International Journal of Multiphysics
Volume 18, No. 4, 2024
ISSN: 1750-9548

Impact Of Fulvic Acid and Stimulant Substances on
Growth and Productivity of Roselle (Hibiscus Sabdariffa
L.) Plant

Mohamed, A.M, Ali, A.F. and Mahmoud, A.A.
Horticulture Department, Faculty of Agriculture, Al-Azhar University, Assiut, Egypt

Ayman Mahfouz Mohamed; ayman75@gmail.com

Ahmed Fouad Ali; ahmadfouad@agricuta.edu.eg

* Corresponding author: Ahmed Ali Mahmoud; aboaltayeb46@gmail.com
ABSTRACT

A field experiment was conducted during the 2023 and 2024 seasons at the
Experimental Farm, Faculty of Agriculture, Al-Azhar University, Assiut, Egypt
(27°12'16.67" N, 31°09'36.86" E), to investigate the effects of fulvic acid (FA) application
methods and stimulant substances on roselle (Hibiscus sabdariffa L. cv. Sabhia 17, dark
line) growth, yield, and chemical composition. FA treatments included soil addition (1 and
2 g/l water), foliar spray (500 and 1000 ppm), and combined applications (1 g/l soil
addition + 500 ppm foliar spray and 2 g/l soil addition + 1000 ppm foliar spray). Stimulant
substances comprised chitosan (250 and 500 ppm), vitamin E (50 and 100 ppm), garlic
extract (10 and 20 ml/l water), and a control (no stimulant substances). The combined
treatment of 2 g/l FA soil addition with 1000 ppm foliar spray was the most effective in
enhancing vegetative growth (branch number, herb dry weight), yield components (sepal
and seed yields), and chemical constituents (fixed oil production, anthocyanin and
acidity), outperforming the control, which showed the lowest values. Foliar application of
chitosan, vitamin E, and garlic extract at all concentrations also significantly improved
these parameters, with garlic extract at 20 ml/l yielding the highest results. The
interaction of 2 g/l FA soil addition + 1000 ppm foliar spray with 20 ml/l garlic extract was
the most effective, highlighting the potential of FA and garlic extract as sustainable, eco-
friendly practices for enhancing the productivity of roselle plants. Conclusion: The
combined treatment of 2 g/l FA soil addition with 1000 ppm foliar spray was the most
effective in enhancing vegetative growth (branch number, herb dry weight), yield
components (sepal and seed yields), and chemical constituents (fixed oil production,
anthocyanin and acidity).

Keywords: Hibiscus sabdariffa L.; Fulvic acid; Chitosan; Vitamin E; Garlic extract;
Anthocyanin.

INTRODUCTION

Medicinal and aromatic plants, valued for their bioactive compounds, are influenced by synthetic
fertilizers, with productivity measured by biomass and phytochemical content. Hibiscus sabdariffa, a significant
herb from the Malvaceae family, is an annual shrub with a deep taproot, upright stems, and green-to-red,
serrated leaves, either ovate or palmately lobed (Qi ef al., 2005; Abou-Sreea et al., 2022). Its yellow flowers
with a crimson center and fleshy, red-to-purple calyces encase ovoid capsules with numerous seeds (Juhi and
Ela, 2014). Roselle is consumed as a vegetable, with young shoots used in salads, and its calyces, the most
utilized part, processed into sauces or the traditional beverage zobo, popular in tropical regions (Ogundapo et
al., 2014; Salami and Afolayan, 2021). Rich in phytochemicals such as anthraquinone glycosides, alkaloids,
tannins, polyphenols, and anthocyanins (e.g., delphinidin-3-sambubioside), roselle exhibits antioxidant,
antiseptic, diuretic, and purgative properties, aiding in the treatment of cancer, hypertension, infections, and
other ailments (Ogundapo ef al., 2014; Aganbi et al., 2017; Teye et al., 2019; Olawale, 2011). Its high ascorbic
acid, calcium, iron, riboflavin, and niacin content, coupled with low sugar, enhances its nutritional value
(Builders et al., 2010; Teye et al., 2019). Anthocyanins provide potent antioxidant activity, surpassing
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ascorbate, and contribute to protection against cancer, atherosclerosis, and liver damage, while roselle also
shows hypoglycemic and hypolipidemic effects (Builders et al., 2010; Ellis et al., 2021; Sini ef al., 2011).

The use of organic fertilizers, particularly fulvic acid, is pivotal in the sustainable cultivation of medicinal
plants, ensuring high-quality production, environmental protection, and enhanced community health (Aminifard
et al., 2020). Fulvic acid, a key organic amendment, is derived from the microbial decomposition of organic
matter, especially lignin-rich materials, during the humification process in soil (Malan, 2015; do Rosario Rosa e?
al., 2021). It is characterized by a high concentration of carboxylic groups, abundant phenolic compounds, and a
relatively low presence of aromatic structures, distinguishing it from other humic substances (Canellas et al.,
2015). As a water-soluble component of humus, fulvic acid plays a significant role in plant growth regulation,
acting as a hormone-like substance that promotes vegetative development and enhances plant resilience to
environmental stresses such as drought and heat (Abd El-Rheem ef al., 2021; Farruggia et al., 2024; Aytag et
al., 2022). Fulvic acid contributes to plant health by upregulating genes involved in the metabolic pathways of
flavonoids, glutathione, and ascorbate, which are critical for mitigating oxidative stress caused by drought (Fang
et al., 2020; Suh et al., 2014). These compounds enhance the plant’s antioxidant capacity, protecting cellular
structures and improving stress tolerance. Additionally, fulvic acid is rich in essential nutrients, which improve
crop yields and also enhancing soil properties, including physical structure, chemical composition, and
biological activity (Daur and Bakhashwain, 2013). By improving soil fertility and nutrient availability, fulvic
acid supports robust plant growth and development. Research by Khalid ef a/. (2015) and Abd El-Rheem et al.
(2021) on sweet fennel demonstrates that fulvic acid significantly increases fruit yield, volatile oil percentage,
and oil content, underscoring its efficacy in enhancing the productivity of medicinal and aromatic plants.

Chitosan, the second most abundant natural polymer and a key plant elicitor, is produced via chitin de-
acetylation and is widely used in agriculture to enhance soil fertility, mineral nutrient uptake, and biomass
production, supporting sustainable practices (Pal et al., 2020; da Silva Lucas et al., 2020; Adamuchio-Oliveira
et al., 2020; Muley et al., 2019). Its antiviral, antibacterial, and antifungal properties depend on its form,
chemical composition, and polymerization degree (Naskar et al, 2019; Shariatinia, 2019). As an elicitor,
chitosan promotes the synthesis of secondary metabolites, including essential oils, phenolics, and flavonoids,
enhancing plant resilience and quality. Poorghadir e al. (2020) found that 0.1% chitosan maximized gamma-
terpinene in summer savory, while 0.5% optimized essential oil production. Ghasemi Pirbalouti et al. (2017)
reported increased phenol content and antioxidant activity in Ocimum ciliatum and O. basilicum with varying
chitosan concentrations. Vosoughi et al. (2018) showed that foliar chitosan improved essential oil quality,
antioxidant activity, and phenolic/flavonoid levels in sage under drought stress.

