



Potential of Hydrolate and Aqueous Extract of Gallesia integrifolia (Spreng.) Harms on the Germination of Sorghum Seeds 
Abstract
Sorghum bicolor (L.) Moench is an important crop for animal feed, owing to its tolerance to marginal soils and challenging climatic conditions. However, agricultural technologies such as pesticides and genetically modified (GM) crops raise environmental concerns, underscoring the need for natural seed treatments. This study evaluated the effects of hydrolate (a by-product of essential oil hydro distillation) and the aqueous extract from Gallesia integrifolia Spreng. Harms (pau-d'alho) on germination and initial growth of Sorghum bicolor (L.) Moench seeds. Experiments used a 2×5 factorial (product × concentration: 0, 5, 10, 15, 20 mL/100 kg seeds) in a completely randomized design with four replicates. Parameters assessed: First Count (FC), Total Germination (TG), germination speed index (GSI), root length (RL), shoot length (SL), total dry mass (TDM). Data were analyzed by ANOVA, Tukey test (5%), and regression. Hydrolate-treated seeds showed 25% higher RL (6.51 cm vs. 5.27 cm) and 17% higher SL (4.89 cm vs. 4.15 cm) than extract-treated seeds (p≤0.05). No differences in FC (21.5% vs. 22.0%), TG (26% vs. 28%), GSI (5.66 vs. 5.44), or TDM (5.08 vs. 5.33 mg). RL increased linearly with hydrolate dose; the extract peaked at 8.5 mL/100 kg and then declined, indicating phytotoxicity >10 mL/100 kg. G. integrifolia hydrolate enhances sorghum seedling vigor without toxicity up to 20 mL/100 kg, outperforming aqueous extract. This valorizes an aromatic by-product for sustainable seed treatment, supporting green chemistry in agriculture. Future studies should fractionate the hydrolate using GC-MS to isolate bioactive compounds and evaluate their efficacy under field conditions in the edaphoclimatic environment of Paraná. 
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1 Introduction
Grain cultivation is one of the pillars of Brazilian agribusiness, with sorghum (Sorghum bicolor (L.) Moench) standing out as a viable alternative for animal feed due to its adaptation to adverse soil and climate conditions. Sorghum plays a significant role in fighting starvation and food insecurity and is crucial to the food security of many underprivileged people living in fragile agro-ecological zones (Hossain et al., 2022; Satish & Sudharani, 2022). The major sorghum-producing countries are the USA, Nigeria, Ethiopia, Sudan, Mexico, and India, followed by China, Argentina, Brazil and Niger (Khoddami et al., 2023). In the 2021-2022 harvest, Brazil produced 2.916 million tons of sorghum, with forecasts of a 34% increase for 2023, according to the Systematic Survey of Agricultural Production (June/2023) by IBGE. To boost productivity, chemical seed treatment is a strategy to maintain quality standards and enhance initial crop development (Menten & Moraes, 2010; Carvalho & Nakagawa, 2012). However, the intensive use of synthetic pesticides and fertilizers has raised environmental concerns, driving the search for natural alternatives such as plant extracts and hydrolats, by-products of essential oil hydro distillation (Castro et al., 2008).  Hydrolates, also known as Hydrosols, are complex mixtures containing traces of essential oils and exhibiting significant antimicrobial effects (Almeida et al., 2024; Jakubczyk et al., 2021). Hydrolates contain water-soluble volatile compounds (acids, aldehydes, and amines) at concentrations of 0.05 to 0.20 g/L of essential oil, exhibiting bio-stimulant or phytotoxic potential in seed germination (Lavabre, 1993; Pavelić et al., 2022). Recent studies show that Thymus vulgaris hydrolates inhibit weed growth without severely affecting crops such as sorghum, suggesting applications in integrated weed management (Pavelić et al., 2022). Sorghum is particularly sensitive to abiotic stresses, such as salinity, and natural primings (hydro priming or osmopriming with extracts) improve germination (Farooq et al., 2021). Aqueous sorghum extracts exhibit allelopathy, reducing the growth of competing plants (Yar et al., 2020). In this context, Gallesia integrifolia Spreng. Harms (garlic wood), a 15-30 m tall endemic Brazilian tree, stands out for its essential oil rich in organosulfur compounds (53-75% in leaves and flowers), such as dimethyl disulfide, dimethyl trisulfide, and lentinone, with potent antifungal activity (Furtado, 2020; Santos et al., 2018; Tang et al., 2019). In traditional medicine, the leaves and bark of this plant are utilized for various purposes, including combating influenza, cough, pneumonia, prostate tumors, and rheumatism (Silva et al., 2023). Nevertheless, the potential of its hydrolate and aqueous extract as seed treatments remains unexplored. Thus, the objective of this study was to evaluate the effects of different doses of G. integrifolia hydrolate and aqueous extract on the germination and initial growth of S. bicolor seedlings, contributing to sustainable alternatives in green chemistry and phytochemistry applied to agriculture.
2 Methodology
The experiments were conducted in a completely randomized design organized in a 2 x 5 factorial scheme (product x concentration). Hydrolate obtained by hydro distillation (HID) and aqueous extract (EX) were used at concentrations of 0, 5, 10, 15, and 20 ml per 100 kg of seeds.
The analyzed parameters included the first count (PC), total germination (G), germination speed index (GSI), root length (RL), shoot length (SL), and total seedling dry mass (TSDM). The seeds were placed in plastic bags with the treatment solution and manually agitated for five minutes.
The root length (RL) and shoot length (SL) tests were conducted with four replications of 10 seeds each, arranged on germination paper in two rows spaced from each other and from the sides of the Gerbox. The germination paper was moistened with 8 mL of distilled water, equivalent to 2.5 times the paper's dry mass.
The Gerbox containers were placed in plastic bags and stored in a B.O.D. at 20 °C. Plant measurements were taken on the tenth day after the test installation (Carvalho & Nakagawa, 2012), using a graduated ruler in millimeters. After the measurements, the reserve tissues of the seedlings were removed and placed in paper bags for drying in a forced-air oven (Nova Etíca-410/3ND) at 65 °C for 72 hours, followed by weighing on an analytical balance (Shimadzu-ATX224). At the end of the test, the variables RL (cm), SL (cm), and TSDM (mg per seedling) were obtained. For the germination speed index (GSI), daily counts of germinated seeds were conducted. Seeds were considered germinated if they exhibited a primary root length greater than 2 mm. The GSI was calculated according to Maguire (1962):
IVG= N1/DQ +N2/D2 + .... + Nn/Dn.                                                      (Equation 1)
Where: GSI = germination speed index; N = number of seedlings observed on the day of counting; D = number of days after sowing when the counting was conducted.
The obtained data were analyzed using analysis of variance (ANOVA) at the 5% significance level. The means of the product factor were compared using the Tukey test at the 5% significance level. The concentration factor means were subjected to regression analysis.
3 Results and Discussion
In Table 1, it was observed that the root length (RL) and shoot length (SL) of sorghum seedlings were 25% and 17% higher, respectively, for seedlings from seeds treated with hydrosol compared to those treated with the extract (p < 0.05). No differences were observed in the means of the products for the other variables analyzed, including first count (FC), total germination (G), germination speed index (GSI), and total dry mass (TDM).
Table 1. Averages for first count (PC), total germination (G), germination speed index (IVG), root length (CR), shoot length (CPA), and total dry mass (MST) of seedlings obtained from sorghum (Sorghum bicolor) seeds treated with hydrosol or extract of Gallesia integrifolia.
	Treatment
	PC (%)
	G (%)
	IVG 
	CR (cm)
	CPA (cm)
	      MST

