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Abstract

Background and objectives: Oenothera biennis L., known as evening primrose, has a
unique place in medical science and nutrition science due to the particular arrangement of fatty
acids in the glycerol molecule and rare gamma-linolenic fatty acid. Soil and water salinity is one
of the main obstacles to producing agricultural and horticultural products in arid and semi-arid
areas. Salicylic acid plays an active role in the plant's response to various abiotic stresses,
including salinity, and research on this plant hormone is important in the production of
agricultural products.
Methodology: This research was conducted as a factorial experiment in a completely
randomized design with two factors and three replications in greenhouse conditions during the
crop year 2021-2022. The first factor included four levels of sodium chloride salt at zero, 50,
100, and 150 mM, and the second factor included two levels of zero and 2 mM salicylic acid.
For each experimental unit, 5 plants (five pots) were randomly selected and the number of
branches, plant height, wet weight of aerial parts, wet weight of roots, dry weight of aerial parts,
and leaf area were measured. Also, the traits of proline amount, total protein, relative water
content of leaves, and pigments of chlorophyll and carotenoid were measured for each
experimental unit.
Results: Variance analysis showed that the application of salinity stress treatments had a
significant effect on all traits at the 1% level; on the other hand, the application of the salicylic
acid treatment on plant wet weight and chlorophyll b had a significant effect at the 1% level,
and for the trait of chlorophyll a did not have a significant effect, but in other traits, it had a
significant effect at the level of 5%. It was also observed that there was no significant
interaction effect only in the trait of carotenoid amount, and for the traits of proline and
chlorophyll a, this effect was significant at the 1% level, as well as for the traits of plant height,
plant wet and dry weight, root wet weight, leaf area, number of branches, relative water content,
protein, chlorophyll b and total chlorophyll, the interaction effect of salicylic acid and salinity
were significant at 5% level. The results of the mean comparison showed that the increase in
salinity stress levels decreased all agricultural traits and most physiological traits, which was
insignificant up to the level of 50 mM and significantly above the level of 100 mM. Also,
salicylic acid caused a significant increase in most traits.
Conclusion: The evening primrose plant had moderate resistance to salinity and the application
of salicylic acid treatment improved the agronomic and physiological characteristics of evening
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primrose up to the stress level of 50 mM (6.5 dS/m) and at the stress level of 100 mM (1.9
dS/m), the application of 2 mM salicylic acid moderated the effects of salinity stress in the
plant, but at a stress level of 150 mM (13 dS/m), the agronomic and physiological
characteristics of the plant decreased significantly, and the application of salicylic acid
treatment caused a more decrease. Based on this, 2 mM salicylic acid is recommended to help
improve the performance of the evening primrose plant up to the salinity stress level of 9 ds/m.

Keywords: Medicinal plant, salicylic acid, evening primrose (Oenothera biennis L.), yield,
salt.
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Table 1. ANOVA of salicylic acid and salinity effects on agronomical and Oenothera biennis physiological traits

Aerial Aerial

Plant parts parts Root Number of Relative water
S.0O.V. d.f. - fresh Leaf area branches
height fresh dry weight er plant content
weight  weight g perp
NaCl 3 647.61™ 53062 2179 1310™ 213161™" 183.9™ 1608™
Salicylic acid (SA) 14.12" 1942 329.7" 50.55" 2522" 21.08" 95.64"
NaCl x SA 3 13.68" 499.6" 194.6" 33.01" 2834" 18.88" 60.52"
Experimental error 16 3.095 1235 49.92 9.7 553.7 4.73 17.4
C.V. (%) 3.88 4.10 10.70 9.02 5.02 11.01 5.71
S.O.V. d.f. Proline Protein Chiorophyll Chiorophyll Total Carotenoids
a b chlorophyll
NaCl 3 42028™ 322.6™ 39.43™ 36.73™ 152.2™ 0.249™
Salicylic acid (SA) 862.9" 48.76" 3.23™ 10.53™ 25.44" 0.179"
NaCl x SA 3 761.8™ 4224 7.33" 4.14” 21.95" 0.058"
Experimental error 16 126.6 11.01 1.4 1.08 4.41 0.032
C.V. (%) 4.17 4.67 7.23 11.42 8.25 14.49
ns, * and **: non-significant, significant at 5, and 1% probability levels, respectively
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Table 2. Means comparison of salicylic acid and salinity effects on Oenothera biennis agronomical traits

. Aerial Aerial parts
aCl (m parts fres ry weight -
NaCl (mM Plant height fresh d iah Root fresh Leaf azrea Number of branches
(cm) weight (g) @) weight (g) (cm?) per plant
0 54.152 338.32 81.232 48.412 622.6° 24,732
50 52.26° 330.6° 80.29° 45572 599.12 23.03®
100 43.64° 280.3° 61.77° 26.12° 437.8° 18.90°
150 31.36° 135.5¢ 40.79¢ 18.10° 213.9¢ 12.29¢
Salicylic acid (mM)
0 44.58° 262.2° 62.31° 33.09° 458.1° 18.80°
2 46.12° 280.2° 69.72° 36.00? 478.6° 20.67°
NaCl xSA
0 0 53.992 323.8° 72.62° 46.40% 588.5° 23.15%
50 0 49.99° 321.3° 71.97° 41.76° 582.8° 20.87%
100 0 41,949 264.2¢ 60.98° 24.32¢¢ 429.1° 17.18%
150 0 32.42¢ 139.5¢ 43.68° 19.90% 232.0¢ 13.99d
0 2 54.30° 352.8° 89.842 50.422 656.7° 26.31°
50 2 54,532 339.9% 88.61° 49.35? 615.3b 25.182
100 2 45.34° 296.5° 62.56b 27.92¢ 446.6° 20.61b¢
150 2 30.30¢ 131.6° 37.90° 16.29¢ 195.7¢ 10.59¢

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 3. Means comparison of salicylic acid and salinity effects on Oenothera biennis
physiological traits

Relative Proline Protein Chlorophyll Chiorophyll Total Carotenoid

NaCl (mM) water content (ng.g?t (mg.g* amg.gl FW) b (mggl FW) chlorophyll s (mg.g?
(%) FW) FW) : ) (mg.gt FW) FW)
0 87.952 217.7¢ 69.05° 18.892 11.482 30.372 1.352
50 83.722 299.0° 75.128 17.662 10.482 28.142 1.422
100 68.73° 374.32 78.392 15.90P 8.540 24.43° 1.218
150 51.86° 189.0¢ 61.73° 12.98° 5.87¢ 18.85°¢ 0.96°

Salicylic acid (mM)
0 71.07° 276.02 69.65° 15.992 8.43° 24.42° 1.15°
2 75.062 264.0° 72.502 16.732 9.752 26.482 1.322
NaCl xSA
0 0 86.21% 216.24 64.85°¢ 18.302¢ 10.32b¢ 28.62% 1.19bcd
50 0 79.48¢ 296.5¢ 72.53° 16.45¢ 9.23¢d 25.68P¢ 1,250
100 0 64.32¢ 396.12 77.47% 14.99% 7.75% 22.74 1.16¢%
150 0 54.268 195.18 63.74° 14.23¢° 6.41¢f 20.64% 1.00%
0 2 89.692 219.34 73.25% 19.482 12.652 32.132 1.512
50 2 87.962 301.5°¢ 77.72% 18.87% 11.73%» 30.602 1.592
100 2 73.13¢ 352.40 79.312 16.81bcd 9.31¢d 26.120¢ 1.26b¢
150 2 49.45¢ 182.8° 59.72¢ 11.74° 5.324 17.06° 0.924
In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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