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Abstract

Background and Objective: Salinity stress is one of the most significant environmental factors
limiting plant distribution worldwide, as it induces a wide range of morphophysiological and biochemical
changes. Seaweed extract, widely recognized as a natural biostimulant in modern agriculture, can enhance
plant defense mechanisms and improve tolerance to various stresses. Its application has been shown to
increase chlorophyll content and enhance photosynthetic efficiency, ultimately contributing to greater
biomass accumulation and improved crop yield.

Materials and Methods: This study aimed to evaluate the growth, physiological, and biochemical
responses of the medicinal plant Echinacea angustifolia L. under salinity stress and seaweed extract
application. Salinity stress was applied at four levels (0, 50, 75, and 100 mM NacCl), and Sargassum
johnstonii extract was used at three levels (no foliar application as control, 1 g/L, and 2 g/L). The
experiment was conducted as a factorial arrangement in a completely randomized design (CRD) with
three replications. Seeds were obtained from Pakan Seed Company and germinated in seedling trays
under greenhouse conditions. After reaching the four-leaf stage, seedlings were transplanted into pots.
Salinity treatments were applied via irrigation using sodium chloride solution (50 mL) every four days. To
prevent salt accumulation, pots were leached with non-saline water after every three saline irrigations.
Salinity stress was maintained for 40 days. Foliar application of the seaweed extract was performed at 10-
day intervals, resulting in a total of five applications over the treatment period. At the end of the
experiment, during the flowering stage, morphological traits were measured in the greenhouse, and plant
samples were harvested for laboratory analyses at the Food Science Laboratory of Islamic Azad
University, Nour Branch. Measured parameters included morphophysiological traits (plant height, leaf
number, number of lateral branches, and fresh and dry weight of aerial parts), photosynthetic pigments
(chlorophyll a and b), biochemical traits (proline and soluble sugars), and phytochemical characteristics
(total phenols, total flavonoids, and antioxidant activity).

Results: The results indicated that the main effect of salinity stress was significant for all measured
traits. The main effect of seaweed extract was significant for most traits, except proline content and
antioxidant activity. In addition, the interaction between salinity stress and seaweed extract had a
significant effect on all traits. Salinity at 100 mM NaCl markedly reduced plant growth, including plant
height and the fresh and dry weight of aerial parts. Furthermore, the concentrations of photosynthetic
pigments (chlorophyll a and b) declined with increasing salinity levels. However, the application of
seaweed extract alleviated the detrimental effects of salinity stress on Echinacea angustifolia and
moderated its impact. The highest values for most growth-related traits were observed under non-saline
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conditions with the application of 2 g/L seaweed extract. Overall, increasing the concentration of seaweed
extract up to 2 g/L improved plant growth and performance across different salinity levels. At 75 mM
NaCl, the highest accumulation of bioactive compounds, including total phenols, total flavonoids, and
antioxidant activity, was recorded. Increasing seaweed extract concentration further stimulated the
production of these compounds. Additionally, salinity stress led to increased accumulation of
osmoprotectants such as soluble carbohydrates and proline compared to the control, which likely
contributed to enhanced stress tolerance. Among the tested treatments, 2 g/L seaweed extract consistently
showed the most positive effects on the evaluated traits, even under non-saline conditions.

Conclusion: Overall, the findings indicate that Echinacea angustifolia is relatively sensitive to
salinity stress, with a pronounced decline in growth and yield observed under increasing salinity levels.
Although the application of seaweed extract mitigated the adverse effects of salinity, the 2 g/L
concentration was the most effective, playing a key role in reducing stress intensity by enhancing plant
growth and promoting the accumulation of important metabolites.
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Table 1. Characteristics of Sargassum johnstonii algae used in the research

Parameter Value (%) Parameter Value (%)
Carbohydrates 35.02 Potassium (K) 4.47
Total amino acids 6.11 Magnesium (Mg) 0.65
Alginic acid 8.50 Sulfur (S) 3.00
Mannitol 4.23 Calcium (Ca) 0.28
Betaine 0.037 Iron (Fe) 0.0162
Auxins 0.024 Manganese (Mn) 0.0012
Cytokinins 0.018 Zinc (Zn) 0.0057
Nitrogen (N) 2.83 Boron (B) 0.0046
Phosphorus (P) 2.60
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Table 2. ANOVA of salinity and Sargassum seaweed extract effects on Echinacea angustifolia morphological