 (mg-1
Seedling)

	Hydrolate
	21.5
	26 
	5.66 
	6.51 a
	4.89 a
	5.08 

	Extract
	 
	22.0
	28 
	5.44 
	5.27 b
	4.15 b
	5.33 


The means in the column marked with different letters differ significantly according to the Tukey test at the 5% level of significance.
In Table 2, the "product" source of variation was significant only for the variables CR and CPA (F = 5.24 and 10.40, respectively; p < 0.05). The "concentration" source of variation did not show significance for any of the variables analyzed, while the interaction between the product and concentration factors was significant only for CR (F = 2.89; p < 0.05). These results indicate that the hydrosol promoted superior initial vigor in seedlings across all doses, without compromising germination parameters such as PC, G, and IVG.
Table 2 Summary of the analysis of variance (ANOVA), showing the calculated F value and its significance, for the data of first count (PC), total germination (G), germination speed index (IVG), root length (CR), shoot length (CPA) and total dry mass (MST) of sorghum seedlings (Sorghum bicolor) treated with hydrolate by hydro distillation or Gallesia integrifolia extract at concentrations of 0, 5, 10, 15, and 20 ml per 100 kg of seeds.
	
	
	Value F

	Source of variation
	GL
	PC
	G
	IVG
	CR
	CPA
	MST

	Product (P)
	1
	0.08ns
	1.45ns
	0.28ns
	5.24*
	10.40*
	2.19ns

	Concentration (C)
	4
	0.87ns
	0.76ns
	0.47ns
	2.59ns
	1.08ns
	0.54ns

	P x C
	4
	0.34ns
	0.95ns
	1.05ns
	2.89*
	0.53ns
	1.99ns

	C.V. (%)
	
