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Abstract

Nowadays, the use of bio-organic compounds has been increased due to adverse effects of chemical fertilizersin
production of medicinal plants. The present study was conducted to evaluate the effects of soil amendments
(bio-organic and inorganic fertilizers) on plant growth, physiological and biochemical properties of medic
savory [Satureja macrantha (Makino) Kudd]. The experiment included nine treatments to be NPK (50:25:25 kg
ha!), vermicompost (VC) (5t ha'), NPK +VC, Thiobacillus (T), T + VC, T + sulfur (S) (250 kg ha™?), T+S 500
kg ha™?, Glomus mosseae, and control (untreated plants). Plant height, the number of branches and crown area
gradually increased with the application of soil amendments. Accordingly, the simultaneous application of VC
and NPK fertilizer significantly increased the amount of these traits compared to other experimental treatments.
According to the effect of combined amounts of inorganic, organic, and bio-fertilizers, it was noted that the
combination of VC and NPK fertilizer gave the highest chlorophyll content. In both years, soil amendments
used in our study gradually increased the total soluble sugar (TSS) and relative water content (RWC) compared
to control. Higher essential oil (EO) content and yield were observed under the combination of VC and NPK in
comparison toother soil amendments. Our results suggest the simultaneous application of VC and NPK to meet
the optimum growth and EO yield of medic savory.
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Introduction Nowadays, the significant increase in the world

food production needs to use the high rate of
Saturgja is a genus of Lamiaceae family, which is chemical fertilizers. However, the adverse impacts
native to north Africa, southern and southeastern of excessive use of chemica fertilizers in
Europe, the middle east, and central Asia 13 conventiona agricultura practices have been well
species of this genus are distributed in different reported [4,5]. Chemical fertilizers can be
regions of Iran. Medic savory [Satureja macrantha dangerous for human beings through contaminating
(Makino) Kudé], as one of the known species of the soil and water [6]. In agro-ecosystems, the
Saturgja, grows in north-west of Iran [1,2]. application of synthetic toxic chemical pesticides
Phenols, flavonoids, anthocyanins,  sterols, restricts the soil fertility and growth of cultivated
diterpenes, and triterpenes are the main crops [7]. In Iran, in order to compensate the
phytochemical compounds of medic savory [1,3]. deficiency of nutrients in soil, chemical fertilizers
Essential oil of most satureja species such asmedic are being used in higher quantities. To minimize
savory is mainly characterized by Carvacrol and the accumulation of pollutants in agro-ecosystems,
thymol [2,3]. we should subside the use of toxic chemicas
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especialy chemical pesticides and fertilizers in
agricultural  process. In this regard, organic
products are considered as an adternative to
sustainable agriculture development. Recently in
Iran, the use of eco-friendly compounds has been
raised. The effect of organic inputs can grantee
both  agricultural  production and  nature
conservation. The current approach is to find an
appropriate substitute of chemical fertilizers by
organic compounds that are cost-effective and eco-
friendly [7].

Biofertilizers are important components of plant
nutritional management. They are cost effective,
ecofriendly and renewable products for plant
nutrition and soil productivity to substitute
chemical fertilizers in sustainable agricultural
system [8]. Biofertilizers are products containing
living cells of different types of microorganisms
which colonize the rhizosphere or the interior of the
plant and promoteplant growth by converting
nutritionally important elements such as N and P
from unavailable to available form through
biologica process like nitrogen fixation and
solubilization of rock phosphate [9]. Beneficia
microorganisms in biofertilizers accelerate and
improve plant growth and protect plants from pests
and diseases[9].

Inorganic and organic fertilizers can improve the
quality and quantity of medicina plants. For
example, we can report the useful effect of
arbuscular mycorrhizal fungi (AMF) on Satureja
macrostema [10], and Leptospermum scoparium
JR. Forst. & G. Forst. [11]; the functional impact
of vermicompost on Amaranthus retroflexus L.
[12], Drimiopsis maculata Lindl. & Paxton [13];
and the helpful reaction of NPK on Cucurbitapepo
L. [14]. Totaly, they documented that the
application of proper portion for different
fertilizers, separately or in combination, can help
the producers to meet the optimum production of
medicinal plants.

According to the above mentions, there is no
document on the combination of these soil
amendments on growth, physiology and
biochemistry of medic savory. Therefore, the
intentions of the study were (i) to assess the effects
of NPK, vermicompost, thiobacillus, sulfur, and G.
mosseae, on plant growth, (i) to evaluate their
effects on chlorophyll content, relative water

10

content and soluble sugar, and (iii) to discover their
effects on EO content and yield of medic savory.