traits
M.S.
S.0.V. d.f. Plant Number of Number of Shoots fresh Shoots dry
height leaves sub-branches weight weight
Salinity stress (S) 3 1390.6%* 1272.2%%* 26.6%* 2064.9%* 320.2%*
Sargassum seaweed extract (E) 2 176.7** 275.5% 3.6%* 711.6%* 108.4**
SxE 6 1.9%* 7.0%* 0.5%* 22.4%* 3.2%
Experimental error 24 2.5 7.1 0.2 5.4 0.9
C.V. (%) - 5.4 8.1 13.4 5.3 5.5
“and " significant at 5 and 1% probability levels, respectively.
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Figure 1. Means comparison of salinity x Sargassum seaweed extract interaction on Echinacea angustifolia plant height
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 2. Means comparison of salinity x Sargassum seaweed extract interaction on Echinacea angustifolia leaves number
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 salinity X Sargassum seaweed extract interaction on Echinacea angustifolia sub-

branches number

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 salinity X Sargassum seaweed extract interaction on Echinacea angustifolia fresh

weight of aerial parts

Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 5. Means comparison of salinity x Sargassum seaweed extract interaction on Echinacea angustifolia dry

weight of aerial parts
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 3. ANOVA of salinity and Sargassum seaweed extract effects on Echinacea angustifolia Photosynthetic
pigments of leaves and biochemical traits

M.S.
S.0.V. D Chlorophyll a Chlorophyll b Proline Soluble sugars
Salinity stress (S) 3 4.7%* 2.2%* 15.9%* 0.2%*
Sargassum seaweed extract (E) 2 1.5%%* 1.0%* 0.1"™ 0.1%*
SxE 6 0.03* 0.1%* 0.1%* 0.003**
Experimental error 24 0.02 0.02 0.1 0.0004
C.V. (%) - 4.0 53 3.5 3.1
“and *": significant at 5 and 1% probability levels, respectively. ™: non-significant.
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Figure 6. Means comparison of salinity x Sargassum seaweed extract interaction on Echinacea angustifolia

chlorophyll a content
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 7. Means comparison of salinity x Sargassum seaweed extract interaction on Echinacea angustifolia

chlorophyll b content
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 8. Means comparison of salinity x Sargassum seaweed extract interaction on Echinacea angustifolia

proline content
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 9. Means comparison of salinity x Sargassum seaweed extract interaction on Echinacea angustifolia

soluble sugar content
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 4. ANOVA of salinity and Sargassum seaweed extract effects on Echinacea angustifolia phytochemical

traits
M.S.
S.0.V. D.f. : . .
Total phenols Total flavonoids Antioxidant activity
Salinity stress (S) 3 432.9%* 349.8** 1062.8%*
Sargassum seaweed extract (E) 2 232, 1%* 251.2%%* 6.0™
SxE 6 22.7* 51.1% 81.9%*
Experimental error 24 10.9 17.9 12.4
C.V. (%) - 6.5 10.9 4.7

* and **: significant at 5 and 1% probability levels, respectively. ns: non-significant.
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Figure 10. Means comparison of salinity x Sargassum seaweed extract interaction on Echinacea angustifolia total

phenol content
Means with common letters are in the same statistical group at 5% probability level (LSD test).



el s Sy ol LU

olas &l 55 ¢ 5 Y 5 L (NaCl ¥, e 04)
Gods Llaie Bld 5l ol S rrﬂ\gﬂw Sl
by (Sas ol o 5 5 e 55 0 5 e YV/T)
308 pas 5 (o 25 o8 pae) wla Ll s

0 ﬁ)éﬁr}u\s/)u&&e)w

Sl o el

53 (20,5 AF) IS5 ol sl el oz
Yoo ,B L (NaCl Y e Jue 00) oS (g5 25 Llas
S A sanlis rr\g)\u S o)las 1) s p;
wols Ll o a bs e (dops OV) oSl 5T cle
Sl olae 5,58 pus 5 (Gosd 25 5,8 pae)
OV JS2) 55 p 8L

A a @ u
a o o

Total flavonoids (mg QE.g1 DW)
> 8 & &

N
o

ARZA

IS Js
bl bl b SKle anlis el el
IS J8 ot ‘rr@)\w Sl ojlae X (g8 i
oole Y’Jg ool YK pfdl..‘ V) Ko v sy
L (NaCl [0 o 04) oS (o5t o255 Dles 5o (St
ol S 5 ool Sl oslas 1 500 Y 5,8
4 by (Kas ol pfj,,\,,m\ ;&J\frﬁdpﬂ)
308 pas 5 (Lo a8 8 pae) wals Ll s

.(\~J§~Jz)>ﬁr)~\§)u&,\?e,m

JS S5
Pk OF/Y) Sl 6wl i
oS Gt 5 e 5o (Sik wsle 05 4 S

Salinity stress (Mm) x Sargassum seaweed (g.L)

& JS 55N  (Sargassum johnstonii) r_,,.vlfJLu Sl sylae x o5 i Jilime il Kle anglie VY JSs
6
Figure 11. Means comparison of salinity x Sargassum seaweed extract interaction on Echinacea angustifolia total

flavonoid content
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 12. Means comparison of salinity x Sargassum seaweed extract interaction on Echinacea angustifolia

antioxidant activity
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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