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Table 1. Some physical and chemical properties of studied soil

Soil Texture pH EC O.M CaCOs; N K P
dS m? % mg kg
Clay Loam 7.92 0.78 1.28 315 0.52 202 7.24
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Fig. 1. Chlamydospores of P. indica in root cortex of inoculated sage plants.
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Fig. 2. Effect of different salinity levels on colonization rate of sage roots by P. indica.
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Table 2. Effect of P. indica and P. fluorescens inoculation on some growth parameters of sage (S. officinalis)
under different salinity levels

PBRM! Plant height ~ Stem diameter Leaf area  Leaf thickness
NaCl (mM) inoculation (cm) (mm) Leaf number (cm?) (mm)
P. indica
0 60.33 a 3.32a 32.00a 27191a 0.186
25 51.66 b 3.37a 30.00 a 270.48a  0.286
50 38.16 cde 2.88 bc 24.00 cde 254.30 bc  0.406
100 40.66 cd 2.82¢c 23.00 def 24461 cd 0.556
P. fluorescens
0 50.50 b 3.24a 27.00b 267.93a 0.190
25 41.83¢c 3.16 ab 26.66 bc 268.04a 0.250
50 39.33 cde 2.85cd 24.66 b-e 262.91ab 0.353
100 35.66 e 2.75cd 22.66 def 239.20de 0.473
Control
0 48.00 b 2.67 cd 25.00 bcd 246.54cd 0.163
25 36.00 de 2.75cd 23.33de 229.80e  0.206
50 38.00 cde 2.45d 22.00 ef 200.14f  0.283
100 29.93f 257cd 20.33 f 187.14g 0.350
NaCl (mM)
0 52.94 3.07 28.00 262.13 0.180d
25 43.16 3.09 26.66 256.11 0.247 ¢
50 38.50 2.74 23.55 239.11 0.347b
100 35.42 2.71 21.99 223.66 0.460 a
PBRM inoculation
P. indica 47.70 3.09 27.25 260.33 0.359 a
P. fluorescens 41.83 3.00 25.25 259.52 0.316 a
control 37.98 2.61 22.66 215.90 0.250 b
Microorganism (M) ** *E ** ok *E
Salinity (S) Kk k% *%x k% *k
M x S *% sk * * NS

1- PBRM= Plant beneficial rhizospheric microorganism

NS, * and ** are non-significant, significant at p<0.05 and p<0.01, respectively.
The means in each column followed by similar letter(s) are not significantly different using Duncan’s test (p<0.05).
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Continued Table 2. Effect of P. indica and P. fluorescens inoculation on some growth parameters of sage (S.
officinalis) under different salinity levels

Nacl PBRM Leaf_fresh Leaf dry weight Stem_ fresh Sterr_l dry Herl_) fresh Her_b dry

(mM) inoculation weight (g piant?) weight weight yield yield
(g plant™) (gplant’) (gplant™) (gpot™) (g pot™)

P. indica

0 7.02a 242 5.40a 18la 86.94a 296la

25 6.81 ab 231 4.60c 1.51 cd 79.87b  26.74bc

50 5.30d 1.93 4.04 ¢ 1.34 ef 65.38d  22.89d

100 5.40 cd 191 3.19¢ 1.09 h 60.13d  21.00de

P. fluorescens

0 6.83 ab 2.30 5.22 ab 1.73 ab 84.35ab 28.21ab

25 6.11 bc 2.04 4.40 cd 153¢ 7357c  2499c

50 5.61 cd 1.85 3.65f 1.23 fg 64.82d 21.56d

100 4.88d 1.62 271h 0.90i 53.13 ¢ 1764 f

Control

0 6.52 ab 2.16 499b 1.67b 80.57b  26.81bc

25 5.06d 1.69 4.17 de 1.40 de 6461d 21.63d

50 5.14d 1.62 3.41fg 1.15gh 59.85d  19.39 ef

100 3.9e 1.29 1.86i 0.64 40.74 f 1351¢g

NaCl (mM)

0 6.79 229a 5.20 1.74 83.93 28.21

25 5.99 201b 4.39 1.48 72.66 24.43

50 5.35 1.80¢c 3.70 1.24 63.35 21.28

100 4.74 1.61d 2.58 0.88 51.24 17.43

PBRM

inoculation

P. indica 6.13 214a 4.31 1.43 73.08 24.99

P. fluorescens 5.86 195D 3.99 1.35 68.95 23.10

control 5.17 169¢ 3.61 1.22 61.46 20.37

Microorganism o o . o o5 o5

(M)

Salinity (S) ok ok *k *% *k **

M X S * NS k3k kK * *

NS, * and ** are non-significant, significant at p<0.05 and p<0.01, respectively.
The means in each column followed by similar letter(s) are not significantly different using Duncan’s test (p<0.05).
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Table 3. Effect of P. indica and P. fluorescens inoculation on some physiological and phytochemical
parameters of sage (S. officinalis) under different salinity levels

