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Abstract
Background and objectives: Savory (Satureja hortensis L.) is one of the most important
medicinal plants that grows in different parts of the world, including Iran. Water deficit has
adverse effects on physiological processes such as photosynthesis, nutrient absorption,
development and division of cells, and accumulation and transfer of nutrients, thus reducing the
performance of plants. In contrast, biofertilizers play a prominent role in the growth and
development of plants by improving the absorption of nutrients and sufficient water through
changes in the physicochemical properties of the soil. This study aimed to investigate the effect
of drought stress, growth-promoting bacteria (PGPRS) and vermicompost on the yield, amount
of nutrients and essential components of the savory plant.
Materials and methods: A factorial experiment based on a randomized complete block design
with three replications was conducted at the Research Farm at the Mohaghegh Ardabili
University, Iran, from 2016-2017. Treatments included three levels of drought stress (Full
irrigation (S1), Water cut at 50% of flowering (S2), and water cut in early stages of flowering
(S3), four vermicompost levels (including 0, 1, 1.5 and 2 t. ha-1) and included inoculation with
microorganisms at three levels (non-inoculation, inoculation with Streptomyces and
Pseudomonas fluorescens pl5). Before planting, the seeds were inoculated with biological
stimulants. Then, seeds were cultivated in rows at a distance of 25 cm between the rows, 20 cm
on rows and at a depth of 0.5 cm. To apply the irrigation treatment, the field's soil was
investigated in the horizon of the plant roots up to a depth of 20 cm by digging a profile. The
weight method was used to control water. Field capacity (FC) and permanent wilting point
(PWP) were measured using intact samples 24 hours after soil saturation for field capacity
and placed in a suction device with 15 atmospheres of negative pressure for permanent wilting
point. The corresponding values for the soil at a depth of 0 to 30 cm were determined according
to the layering of the soil, and from their difference, the amount of usable soil water (AW) was
determined. During the test, the usable water (depending on the plant's growth stage) was
determined by the soil sampling cylinder and transferred to the oven in the form of moisture
percentage by weight. The examined parameters included plant height, shoot dry weight, root
dry weight, and concentration of phosphorus, potassium, and essential oil components.
Results: Based on the obtained results, drought stress, vermicompost, and inoculation with
PGPRS had a significant effect on the measured parameters. So that the maximum plant height
(62.36 cm), shoot dry weight (28.72 grams) and root dry weight (6.35 grams), phosphorus (1.3
percent) and potassium absorption (3.3 percent) were obtained under non-stress conditions,
application of vermicompost two tons per hectare of and inoculation with Streptomyces
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bacteriaand the lowest amount of plant height (22.33 cm), shoot dry weight (18.33 grams), dry
weight roots (3.07 grams), phosphorus (0.85 percent) and potassium (1.2 percent) were
observed in the planting beds without vermicompost application and non-inoculation with
biological stimulants and in severity drought stress. Also, the highest amount of carvacrol (62%)
and gamma-terpinene (26.9%) was obtained in the treatment of severe drought stress and beds
containing two tons per hectare of vermicompost in plants inoculated with Streptomyces.
Conclusion: Vermicompost with growth-promoting bacteria can be a sustainable agricultural
fertilizer containing beneficial microorganisms that improve the growth performance and
essential components of savory plants under drought stress and non-stress conditions.

Keywords: Essential oil, plant growth-promoting bacteria, drought stress, Satureja hortensis L.,
vermicompost.
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Table 1. Some chemical properties of vermicompost and experimental soil

Properties Soil Vermicompost

Organic matter (%) 0.068 35

Total N (%) 0.014 3.51

P (%) 0.08 1.15

K (%) 0.01 1.25

Fe (ppm) 11.48 550

Zn (ppm) 35 250
pH 7.1 7

EC (dS.m™) 1.2 1.1

.(Hamada & EL-enany, 1994) ..
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Table 2. ANOVA of biological stimulants and vermicompost effects on some growth parameters and nutrients of
Satureja hortensis under drought stress conditions

M.S.
S.0.V. d.f.
Plant height Shoots dry weight  Roots dry weight K P

Replication 2 178.9" 19.04" 317 0.002" 0.014™
Irrigation regimes (1) 2 4223.99™ 1357 10.8™ 0.368™ 0.714™
Vermicompost (V) 3 609.1" 283*" 2.84™ 2.322™ 9.982™
Bacteria (B) 2 222.6™ 102.4™ 1.44™ 0.025™ 0.138™
IxV 6 13.04™ 8.96™ 0.187™ 0.005™ 0.117*
IxB 4 10.57™ 6.48™ 0.114™ 0.043™ 0.121*
VxB 6 11.12* 7.23" 0.218™ 0.004™ 0.134™
IxBxV 12 16.78" 8.45™ 0.118™ 0.051™ 0.108™