Tocopherols, particularly a-tocopherol (vitamin E), are plant-synthesized antioxidants that protect against
abiotic stresses like intense light, drought, salinity, and cold by neutralizing reactive oxygen species (ROS) and
preventing lipid peroxidation in chloroplast thylakoid membranes (Hess, 1983; Fryer, 1992; Munné-Bosch,
2007). Located in the chloroplast envelope and stroma, vitamin E works synergistically with water-soluble
antioxidants ascorbate and glutathione to enhance stress tolerance (Caretto ef al., 2002; Hussain et al., 2013; Jin
and Daniell, 2014). Foliar application of vitamin E significantly improves plant growth and yield, with a six-fold
fruit yield increase in Jonagold apples within 48 hours (Noga & Schmitz, 2000) and enhanced height and dry
weight in cowpea under salinity stress at 200 ppm (Hussein et al., 2007). In bean plants, vitamin E at 0.1 ml/L
and 0.3 ml/L boosts vegetative growth, yield, pod quality, chlorophyll, and nutrient levels (nitrogen,
phosphorus, potassium), with stronger effects at higher concentrations (El-Tohamy and El-Greadly, 2007; El-
Bassiouny et al., 2005; Nour ef al, 2012). Endogenous vitamin E supports low-temperature adaptation and
phloem nutrient transport (Maeda, 2006).

The application of plant extracts as biostimulants to promote growth represents a contemporary approach
to enhancing crop productivity, improving plant resilience against environmental stresses, and providing natural
pest control (Hanafy et al., 2012). Garlic extract, in particular, is rich in essential minerals and plant hormones
that stimulate cell enlargement and cell division, thereby enhancing overall plant growth, fruit characteristics,
and the production of essential oils in various medicinal plants. Numerous studies have investigated the efficacy
of garlic extract in agriculture (Nour Eldeen, 2014; Ziedan and Eisa, 2016). Research has shown that garlic
extract significantly improves growth parameters, flowering characteristics, fruit yield, and fruit quality
(Mohamed and Akladious, 2014; Al-Obady, 2015). For instance, Ahmed et al. (2005) reported that treating pea
plants (cv. Meteor) with garlic extract at a concentration of 10 g/L after inoculation led to a substantial increase
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in the number of pods. Additionally, Mady (2009) demonstrated that applying garlic extract at concentrations of
50% or 100% to Majorana hortensis and Salvia officinalis significantly increased fresh and dry weights and
total essential oil content in both the first and second cuts.

This study aimed to investigate the impact of varying application methods of fulvic acid and foliar
spraying with stimulant substances on the growth and productivity of Hibiscus sabdariffa L., dark line plants
under the environmental conditions of Assiut, Egypt.

MATERIALS AND METHODS

This study was carried out at the Experimental Farm, Faculty of Agriculture, Al-Azhar University, Assiut,
Egypt (27°12'16.67" N, 31°09'36.86" E) during the 2023 and 2024 growing seasons to evaluate the effects of
different fulvic acid application methods, foliar spraying with stimulant substances (chitosan, vitamin E, and
garlic extract), and their interactions on growth parameters, yield, and chemical composition of roselle (Hibiscus
sabdariffa L. cv. Sabhia 17, dark line). Roselle seeds, sourced from the Horticulture Research Institute,
Agricultural Research Center, Giza, Egypt, were sown 10" April in in the nursery during both seasons. 40 days
after the sowing, seedlings were transplanted into loamy soil in plots measuring 3.2 x 1.8 m, each containing
three rows (60 cm apart) with eight hills per row (40 cm apart), resulting in 24 plants per plot, equivalent to
16666 plants per fed. Soil physical and chemical properties were analyzed following Black et al. (1982) and are
presented in Table (a).

Table (a): Mechanical and chemical properties of experimental farm soil (average of both growing seasons)

Mechanical analysis Texture
Clay (%) Silt (%) Fine sand (%) Coarse sand (%)
Loamy
33.66 39.10 14.48 12.76

Chemical analysis

EC | Organic Soluble cations (meq I'") Soluble anions (meq I'") Auvailable (ppm)
pH |(m.mohs/| matter
cm) (%) Mg™ | Ca™ K* Na* Cl" | HCO3 | SO4~ N P K

7.87 1.35 1.22 2.6 1.6 1.3 4.1 53 1.4 2.9 17.0 8.30 71.0

This experiment was conducted using a split-plot design with three replicates, implemented within a
randomized complete block design (RCBD). Main plots were assigned to seven fulvic acid (FA) treatments:
control (T1, no FA), fulvic acid as soil addition (FSA) at 1 g/l water (T2) and 2 g/l water (T3), fulvic acid as
foliar spray (FFS) at 500 ppm (T4) and 1000 ppm (T5), and combinations of T2 + T4 (T6) and T3 + TS5 (T7).
Subplots were allocated to seven foliar spraying treatments: chitosan at 250 and 500 ppm, vitamin E at 50 and
100 ppm, garlic extract at 10 and 20 ml/l water, and a control (sprayed with water).

Fulvic acid application: Fulvic acid (Fulvo Max, 60%, City Max Agrochemical Company, China) was
applied with 0.1% Triton B as a wetting agent. Treatments were administered three times at three-week
intervals, starting two weeks after transplanting, as soil additions to the root zone or foliar sprays on leaf
surfaces.

Stimulant substance application: Chitosan was sourced from the National Research Center, Giza, Egypt,
and amino acids from Techno Gene Company, Dokky, Giza, Egypt. Vitamin E (a-tocopherol) was obtained
from El-Gomhoria Chemical Company, Assiut. Garlic extract was prepared from 100 g of fresh Allium sativum
L. cloves, washed with sterile distilled water, ground in 100 mL of the same, filtered through double-layered
muslin cloth and Whatman No. 1 filter paper, centrifuged at 4,000 rpm for 5 minutes, and passed through a
sintered glass filter to yield a sterile 100% (w/v) extract (Bhatti, 1988), chemicals and minerals per 100 g of
garlic extract are shown in Table (b). Plants were foliar sprayed to runoff with stimulant substances three times
at three-week intervals, starting 21 days after transplanting, with a one-day interval between each substance.
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Triton B at 0.1% was added to all sprays, and the control was sprayed with water containing Triton B at 0.1%.
Other agricultural practices followed standard protocols.

Table b: Important chemicals and minerals per 100 g garlic extract authorized by (Bhatti, 1988)

Chemical composition Concentrations | Chemical composition | Concentrations
Lysine (g) 0.273 Aspartic acid (g) 0.489
Carbohydrates (g) 33.07 Leucine (g) 0.308
Lipids (g) 0.50 Manganese (mg) 1672.0
Sodium (mg) 17.0 Calcium (mg) 181.00
Magnesium (mg) 32.0 Phosphorus (mg) 153.00
Calories Kcal 149.0 Potassium (mg) 401.00
Glutamic acid (g) 0.805 Vit. B 6 (mg) 1235.0
Argenine (g) 0.634 Vitamin C (mg) 31.0
Water (g) 59.0 Fiber (g) 2.10
Sulphur (mg) 70.0

Recorded data: A random sample of ten plants was carefully collected each plot for analysis.

1. Plant growth parameters: At the flowering stage, branch number per plant, and herb dry weight (g) were
measured.

2. Yield parameters: At harvest (the last week of October of both growing seasons), the dry weights of sepals
and seeds (g) per plant were measured, and yield per fed. (kg) were determined by multiplying the per-plant
weights in the number of plants per fed.

