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Abstract

Background and objectives: Water availability is one of the most critical climatic factors
influencing plant distribution worldwide. Drought stress, resulting from insufficient water
availability, can induce plant morphophysiological, biochemical, and functional changes.
Seaweed contains a high percentage of polymer compounds capable of absorbing water
molecules and forming a gel-like structure. Additionally, its rich composition of salts and
essential minerals fulfills plant nutrient requirements, promotes growth and yield, enhances
resistance to environmental stress, improves nutrient uptake from the soil, and boosts
antioxidant properties.
Tarragon (Artemisia dracunculus L.) is an herb widely used as a flavoring agent in the food
industry, with its essential oil playing a key role in canning and perfumery. Because seaweed
extract serves as a natural biofertilizer, providing essential nutrients and plant growth hormones
while being environmentally friendly, it represents a viable alternative to chemical fertilizers.
Moreover, it enhances plant resilience to various environmental stresses and contributes to
sustainable food production. This study aims to investigate the effects of seaweed extract on the
growth and biochemical characteristics of tarragon under drought stress conditions.
Methodology: This study was conducted to investigate the growth, physiological, and
biochemical characteristics of the medicinal plant tarragon (Artemisia dracunculus L.) under
drought stress at four levels (100%, 80%, 60%, and 40% field capacity) and foliar application of
aqueous Sargassum seaweed extract at three concentrations (0 g/L [control], 1 g/L, and 2 g/L).
The experiment was carried out in the spring of 2023 in a greenhouse located in Damavand,
using a factorial arrangement based on a completely randomized design with three replications.
Four-leaf tarragon seedlings were obtained from the training farm of Damavand Technical and
Vocational School and transplanted into three-liter pots. After a 10-day establishment period,
drought stress was applied for 45 days, with foliar spraying of seaweed extract performed every
two weeks, starting simultaneously with the onset of drought stress. Soil moisture levels in the
pots were monitored daily by weighing them, and water was added as needed to maintain the
target field capacity for each treatment. Plant sampling was conducted one week to 10 days after
the completion of treatments, coinciding with the transition from vegetative to reproductive
growth. Morphophysiological traits, including fresh and dry biomass, plant height, and the
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number of secondary branches, were measured. Additionally, biochemical parameters such as
proline content, soluble carbohydrates, total phenol and flavonoid content, antioxidant activity,
and essential oil yield and percentage were analyzed.

Results: The results indicated that under severe drought stress (40% field capacity) and in the
absence of seaweed extract application, there was a significant reduction in
morphophysiological traits, including plant height, main stem diameter, number of secondary
branches, fresh and dry weight of aerial parts, and photosynthetic pigments (chlorophyll a,
chlorophyll b, and total chlorophyll). However, the application of seaweed extract mitigated the
adverse effects of drought stress on tarragon. Under mild drought stress (60% field capacity)
without seaweed extract application, the highest levels of total phenol (82 mg/g gallic acid),
total flavonoid (64.33 mg/g quercetin), antioxidant activity (76%), and essential oil yield and
percentage were observed. Drought stress also enhanced the activity of antioxidant enzymes,
leading to increased synthesis of soluble carbohydrates and proline compared to the control.
Among the tested seaweed extract concentrations, the application of 2 g/L had the most
significant positive impact on the evaluated traits, further improving plant resilience and
biochemical responses under drought-stress conditions.

Conclusion: The overall findings of this study indicate that tarragon exhibits limited resistance
to drought stress, with a noticeable decline in yield as stress intensity increases. Under drought
conditions, the application of seaweed extract, particularly at a concentration of 2 g/L,
effectively mitigated the adverse effects of stress by enhancing morphophysiological and
phytochemical traits, including total phenol, flavonoid content, and essential oil yield. In most
cases, the difference between 2 g/L and 1 g/L of seaweed extract was statistically significant,
with 2 g/L demonstrating superior effectiveness. Therefore, the application of 2 g/L seaweed
extract is recommended to improve drought tolerance and maintain yield in tarragon under
water-limited conditions.
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Table 1. The results of variance analysis of the effect of drought stress treatment and algae extract on
morphological traits of tarragon

