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Abstract

Background and objectives: Drought is one of the most important factors limiting the
production of crops in the world, which can adversely affect the growth and performance of
plants. Bacterial endophytes, as one of the microorganisms symbiotic with plants, play an
essential role in improving the growth and performance of their host plants under drought-stress
conditions. Considering the problems of water scarcity in Iran, this study was conducted to
investigate the effect of the bacterial endophyte Agrobacterium deltaense isolated from the bitter
myrtle (Salvia mirzayanii) plant on some quantitative and qualitative characteristics of thyme
plants under drought stress.
Methodology: The bacterial endophyte was identified using morphological, physiological and
molecular methods. Then, the sterilized Thyme seeds were cultivated under standard conditions
and transferred to pots after two months. Six months after transplanting the culture to the pot,
Thyme plants were inoculated in three stages weekly using A. deltaense bacterial endophyte.
The bacterial suspension was adjusted in an NB culture medium with a 1 x 108 ml
concentration. Then, they were applied as foliar spraying to the aerial parts of the plants and
injected into the roots. To ensure the presence of endophytes after one month of foliar spraying
to the aerial parts and injection to the roots, the bacterial endophyte establishment test was
performed in the plant, and then drought stress was applied for three months, and then the
morphological traits, Physiological and biochemical properties of thyme plant were evaluated.
A factorial experiment in the form of a randomized complete design was performed in three
replications on the research greenhouse of the Horticulture Department of Hormozgan
University in 2021. The treatments were determined at four levels of drought stress (0, 25, 50
and 75% of field capacity) and two levels of bacterial inoculation (no inoculation and
inoculation with A. deltaense). The assessed traits included: height, fresh and dry weight of
stem and root, percentage of electrolyte leakage, chlorophyll a and b, total chlorophyll,
carotenoid, prolin, soluble sugar, Total Phenolic Content, Essential Oil Percentage and
mycorrhizal dependency.
Results: Drought stress led to significant effects on the reduced performance of garden thyme
plants, including decreased stem height, fresh and dry weight of stems and roots, chlorophyll a
and b, total chlorophyll, and carotenoids. However, under severe drought stress (75% field
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capacity), inoculation of garden thyme with the endophytic bacterium A. deltaense resulted in a
significant increase in stem height (41.35%), root dry weight (71.85%), root fresh weight
(74.35%), stem dry weight (83.22%), stem fresh weight (37%), chlorophyll a (97.15%),
chlorophyll b (09.41%), total chlorophyll (77.20%), carotenoids (25%), and caused a significant
reduction in electrolyte leakage by 90.5% compared to the control. Furthermore, the presence of
the endophytic bacterium A. deltaense, in contrast to its absence under drought stress
conditions, led to an increase in proline (17.07%), soluble sugars (15.09%), total phenolics
(27.39%), and essential oil percentage (20%), mycorrhizal dependency (84%) compared to the
control.

Conclusion: The study's results suggest that beneficial microorganisms, including bacterial
endophytes, can be used as a suitable way to increase plant resistance to drought. This potential
can be used for sustainable agriculture and reduced slaughter limits in dry and low-water areas.
In the case of the use of A. deltaense bacterial endophyte in garden aviation slaughter under dry
conditions, improvement in the growth and functioning of plants can be observed, as well as an
increase in the percentage of essential oil and phenol content, which is an indicator of their
quality and effective therapeutic compounds. This increase not only helps promote plants'
medicinal properties but also increases their economic and commercial value.
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Table 1. ANOVA of osmotic potential and time duration effects on Agrobacterium deltaense growth

M.S.
S.0.V. d.f. -
Colony diameter

Osmotic potential (O) 28.50™
Time duration (T) 13.50™
OxT 3 0.50™

Experimental error 16 0.62
C.V. (%) 13.74

**:significant at 1% probability level
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Figure 1. Means comparison of Agrobacterium deltaense growth affected by osmotic potential X time duration
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 2. ANOVA of drought and bacterial endophyte (Agrobacterium deltaense) inoculation effects on some
Thymus vulgaris morphological traits

M.S.
. Root dr Root fresh Stemd Stem fresh
S.O.V. d.f. Plant height weighty weight weigh:y weight
Drought (D) 3 303.02" 106.87" 99.59" 162.99" 152.90™
A. deltaense inoculation (A) 1 301.04™ 23.34™ 26.35™ 119.21™ 114.36™
DxA 3 9.95 0.28" 0.50m 2.87 3.1
Experimental error 16 0.70 0.09 0.25 0.01 0.22
C.V. (%) 231 5.34 6.09 1.30 3.75
", * and ™: non-significant, significant at 5, and 1% probability levels, respectively.
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Table 3. Means comparison of drought x bacterial endophyte (Agrobacterium deltaense) inoculation interaction
on some Thymus vulgaris morphological traits

Treatment . i

. Plant height Root dry weight Stem dry Stem fresh
Bacterial endophyte Drought (cm) © weight (q) weight (g)
inoculation (CFU.mL™1) (%FC) g gntig gntig
100 40.6P+0.8 10.9°+0.05 12.9°+0.07 17.3°+0.34
Control 0.75 35.69+0.57 3.98+0.07 5.92+0.01 10.5%+0.31
(no inoculation) 0.50 30.8™0.33 2.49+0.02 2.99+0.01 7.9+0.29
0.25 249+0.44 1.7"+0.15 3.2"+0.01 6.39+0.45
100 502+0.16 12.9%+0.22 16.9%+0.0 21.5%+0.07
0.75 39.1°+0.16 5.8°40.02 11°+0.01 15.8°+0.26