Material and Methods

Experimenta Site

The present study was conducted at the
experimental farm in Alborz Research Station,
Research institute of Forests and Rangelands, Kargj
(1312 m adl, 35 °48°45”N, 51 °01°30”E), Iran
during 2017-2018. The soil of the experimenta site
was silt in texture, 6.7 of pH, 0.92% and organic
carbon. During the study period mean maximum
temperature fluctuated from 17.3°C to 28.2°C;
whereas, mean minimum temperature varied from
26 °C to 154 °C. The highest precipitation
occurred in March (43.2 mm) and April (39.1 mm)

(Fig. 1).
Fertilizers and Soil Amendments Used

The manufacturer's recommended rate of nitrogen
regarding to the sand, clay and loam in the soil was
used at arate of 50 kg N ha™* applying ammonium
nitrate (33.5%); phosphorus was used at a rate of
25kgPha?! using cacium super phosphate
(15.5%); and potassium was applied at a rate of
25 kg K ha using potassium sulphate (48% K0).
G. mosseae as a species of AMF was applied in
rhizosphere. The mycorrhizalinocula (originaly
isolated from the endemic AMF community of a
maize farm), a combination of sterile sand, hyphae
and spores of AMF (20 spores/g inoculum) and
colonized fragments of root, were provided by
Research Ingtitutes of Forest and Rangelands
(RIFR), Iran. To produce vermicompost (VC), a
combine of distillation waste (plant-spent de-oiled
herb) of aromatic grasses was composted in a VC
unit for 90 days, using adultepigeic species of
clitellate earth worms, Eudrilius eugineae. ThisVC
combination was used as the organic manure
component in the field trials. The VC included
1.07% N, 0.62% P and 0.73% K.

Experimental Details

The experiment consisted of nine treatments as
NPK (50:25:25 kg ha'), VC (5t ha?), NPK +VC,
Thiobacillus (T), T + VC, T + sulfur (S) (250 kg
ha'!), T+S 500 kg ha?, G. mosseae, and control
(untreated plants).
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Fig. 1 Mean temperature and rainfall in the case study

The experiment was carried out in randomized
complete block design (RCBD) with three
replications during 2017 and 2018. Seeds of S
macrantha L. were sown in the foam trays filled
with a mixture of peat moss and vermiculite (1:1
volume). Two-month seedlings were transplanted
in the open field at a spacing of 50 cm (row to row)
x 50 cm (plant to plant) during March 2017 and
2018. Inorganic fertilizer (N, P, and K) were
applied utilizing urea (N 50%). The crop was
irrigated at 7 days interval with 50 mm irrigation
water during non-rainy season.

Chlorophyll Content and Total Soluble Sugar
(TS9)

Chlorophyll content (mg g™ fresh weight of leaves)
was measured through organic solvent (80%
acetone) extraction method as described by Arnon
[15].The supernatant was used for TSS estimation
by using anthrone reagent as described by Mc
Cready et al. [16].

Relative Water Content (RWC)

To determine the RWC of leaf, some leaves of each
plant were immersed for 48 hours in distilled water
after being weighed. Then the leaves were dried
with paper napkins and weighed. The samples were
oven dried at 70°C for 48 h and their dry weight
was measured. RWC was obtained according as:
RWC= [(FW-DW)/ (TW-DW)], where FW is leaf

fresh weight, DW is the dry weight of leaves and
TW is the turgid weight of leaves after soaking in
water [17].

Essential Oil (EO) Extraction

In order to identify the EO content, during peak
flowering season, 100 g of dried aeria parts from
each treatment were hydrodistilled in the Clevenger
type apparatus for 3hr. The EO content was
measured and reported as v/w percentage. The EO
yield (kg ha't) was measured with multiplying the
EO content with the plant yield of the experimental
treatments [18].

Statistical Analysis

The data (n=3) were subjected to one-way
analysis of variance (ANOVA) and using the SAS
software package for Windows (SAS, version 9.3,
SAS Indtitute, Cary, NC). When datistical
significance (p<0.05) was detected, the mean
values subjected to Duncan’s multiple range tests.