3. Chemical constituents: Fixed oil percentage in the dried seeds was extracted using a Soxhlet apparatus with
hexane (boiling point 60-80°C) as the solvent, by A.O.A.C. (1980). The fixed oil yield was calculated as
follows; fixed oil yield (ml/plant) = (fixed oil percentage x seed yield g/plant) / 100 and fixed oil yield
(L/fed) = (fixed oil percentage x seed yield kg/fed) / 100. Anthocyanin percentage in the air-dried roselle
sepals was determined using the method of Du and Francis (1973). Sepal acidity percentage the air-dried
roselle sepals was measured following Diab (1968).

Statistical analysis

Data were analyzed using analysis of variance (ANOVA) for a split-plot design. The least significant
difference (LSD) test at a 5% probability level was applied to compare treatment means, following Gomez and
Gomez (1984). Statistical analyses were conducted using Statistix version 9.0 software (Analytical Software,
2008).

RESULTS
1-Plant growth parameters

Data from Table 1 demonstrate that fulvic acid applications at all levels significantly enhanced the growth
parameters (number of branches per plant and herb dry weight g/plant) of Hibiscus sabdariffa L. cv. Sabhia 17
in both 2023 and 2024 seasons. The highest growth values were recorded with treatment T7 (fulvic acid as soil
addition at 2 g/l + foliar spray at 1000 ppm), yielding 15.47 and 16.04 branches and 255.0 and 256.4 g dried
herb weight in the first and second seasons, respectively, followed by T6 (fulvic acid as soil addition at 1 g/l +
foliar spray at 500 ppm), with 13.41 and 13.74 branches and 238.7 and 238.6 g dried herb weight in the first and
second seasons, respectively.

Foliar spraying with stimulant substances (chitosan, vitamin E and garlic extract) at all concentrations also
significantly increased branch number and herb dry weight compared to untreated plants. Garlic extract at 20
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ml/l produced the highest values, with 13.46 and 13.70 branches and 239.8 and 240.8 g dried herb weight in the
respective seasons. In contrast, unsprayed plants recorded the lowest values, with 10.84 and 11.15 branches and

206.9 and 207.7 g dried herb weight in the first and second seasons, respectively (Table 1).

The interaction between fulvic acid treatments and stimulant substances was significantly influenced growth
parameters in the two seasons. All combinations significantly increased these traits, except for T1 combined
with chitosan at 250 ppm or vitamin E at 50 ppm in both seasons and T4 (fulvic acid foliar spray at 500 ppm)
with control stimulant substances in the first season for branch number. The most effective combination was T7
paired with garlic extract at 20 ml/l, achieving 17.57 and 18.12 branches and 273.8 and 276.0 g dried herb

weight in the first and second seasons, respectively (Table 1).

Table 1: Influence of fulvic acid applications and stimulant substances and their interactions on branch
number/plant and herb dry weight/plant (g) of roselle plant during both growing seasons

Fulvic acid applications (A)
Stimulant substances (B) 1 - 3 T4 Ts T - Mean
(B)
Branch number/plant
First season
Control 9.20 | 10.23 | 10.67 | 9.90 | 10.43 | 11.87 | 13.57 10.84
Chitosan at 250 ppm 990 | 11.33 | 11.90 | 11.10 | 11.33 | 12.57 | 14.87 11.86
Chitosan at 500 ppm 10.10 | 11.77 | 1233 | 11.43 | 12.00 | 13.43 | 15.47 12.36
Vitamin E at 50 ppm 9.77 | 11.10 | 11.67 | 10.67 | 11.43 | 12.57 | 15.13 11.76
Vitamin E at 100 ppm 10.47 | 11.80 | 12.33 | 11.33 | 11.87 | 13.77 | 16.13 12.53
Garlic extract at 10 ml/1 10.37 | 11.90 | 12.80 | 11.33 | 12.13 | 14.10 | 15.57 12.60
Garlic extract at 20 ml/1 11.00 | 12.23 | 13.10 | 12.00 | 12.77 | 15.57 | 17.57 13.46
Mean (A) 10.11 | 11.48 | 12.11 | 11.11 | 11.71 | 13.41 | 1547
LSD 0.05 A:0.40 B:0.33 AB:0.0.87
Second season
Control 942 | 1046 | 10.89 | 10.22 | 10.99 | 12.09 | 14.01 11.15
Chitosan at 250 ppm 10.12 | 11.44 | 12.02 | 11.32 | 11.66 | 13.01 | 15.42 12.14
Chitosan at 500 ppm 10.20 | 11.89 | 12.56 | 11.67 | 12.12 | 13.66 | 15.79 12.55
Vitamin E at 50 ppm 9.89 | 11.22 | 11.79 | 10.89 | 11.66 | 13.01 | 15.79 12.04
Vitamin E at 100 ppm 10.58 | 11.91 | 12.56 | 11.56 | 12.21 | 13.99 | 16.68 12.78
Garlic extract at 10 ml/1 10.58 | 12.11 | 1291 | 11.66 | 12.58 | 14.54 | 16.46 12.98
Garlic extract at 20 ml/1 1099 | 12.44 | 13.22 | 12.32 | 12.89 | 15.89 | 18.12 13.70
Mean (A) 10.25 | 11.64 | 12.28 | 11.38 | 12.01 | 13.74 | 16.04
LSD 0.05 A:0.34 B:0.29 AB:0.77
Herb dry weight/plant (g)
First season

Control 171.6 | 193.9 | 214.6 | 193.6 | 211.5 | 226.1 | 237.1 206.9
Chitosan at 250 ppm 193.3 | 220.0 | 231.9 | 203.9 | 221.0 | 235.1 | 253.1 222.6
Chitosan at 500 ppm 196.0 | 225.8 | 235.9 | 212.9 | 227.5 | 241.2 | 258.2 228.2
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Vitamin E at 50 ppm 187.1 | 214.5 | 2249 | 211.8 | 219.3 | 232.2 | 246.9 219.5
Vitamin E at 100 ppm 194.8 | 223.0 | 237.1 | 222.3 | 227.0 | 242.2 | 259.5 2294
Garlic extract at 10 ml/1 193.0 | 229.8 | 237.4 | 221.6 | 2259 | 239.7 | 256.3 229.1
Garlic extract at 20 ml/1 198.0 | 236.0 | 246.5 | 233.0 | 236.9 | 254.5 | 273.8 239.8
Mean (A) 190.5 | 220.4 | 232.6 | 214.2 | 224.1 | 238.7 | 255.0

LSD 0.05 A:21 B:19 AB:51

Second season

Control 173.4 | 196.3 | 214.6 | 193.6 | 211.5 | 226.1 | 238.1 207.7
Chitosan at 250 ppm 193.0 | 218.7 | 229.3 | 203.9 | 221.0 | 235.1 | 2543 222.2
Chitosan at 500 ppm 200.4 | 225.8 | 2359 | 212.9 | 227.5 | 241.2 | 260.0 229.1
Vitamin E at 50 ppm 1953 | 214.5 | 230.1 | 211.8 | 221.3 | 232.2 | 249.2 222.1
Vitamin E at 100 ppm 196.6 | 227.3 | 237.1 | 222.3 | 228.6 | 242.2 | 259.6 230.5
Garlic extract at 10 ml/1 1959 | 2269 | 2359 | 222.9 | 227.1 | 239.7 | 257.7 229.5
Garlic extract at 20 ml/1 202.5 | 236.0 | 246.5 | 233.0 | 236.9 | 254.5 | 276.0 240.8
Mean (A) 193.9 | 220.8 | 232.8 | 214.3 | 224.8 | 238.6 | 256.4

LSD 0.05 A:2.5 B:1.8 AB:4.7

2- Yield parameters

Data from Tables 2 and 3 indicate that fulvic acid applications significantly enhanced sepal and seed yields
(g/plant and kg/fed) of Hibiscus sabdariffa L. cv. Sabhia 17 in the 2023 and 2024 seasons, except for T4 in the
first season for sepal yield, with yields increasing progressively with higher fulvic acid levels across all
application methods compared to the control. The most effective treatment, T7 (fulvic acid as soil addition at 2
g/l + foliar spray at 1000 ppm), resulted in the highest increments: sepal yields increased by 15.2% and 17.0%
(36.4 g/plant and 606.8 kg/fed in the first season; 37.8 g/plant and 629.2 kg/fed in the second season) and seed
yields by 41.0% and 26.7% (45.7 g/plant and 762.3 kg/fed in the first season; 42.1 g/plant and 702.0 kg/fed in
the second season) compared to the control.

