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Abstract

Background and objectives: Creeping savory is a medicinal and perennial plant that grows
in the north and northwest of Iran. The essential oil of this plant has antibiotic properties and is
used in herbal medicines, food preparation, and health products. Salinity stress has adverse
effects on photosynthetic processes and plant growth and yield. Salicylic acid protects plants
against stress by regulating many physiological and enzymatic processes. So far, not much
information has been published about the effect of salicylic acid on the physiological process,
morphologically, and yielding traits of creeping savory under salinity stress conditions.
Methodology:
This factorial experiment was implemented in the greenhouse of the Kermanshah Agricultural
and Natural Resources Research Center based on a Completely Randomized Design including
four levels of salinity (0-50-100-150 mM) and two levels of salicylic acid (0 and 2 mM).
Chlorophyll fluorescence (Fv/Fm) was measured with a Hansatech, UK Pocket PEA device.
The chlorophyll index (SPAD) was measured with a SPAD-502Plus device, Minolta, Japan.
Leaf proline content and soluble protein were measured based on Bradford method using a Bio
Tek PowerWave XS2 Microplatereader, USA. Various morphological and yield traits such as
plant height, leaf area (by a Light Box device, ADC, UK), leaf fresh weight, root fresh weight,
and shoot fresh weight (g) were measured. Leaf dry weight, root dry weight, and shoot dry
weight were weighed after drying the samples at 75°C for 48 hours. Relative water content
(RWC) was calculated. Leaf electrical conductivity (uS/cm) was measured with an EC COND
3110, WTW (Germany). Analysis of variance and comparison of means (Dunkan test) were
performed using IBM SPSS Statistics (Ver. 26).
Results: The highest plant height (92.7 cm), leaf area (0.8 cm?), shoot fresh weight (26.9 g), and
shoot dry weight (9.15 g) were obtained at 0 mM NaCl + 2 mM SA. The highest leaf fresh
weight (13.5 mg), leaf dry weight (2.5 mg), quantum vyield of photosystem Il (0.80), and
photosynthetic index (37.0) were observed at 50 mM NaCl + 2 mM SA. The highest root fresh
weight (27.3 grams), root dry weight (4.3 grams), and the highest relative water content (91.7
percent) were obtained at 0 mM NaCl. The highest proline (12.7 ug/g) was observed at 150 mM
NaCl and the highest soluble protein (1.1 mg/g) was observed at 100 mM NaCl + 2 mM SA.
The use of 2 mM salicylic acid, under salinity stress conditions, increased plant height (16.4%),
leaf area (18.6%), leaf fresh weight (17.3%), shoot fresh weight (35.4%), shoot dry weight
(35.8%), relative water content (8.4%) and soluble protein by 41.4%, but decreased proline
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content (41.4%) and electrical conductivity (49.4%). Applying 2 mM salicylic acid has a
significant effect on root fresh weight, maximum quantum yield of photosystem Il and
chlorophyll index in mild salinity conditions. Also, SA increased leaf dry weight in mild salt
stress but decreased it in severe salinity conditions.

Conclusion: This research showed that applying salicylic acid under salinity stress causes
changes in some morphophysiological, photosynthetic, and biochemical characteristics of
creeping savory. Increasing the salinity levels decreased some photosynthetic, physiological,
vegetative, and yield traits, but the content of some osmotic regulators, such as proline and
protein, was increased. The application of 2 mM salicylic acid improved some of the adverse
effects of salinity in creeping savory at different salinity levels, enhancing growth and yield
traits in the salicylic acid-treated plants. Applying two mM salicylic acid increases the tolerance
of creeping savory against salinity stress by increasing the osmotic protectants and inducing the
activity of antioxidant systems. Based on the research results, growing this plant in soils with a
salinity of more than 100 mM is not recommended. Also, in the case of planting creeping savory
in saline soils (less than 100 mM), to increase plant growth and farmers' income, it is
recommended to apply two mM salicylic acid as a foliar spray.