Experimental error 90 3.82 1.57 0.017 0.0016 0.014

C.V. (%) 4.65 6.51 4.3 5.85 5.09

n.s. and **: non-significant and significant at 1% probability level, respectively
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Table 3. Means comparison of drought stress x vermicompost x biological stimulants interaction on
some vegetative growth parameters of Satureja hortensis

Drought stress Vermicompost PBRM inoculation Plant height Shoots dry weight  Roots dry weight

(cm) (9) 9
No inoculation 35.44k 18.33¢f 3.07¢d
V1 Pseudomonas 39.97N 19.77¢% 4.40b
Streptomyces 41 54N 21.03¢ 4,25
No inoculation 47% 20.3% 3.33cd
V2 Pseudomonas 54.66% 19.77¢% 4.25b¢
s1 Streptomyces 56.44% 21.03« 4.88P
No inoculation 52.330 20.3% 3.3
V3 Pseudomonas 58.672 22.02¢d 5.05°
Streptomyces 59.63% 24,35 5.85%
No inoculation 55.60¢d 240 3.93bc
V4 Pseudomonas 60.372 26.6% 5.453
Streptomyces 62.262 28.728 6.35%
No inoculation 36.66 13.45Mi 2.78%
V1 Pseudomonas 40.54N 16.65% 3.63c
Streptomyces 43,219 18.189f 3.9%¢
No inoculation 39.66k 17% 2.9de
V2 Pseudomonas 43.059" 19.25¢% 3.61¢
Streptomyces 44 559 20.67% 4.10
S2 No inoculation 458 21.66¢ 3.26¢%
V3 Pseudomonas 46.49% 23.83kc 3.87bc
Streptomyces 51.429f 24.44¢ 4.54°
No inoculation 46.331 22.33¢ 3.4
V4 Pseudomonas 50.48¢f 24,28 3.92¢
Streptomyces 52.82¢ 26.9° 4.74°
No inoculation 22.33° 9.0i 2.3f9
V1 Pseudomonas 29.62im 13.699" 2.96%
Streptomyces 32.654 14,579 3.05¢
No inoculation 27.33m 10.66' 2.58¢
V2 Pseudomonas 35.49k 15.359 3.08¢cd
3 Streptomyces 37.66ij 16.8fg 3.540¢
No inoculation 32.33K 12hi 2.69d
V3 Pseudomonas 39.47h 16.57 3.2¢d
Streptomyces 42.15% 18.859 3.4
No inoculation 34ih 14.9h 2.89de
V4 Pseudomonas 40.95N 18.259f 3.38cd
Streptomyces 42 859 19.37¢% 3.65%

