-2017

Average of squares

D Biomarker Glutathione Superoxide Biomarker di-
Sources of eg(])]rcees malondialdehyde | peroxidase enzyme | dismutase enzyme tyrosine
changes freedom First |Second| First Second First Second First Second
year year year year year year year year
Repeat 2 0.04™ | 0.2™ | 5047 | 15.027 | 3.37 3.337 | 182.37 | 92.05
S'tjr:;‘;g(gt) 1 | 34.62" |50.13"|3043.13"|3109.35™3029.85™|3573.87"|2146.76 " | 2227.42"
Main error 2 0.04 0.39 0.19 1.43 0.11 0.11 10.06 8.89
Biological

ok ok

fertilizer 3 118.057 | 7.277 | 106.22" | 117 8.51™ | 5.14™ [1062.977(1889.49"
(B)

SxB 3 115" | 0.31™ | 1.18™ | 2.19™ | 0.62™ | 0.37™ | 69.25™ | 19.86™
Sub-error | 12 0.26 024 | 1894 | 14.91 4.47 422 | 216.86 | 99.13
Urea

fertilizer | 5| 95 49" 1437 | 182.72™ | 189.35™ | 14.07™ | 9.64™ |105.15™ | 229.81™
sources

(N)

SxN 3 0.58™ | 0.6 | 10.9"™ | 9.4™ | 0.31™ | 0.96™ | 0.97™ | 1.11™
BxN 9 0.74™ | 0387 | 20™ | 28717 | 2.82™ | 2.47™ |185.06™|164.25"
SxBxN 9 0.27™ | 0.1™ | 1.48™ | 2553™ | 0.9™ | 0.42™ | 3.79™ | 25™
Sub-error | 48 0.47 0.15 8.79 6.35 5.7 5.52 | 173.84 | 152.96
Coefficient

of 166 | 94 | 116 9.7 128 | 129 | 144 | 126
variation

(%)

ns, *, and ** were non-significant and significant at levels of 5% and 1%

Table 9. Comparison of the effect of drought stress on some physiological traits of
Calendula officinalis L in two years of experimentation 2015- 2016 and 2016-2017

Biomarker di-tyrosine
(nano mole per mg of
protein)

Glutathione peroxidase | Superoxide dismutase
Experimental enzyme enzyme
treatments

Second

First year
year

First year |Second year| Firstyear | Second year

Stress levels
Lack of water stress| 19.82b 20.25b 13.11b 12.14b 87.11b 93.15b

Irrigation cut in the
budding stage

31.08a 31.63a 24.35a 24.35a 96.57 a 102.79a

In each column, the same letters indicate that there is no significant difference between the mean of the
treatments

Biomarker malondialdehyde

In both years of experiment, the effect of drought stress (S), biological fertilizer (B)
and urea (N) fertilizer sources on 1% level was significant on malondialdehyde

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 16(4):4813-4827.
http://www.aloki.hu e ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1604_48134827
© 2018, ALOKI Kft., Budapest, Hungary



Rezaei et al.: The effects of application of biological fertilizers and different amounts of urea fertilizer sources under low water
stress conditions on physiological traits of medicinal plant (Calendula officinalis L.)
-4822 -

biomarker. Also in the first year of interaction (BxN) at 5% level and in the second year
of effect (BxN) and (SxN) at 1% level, this significant trait was significant (Table 8).
Application of recommended amount of urea fertilizer with sulphur coating in both
years of experiment resulted in significant increase of this trait. So, the amount of
biomarker of carotene Dialledium in application of recommended amount of urea
fertilizer with sulphur coating increased 61.2% and 60%, respectively, compared to
control treatment in the first and second year. In the first year, there was no significant
difference between the application of the recommended amount of urea fertilizer with
sulphur coating and the application of the recommended amount of urea fertilizer in this
regard (Table 6).

Comparison of the mean interactions of drought stress and biological fertilizer
showed that in the first year of experiment, the highest trait in terms of stress and the
combination of Azotobacter and Azospirillium (11.99 Nmol/mg protein) and stress and
application of Azospirillum (59.11 nmol/mg™ protein) was obtained (Fig. 1).
Comparing the mean interactions between drought stress and urea fertilizer sources, the
highest biomarker of calcium diphtheria was obtained in the second year under stress
conditions and application of recommended amount of urea fertilizer with sulphur
coating (5.43 nmol/mg protein) and the lowest in terms non-stress and non-use of urea
fertilizers were obtained (Fig. 2). Results showed that in the second year, the
combination of Azotobacter and Azospirillum (Nitroxin) with three sources of urea
fertilizer resulted in a significant increase in this trait (Fig. 3). Many plants, when
placed in a dry environment, are injured seriously and increase their malondialdehyde
content (Grmaetxe, 1998; Saneoka, 2004).