Keywords: Proline, photosynthesis, chlorophyll index, creeping savory, Satureja spicigera (C.
Koch) Boiss.
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Table 1. ANOVA of salinity and salicylic acid effects on some morphological and physiological traits of Satureja

spicigera
S.0.V. d.f. PLH LA LFW LDW APFW APDW RFW
NaCl 3 654.93™ 0.045™ 15.76™ 1.23" 140.76™ 16.39™ 235.1"
Salicylic acid (SA) 1 693.38™ 0.05™ 10.86™ 0.03" 116.7" 14.32™ 0.36™
NaCl x SA 3 80.04"™ 0.012* 3.74m 0.05" 18.28"™ 2.90™ 73.34™
Experimental error 6 39.17 0.001 2.886 0.34 1.09 0.36 2.39
C.V. (%) 8.82 4.93 15.78 29.23 6.40 11.09 10.12
. Soluble
S.0.V. d.f. RDW SPAD Fv/IFm RWC LEC Proline .
protein
NaCl 3 6.94™ 15.76™ 0.001" 351.89™ 206898.0" 0.05™ 179800™
Salicylic acid (SA) 1 0.80" 10.86™ 0.001" 264.04™ 2321945 0.07" 483700"
NaCl x SA 3 1.49™ 3.74m 0.001™ 199.04™ 62347.4™ 0.03™ 67180
Experimental error 6 0.111 2.89 0.0001 19.076 97.37 0.0001 142
C.V. (%) 14.08 5.58 0.13 5.40 3.96 14.72 0.19

ns, *, and **: non-significant, significant at 5, and 1% probability levels, respectively; PLH: Plant height, LA: Leaf area, LFW: Leaf fresh weight,
LDW: Leaf dry weight, APFW: Aerial parts fresh weight, APDW: Aerial parts dry weight, RFW: Root fresh weight, RDW: Root dry weight, SPAD:
Single Photon Avalanche Diode (chlorophyll index), Fv: variable florescence, Fm: maximum florescence, RWC: relative water content, LEC: Leaf

electrical conductivity.
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Table 2. Means comparison of salinity and salicylic acid effects on some morphological and physiological traits of Satureja spicigera

(Satureja Spicigera) s.ai s> o3 55l 5 S35 Slho S Skl dl 5 6058 U Sils aglio - S5

Treatment M.525E
PLH (cm) LA (cm?) LFW (mg) LDW (mg) APFW (9) APDW (g) RFW (g)
0 83.67+3.182 0.72+0.0092 11.86+0.80% 2.15+0.292 22.34+0.60? 7.52+0.462 22.50+1.672
NaCl (mM) 50 68.56+3.20° 0.65+0.02° 12.94+0.362 2.45+0.322 17.90+0.29° 5.65+0.56° 15.07+1.13°
100 64.89+3.78° 0.68+0.02? 10.09b+0.36°¢ 1.67+0.28° 14.83+0.56° 5.56+0.28P 16.28+0.46°
150 68.00+1.15° 0.52+0.02¢ 8.97+0.04°¢ 1.60+0.13° 11.36d+0.90¢ 3.13+0.17¢ 7.28+0.55°
Salicylic acid (SA) 0 65.58+2.99b 0.59+0.04° 10.09+1.11° 2.07+0.262 14.11+1.96° 4.64+0.66° 15.15+4.722
(mM) 2 76.33+3.542 0.70+0.032 11.84+0.672 2.12+0.132 19.11+1.552 6.30+0.592 15.40+1.372
M.S.+SE
Treatment -
RDW (g) SPAD (u) RWC (%) LEC (pS cm?) Proline (ug g* leaf FW) Protein (mg g* leaf FW)
0 3.41+0.352 32.67+0.442 89.13+0.302 50.69+1.702 4.60+0.01° 0.59+0.01¢
NaCl (mM) 50 2.27+0.17°¢ 31.67+1.21° 85.15+3.272 215.02+3.37° 6.00+0.02° 0.81+0.02°
100 2.92+0.09° 30.70£1392 73.81+1.23° 297.42+8.07¢ 6.41+0.03° 0.93+0.03?
150 0.92+0.12¢ 29.31+0.23? 77.12+4.40° 482.93+11.514 11.40£0.042 0.70+0.01°¢
Salicylic acid (SA) 0 2.53+0.79? 30.74+2.36% 77.69+6.27° 347.38+£25.512 8.25+0.072 0.70£0.04°
(mM) 2 2.22+0.22b 30.20+0.732 84.54+1.802 175.66+22.37° 3.75+0.04° 0.99+0.012