Foliar spraying with stimulant substances (chitosan, vitamin E, and garlic extract) at all concentrations also
significantly increased sepal and seed yields compared to the control in both seasons (Tables 2-3). Garlic extract
at 20 ml/1 yielded the highest values, boosting sepal weights by 15.0% and 15.6% (35.3 g/plant and 588.1 kg/fed
in the first season; 36.3 g/plant and 604.7 kg/fed in the second season) and seed weights by 18.5% and 16.8%
(40.3 g/plant and 671.8 kg/fed in the first season; 39.5 g/plant and 658.6 kg/fed in the second season) in relative
to the control.

The interaction between fulvic acid treatments and stimulant substances was significantly affected sepal
and seed yields in both seasons. The most combinations resulted a significant increase in these parameters for
seasons compared to untreated plants. The most effective combination was T7 with garlic extract at 20 mL/L,
yielding the highest sepal (39.0 g/plant and 650.0 kg/fed in the first season; 40.1 g/plant and 667.8 kg/fed in the
second season) and seed yields (49.5 g/plant and 824.4 kg/fed in the first season; 46.8 g/plant and 780.0 kg/fed
in the second season), followed by T7 with vitamin E at 100 ppm (38.7 g/plant and 644.4 kg/fed sepals, 48.7
g/plant and 812.2 kg/fed seeds in the first season; 39.1 g/plant and 651.1 kg/fed sepals, 44.4 g/plant and 740.5
kg/fed seeds in the second season) as shown in Tables 2-3.
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Table 2: Influence of fulvic acid applications and stimulant substances and their interactions on sepals

weight/plant (g) and fed (kg) of roselle plant during both growing seasons.

Fulvic acid applications (A)
Stimulant substances (B) 1 - 3 T4 Ts T6 - Mean
(B)
Sepals weight/plant (g)
First season
Control 27.1 30.4 31.2 28.1 30.0 33.6 343 30.7
Chitosan at 250 ppm 30.3 314 323 30.6 31.7 34.7 355 323
Chitosan at 500 ppm 33.9 34.1 353 34.1 34.7 36.2 35.8 34.9
Vitamin E at 50 ppm 31.3 333 33.8 31.5 32.5 33.9 355 33.1
Vitamin E at 100 ppm 344 34.2 34.5 33.9 34.1 36.3 38.7 351
Garlic extract at 10 ml/1 31.1 332 33.6 324 31.8 34.9 36.1 33.3
Garlic extract at 20 ml/l 333 34.1 34.9 342 34.6 36.8 39.0 353
Mean (A) 31.6 33.0 33.6 321 32.8 35.2 36.4
LSD 0.05 A:06 B:0.6 AB:1.5
Second season
Control 27.7 31.2 322 28.9 30.9 33.8 35.1 31.4
Chitosan at 250 ppm 31.0 32.1 333 314 32.8 34.9 36.7 33.2
Chitosan at 500 ppm 343 34.9 36.0 35.1 35.6 36.7 37.7 35.8
Vitamin E at 50 ppm 324 33.9 35.0 324 33.8 36.2 37.5 34.5
Vitamin E at 100 ppm 34.9 353 35.7 35.0 35.1 37.0 39.1 36.0
Garlic extract at 10 ml/1 31.7 34.1 345 334 32.7 354 38.2 34.3
Garlic extract at 20 ml/1 34.0 353 36.0 354 35.9 37.2 40.1 36.3
Mean (A) 32.3 33.8 34.7 33.1 33.8 359 37.8
LSD 0.05 A: 0.7 B:08 AB:2.1
Sepals weight/fed (kg)
First season
Control 451.6 | 506.6 | 519.4 | 468.3 | 500.0 | 559.4 | 571.6 511.0
Chitosan at 250 ppm 505.0 | 523.3 | 537.8 | 510.5 | 528.3 | 577.8 | 591.1 539.1
Chitosan at 500 ppm 564.4 | 5683 | 587.8 | 5689 | 578.3 | 603.3 | 597.2 581.2
Vitamin E at 50 ppm 521.1 | 555.0 | 562.8 | 524.4 | 541.6 | 565.5 | 591.6 551.7
Vitamin E at 100 ppm 572.8 | 569.4 | 575.0 | 564.4 | 568.3 | 604.4 | 644.4 585.5
Garlic extract at 10 ml/1 518.3 | 553.3 | 559.4 | 539.4 | 530.0 | 582.2 | 601.6 554.9
Garlic extract at 20 ml/1 555.0 | 5689 | 582.2 | 569.4 | 577.2 | 613.9 | 650.0 588.1
Mean (A) 526.9 | 549.3 | 560.6 | 535.1 | 546.2 | 586.6 | 606.8
LSD 0.05 A:97 B:9.6 AB:254
Second season
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Control 461.1 | 520.5 | 537.2 | 481.6 | 515.0 | 562.8 | 584.4 523.2
Chitosan at 250 ppm 516.6 | 534.4 | 555.0 | 522.8 | 547.2 | 581.6 | 611.6 552.8
Chitosan at 500 ppm 571.1 | 582.2 | 600.0 | 584.4 | 593.3 | 611.6 | 628.9 595.9
Vitamin E at 50 ppm 540.5 | 564.4 | 582.8 | 540.5 | 563.9 | 603.9 | 624.4 574.3
Vitamin E at 100 ppm 581.1 | 588.9 | 594.4 | 583.9 | 585.0 | 616.6 | 651.1 600.1
Garlic extract at 10 ml/1 527.8 | 567.8 | 574.4 | 557.2 | 544.4 | 590.5 | 636.1 571.2
Garlic extract at 20 ml/1 567.2 | 588.9 | 600.5 | 590.5 | 5989 | 619.4 | 667.8 604.7
Mean (A) 537.9 | 563.9 | 577.8 | 551.6 | 563.9 | 598.1 | 629.2

LSD 0.05 A:14.0 B:134 AB:354

Table 3: Influence of fulvic acid applications and stimulant substances and their interactions on seeds
weight/plant (g) and fed (kg) of roselle plant during both growing seasons

Fulvic acid applications (A)
Stimulant substances (B) 1 - 3 4 T5 T6 7 Mean

(B)

