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Abstract

Background and objectives: Basil (Ocimum basilicum L.) is an annual herbaceous plant
belonging to the mint family (Lamiaceae). Its fresh and dried leaves and essential oils are used
in the food, pharmaceutical, and cosmetic industries. In recent years, the use of symbiosis with
plant beneficial rhizospheric microorganisms including rhizobacteria and endophytic fungi has
been considered as a cost-efficient and sustainable strategy to alleviate the adverse effects of
environmental stresses such as salinity. Therefore, the present study was conducted in the
research greenhouse of Urmia University. It evaluated the effect of inoculation with growth-
promoting microorganisms on some growth, physiological, and phytochemical characteristics of
basil plants under salt-stress conditions.
Methodology: This research was conducted as a factorial experiment in a completely
randomized design with three replications. The experimental factors were inoculation with
microorganisms at three levels (control without inoculation, inoculation with Serendipita indica,
and inoculation with a mixture of Pseudomonas areuginosa, P. putida, and P. fluorescens) and
salinity stress at four levels (0, 40, 80 and 120 mM of NaCl). For inoculation, the germinated
seeds were separately inoculated with S. indica suspension (5x105 spores per ml) and inoculum
containing a mixture of Pseudomonas bacteria (1.61x109 cells per ml) and planted in prepared
pots. The pots were irrigated with ordinary tap water until the plants were eight-leafed, and from
this stage onwards, salinity stress treatments were applied by dissolving different concentrations
of NaCl in the irrigation water and continued until the full flowering stage. In the full flowering
stage, plant samples were collected and root colonization percentage by fungus, growth
parameters (plant height, stem diameter, number and total length of lateral branches, leaf
number and area, inflorescence length, fresh and dry weight of leaf and stem), leaf relative
water content (RWC), photosynthetic pigments, concentration of leaf nutrients (N, P, K, Na and
Cl), essential oil content and yield were evaluated. For essential oil extraction, shade-dried
samples were hydro-distilled using a Clevenger-type apparatus.
Results: The results showed that due to salinity stress, the percentage of root colonization by S.
indica, growth parameters, RWC, photosynthetic pigments, essential oil content, yield, N, P,
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and K content, and K/Na ratio decreased while Na and Cl content increased. In addition, all
evaluated parameters in inoculated plants were higher than in non-inoculated plants except Na
and CI content. The highest and lowest rates of growth parameters, RWC (74.47 and 72.39%),
essential oil yield (0.23 and 0.17 ml/pot), and N content of leaves (1.36 and 1.14%) were
obtained in plants inoculated with S. indica and non-inoculated plants, respectively. The highest
and lowest amounts of chlorophyll a (0.87 and 0.74 mg/g fw), chlorophyll b (0.41 and 0.37
mg/g fw), essential oil percentage (1.24 and 1.05%), K content (5.15 and 3.97%), P content
(0.29 and 0.24%) and the K/Na ratio (10.05 and 4.07), were observed in plants inoculated with a
mixture of Pseudomonas bacteria and non-inoculated plants, respectively. Also, the lowest Na
(1.34%) and CI (2.93%) accumulation was observed in plants inoculated with Pseudomonas
bacteria and S. indica fungus, respectively.

Conclusion: According to the results of this study, the use of plant growth-promoting
microorganisms (S. indica fungus and a mixture of Pseudomonas bacteria) can alleviate adverse
effects of salinity stress on the growth and essential oil production of the basil plant by
increasing the absorption of water and nutrients, preserving photosynthetic pigments and
reducing the accumulation of toxic ions.

Keywords: Essential oil, Plant growth-promoting bacteria, Salt stress, Serendipita indica
fungus, Chlorophyll, Relative water content.
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Table 2. ANOVA of salinity effects on colonization rate of Ocimum basilicum roots inoculated by
Serendipita indica

S.O.V. df. MS
Colonization rate
Salinity 3 1384.72**
Experimental error 8 0.22
C.V. (%) 0.91

**: Significant at 1% probability level.
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Figure 2. Means comparison of salinity effects on colonization rate of Ocimum basilicum roots inoculated by

Serendipita indica
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 3. Microorganisms inoculation effects on some growth parameters of Ocimum basilicum under salinity