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test); PLH: Plant height, LA: Leaf area, LFW: Leaf fresh weight, LDW: Leaf dry weight, APFW:
Aerial parts fresh weight, APDW: Aerial parts dry weight, RFW: Root fresh weight, RDW: Root dry weight, SPAD: Single Photon Avalanche Diode (chlorophyll index), RWC: relative water content, LEC: Leaf
electrical conductivity, FW: Fresh weight.
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Table 3. Means comparison of salinity x salicylic acid interaction on some morphological and physiological traits of Satureja spicigera

M.S.+SE
Treatment Proline Protein
LA (cm?) APFW (g) APDW (g) RFW (g) RDW (g) RWC (%) LEC (uS em™) (ng gt leaf (mg g leaf
FW) FW)
0 0.62+0.01 17.80+0.60° 5.90+0.47b¢ 27.3+1.672 4.32+0.35% 91.70+0.30? 43.25+1.70? 2.3+0.04f 0.4+0.01¢
2 0.82+0.022 26.88+0.892 9.15+0.38? 17.7+0.43% 2.50+0.26% 86.55+1.78% 58.12+1.34% 3.1+0.02¢ 1.0+0.062
50 0 0.63+0.02% 15.94+0.29¢ 4.61+0.56% 11.6+1.124 2.10+0.18° 81.42+3.27° 262.67+3.37¢ 7.5+0.04°¢ 0.8+0.04°
NaCl x 50 2 0.67+0.02%¢ 19.86+0.53" 6.69+0.36° 18.5+1.06° 2.41+0.15% 88.88+2.282 67.37+4.22° 7.0£0.09° 1.1+0.052
Salicylic acid 100 O 0.64+0.03¢ 13.98+0.56¢ 4.79+0.28% 15.3+£0.45°¢ 2.99+0.09b 71.12+1.23« 364.45+8.07¢ 9.9+0.06° 1.0+0.072
100 2 0.72+0.03° 16.31+0.24¢ 5.01+0.23¢ 17.3+0.68 2.78+0.17° 73.26+3.27°¢ 230.39+4.27°¢ 2.2+0.029 1.1+0.072
150 O 0.46+0.02¢ 9.35+0.55¢ 3.25+0.17" 6.5+0.55¢ 0.79+0.12¢ 66.08+4.394 719.13+11.52f 12.7+£0.052 0.6+0.03°
150 2 0.57+0.02¢ 13.37+0.84¢ 3.88+0.57¢ 8.1+0.13¢° 1.0440.05¢ 88.16+0.31° 246.7+3,09 3.0+0.01° 0.8+0.01°

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test); LA: Leaf area, APFW: Aerial parts fresh weight, APDW: Aerial parts dry weight, RFW: Root
fresh weight, RDW: Root dry weight, RWC= relative water content, LEC: Leaf electrical conductivity, FW: Fresh weight.
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Table 4. Pearson correlation of some morphological and physiological traits in Satureja spicigera affected by salinity and salicylic acid treatments

Trait PLH LA Fv/Fm SPAD LFW LDW RWC APFW APDW RFW RDW LEC
PLH 1
LA 0.51" 1

Fv/Fm 0.31 0.48 1

SPAD 0.17 -0.17 0.15 1

LFW 0.43 0.4 0.43 0.23 1

LDW 0.23 0.23 -0.03 0.3 0.65™ 1

RWC 0.55" 0.33 0.46 0.55" 0.71" 0.39 1
APFW 0.78™ 0.76™ 0.44 0.02 0.58" 0.44 0.63" 1
APDW 0.76™ 0.75™ 0.34 -0.07 0.39 0.34 0.48 0.94™ 1

RFW 0.49 0.46 0.23 0.49 0.14 0.27 0.48 0.52" 0.58" 1

RDW 0.34 0.44 0.24 0.42 0.02 0.14 0.36 0.39 0.46 0.93" 1

LEC -0.57" -0.68™ -0.58" -0.43 -0.56" -0.35 =797 78" -0.71" -0.73™ -0.62™ 1

*and **: significant at 5 and 1% probability levels, respectively; PLH: Plant height, LA: Leaf area, LFW: Leaf fresh weight, LDW: Leaf dry weight, APFW: Aerial parts fresh weight, APDW: Aerial parts dry

weight, RFW: Root fresh weight, RDW: Root dry weight, SPAD: Single Photon Avalanche Diode (chlorophyll index), Fv: variable florescence, Fm: maximum florescence, RWC: relative water content, LEC: L
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