	24.52
	24.73
	23.08
	29.15
	16.13
	10.06


Value F: Mean square of treatment/Mean square of residue; C.V.: Coefficient of variation; DF: Degrees of freedom; * significant at 5% probability of error; ** significant at 1% probability of error; ns: not significant at 5%.
The unfolding of the interaction between the factors "product" and concentration for the CR variable of sorghum seedlings treated with hydrosol or G. integrifolia extract at different concentrations is presented in Figure 1. It was observed that the average CR of seedlings from seeds treated with hydrosol adjusted to an increasing linear equation (ŷ = 5.27 + 0.062x; R² = 0.92), indicating progressive stimulation of root growth with increasing dose. For the extract, the average CR was fit to a second-degree polynomial equation (ŷ = -0.015x² + 0.25x + 5.10; R² = 0.95), with a maximum at 8.50 mL/100 kg of seeds, followed by a decline, suggesting phytotoxicity above 10 mL/100 kg. Thus, at the maximum dose evaluated (20 mL/100 kg), the CR was greater in the hydrosol (7.51 cm) than in the extract (4.92 cm; p < 0.05).
These findings reinforce the biostimulant potential of G. integrifolia hydrosol, an aromatic byproduct of essential oil hydro distillation, rich in water-soluble organosulfur compounds (such as dimethyl disulfide and dimethyl trisulfide, 0.05-0.20 g/L), which promote root and shoot elongation without inhibiting germination. Recent studies corroborate this action: Thymus vulgaris hydrosols selectively inhibit weeds, with less impact on crops such as sorghum, thereby improving the Germination Index (GI) and reducing the median germination time (t50) by 20-50% at diluted concentrations (10-20%). Similarly, hydropriming with natural waters (wells/rivers) increased sorghum germination to 85% under initial water stress, increasing CR, CPA, and root vigor by 30-66%, aligning with the linear pattern observed. (Konstantinović et al., 2022).
The absence of effects on PC, G, and IVG suggests that neither product interferes with the initial hydration and metabolic activation phases of sorghum seeds. Still, the hydrosol modulates post-germination growth via hormonal or osmotic stimulation. Phenolic and organosulfur compounds in hydrosols can activate antioxidant pathways (e.g., increasing proline and total phenols by 39-52% during sorghum germination), reducing lipid peroxidation (MDA) and improving water relations, as reported in primings with allergenic sorghum extracts under salinity (emergence 64% vs. 32% untreated). In the aqueous extract, a decline in CR >10 mL/100 kg indicates phytotoxic allelopathy, common in leaf extracts rich in cyanogenic glycosides or phenols (e.g., p-hydroxybenzoic acid), which inhibit root cell division at high doses, as observed with Calotropis procera extracts in sorghum. (Mikhaylova, 2023; Li et al., 2022). 
Comparatively, extracts of Chenopodium ambrosioides (75 mg/mL) increased the vigor index of soybean seedlings by 35-50%, with gains in seedling vigor/plant vigor ratio and a reduction in fungal infections, attributed to the synergy of soluble volatiles—a plausible mechanism for G. integrifolia, given its documented antifungal activity (MIC < 0.5 mg/mL against Fusarium spp.). In legumes, priming with plant extracts standardizes germination. It increases germination percentage by 20-40% via osmotic and hormonal mechanisms (gibberellins/ABA), supporting sustainable application in sorghum (Huang et al., 2021; Verly et al., 2025). 
The linearity of the hydrosol up to 20 mL/100 kg highlights its safety, contrasting with dose-dependent phytotoxins in the extract and values ​​as byproducts of green chemistry: ~90% of the hydro distillation material is discarded hydrosol, now repurposed for seed treatment. These effects likely derive from sulfur compounds modulating nutrient absorption (K+/Na+), initial photosynthesis, and antioxidant defense, as in allergenic primings that stabilize membranes under stress. Future studies should fractionate the hydrosol via GC-MS to isolate bioactive compounds and test them in the field under edaphoclimatic conditions of Paraná (Huang et al., 2021). 
Figure 1. Root length (cm) of sorghum seedlings (Sorghum bicolor) treated Gallesia integrifolia at concentrations of 0, 5, 10, 15, and 20 mL per 100 kg 
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[Note: Means followed by the same letter within each dose do not differ from each other according to the Tukey test at the 5% level of significance.]
4 Conclusion
The results confirm that G. Integrifolia hydrolate significantly improves Sorghum bicolor seedling vigor, particularly root and shoot elongation, outperforming the aqueous extract across all concentrations (Tukey, p≤0.05). Unlike the extract, which exhibited dose-dependent phytotoxicity above 10 mL/100 kg, hydrolate maintained bio-stimulant effects linearly, valorizing a by-product of essential oil production for sustainable agriculture.
These findings align with green chemistry principles, offering an eco-friendly alternative to synthetic seed treatments amid growing environmental pressures from conventional agro technologies. G. integrifolia's organ sulfur profile likely drives these effects, warranting phytochemical fractionation for active compound isolation.
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