Total

ant - umber ength o um ea nflorescenc eaf fres eaf dry tem dry ea
. Pl SM  Number  lengthof Numb  Leaf  Infl Leaf fresh  Leafd SM  Stemdry  Leaf

NaCl PBRM - diamet - : fresh -
(mM) inoculation height er of lateral lateral er of area e length weight weight weight weight area
(cm) branches branches leaves  (cm?) (cm) (g.plant?)  (g.plant?) 9 4 (gplant?)  index

(mm) (cm) (g9.plant?)
0 Pseudomonas ~ 71.05° 3.58° 17.44 93.782 86.11  533.08° 14.66° 8.69 1.49 8.33" 1.62 2.99°
40 (P. areuginosa ~ 63.50° 3.34k¢ 16.00 71.32° 81.00 377.63¢ 12.88¢ 7.51 1.33 7.38% 1.65 2.12¢
80 +P.putida+P.  57.169 2.86% 11.22 43.39° 49.00  356.51f 8.55¢% 5.08 1.03 5.74¢% 1.15 2.00f
120 fluorescens) 51.44% 2.77¢ 7.88 22.35¢ 35.88  327.29¢ 8.58% 4.14 0.69 5.13¢ 1.06 1.839
0 76.272 4.582 17.66 90.212 85.11  587.45? 11.50%¢ 8.74 1.63 10.322 2.36 3.302
40 Serendipita 64.83¢ 3.60° 14.66 76.71° 78.00  459.74¢ 13.33%» 8.36 1.43 9.922 2.29 2.58¢
80 indica 56.16% 3.41° 8.66 47.62c 54.44  438.47¢ 11.16° 6.94 1.21 6.49% 141 2.46¢
120 48.169"  2.98°¢ 6.33 23.50% 36.44  347.71 7.00° 4.68 0.70 5.85% 1.26 1.95f
0 63° 3.50° 16.33 42.45¢ 7244  374.99° 13.05% 7.16 1.43 8.05° 1.73 2.10¢
40 Control 53.66F  3.210d 11.33 35.20« 64.77  239.23" 7.22¢ 7.05 1.25 5.85% 1.45 1.34"
80 48" 2.66¢ 6.00 21.38¢ 51.11  236.10" 9.16¢ 5.05 1.02 5.35¢f 1.27 1.32"
120 40’ 1.97f 3.66 9.07" 2755  189.02 7.38% 3.23 0.38 4.37f 1.07 1.06'
NaCl
0 70.11 3.89 17.142 75.48 81.22¢  498.50 13.07 8.192 1.522 8.90 1.902 2.80
40 60.66 3.38 14.00° 61.08 7459  358.86 11.14 7.642 1.345 7.71 1.802 2.01
80 53.77 2.98 8.62° 37.47 51.51°  343.69 9.62 5.69° 1.09¢ 5.86 1.27° 1.93
120 46.53 2.57 5.96¢ 18.31 33.29¢  288.00 7.65 4.01° 0.59¢ 5.12 1.13° 1.61
PBRM inoculation

Pseudomonas 60.79 3.14 13.13¢ 57.71 63.00°  398.62 11.17 6.35° 1.145 6.64 1.37° 2.23
S. indica 61.36 3.64 11.83° 59.51 63.50  458.34 10.75 7.182 1.242 8.15 1.832 2.57
Control 51.16 2.83 9.33° 27.03 53.97°  259.83 9.20 5.62° 1.02¢ 5.90 1.38° 1.45
Salinlty (S) ** ** ** ** ** ** ** ** ** ** ** **
M ICI’OOI’ganlsm (M) **k **% *% *%x **k **% *% *% *%x *%k *%x *%x
SxM * * ns ** ns ** ** ns ns * ns **