There are reports of reduced malondialdehyde due to the maintenance of membrane
lipids from damage induced by free oxygen radicals (Ozdamir et al., 2004). The results
of Davoudi Fard et al. (2012), (Pan et al., 2006), (Zhang et al., 2006), (Habibi et al.,
2009) and (Li Wen et al., 2006) indicate a significant increase in malondialdehyde due
to drought stress.

Biomarker di-tyrosine

In both years of experiment, the effect of drought stress (S) and biological fertilizer
(B) on the amount of di-tyrosine biomarker was significant at 1% level (Table 8).
Drought stress in both years of the experiment led to a significant increase in this trait.
So, the amount of biomarker di-tyrosine in stress conditions increased 10.9 and 15.7%
in non-stress during the first and second years respectively (Table 9).

The application of Nitroxin biological fertilizer in both years led to a significant
reduction in the amount of di-tyrosine biomarker. The highest amount of this trait was
obtained every two years in non-use of biological fertilizers. In the second year, there
was no significant difference between the absence of Bio-fertilizer application and
Azotobacter application (Table 5). The results of Davoudi Fard et al. (2012) indicate a
significant increase in di-prozine due to drought stress. In this study, the use of Bio-
fertilizer resulted in the reduction of this trait.

This is consistent with the findings of Davoudi Fard et al. (2012). This conclusion is
likely to indicate that bacteria reduce the effects of drought stress through another
defense mechanism, which has been prevented from rising levels of Di-tyrosine and
antioxidant enzymes. Because antioxidant enzymes activity is reported to be the only
defense mechanism against free radical oxidants produced under stress conditions
increasing proline can also reduce the free radicals produced under drought stress
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conditions (Aktas et al., 2007). As a result, due to the reduction of the production of free
radicals, the amount of protein degradation and, consequently, the production of
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biomarker of di-tyrosine is reduced (Jose et al., 1999).
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Overall conclusion

The results showed that irrigation cut in the boiling stage led to increases in the
enzyme di-hydroxy Guanuzyn, glutathione peroxidase, superoxide dismutase, total
phenol, total flavonoid and biomarker di-tyrosine. In general, the use of Nitroxin led to
an increase in all of these traits except di-tyrosine.

The application of the recommended amount of urea fertilizer with sulphur coating
resulted in an increase in total phenol and biomarker malonaldehyde. There was no
significant difference between in malonaldehyde, application of recommended amount
of urea fertilizer with sulphur coating and the usual form of recommended urea
fertilizer. Whilst, results showed that in both years, the effect of Glutathione Peroxidase
in the treatment of Azotobacter and Azospirillum (Nitroxin) and application of
recommended amount of urea fertilizer with sulphur content was highest. Also,
application of recommended amount of urea fertilizer with sulphur coating and
recommended amount of urea fertilizer in both years of experiment resulted in
significant increase of Total Phenol. In this study, drought stress and application of
Nitroxin fertilizer resulted in increased malondialdehyde in the first year. In the second
year, malondialdehyde was affected by the interaction of drought stress and urea
fertilizer resources. Drought stress and application of recommended amount of urea
fertilizer with sulphur coating resulted in increased malondialdehyde. In both years, the
application of Nitroxin with the recommended amount of urea fertilizer with sulphur
coating resulted in an increase in total flavonoid and glutathione peroxidase enzymes.
Comparing the average interactions of biological fertilizers and urea, the results showed
that in the first year, the highest total flavonoid in the treatment of Azotobacter and
Azospirillum (Nitroxin) and the recommended amount of urea fertilizer and combined
treatment Azotobacter and Azospirillum (Nitroxin) and application of recommended
amount of urea fertilizer with sulphur coating. In the second year under Nitroxin
application, the use of all three sources of urea fertilizer resulted in an increase in Total
Flavonoid. There was no significant difference between the recommended amount of
urea fertilizer with sulphur coating and urea fertilizer with sulphur coating for Total
Flavonoids. Future debate should promote the promotion of information and culture in
the field of medicinal plants, as well as the expansion of international cooperation in
medicinal plant science and technology, the protection of monolithic plant species,
planning for the development of cultivation and domestication of species Important
medicinal plants with economical value, the transfer and absorption of the advanced
sciences and technologies of other countries in the field of medicinal plants.
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