Seeds weight/plant (g)
First season
Control 29.9 30.9 33.9 30.4 32.9 39.2 | 411 34.0
Chitosan at 250 ppm 323 33.5 36.7 33.8 349 | 40.7 | 425 36.4
Chitosan at 500 ppm 32.5 36.8 37.5 34.8 36.1 453 46.3 38.5
Vitamin E at 50 ppm 31.3 332 354 322 342 | 435 45.5 36.5
Vitamin E at 100 ppm 33.5 36.9 39.3 35.9 37.6 | 45.8 48.7 39.7
Garlic extract at 10 ml/1 32.6 349 35.6 34.0 345 45.1 46.6 37.6
Garlic extract at 20 ml/1 34.8 37.1 39.7 36.7 38.5 46.0 49.5 40.3
Mean (A) 324 | 347 | 369 | 34.0 | 355 | 43.7 | 45.7
LSD 0.05 A:09 B:1.1 AB:28
Second season
Control 31.0 322 342 31.8 32.7 36.1 38.5 33.8
Chitosan at 250 ppm 32.7 34.1 35.8 334 343 37.5 39.1 35.3
Chitosan at 500 ppm 33.6 353 37.5 34.5 353 38.6 | 419 36.7
Vitamin E at 50 ppm 31.9 342 36.4 33.1 34.5 38.1 41.5 35.7
Vitamin E at 100 ppm 343 36.5 38.6 35.5 36.5 39.3 44.4 37.9
Garlic extract at 10 ml/1 334 34.7 36.9 342 35.8 382 | 42.6 36.5
Garlic extract at 20 ml/1 35.8 37.6 39.7 37.4 38.8 40.6 46.8 39.5
Mean (A) 33.2 35.0 | 37.0 | 343 354 | 383 42.1
LSD 0.05 A:0.7 B:0.8 AB:2.2
Seeds weight/fed (kg)
First season
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Control 497.8 | 5144 | 565.0 | 506.1 | 5483 | 653.9 | 684.4 567.1
Chitosan at 250 ppm 538.9 | 5589 | 612.2 | 562.8 | 582.2 | 677.8 | 708.3 605.8
Chitosan at 500 ppm 542.2 | 612.8 | 625.0 | 580.5 | 601.6 | 755.0 | 772.2 641.3
Vitamin E at 50 ppm 521.6 | 552.8 | 590.0 | 536.1 | 570.0 | 725.5 | 758.3 607.8
Vitamin E at 100 ppm 558.9 | 615.0 | 654.4 | 5983 | 627.2 | 763.9 | 812.2 661.4
Garlic extract at 10 ml/1 5439 | 582.2 | 593.9 | 566.6 | 575.0 | 751.6 | 776.1 627.0
Garlic extract at 20 ml/1 580.0 | 617.8 | 662.2 | 611.1 | 641.1 | 766.1 | 824.4 671.8
Mean (A) 540.5 | 579.1 | 614.7 | 565.9 | 592.2 | 727.7 | 762.3

LSD 0.05 A:16.1 B:17.7 AB:46.8

Second season

Control 516.1 | 537.2 | 570.0 | 529.4 | 545.0 | 601.6 | 642.2 563.1
Chitosan at 250 ppm 5444 | 5689 | 596.6 | 557.2 | 571.6 | 624.4 | 652.2 587.9
Chitosan at 500 ppm 560.5 | 588.9 | 624.4 | 575.0 | 588.3 | 643.9 | 698.3 611.3
Vitamin E at 50 ppm 532.2 | 570.0 | 606.1 | 551.1 | 574.4 | 635.0 | 691.1 594.3
Vitamin E at 100 ppm 571.6 | 608.3 | 642.8 | 591.1 | 607.8 | 654.4 | 740.5 630.9
Garlic extract at 10 ml/1 556.6 | 5783 | 615.5 | 570.5 | 597.2 | 636.1 | 709.4 609.1
Garlic extract at 20 ml/1 596.6 | 626.6 | 661.6 | 622.8 | 646.1 | 676.6 | 780.0 658.6
Mean (A) 554.0 | 582.6 | 616.7 | 571.0 | 590.1 | 638.9 | 702.0

LSD 0.05 A:12.1 B:13.9 AB:36.7

Chemical constituents traits

1- Fixed oil (FO) production

Data presented in Table 4 demonstrate that fulvic acid treatments significantly enhanced fixed oil % and
yield (ml/plant and 1/fed) of Hibiscus sabdariffa L. cv. Sabhia 17 in the 2023 and 2024 seasons, except for T2
(fulvic acid soil addition at 1 g/l) in the first season and T4 in 1 and 2™ seasons for FO% and T4 (fulvic acid
foliar spray at 500 ppm) in the first season concerning FO yield (ml/plant and 1/fed) compared to the control
(T1). The highest FO (% and yields) were achieved with T7 (fulvic acid soil addition at 2 g/l + foliar spray at
1000 ppm), with increases of 34.4 and 35.7% for FO% during both seasons, respectively, 89.2% and 71.7% over
the control, yielding 10.63 and 10.13 m/plant and 177.22 and 168.88 l/fed in the first and second seasons,
respectively, compared to T1 (5.62 ml/plant and 93.61 1/fed in the first season; 5.90 ml/plant and 98.32 1/fed FO
in the second season).

Foliar applications of stimulant substances (chitosan, vitamin E, and garlic extract) at all concentrations
significantly increased fixed oil production, except for 250 ppm chitosan, 50 ppm vitamin E and 10 ml/l garlic
extract in the first season for FO%, compared to the control in both seasons (Table 4). Garlic extract at 20 ml/l
resulted in the highest increase in fixed oil % by 8.9 and 11.2% regarding FO%, the yield was increased by
29.2% and 30.1% over the control, producing 8.28 ml/plant and 138.00 l/fed and 8.44 ml/plant and 140.61 l/fed
FO in the first and second seasons, respectively (Table 4).

The interaction between fulvic acid treatments and stimulant substances was significantly affected fixed oil
production traits in both seasons, the most combinations caused a significant elevate in these traits during the
two seasons, in relative to control. The highest FO production parameters were recorded by T7 combined with
garlic extract at 20 ml/l, achieving 24.47 and 25.03 FO%, 12.10 and 11.72 ml FO/plant and 201.72 and 195.32 1
FO/fed in the first and second seasons, respectively, followed closely by T7 with vitamin E at 100 ppm (23.91
and 24.85 FO%, 11.65 and 11.04 ml FO/plant; 194.22 and 183.96 1 FO/fed), with no significant differences
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between these combinations. The lowest percentage and yields (15.68 and 15.93 FO%, 4.70 and 4.93 ml

FO/plant; 78.26 and 82.22 1 FO/fed) were observed with T1 combined with control stimulant substances in both
seasons (Table 4).

Table 4: Influence of fulvic acid applications and stimulant substances and their interactions on fixed oil percentage
and yield/plant (ml) and fed (L) of roselle plant seeds during both growing seasons

Stim Fulvic acid applications (A)
ulant
subst Me Me
ance | T1 | T2 | T3 | T4 | T5 | T6 | T7 | an | T1 | T2 | T3 | T4 | T5 | T6 | T7 | an
(B) (B) (B)
First Season Second Season

Fixed oil percentage

Cont | 15. | 17. | 18. | 17. | 18. | 20. | 22. | 18. | 15. | 17. | 19. | 17. | 18 | 20. | 23. | 19.
rol 68 | 63 | 87 | 34 | 33 15 | 31 61 | 93 8 | 24 | 74 | 51 92 | 05 | 04

Chito
san
at
250

ppm

16. | 18. | 19. | 17. | 18. | 20. | 22. | 19. | 17. | 19. | 19. | 18. | 18. | 22. | 24. | 20.
82 | 79 | 08 | 96 | 29 | 85 | 64 | 20 | 19 | 47 | 71 | 56 | 97 | 03 | 05 | 00