Result and Discussion

Plant Growth

Plant height was influenced by soil amendments
and year (P<0.05, table 1). In first year, the
simultaneous application of VC and NPK increased
the plant height by 70% compared to control. This
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increase for NPK and VC was 28% and 44%,
respectively. In second year, the plant height
significantly increased with the simultaneous use of
VC and NPK as 1.07 fold compared to control
(table 2). The number of branch per plant was
significantly affected by year, soil amendment and
the interaction of year and soil application (P<0.05,
table 1). The maximum branches per plant were
found in the NPK and VC application in second
year to be 27 branches. In contrast the minimum
branches per plant were observed in control in first
year as 5 branches (Table 2). Crown area was
significantly changed by year, soil amendment and
the interaction of year and soil application (P<0.05,
table 1). In second year, the application of VC,
NPK, VC and NPK, VC and TB, and AMF
improved the crown area by 32%, 44%, 82%, 39%,
and 22%, respectively in comparison with control
(table 2). Plant yield was only influenced by soil
amendment (P<0.05, table 1). The highest increase
of plant yield was found in the application of VC
and NPK followed by VC and TB, NPK, VC, TB
and S500, and AMF (Table 2).

VC and NPK improved the growth and yield of S.
macrantha Growth and development of plants is
due to the humic acids and micro and
macronutrients presented in VC [10,19]. The
highest increase in plant height of Matricaria
chamomilla L. was observed by application of 20
ttha VC [20]. The plant height of maize
significantly increased in peat moss amended with
VC supplemented with different concentrations of
AMF (Glomus fasciculatum and Glomus
claroideum) and diazotrophic bacteria [21]. Singh
et al.[22] obtained the highest plant height of
potato (Solanum tuberosum L.) under the
combination of VC and NPK fertilizer. VC
increased plant height of Abelmoschus esculentus
(L.) Moench as compared to untreated soil and soil
amended with recommended amount of chemical
fertilizers [23]. There was an increase in plant
height of Crossandra (crossandra undulatifolia) in
pots treated with water hyacinth VVC as compared to
the control pots and pots under water hyacinth
compost [24].

In our work, VC and NPK improved the plant yield
of S macrantha. In similar studies, increases in
yields by VC applications in ladiy's fingers [25],
eggplant [26], cucumber [27], Abelmoschus
esculentus [23], peppers [28], crossandra [24],
lettuce [29], and wheat [30]. Availability of
nitrogen increases growth and leaf area index of
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plant which in turn increases absorption of light
leading to more dry matter and yield [31]. VC
increased growth and yield of various plants
because of high porosity, aeration, drainage, and
water-holding capacity, presence of beneficia
microflora, nutrients such as nitrates, phosphates,
and exchangeable calcium and soluble potassium
and Plant growth regulators [32].

Chlorophyll Content

Chlorophyll a + b was significantly changed with
year and soil amendment (P<0.05, Table 1).
Combined amount of treatments enhanced the
chlorophyll content over the control gradually.
Stimulators application of VC and NPK fertilizer
reached the highest chlorophyll content (table 3).
The plant productivity depends on the
photosynthesis process, which in turn depends on
the chlorophyll content of leaves in plants [4]. The
significant differences in the level of totd
chlorophyll content of medic savory leaves induced
by the various chemical and bio fertilizers with
respect to control can be due to variable rate of
fertilizers in symbiosis with plant and the effect of
chlorophyll component. For example, it is reported
that VC significantly increased uptake of Mg*?
from the soil [6]. NPK fertilizer due to its sufficient
N and P has akey role in increasing the chlorophyl|
content. In addition, VC can improve the stability
of the photosynthetic rate in plants [33]. Our data
suggested application of VC and NPK improved
photosynthesis in medic savory. Hosseinzadeh et
al. [34] reported an increase of chlorophyll content
in chickpea under VC application. VC due to its
porous has a high capacity for ventilation and water
storage, which would limit stomata closure and
enhance the CO; supply required for
photosynthesis. The physical, chemical, and
biologica structures of the VC increased
transpiration rate, which is associated with an
increase in plant water availability [35]. VC
because of its high water-holding capacity
increases the amount of water absorbing by plant
root [33].

Total Soluble Sugar (TSS)

TSS was significantly affected by year, sail
amendment, and their interaction (P<0.05, table 1).
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Table 1 Analysis of variance for studied traits under soil amendments during 2017 and 2018

Bakhtiari et al.