PBRM: Plant beneficial rhizospheric microorganism; S1- Full irrigation, S2- Water cut at 50% of flowering, S3- Water cut during early stages of
flowering; V1, V2, V3, and V4: 0, 1, 1.5, and 2 ton vermicompost.ha', respectively
In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 1. Means comparison of drought stress x vermicompost x biological stimulants effects on phosphorus
content of Satureja hortensis
S1- Full irrigation, S2- Water cut at 50% of flowering, S3- Water cut during early stages of flowering;
V1, V2, V3, and V4: 0, 1, 1.5, and 2 ton vermicompost.ha™, respectively
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 2. Means comparison of drought stress x vermicompost x biological stimulants
effects on potassium content of Satureja hortensis
S1- Full irrigation, S2- Water cut at 50% of flowering, S3- Water cut during early stages of flowering;
V1, V2,V3,and V4: 0, 1, 1.5, and 2 ton vermicompost.ha', respectively
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 4. Drought stress x vermicompost x biological stimulants interaction on Satureja hortensis
essential oil compounds
Drought . PBRM . . . .
stress Vermicompost inoculation a-thujene  a-pinene  B-pinene P-cymene y-terpinene carvacrol
RI 927 933 976 1014 1080 1282
No inoculation 1.9 1.6 0.3 35 215 53
Vi1 Pseudomonas 15 1.2 0.1 2.7 21.9 55.2
Streptomyces 1.7 13 0.1 2.8 22.9 56
No inoculation 1.3 1.2 0.4 2.8 22.6 545
V2 Pseudomonas 1.4 1 0.35 2.8 23 55.5
st Streptomyces 1.8 1.25 0.25 3 239 57
No inoculation 1.8 1.2 0.45 3.1 235 55.1
V3 Pseudomonas 1.9 11 0.2 2.8 24.5 57
Streptomyces 1.9 1 0.2 2.5 24.7 57.3
No inoculation 2.04 1.3 0.2 3.2 24.2 55.5
V4 Pseudomonas 14 1.2 0.5 2.9 24.7 56.5
Streptomyces 1.65 11 0.2 2.7 249 58
No inoculation 1.6 15 0.8 35 215 53.8
V1 Pseudomonas 15 1.3 0.6 2.6 215 54.8
Streptomyces 15 1.2 0.5 2.7 23.6 57
No inoculation 1.57 15 0.9 3.6 235 54.2
V2 Pseudomonas 1.27 0.9 0.55 15 24.6 56.3
Streptomyces 1.7 1 0.15 2.3 25.2 58
S2
No inoculation 1.35 15 0.7 3.1 235 56.1
V3 Pseudomonas 1.1 0.8 0.5 1.3 25.6 58
Streptomyces 1.75 12 0.4 25 235 58.6
No inoculation 1.2 13 0.8 2.5 23.8 56.4
V4 Pseudomonas 1.25 1.25 0.4 2.1 24.7 59.5
Streptomyces 14 1 0.2 2.8 253 60.7
No inoculation 2.3 1.2 0.5 3.4 225 54.1
V1 Pseudomonas 1.25 0.6 0.4 1.8 25.1 55.5
Streptomyces 11 0.9 0.1 25 245 56
No inoculation 1.3 1.6 0.4 3.6 22.9 55
V2 Pseudomonas 1.2 1.3 0.4 14 23.2 57.6
3 Streptomyces 11 1 0.5 1.7 24.1 59.3
No inoculation 1.43 15 0.55 2.7 24.1 57
V3 Pseudomonas 1.25 1.1 0.25 2.8 24.8 57.8
Streptomyces 11 0.7 0.5 11 255 59.7
No inoculation 1.24 1.3 0.6 2.4 25 58
V4 Pseudomonas 1.1 0.9 0.25 1.6 26.4 61
Streptomyces 1.2 0.7 0.9 1.8 26.9 62
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Continued Table 4. ...
Drought Vermi PBRM a- caryophyllen p- p-
. . myrcene - .
stress compost inoculation phellandrene terpinene e bisabolene germacrene
RI 981 999 1011 1424 1501 1542
No inoculation 1.1 0.5 5.2 0.5 0.5 0.14
Vi1 Pseudomonas 0.8 0.55 35 0.3 0.4 0.11
Streptomyces 0.9 0.5 3.7 0.4 0.4 0.12
No inoculation 1.7 0.44 4.2 0.5 0.5 0.1
S1 V3 Pseudomonas 1.7 0.3 3.6 0.3 0.3 0.11
Streptomyces 14 0.25 3.3 0.25 0.4 0.1
No inoculation 1.1 0.45 5.4 0.3 0.6 0.1
V4 Pseudomonas 15 0.4 4.8 0.2 0.25 0.1
Streptomyces 1.2 0.3 3.9 0.3 0.2 0.15
No inoculation 2 0.6 5.3 0.5 0.3 0.1
Vi1 Pseudomonas 14 0.6 4.2 0.4 0.2 0.2
Streptomyces 14 0.5 3.4 0.4 0.3 -
No inoculation 0.8 0.4 4.6 0.4 - 0.25
V2 Pseudomonas 15 0.4 4.6 0.5 0.1 -
$2 Streptomyces 14 0.3 3.1 0.65 0.2 0.1
No inoculation 1.7 0.3 5.3 0.5 0.3 0.1
V3 Pseudomonas 16 0.3 4.2 0.3 0.2 0.15
Streptomyces 1.3 0.35 4.7 0.4 0.4 0.17
No inoculation 1.8 0.6 35 0.6 0.5 0.2
V4 Pseudomonas 1.2 0.1 35 0.25 0.3 -
Streptomyces 1 0.1 34 0.2 0.4 0.1
No inoculation 15 0.2 4.5 0.3 0.5 0.1
V1 Pseudomonas 1.2 0.1 3.7 0.2 0.3 0.2
Streptomyces 0.9 0.1 3.7 0.3 0.25 0.25
No inoculation 0.7 0.8 3.6 - 0.3 0.2
V2 Pseudomonas 11 0.3 3.8 0.1 0.2 0.1
s3 Streptomyces 1.6 0.2 3.7 0.2 0.3 0.1
No inoculation 1.3 0.2 4.5 0.3 0.3 0.25
V3 Pseudomonas 1.1 0.25 4.2 0.2 0.2 -
Streptomyces 15 0.15 3.2 0.4 0.3 -
No inoculation 1.3 0.3 4.9 0.5 0.5 0.2
V4 Pseudomonas 1.6 0.2 3.4 0.3 0.3 -
Streptomyces 1.3 0.5 3.3 0.4 0.4 0.1

PBRM: Plant beneficial rhizospheric microorganism; S1- Full irrigation, S2- Water cut at 50% of flowering, S3- Water cut during early stages
of flowering; V1, V2, V3, and V4: 0, 1, 1.5, and 2 ton vermicompost.ha™, respectively
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