NaCl PBRM RWC (%) Chlorophyll Essential oil content  Essential oil yeild
(mM) inoculation (SPAD) (%) (ml plant™)
P. indica
0 82.45a 35.36 2.02 0.049
25 77.71Db 33.83 1.92 0.044
50 74.91 bed 30.00 1.59 0.030
100 69.63 ef 28.40 1.47 0.028
P. fluorescens
0 78.81 ab 34.43 1.71 0.039
25 75.33 bc 32.78 1.70 0.035
50 71.00 cde 28.00 151 0.027
100 61.84¢g 28.00 1.33 0.021
Control
0 78.21Db 31.86 1.72 0.037
25 71.78 cde 30.46 171 0.028
50 67.15f 26.00 1.42 0.023
100 54.83 h 26.10 1.37 0.017
NaCl (mM)
0 79.82 33.88a 1.82a 0.041a
25 74.94 3236 b 1.77 a 0.036 b
50 71.02 28.02¢c 151b 0.027 ¢
100 62.10 27.60 c 1.39¢ 0.022d
PBRM inoculation
P. indica 76.01 3191a 1.75a 0.038 a
P. fluorescens 72.08 30.82a 1.56 b 0.030 b
control 67.91 28.66 b 155b 0.026 ¢
Microorganism (M) *x il il
Salinity (S) *x *x *x
M xS *x NS NS NS

NS, * and ** are non-significant, significant at p<0.05 and p<0.01, respectively.
The means in each column followed by similar letter(s) are not significantly different using Duncan’s test (p<0.05).
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Table 4. Effect of P. indica and P. fluorescens inoculation on leaf nutrient of sage (S. officinalis) under

different salinity levels

E“nf,\cﬂ') PBRM  N@) P KO Na@)  Cl(%) K/Na
P. indica
0 211b 0.4la 3.69a 0.88 h 2.54 f 419b
25 2.07b 0.29b 3.46a 1.18fg 292 f 293¢
50 2.09b 0.20¢c 2.93b 2.49d 4.13d 1.18 ef
100 1.90c 0.14 de 2.63 bc 3.08b 5.01c 0.85f
P. fluorescens
0 2.28a 0.33b 3.77a 0.60i 247 f 6.28 a
25 2.07b 0.20c 3.69a 1.42 ef 3.07 ef 2.60 cd
50 2.17 ab 0.14 cd 2.80b 2.48d 4.46 cd 1.13 ef
100 191c 0.13 de 2.28¢ 2.83 bc 597b 0.80c
Control
0 1.93¢c 0.20c 2.53 bc 1.05fg 277 f 241d
25 187¢c 0.16 cd 2.35¢c 156¢e 3.81de 151e
50 181c 0.12 de 0.88d 2.61 cd 5.68 b 0.34¢g
100 1.82¢c 0.10e 0.82d 3.74a 7.04a 0.22g
NaCl (mM)
0 2.11 0.31 3.33 0.84 2.58 3.96
25 2.02 0.21 3.17 1.39 3.26 2.28
50 2.00 0.15 2.20 2.53 4,75 0.87
100 1.88 0.12 1.91 3.21 6.01 0.59
PBRM inoculation
P. indica 2.04 0.26 3.18 1.91 3.65 1.66
P. fluorescens 2.10 0.20 3.14 1.83 3.99 171
control 1.86 0.14 1.64 2.24 4.82 0.73
Microorganism (M) ** faled *x faded *x ok
Sallnlty (S) ** **k ** **k ** kk
M X S ** **k * **k ** kx
*and ** are significant at p<0.05 and p<0.01, respectively.
The means in each column followed by similar letter(s) are not significantly different using Duncan’s test (p<0.05).
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Abstract

To evaluate the effect of Piriformospora indica and Pseudomonas fluorescens inoculation on some
growth and physiological parameters and nutrient acquisition of sage (Salvia officinalis) under salt
stress conditions, a pot experiment was conducted in factorial based on randomized complete blocks
design with three replications. The treatments included inoculation with microorganisms at three
levels (non-inoculation and inoculation with P. indica and P. fluorescens) and salinity stress at four
levels (0, 25, 50 and 100 mM of NaCl). The results showed that salinity stress and inoculation with
microorganisms had significant effect on the measured parameters, so that by increasing salinity
concentration, percentage of root colonization by P. indica, growth paramaters, leaf relative water
content (RWC), chlorophyll index (SPAD), essential oil conten and yield, N, P and K content and
K/Na ratio decreased while Na and ClI content increased. The amounts of all evaluated parameters in
fungi and rhizobacteria inoculation were more than non-inoculation treatments except for Na and Cl
content. The highest and lowest of dry herb yield (29.61 and 13.51 g pot?), RWC (82.45 and
54.83%), chlorophyll content (35.36 and 26.1), essential oil content (2.02 and 1.37%), essential oil
yield (0.049 and 0.017 ml plant®) and P content (0.41 and 0.10%) were observed in non-stress
conditions+ P. indica inoculated plants and 100 mM salinity+ non-inoculated plants, respectively.
Overall, the findings of this study showed that plant growth-promoting microorganisms inoculation
can ameliorate the adverse effects of salinity stress on growth, yield and essential oil production in
sage by maintaining chlorophyll content and improving water and nutrient uptake.

Keywords: Essential oil, Plant growth-promoting bacteria, Salt stress, Symbiotic fungus, Nutrients
elements
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