S.O. df MS
Plant Branch Crown area plantyield Chl.atb Chl.ab TSS RWC EO EO
height number yield
Year 1 108.9™ 874" 4346340™ 42965 0.017" 0.69 ™ 799" 177" 106" 240.8"
Y ear (rep) 4 1225™ 9.8" 58585 s 276233"  0.001" 0.003™ 0.69° 3.18™ 008" 183"
Soil amendments 8 1454 853" 2901303 1876083 0.01™ 0.07" 117" 598" 095" 1347"
Y ear* Sail 8 6.85M 10.4™ 160682 58595 s 0.0007™ 0.05" 0.89" 354™ 0.03° 18.1™
amendments
Error 32 45 3.05 15779 69943 0.001 0.02 0.2 3.14 0.017 204
cv - 84 1391 8.6 131 4.1 7.7 2.83 244 10.7 17.6
**, ", and ns represent the significance at 1%, 5% probability levels, and no significant difference, respectively.
Table 2 The effect of different soil amendments on plant growth of medic savory. VC: Vermicompost, TB: thiobacillus, S:
Sulfur, AMF: Arbuscular mycorrhizal fungi
Year Soil amendment  Plant height (cm)  Branch number Crownarea(cm?)  Plant yield (kg ha?l)
per plant
First year control 18.5+1.7 ij 5.0+£0.7 h 78367 h 995+108 f
NPK 23.8+2.2 d-j 11.2+1.1f 1296+95 d-g 2048+282 bc
VC 26.6+2.5 c-f 10.3+1.5fg 1230+92 e-g 2348+ab ab
NPK+VC 31.6+2.4ac 12.2+2.1 d-f 137391 d-f 2798+283 a
VC +TB 27.1+1.7 b-e 11.0+1.2f 1103+75 g 2436+207 ab
B 20.5£2.0 f-j 6.7£0.8 h 1233197 d-g 1753+145 c-e
TB + S250 228119 e 7.1+0.9 h 12761101 d-g 1791+178 cd
TB + S500 23.8+2.2 d+j 7.6£0.9 gh 1160+99 d-g 17914178 cd
AMF 20.0£1.8 h-j 5.1+0.9 gh 1106497 g 1376+108 d-f
Second year control 17.7£1.7j 10.6+1.4 fg 1386195 d-f 991+111 f
NPK 27.7+1.7 b-e 16.6+1.7 bc 1833+127 bc 2466+245 ab
VC 29.4+3.2 b-d 19.0¢15b 2000+£109 b 2101+287 bc
NPK+VC 36.1+2.1 a 27.0+18 a 2533+121 a 24661283 ab
VC +TB 332+23 @b 19.6x1.6 b 1930+105 b 2483+315 ab
B 24.2+2.1 d-i 14.6x15 c-e 14161101 de 1495+173 de
TB + S250 25.2+2.7 d-g 14.6+1.9 c-e 1470+88 d 1683+129 c-e
TB + S500 26.3+2.4 c-g 15.3+1.6 cd 1400+112 de 1718+125 c-e
AMF 20.2+1.8 g-j 11.6x1.7 ef 1700+98 c 1283+125 «f
S.O.
Y ear (Y) *% *k *k ns
Fertilization treatment (F) ** > > *x
Y*F ns *x *x ns
Error
Ccv

In both years, soil amendments used in our study
gradually increased the TSS over the control (table
3). However, VC separately or in combination with
NPK gave the higher TSS compared to other
experimental treatments (table 3). Similar to our
findings, the improvement of TSS under VC
application has been reported on Sderitis montana
[36] and mustard plant [8]. Higher biosynthesis of
chlorophyll and photosynthesis results in higher
amount of TSS content in leaves. Bio fertilizers
promote the biosynthesis of carbohydratesin leaves

[37]. The improved levels of sugar are directly
correlated with such physiological processes like
photosynthesis, translocation and respiration. In
second year, NPK fertilizer increased the TSS by
15% which was attributed to N and P supply in
photosynthesis and accumulation of higher TSS.
Similar results were obtained in mulberry leaves by
Setua et al. [38]. Kumar et al. [39] indicated that
use of organic and bio fertilizers due to its potential
on holding soil moisture and nutrients availability
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increases the TSS of strawberry, which is in
agreement with our results.

Relative Water Content (RWC)

RWC was changed by year and soil amendments
(P<0.05, table 1). In first year, the combination of
VC and NPK increased RWC by 14% compared to
control (table 3). The application of organic
fertilizers improves the water capacity of plant cells
and maintains turgor pressure of leaves via
adjusting the stomatal guard cells. VC and most
bio-fertilizers have some useful hormones and
nutrients playing an important role in stomatal
regulation [40]. Hence, in our study, VC due to
containing plant hormones, organic ions, porous
structure and high water holding potential could
effectively improve the RWC of medic savory
leaves. Beykkhormizi et al. [40] observed the
increased RWC of bean plants supplied with VC
application on bean under salinity stress. Similarly,
Khosravi Shakib et al. [41] reported a significant
increase of RWC in pot marigold under VC and
manure application.
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EO Content and Yield

EO content and yield gradually increased by soil
amendment application over the control (Fig. 2 and
3). The simultaneous use of VC and NPK increased
both EO content and yield higher than other soil
amendments.