Chito
san
at
500

ppm

17. ] 19. ] 20. | 18 | 19. | 21. | 23. | 19. | 18 | 19. | 20. | 18 | 19. | 22. | 24. | 20.
90 | 05 | 05 17 | 62 | 40 | 54 | 96 | 22 | 82 | 41 | 99 | 98 | 34 | 26 | 58

Vita
min
E at
50

ppm

7. 18 | 18 | 17. | 18. | 21. | 23. | 19. | 17. | 18 | 19. | 18 | 18 | 21. | 23. | 19.
18 18 | 92 | 96 | 25 10 | 22 | 26 | 55 | 35 | 69 | 40 | 99 | 70 | 65 | 76

Vita
min
E at
100

ppm

18. | 18 | 19. | 18. | 19. | 22. | 23. | 20. | 18. | 18. | 20. | 18. | 20. | 23. | 24. | 20.
18 | 63 | 77 | 54 | 07 | 18 | 91 | 04 | 66 | & | 72 | 76 | 75 | 03 | & | 80

Garli
¢

extra | 17. | 17. | 19. | 17. | 18. | 21. | 22. | 19. | 17. | 18 | 19. | 17. | 19. | 22. | 23. | 19.
ct at 01 | 66 | 19 | 62 | 8 | 45 | 43 | 18 | 54 | 06 | 62 | 92 | 33 | 54 | 30 | 76
10
ml/1

Garli
c

extra | 18. | 18. | 19. | 18. | 19. | 22. | 24. | 20. | 18. | 19. | 21. | 18. | 21. | 23. | 25. | 21.
ct at 19 73 98 33 32 83 47 26 87 86 01 82 00 64 03 18
20

ml/l

Mea 17. | 18. | 19. | 17. | 18. | 21. | 23. 17. | 18. | 20. | 18. | 19. | 22. | 24.
n(A) | 28 38 41 99 82 42 22 71 90 06 46 65 31 03
LSD

0.05 A:1.37 B:0.76 AB:2.02 A:0.88 B:0.57 AB:1.52

Fixed oil yield/plant (ml)
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Cont | 47 | 54 | 64 | 526078 916449 571655660 75| 88 | 6.4

rol ol 4|06 | 4|96 1|3 | 7|8 | 4|5 |6/ 71|09

Chito

;’:“ 541631706064 |84|96|70|56|66|70|62|65]|82]094]71
3025 |1s8|lo|le6e| 2|51 |56 2l01|4/|1]0

250

ppm

Chito

:j“ 581697516371 19710 7761707665701 86]10.] 76
2051 3lololo|le | 4| 1|54 6] 3 ]16]0

500

ppm

Vita

min

Eat | 5316067 |57 |62]92[10.|71|56|62|71[60|65]|82|098]7.1

50 7130|741 |53 |o0o|s8s|7|8|5|6/| 1|1

ppm

Vita

min

Eat | 61168 |77 ]66| 71| 10. 11|80 64|68|79|66]|75]|90|11L |79
ol 7|6 |6 |8 |17|6|6 | 1| 8| 95| 7|5/ 04]| 4

100

ppm

Garli

[

extra | 55 | 61|68 |59 |65|96|10. 73|58 |62|72]61]69]|85]99]|72

ctat | 5 | 7 | 3| 9|27 |4 1|6 |7 | 4|3 |2|9/|2]|S8

10

ml/l

Garli

C

extra | 63 | 69|79 |67 |74 |10 |12. |82 |67 |74 |83 |70/|81/|96]|11.| 84

ctat | 4 | 4 | 4 | 2| 3 |48 |10 8| 5| 7|5 |3 | 4|o0/|72]| 4

20

ml/l

Mea | 56 | 63 | 7.1 | 6.1 | 6.7 | 9.3 | 10. 59 | 66 | 7.4 | 63 | 69 | 85 | 10.

nA | 2197|201 7]63 0o | 2|3 |3 |7 |6/|13

LSD

005 A:0.56 B:0.35 AB: 0.94 A: 034 B:0.27 AB:0.71

Fixed oil yield/fed (L)

Cont | 78. | 90. | 106 | 87. | 100 | 131 | 152 [ 106 | 82. | 96. | 109 | 93. [ 100 | 126 | 147 | 108

rol 26 | 65 | 59| 74 | 61 | 45| 62 | 85| 22 | 12 | 68 | 98 | 91 | .01 | .88 | .11

Chito 118

san 30

o 90. | 105 | 117 | 101 | 106 | 140 | 160 | 117 | 93. | 110 | 117 | 103 | 108 | 137 | 156

ss0 | 35| 27| 42| 37| 67| 94| 39| .51 | 55| 85| .62 58| 40 | 25| .84

ppm

Chito 126

san .66

” 96. | 115 | 125 | 105 | 118 | 161 | 181 | 129 | 102 | 116 | 127 | 109 | 117 | 143 | 169

s00 | 99| 89| 24| 50| 29| 60 | 79| .33 | 26 | .89 | .51 | 08 | .64 | 82 | 40

ppm

Vita | 89. | 100 | 111 | 96. | 104 | 153 | 175 | 118 | 93. | 104 | 119 | 101 | 109 | 137 | 163 | 118
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min 55 | 45| 59 | 24 | 05| 54| 97 | 77T | 33 | 62 | 42 | 41 | 08 | .70 | 48 | .43
E at
50

ppm

Vita 132

Bt | 101114 1129 | 110 | 119 | 169 | 194 | 134 | 106 | 114 | 133 | 110 | 126 | 150 | 183 32

100 J3 | .57 36 97 | 63 | 51| 22 | 28 | .75 | 64 | .14 | 89 | .08 | .77 | .96
ppm

Garli 121
c .26
extra | 92. | 102 | 113 | 99. | 108 | 161 | 173 | 121 | 97. | 104 | 120 | 102 | 115 | 143 | 165
ct at 53 | 87 | 89 | 8 | .63 | .13 | 88 | .83 | 64 | 46 | .72 | 23 | .37 | .11 | .29
10

ml/l
Garli 140
c .61

extra | 105 | 115 | 132 | 112 | 123 | 174 | 201 | 138 | 112 | 124 | 139 | 117 | 135 | 159 | 195
ct at 65 .71 29 01 | 87 | 72 ] .72 | .00 | 53 | 49 | .09 | .19 | .70 | 96 | .32
20

ml/l
Mea 93. | 106 | 119 | 101 | 111 | 156 | 177 98. | 110 | 123 | 105 | 116 | 142 | 168
n(A) | 61 | 49 | 48 | 96 | .68 | .13 | .22 32 | 29| 88 | 48 | .17 | .66 | .88
LSD
0.05 A:9.28 B:5.89 AB:15.58 A:5.63 B:447 AB:11.83

2- Total anthocyanin percentage

Data from Table 5 indicate that fulvic acid treatments significantly increased anthocyanin percentage in the
sepals of Hibiscus sabdariffa L. cv. Sabhia 17, except for T2 and T4 (1% and 2™ seasons) and T5 (1% season),
compared to the control during the 2023 and 2024 seasons. The highest anthocyanin percentages (2.32% and
2.41%) were recorded with T7 (fulvic acid soil addition at 2 g/l + foliar spray at 1000 ppm), followed by T6
(fulvic acid soil addition at 1 g/l + foliar spray at 500 ppm) with 2.24% and 2.30% in the first and second
seasons, respectively, with no significant difference between T7 and T6 in the first season.