Mean square

L. Degree of n n -
Source of variation freedom Plant diameter of the Number of fresh weight dry weight
Height main stem sub-branches of shoots of shoots
Drought stress (D) 3 865.78%* 9.39** 28.82%* 746.89%* 94.03**
Algae extract (A) 2 42.40** 0.33** 4.06%* 87.89%* 13.69%*
DxA 6 5.64%* 0.02** 0.53™ 13.23%* 4.02%
Error 24 1.37 0.005 0.54 206 1.004
Coefficient of variation (%) - 5.03 2.05 23.17 6.10 12.27

** * and ns respectively indicate significance at the probability level of one and five percent and absence of significant difference.
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Table 2. The results of comparing the average effects of drought stress x algae extract treatments on the
morphological traits of tarragon

Drought stress Algae extract (1) Plant height diameter of the Fresh weight of Dry weight of
(F.OC) (cm) main stem (mm) aerial parts (g) aerial parts (g)
0 34.67b 4.69b 33.67b 11.83b
100 1 36.00b 4.79ab 34.00b 12.00b
2 42.33a 4.90a 43.33a 17.00a
0 22.33e 3.90e 23.00de 7.50de
80 1 25.67d 4.07d 24.67d 8.33cd
2 28.33¢ 4.23c 27.67¢c 9.33¢
0 18.33f 2.95h 17.33gh 6.17ef
60 1 19.33f 3.18g 19.67fg 6.30ef
2 20.33ef 3.60f 20.67ef 7.17de
0 7.00h 1.78j 9.00i 3.58¢g
40 1 10.33¢g 1.85j 11.671 4.50g
2 11.33fg 2.17h 15.001 5.17g

In each column, the averages that have at least one letter in common do not have a significant difference at the 5% probability level.
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Figure 1. Comparison results of the average main effect of drought stress (a) and algae extract (b) on the number
of sub-branches of tarragon
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Table 3. The results of variance analysis of the effect of drought stress treatment and algae extract on
Photosynthetic pigments of tarragon

Mean square

Source of variation Degree of freedom

Chlorophyll a  Chlorophyllb  Total chlorophyll  Caroteniod
Drought stress (D) 3 1.47%* 0.50%* 3.66%* 0.17%*
Algae extract (A) 2 0.13%* 0.07** 0.39%* 0.02**
D x A 6 0.01** 0.002" 0.02** 0.002**
Error 24 0.002 0.003 0.004 0.0006
Coefficient of variation (%) - 2.47 5.09 2.32 3.01

** and ns respectively indicate significance at the probability level of one percent and absence of significant difference.
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Table 4. The results of comparing the average effects of drought stress x algae extract treatments on the
Photosynthetic pigments of tarragon

Drought stress (F.C) Algae extract (g.]) chlorophyll a (g/mg) total chlorophyll (g/mg) Carotenoid (g/mg)

0 2.07¢ 3.28¢ 0.66de
100 1 2.17b 3.52b 0.64¢
2 2.40a 3.84a 0.52f
0 1.69f 2.67f 0.76cd
80 1 1.83¢ 2.90e 0.73de
2 1.94d 3.04d 0.71de
0 1.40h 2.23h 0.90b
60 1 1.44h 2.33h 0.87b
2 1.53¢ 2.47g 0.85bc
0 1.01j 1.57j 1.18a
40 1 1.15i 1.87i 0.95b
2 1.20i 1.96i 0.93b

In each column, the averages that have at least one letter in common do not have a significant difference at the 5% probability level.
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Figure 2. Comparison results of the average main effect of drought stress (a) and algae extract (b) on tarragon
chlorophyll b

5 S o Dl ol i pletinn olis 033 08 0% 2 S e VA s 555,08 olie o iy
s et C)WjuoTJaW}‘jéyuQewW cd b oaon Fe) was Ses i oa by s (5
S TSI 11 pe.ﬂ Joloe Shhans S ol ») Ol cp S 5 0 (Mals) Sl 508 pae L (205
Sy b aoyy K Jlas ch 53 (Gl senss Y S o, L (els) (Ses o5 pae a4 by e ol
0 Jsas) (F Jsam) s 4l 500 8