A. deltaense inoculation
0.50 37.8°+0.57 4.99+0.14 8.99+0.14 13.49+0.08
0.25 32.5°+0.28 3.2+0.38 3.9+0.01 8.7+0.10

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
CFU: Colony forming units; FC: Field capacity
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Table 4. ANOVA of drought and bacterial endophyte (Agrobacterium deltaense) inoculation effects on some
Thymus vulgaris physiological traits

S.0.V. df. M3, .
lon leakage  Chlorophylla  Chlorophyll b Total chlorophyll Carotenoids
Drought (D) 3 1748.25™ 0.197" 0.40™ 0.63" 0.031*
A. deltaense inoculation (A) 1 119.52"* 0.001" 0.03™ 0.04" 0.010™
DxA 3 1.63" 0.04™ 0.011* 0.11* 0.009"
Experimental error 16 0.400 0.0031 0.0006 0.0146 0.0001
C.V. (%) 1.82 3.48 2.75 5.18 3.04

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

<l Q..LJT S5 Slao S . (Agrobacterium deltaense) oG S| cod sl x S Lliw 3 wiu dwlio —Q Jou>
Table 5. Means comparison of drought x bacterial endophyte (Agrobacterium deltaense) inoculation interaction
on some Thymus vulgaris physiological traits

Treatment lon Chlorophyll )
Bactorial endophvi 5 he leakage Chlorophyll a b (mg.g: Total chlorophyll Carotenoids
acterial endo e rou g
. ) Py J J (mg.g™* FW) - (mg.g™ FW) (mg.g* FW)
inoculation (CFU.mL) (%FC) (%) FW)
0 15.29+0.43 1.63°+0.02 0.86°+01 2.40°+0.02 0.38°+0.003
Control 0.25 33.3%+0.04 1.36°+0.06 0.57"+0.02 1.83%+0.15 0.25%+0.003
(no inoculation) 0.50 45.5°40.65 1.78°+0.01 1.12°+0.01 2.78%+0.005 0.42°+0.005
0.75 53.6%+0.01 1.47%+0.02 1.03%+0.01 2.50°+0.02 0.40°+0.005
0 10.4"+0.33 1.68°+0.01 1.21b+0.01 2.48°+0.01 0.472+0.008
. . 0.25 27.67+0.18 1.44%+0.04 0.64g+0.005 2%9+0.11 0.34%+0.01
A. deltaense inoculation
0.50 41.3940.43 1.91%+0.02 1.32a+0.01 2.60%°+0.02 0.49+0.005
0.75 50.4°+0.34 1.67°+0.02 0.73f+0.02 2.07°+0.02 0.32%+0.005

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test). CFU: Colony forming units; FC: Field capacity
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Table 6. ANOVA of drought and bacterial endophyte (Agrobacterium deltaense) inoculation effects on some
Thymus vulgaris biochemical traits

M.S.
S.O.V. d.f. Prolin Soluble sugar Total phenolic Esse_ntial Mycorrhizal
content oil dependency
Drought (D) 3 0.0006™ 1.75™ 0.53" 0.031™ 7488™
A. deltaense inoculation (A) 1 0.0005™ 1.49™ 0.64™ 0.015™ 150™
DxA 3 0.000"" 0.137* 0.008" 0.001" 21
Experimental error 16 0.000 0.002 0.005 0.001 0.75
C.V. (%) 3.18 3.22 3.63 11.76 1.68

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

b sl abesd s Olio 5 (Agrobacterium deltaense) b sl cub sl x (Kt bl 31 5 80ke avslie =Y Jou

Table 7. Means comparison of drought x bacterial endophyte (Agrobacterium deltaense) inoculation interaction
on some Thymus vulgaris biochemical traits

Treatment .
Bacterial endophyte inoculation Drought Prc_)llln Solublisugar
(CFU.mL™) (%FC) (mg.gt FW) (mg.gt FW)
0 0.0169+0.0005 0.73"+0.04
Control 0.25 0.019%+0.0006 0.879+0.02
(no inoculation) 0.50 0.036°+0.0012 1.73%+0.03
0.75 0.043+0.0005 2.12°+0.02
0 0.0288+0.0008 1.47%+0.03
A. deltaense 0.25 0.0329+0.0011 1.63°+0.02
Inoculation 0.50 0.032°+0.0014 1.90°40.02
0.75 0.0512+0.0014 2.442+0.02

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).

CFU: Colony forming units; FC: Field capacity
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Figure 2. Means comparison of drought (a) and bacterial endophyte (Agrobacterium deltaense) inoculation (b) on

root fresh weight of Thymus vulgaris
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 3. Means comparison of drought (a) and bacterial endophyte (Agrobacterium deltaense) inoculation (b) on
total phenolics content of Thymus vulgaris

Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 4. Means comparison of drought (a) and bacterial endophyte (Agrobacterium deltaense) inoculation (b) on
essential oil content of Thymus vulgaris

Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figur 5. Means comparison of drought x bacterial endophyte (Agrobacterium deltaense) inoculation interaction
on mycorrhizal dependency of Thymus vulgaris
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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