All tested stimulant substances (chitosan, vitamin E, and garlic extract) at all concentrations significantly
increased anthocyanin percentage in roselle sepals compared to the control, except for chitosan at 250 ppm in
both seasons and garlic extract at 10 ml/l in the first season. The highest anthocyanin percentages (2.28% and
2.32%) were achieved with garlic extract at 20 ml/1 in the first and second seasons, respectively (Table 5).

The interaction between fulvic acid treatments and stimulant substances were significantly affected
anthocyanin content. The combination of T7 with garlic extract at 20 ml/l yielded the highest values (2.41% and
2.49% in the first and second seasons, respectively), followed by T7 with vitamin E at 100 ppm (2.38% and
2.46%), with no significant differences between these combinations in the two seasons (Table 5). The lowest
anthocyanin percentages (1.96% and 2.00%) were recorded for T1 (control) with no stimulant application in the
first and second seasons, respectively.

3- Total acidity percentage

Data from Table 5 demonstrate that all fulvic acid levels among different application methods significantly
and progressively enhanced the total acidity percentage in sepals of Hibiscus sabdariffa L. cv. Sabhia 17 during
the 2023 and 2024 seasons, except for T4 in the second season compared to control. Treatment of T7 (fulvic
acid soil addition at 2 g/l + foliar spray at 1000 ppm) resulted in the most substantial elevating total acidity by
6.7% and 4.8% compared to untreated plants in the first and second seasons, respectively.
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Foliar application of the three stimulant substances (chitosan, vitamin E, and garlic extract) at all concentrations

significantly increased total acidity percentage in roselle sepals in both seasons,

except for chitosan at 250 ppm in the first season comparing to no sprayed plants. Garlic extract at 20 ml/l was
the most effective, increases acidity by 3.0% and 6.1% over the control in 2023 and 2024, respectively (Table

5).

Table 5: Influence of fulvic acid applications and stimulant substances and their interactions on total
anthocyanin and total acidity percentages of roselle plant sepals during both growing seasons

Fulvic acid applications (A)
Stimulant substances (B) 1 - 3 T4 Ts T6 7 Mean
(B)
Total anthocyanin %
First season
Control 1.96 2.07 2.14 2.00 2.08 2.16 2.27 2.10
Chitosan at 250 ppm 2.04 2.10 2.18 2.05 2.15 2.21 2.24 2.14
Chitosan at 500 ppm 2.14 2.17 2.21 2.14 2.17 2.22 2.33 2.20
Vitamin E at 50 ppm 2.07 2.12 2.17 2.11 2.13 2.22 2.34 2.17
Vitamin E at 100 ppm 2.13 2.18 2.29 2.18 2.22 2.31 2.38 2.24
Garlic extract at 10 ml/1 2.05 2.11 2.16 2.09 2.11 2.21 2.27 2.14
Garlic extract at 20 ml/1 2.15 2.26 2.30 2.24 2.25 2.32 2.41 2.28
Mean (A) 2.08 2.15 2.21 2.12 2.16 2.24 2.32
LSD 0.05 A:0.12 B:0.06 AB:0.17
Second season
Control 2.00 2.12 2.24 2.05 2.11 2.24 2.36 2.16
Chitosan at 250 ppm 2.06 2.15 2.27 2.08 2.21 2.27 2.38 2.20
Chitosan at 500 ppm 2.15 2.21 2.31 2.17 2.21 2.30 2.42 2.25
Vitamin E at 50 ppm 2.13 2.19 2.29 2.14 2.19 2.28 2.38 2.23
Vitamin E at 100 ppm 2.18 2.21 2.38 2.21 2.26 2.34 2.46 2.29
Garlic extract at 10 ml/1 2.12 2.17 2.31 2.14 2.22 2.30 2.40 2.24
Garlic extract at 20 ml/1 2.19 2.28 2.33 2.27 2.29 2.36 2.49 2.32
Mean (A) 2.12 2.19 2.30 2.15 2.21 2.30 241
LSD 0.05 A:0.09 B:0.05 AB:0.14
Total acidity %
First season

Control 8.10 8.59 8.61 8.57 8.56 8.63 8.80 8.55
Chitosan at 250 ppm 8.32 8.61 8.65 8.60 8.62 8.68 8.90 8.62
Chitosan at 500 ppm 8.59 8.70 8.74 8.62 8.75 8.84 9.02 8.75
Vitamin E at 50 ppm 8.31 8.67 8.67 8.64 8.64 8.71 8.98 8.66
Vitamin E at 100 ppm 8.60 8.72 8.78 8.67 8.76 8.89 9.08 8.79
Garlic extract at 10 ml/1 8.33 8.62 8.66 8.59 8.64 8.72 8.90 8.64
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Garlic extract at 20 ml/1 8.61 8.74 8.83 8.69 8.77 8.92 9.10 8.81
Mean (A) 8.41 8.66 8.70 8.63 8.68 8.77 8.97

LSD 0.05 A:0.10 B:0.08 AB:0.22

Second season

Control 8.15 8.39 8.44 8.25 8.31 8.49 8.55 8.37
Chitosan at 250 ppm 8.35 8.51 8.58 8.41 8.46 8.63 8.73 8.52
Chitosan at 500 ppm 8.62 8.77 8.84 8.69 8.74 8.91 8.96 8.79
Vitamin E at 50 ppm 8.35 8.52 8.64 8.40 8.49 8.76 8.86 8.57
Vitamin E at 100 ppm 8.63 8.79 8.86 8.70 8.77 8.92 9.01 8.81
Garlic extract at 10 ml/1 8.39 8.66 8.72 8.44 8.55 8.92 8.95 8.66
Garlic extract at 20 ml/1 8.72 8.83 8.90 8.79 8.89 8.96 9.06 8.88
Mean (A) 8.46 8.64 8.71 8.53 8.60 8.80 8.87

LSD 0.05 A:0.08 B:0.07 AB:0.17

The interaction between fulvic acid and stimulant treatments was significantly influenced total acidity
percentage in both seasons (Table 5). In most cases, the combination of T7 with any stimulant consistently gave
higher acidity values compared to other combinations in both years. Notably, T7 combined with garlic extract at
20 ml/1 or plus vitamin E at 100 ppm, registered the highest total acidity percentages in both seasons, compared
to other combination treatments.