VOO

P U B VA P IN K A PR eI

555 obendon Olio p S o jlae 5 Sis 20 jlg S il )l 452w @ -0 Jsax
Table 5. The results of variance analysis of the effect of drought stress treatment and algae extract on biochemical traits of

tarragon
o Degree of Mean square '
Source of variation . Soluble Superoxide
freedom Proline Catalase .
carbohydrate dismutase
Drought stress (D) 3 0.53%* 4.32%%* 0.19%* 6.83%*
Algae extract (A) 2 0.03%* 0.25%%* 0.01%* 0.02%*
D xA 6 0.005** 0.03%* 0.001** 0.003**
Error 24 0.0005 0.004 0.0003 0.0004
Coefficient of variation (%) - 0.70 1.08 4.46 0.90

** indicates significance at the probability level of one percent.
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Table 6. The results of comparing the average effects of drought stress x algae extract treatments on the
biochemical traits of tarragon

Super oxide

Drought stress Algae extract (g.I) Proline (yM/gr carf)(())lllll;(:ia te Catalase (units{mg .dismutase
(F.O) F.W) enzyme protein) (units/mg enzyme
(ygr/gr E.W) .
protein)
0 2.951 5.27g 0.22h 1.04i
100 1 2.94i 5.21g 0.21h 1.03i
2 2.92i 4.78h 0.20h 1.02i
0 3.11g 5.97e 0.34f 1.78g
80 1 3.08gh 5.85f 0.29g 1.76g
2 3.05h 5.77f 0.26g 1.72h
0 3.32d 6.45¢ 0.44d 2.93d
60 1 3.27e 6.34cd 0.39% 2.86e
2 3.22f 6.24d 0.37ef 2.81f
0 0.66a 0.66a 7.23a 3.72a
40 1 3.27b 0.61b 6.91b 3.63b
2 3.20c 0.56¢ 6.84b 3.49¢

In each column, the averages that have at least one letter in common do not have a significant difference at the 5% probability level.
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Table 7. The results of variance analysis of the effect of drought stress treatment and algae extract on phytochemical traits of

tarragon
Degree Mean square
Source of variation of Total Total Antioxidant Percentage of Essential
freedom phenol flavonoids activity essential oil oil yield
Drought stress (D) 3 2279.60%** 1740.31%** 2038.37** 0.12%* 3.09%*
Algae extract (A) 2 74.89** 100.45%* 5.12ns 0.0009ns 0.60**
DxA 6 21.80** 25.68%* 19.26* 0.003** 0.15™
Error 24 4.70 8.99 6.97 0.0006 0.08
Coefficient of variation (%) - 3.86 7.67 4.64 10.42 17.37

** * and ns respectively indicate significance at the probability level of one and five percent and absence of significant difference.
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Table 8. The results of comparing the average effects of drought stress x algae extract treatments on the phytochemical traits

of tarragon
Drought Algae Total phenol (mg GA/g Total flavonoids (mg Qu/g Antioxidant Essential oil
stress (F.C) extract (g.1) D.W.,) D.W,) activity (%) (%)
0 34.00f 25.00e 40.00d 0.06h
100 1 32.33f 20.00ef 32.33e 0.08h
2 30.67f 16.33f 32.00e 0.0%h
0 54.00d 34.67d 52.00c 0.19g
80 1 51.33de 33.00d 53.33¢ 0.21g
2 46.67¢ 31.67d 54.00c 0.22fg
0 82.00a 64.33a 76.00a 0.44a
60 1 71.67b 52.33b 74.33a 0.35bc
2 72.67b 55.67b 76.00a 0.39b
0 65.67¢c 43.67c 61.67b 0.26ef
40 1 65.00c 44.67c 63.33b 0.29de
2 65.00c 46.00c 64.33b 0.32cd

In each column, the averages that have at least one letter in common do not have a significant difference at the 5% probability level.
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Figure 3. Comparison results of the average main effect of drought stress (a) and algae (b) on the yield of
tarragon essential oil
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