PBRM: Plant beneficial rhizospheric microorganism; ns, *, and **: non-significant, significant at 1%, and 5% probability levels, respectively; In each column, means with common letters are in the same
statistical group at 5% probability level (Duncan test).
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Table 4. Microorganisms inoculation effects on some physiological parameters and essential oil content of
Ocimum basilicum under salinity
Chloroph  Chlorophyl Total Carotenoi  Essential .
Chloroph . Essential
NaCl PBRM RWC ylla b ds content oil o
. . . . yll ] oil yield
(mM) inoculation (%) (mg.g* (mg.g* 1 (mg g* content "
FW) FW) (mg.g FW) (%) (ml.pot)
FW)
0 Pseudomonas 77.36%¢ 0.97 0.42 1.40 0.56 111 0.24
40 (P. areuginosa 74.450¢ 0.86 0.41 1.28 0.55 1.26 0.26
80 + P. putida + P. 72.02¢¢ 0.87 0.39 1.26 0.49 1.39 0.21
120 fluorescens) 67.98¢ 0.76 0.42 1.18 0.46 1.22 0.15
0 81.17%® 0.92 0.40 1.32 0.57 0.98 0.27
40 Serendipita 74.96%¢ 0.96 0.44 1.40 0.61 1.13 0.29
80 indica 73.03¢¢ 0.69 0.37 1.06 0.46 1.20 0.22
120 68.734 0.62 0.31 0.93 0.44 1.00 0.13
0 82.522 0.94 0.41 1.36 0.61 0.96 0.21
40 Control 76.73%4 0.76 0.38 1.15 0.50 1.22 0.23
80 71.27¢¢ 0.68 0.38 1.06 0.51 1.06 0.17
120 59.06f 0.59 0.29 0.88 0.47 0.96 0.09
NaCl
0 80.35 0.942 0.412 1.362 0.582 1.02b 0.242
40 75.38 0.862 0.412 1.28% 0.55% 1.202 0.262
80 72.11 0.75° 0.38% 1.13b¢ 0.49b¢ 1.218 0.20°
120 65.25 0.66° 0.34° 1.00¢ 0.46° 1.06° 0.12¢
PBRM inoculation
Pseudomonas 72.95 0.874 0.41 1.282 0.51 1.242 0.218
S. indica 74.47 0.79% 0.38 1.18% 0.52 1.08P 0.232
Control 72.39 0.74° 0.37 1.11° 0.52 1.05P 0.17°
Sallnlty (S) **k **k ** *%* *%* *%* *%x
Microorganism (M) ns * ns * ns il **
SxM * ns ns ns ns ns ns

PBRM: Plant beneficial rhizospheric microorganism; ™,

*, and ": non-significant, significant at 1, and 5% probability levels, respectively; In each column,

means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 5. Microorganisms inoculation effects on leaf nutrients content of Ocimum basilicum under salinity

PBRM Na K Cl P N

NaCl (mM) inoculation @ ) N o e )

0 0.33" 7.32 22,152 2.25 0.34 1.38

40 Pseudomonas (P. areuginosa + P. putida + P. fluorescens) 0.39" 4.84 12400 3.04 0.28 133

80 ' ' ' 1.16° 4.75 4.09¢f 3.71 0.28 1.22

120 3.47° 3.68 1.06f 4.16 0.25 1.21

0 0.33" 5.79 17.542 2.25 0.31 1.59

40 Serendipita indica 0.479" 5.08 10.81°  2.64 0.27 1.49

80 1.66¢ 3.97 2.30¢f 3.26 0.24 1.20

120 3.16° 3.22 1.02f 3.55 0.22 1.14

0 0.671 5.87 8.76% 2.87 0.31 1.34

40 Control 0.69"  3.97 571% 309 026 131

80 3.47° 3.10 0.89f 4.22 0.20 0.97

120 3.91° 2.93 0.75f 4.84 0.18 0.94

NaCl

0 0.44 6.332 16.59 2.46° 0322 144

40 051  4.63° 9.89 293> 0.27% 1.38

80 2.10 3.940¢ 2.46 3.73%  0.24®> 113

120 3.51 3.28¢ 0.94 418 0.22° 1.10

PBRM inoculation

Pseudomonas 1.34 5.152 10.05 3.29°  0.29 1.29

S. indica 141 4.52% 8.28 2.93b 0.26 1.36

Control 218 397 4.07 3768 024 114
Salinity (S) *x wx wx ** * ns
Microorganism (M) ** * ** ** ns ns
SxM * ns wox ns ns ns

PBRM: Plant beneficial rhizospheric microorganism; "™, *, and ™: non-significant, significant at 1, and 5% probability levels, respectively; In each column,
means with common letters are in the same statistical group at 5% probability level (Duncan test).
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