DISCUSSION

During the 2023 and 2024 growing seasons, a field study on Hibiscus sabdariffa L. cv. Sabhia 17
demonstrated that fulvic acid (FA) significantly enhanced vegetative growth, yield components, and chemical
constituents, as detailed in Tables 1-6. FA’s multifaceted role in plant growth promotion was attributed to its
ability to increase cell membrane permeability, enabling rapid nutrient absorption through leaves and efficient
translocation to sink tissues, thereby reducing nutrient competition among plant organs and enhancing essential
nutrient availability (El-Desuki et al., 2010). This led to increased dry matter accumulation, supporting greater
branch numbers and herb dry weight (Table 1). FA’s content of plant signaling molecules, such as auxin-like
compounds, modulated metabolic processes, while its upregulation of mitogen-activated protein kinases and
increased protein content further promoted growth (Canellas et al., 2010; Calvo et al., 2014; Che et al., 2017; Li
et al., 2019; Dawood et al., 2019). Due to its richness in carbon and nitrogen, FA enhanced water and nutrient
absorption due to its high binding capacity, fostering robust vegetative development (Drobek et al., 2019).
Additionally, FA improved soil physicochemical properties by darkening soil, raising root zone temperatures,
stimulating root growth, and preventing soil cracking, which preserved root hairs and supported nutrient uptake
(Halvin et al., 2005; Al-Jumaili, 2012). The results of this study demonstrating enhanced yield components with
fulvic acid application, align with findings from other crops. Suh et al. (2014) reported an increased marketable
yield in tomato production with higher FA rates, consistent with the significant improvements in roselle sepal
and seed yields (Tables 2-3). Similarly, Kamel et al. (2014) observed improved yield quantity and quality in
cucumber, along with enhanced soil microbial activity and control of powdery and downy mildews, following
FA application. Moradi ef al. (2017) further noted that higher FA rates increased seed number per head, 1000-
seed weight, and overall seed yield in safflower, corroborating the positive impact of FA on roselle yield
parameters in our study, particularly with the combined 2 g/l soil addition and 1000 ppm foliar spray treatment.
FA increased fixed oil content in roselle seeds (Table 4) by regulating hormone levels and promoting secondary
metabolite synthesis, consistent with findings in saffron and Thymus vulgaris (Santiago et al., 2008;
Noroozisharaf and Kavian, 2018). In Mentha piperita var. citrata, foliar FA application enhanced essential oil
percentage and constituents by improving nutrient absorption and stimulating enzyme activity critical for oil
metabolism (Hendawy et al., 2015). FA boosts pigments and water content, enhances photosynthesis, and
reduces stomatal opening and transpiration, promoting growth while minimizing water loss (Anjum et al., 2011;
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Li et al., 2005). It enhances chlorophyll content by improving oxygen uptake and mRNA concentration,
supporting enzyme and protein synthesis critical for metabolic processes (Dixon and Weed, 1989; Nardi et al.,
1996). FA acts as a nutrient reservoir, potentially containing nitrogen within its humic substances, and improved
soil properties to enhance nutrient availability (Taj Eldin and Al-Barakat, 2016). It reduced phosphorus
deposition and adsorption on soil colloids, promoting P release and dissolution (Abdel Razzak and El Sharkawy,
2013), and enhanced potassium uptake by activating monovalent ion absorption and substituting H* ions with K*
ions on soil exchange surfaces, reducing K fixation (Shahryari et al., 2011; Al-Jumaili, 2012). FA’s high
electronegative oxygen content increased cell membrane permeability, facilitating nutrient absorption, root
activity, and ion uptake, while mitigating abiotic stresses like salinity and drought (Priya et al., 2014; Yang et
al., 2013; Kulikova et al., 2005). Phosphorus supported coenzyme activation for amino acid production,
photosynthesis, glycolysis, respiration, and fatty acid synthesis, while potassium enhanced nitrogen,
carbohydrate, lipid, starch, and protein metabolism (Zahra et al., 1984). FA’s ability to improve nutrient-use
efficiency, soil microbial activity, and physicochemical properties, while reducing reliance on inorganic
fertilizers, underscores its role as an effective tool for sustainable, high-quality crop production (El-Serafy,
2018; Kamel et al., 2014; Suh et al., 2014).

Chitosan, a chitin-derived biopolymer, significantly enhances plant growth and productivity by stimulating
metabolic processes, increasing dry matter accumulation, and accelerating development throughout the plant life
cycle (Amin, 2013). Its structural similarity to chitin allows integration into plant cell walls, strengthening
cellular integrity and enhancing resilience against stress (Salman and Al-Abadi, 2009). Chitosan’s functional
groups, amine, and primary and secondary hydroxyl groups at the second, third, and sixth carbon atoms,
respectively, support plant health (Speiciene et al., 2007). Its hydrophilic nature regulates cellular water content,
mitigates stress, and accelerates macromolecular processes (Chakraborty et al., 2020). In sweet basil under
salinity stress, chitosan boosts photosynthetic pigment content by increasing cytokinin levels and providing
amino compounds from its degradation, promoting chlorophyll synthesis (Chibu and Shibayama, 2001). It also
elevates indole-3-acetic acid (IAA) levels by upregulating auxin-related gene expression and reducing [AA
oxidase activity, enhancing enzyme activity and growth (Li et al, 2018). Additionally, foliar chitosan
application increases essential oil production by improving nutrient uptake, promoting growth cycles, and
potentially modifying leaf oil gland populations and monoterpene biosynthesis (Ghasemi Pirbalouti et al.,
2014).

The application of a-tocopherol (vitamin E) significantly enhanced growth, yield, and chemical constituents
of roselle due to its potent antioxidant properties. Vitamin E protects chloroplast membranes from
photooxidation, creating an optimal environment for photosynthesis, and accumulates under abiotic stresses
such as drought, salinity, and high light to mitigate oxidative damage (Munné-Bosch and Alegre, 2002; Hess,
1983; Zhang et al., 2000; Havaux et al., 2000). Foliar application of a-tocopherol improves membrane stability,
supports intracellular signaling, enhances electron transport in photosystem II, and provides photoprotection
(Munné-Bosch and Falk, 2004). In medicinal plants, it increases chemical constituent levels (Ayad et al., 2009),
while in faba bean, it boosts growth parameters, yield components, and chlorophyll a, b, and carotenoid content
(El-Bassiouny et al., 2005). Vitamin E also supports plant growth, development, and senescence, prevents lipid
peroxidation, and interacts with signaling cascades to mediate responses to abiotic and biotic stresses (Baftel
and Ibrahim, 2008; Sattler et al., 2004).

Foliar application of garlic extract significantly enhanced the growth, yield, and chemical constituents of
roselle, attributed to its rich nutrient profile and protective effects against pathogens (Lampkin, 1994). Garlic
extract contains growth-promoting compounds, including macro- and micronutrients (Na, K, Zn, P, Mn, Mg,
Ca, Fe), gibberellic acid, enzymes, vitamins B and C, proteins, carbohydrates, saponins, alkaloids, flavonoids,
and free sugars (sucrose, fructose, glucose), which support plant development (Sheren et al., 2015; Bhandari et
al., 2014). Organosulfur compounds like allicin and diallyl disulfide further enhance its efficacy (Puvaca et al.,
2014; Martins et al., 2016). In our study, garlic extract significantly increased roselle’s vegetative growth
(branch number, herb dry weight, Table, 1), yield components (sepal and seed yields, Table, 2-3), and chemical
constituents [fixed oil (Table 4), anthocyanin, (Table, 5) and acidity, (Table, 5)], by stimulating photosynthetic
pigments and soluble sugar content (Slattery et al., 2017). These findings align with previous studies reporting
enhanced growth in Majorana hortensis, Salvia officinalis, Schefflera arboricola, and pepper (Mady, 2009;
Hanafy et al., 2012; Sikandar et al., 2018), improved flower numbers in summer squash (Helmy, 1992; El-
Desouky et al., 1998) and increased pod number in pea (Ahmed et al., 2005), and garlic extract’s allelochemical
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properties promote sustainable agriculture by boosting growth and yield (Wang et al., 2014), with a strong
correlation between morphological traits and yield/chemical constituent improvements in roselle.

CONCLUSION

The combined use of soil-applied fulvic acid at 2 g/l and foliar application at 1000 ppm, alongside foliar
spraying with garlic extract at 20 ml/l recorded the optimum treatment to enhance vegetative growth, yield, and
quality attributes of roselle (Hibiscus sabdariffa L. cv. Sabhia 17). This approach improves nutrient uptake,
enhances soil properties, and mitigates environmental stresses, promoting robust plant development. By
reducing reliance on chemical fertilizers, this sustainable and eco-friendly practice supports high-quality crop
production while optimizing productivity and quality.
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