The similar finding were observed in previous
studies, where significantly higher EO content and
yield observed in satureja plants supplied with VC,
sulfur, AMF such as Glomus, fasciculatum, G.
intraradices and G. mosseae, and plant growth
promoters like Pseudomonas fluorescens and
Bacillus subtilis [12,42,43]. Similarly, Singh et
al.[44] showed that the simultaneous application of
75% VC and 25% NPK fertilizer results in the
highest EO yield. These results can be explained in
the light of facts that using soil amendments allows
increasing organic matter, availability of nutrients,
nitrogen fixation and rizosphere microorganisms
that release phytohormones, and substances. It
leads to increased growth and dry matter
accumulation which in turn increases the EO
concentration and yield [45].

Table 3 The effect of different soil amendments on chlorophyll content, total soluble sugar (TSS), and relative water content
(RWC) of medic savory during 2017-2018. VC: Vermicompost, TB: thiobacillus, S: Sulfur, AMF: Arbuscular mycorrhizal

fungi
Year Treatment Chl. atb (mg g* Chl.ab TSS(mg g?) RWC (%)
Fw)

First year control 0.85+0.02i 2.17+0.08 b-e 8.06+0.6 g 69.66+1.0 ef
NPK 0.92+0.04c-h 2.00+0.07 e 9.00+0.4 f 71.00+1.2c-e
VC 0.98+0.02ad 2.22+0.10bc 13.00£0.5b 76.00+1.5ab
NPK+VC 0.95+0.02 e 2.29+0.09b-e 13.06£0.6 b 79.00+1.4 a
VC +TB 0.90+0.02 e-i 2.74+0.07a 11.90+0.4 ¢ 72.00+1.1c-e
B 0.87+0.03 g-i 2.36+0.09 b 9.86+0.3c 68.33+0.9f
TB + S250 0.87+0.03 g-i 2.33+0.10bc 10.36+£0.7de 71.00+1.0c-e
TB + S500 0.84+0.02 i 2.34+0.07 b-d 10.76+0.7 de 69.33£0.9d-e
AMF 0.96+0.02 a-e 2.44+0.05 b 9.93+0.4e 72.34+1.2 c-e

Second year control 0.87+0.03 g-i 2.01+0.06e 11.00£0.5d 70.67+1.1d-f
NPK 0.91+0.02 d-i 2.06+0.06 c-e 12.73+0.4bc 70.33+1.0 ef
VvC 1.02+0.02a 2.12+0.07 b-e 14.53+0.5a 77.00£1.5 ab
NPK+VC 0.99+0.03a-c 2.12+0.07b-e 14.46+0.4 a 78.00t1.3a
VC +TB 0.94+0.03 b-f 2.05+0.08 c-e 14.13+0.7a 74.33+1.2 bc
B 0.93+0.02b-g 2.10+0.09c-e 12.66+0.5 bc 72.00+1.1c-e
TB + S250 0.92+0.03 c-h 2.11+0.08c-e 12.62+0.5bc 70.33+1.1f
TB + S500 0.91+0.02 d-i 2.11+0.07 c-e 12.66+0.4 bc 71.33t1.1cf
AMF 1.00 £0.03 ab 2.19+0.08 b-e 13.03+0.6b 74.00+1.3 b-d

Significance

Y ear (Y) *% *% *% *

Fertilization treatment (F) *x * *x >

Y*F ns

* %

ns
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Fig. 2 The effect of different soil amendments on essential oil (EO) content of medic savory during 2017-2018. VC:
Vermicompost, TB: thiobacillus, S: Sulfur, AMF: Arbuscular mycorrhizal fungi
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Fig. 3 The effect of different soil amendments on essential oil (EO) yields of medic savory during 2017-2018. VC:
Vermicompost, TB: thiobacillus, S: Sulfur, AMF: Arbuscular mycorrhizal fungi

Conclusions

The present work was carried out to assess the
effect of different soil amendments (chemical
fertilizer, VC, AMF, S, and TB) on plant growth,
physiological and biochemical properties of medic
savory. We found that the growth, chlorophyll

content, EO content and yield was gradualy
increased by application of these amendments.
However, the combination of VC and NPK was
remarkably higher than other amendments. Other
amendments particularly sulfur and AMF did not
make a significant effect on the medic savory.
Hence, according to our results, the simultaneous
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application of VC and NPK fertilizer is the best
strategy to reach the optimum growth and EO yield
of medic savory.
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