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Abstract 
This paper examines how some natural extracts (aqueous extracts of Silphium perfoliatum organs and sheep 
wool) affect tomato (Solanum lycopersicum L) seed germination. 
The experimental procedure included the analysis of some specific varying concentrations of extracts, 20% 
and 50% for S. perfoliatum and 20%, 40%, 60% and 80 % for sheep's wool, under standardized lab conditions, 
with a control of distilled water. Percentage germination and germination energy were critical parameters noted 
to determine seed viability and vigor. 
The obtained results show clear seed germination inhibition effects in the case of Silphium pefoliatum extracts 
and some stimulation effects in wool extract. Inhibition processes confirm the presence of bioactive allelopathic 
compounds in the extract of Silphium perfoliatum. These active compounds effectively disrupt the early vital 
physiological processes necessary for the successful emergence of seeds. 
Identifying and characterizing the chemical structure of these compounds is crucial. This research process 
would pave the way for the creation of effective and natural alternatives to synthetic agrochemicals, a valuable 
resource useful for sustainable agriculture. 
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Introduction 
The use of aqueous extracts, which are simple solutions obtained by macerating plant material or by-

products in distilled water, is becoming increasingly interesting in the context of adopting more eco-friendly 
practices. From necessary macromolecules and micro molecules to secondary metabolites with therapeutic or 
phytotoxic effects, a variety of water-soluble bioactive substances are found in the complex structures of these 
extracts [9;17]. Biological germination tests using both aqueous extracts from different plant organs (leaves, 
stems and rhizome) of Silphium perfoliatum and sheep's wool extract were carried out on Solanum 
lycopersicum seeds. 

From a biological perspective, the most delicate and essential phase of a plant's life cycle is 
germination [5]. This stage, evaluated by indicators such as Germination Rate (GR), Radicle Length (RL) and 
hypocotyls length (HL) provides a rapid and accurate estimate of seed viability and their response to external 
chemical factors [13].  

Since tomato seeds (Solanum lycopersicum L.) have a high economic value and are recognized as 
sensitive to chemical changes in the environment, we used them as a bioindicator. The allelopathic effect of 
the perennial species Silphium perfoliatum was studied by means of the aqueous extract obtained from its 
aerial parts and rhizomes. Field information indicated a high potential to prevent the development of other 
species, which led us to the conclusion of severe phytotoxicity [6]. Sheep wool extract contains a lot of soluble 
organic compounds (nitrogen, amino acids and hydrolyzed proteins), representing a valuable by-product [12].  

The main aim of this study is to verify whether these extracts cause phytotoxicity effects, this result 
could qualify the extract as a fast-acting germination inhibitor.  

 
Material and Method 
Biologic material: Silphium perfoliatum (rhizomes, leaves, stems and flowers), sheep wool, tomato 

seeds-Tomtim cultivar. 
Aqueous extracts from S. perfoliatum organs 
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Aqueous extracts of Silphium perfoliatum were prepared from aerial parts and dried rhizomes, 
harvested during flowering. Sheep wool extracts were prepared from cleaned and dried wool fibers. 
Standardized tomato seeds (Solanum lycopersicum L.)  cv. Tomtim, were used as bioindicator species. 

The leaves, stems and roots of S. perfoliatum were collected from the experimental field of the 
Department of Plant Physiology, "King Mihai I" University of Life Sciences "King Mihai I" from Timișoara. The 
biological material was dried in an oven (Memmert Model 100-800, Micro Precision Calibration, USA) at 105°C 
with an air flow until a constant weight (figure 1). The raw powder from each part of the Silphium perfoliatum 
plant (rhizomes, stems, leaves, and flowers) (figure 2, 3) was used to prepare the extracts (figure 4, 5), which 
were concentrated using a rotary evaporator (Heidolph Laborota 401, Heidolph Scientific Products GmbH, 
Germany). 

 

  
      Figure 1. Biological material    Figure 2. Shredded biological   Figure 3. Powdered biological                       
                 dried in an oven                           material                          material 

 
 
 
 
 
 
 
 
   
 
Figure 4. Silphium perfoliatum                                          Figure 5. Sheep wool extracts 
 aqueous extract                   
 
Aqueous wool sheep extracts 
The raw sheep wool was washed several times with hot water, mechanically squeezed, and dried in 

an oven at 60°C, then stored in a desiccator. The wool was then degreased using 1% Lipex 100 T enzyme 
(relative to the wool mass) in a wool-to-water ratio of 1:50, at a pH of 8 ± 0.2 and a temperature of 40°C, for 
24 hours with occasional stirring.  After degreasing, the wool was separated, dried at 105°C, and stored in a 
desiccator. To obtain the extract, 10 g of degreased wool was mixed with 0.75 g Ca (OH)₂ and 150 mL distilled 
water heated to 80°C. The mixture was stirred for 3 hours, then incubated statically for 9 hours at the same 
temperature. After cooling to 60°C, the pH was adjusted to 9 with HCl (5%). 

In the second stage, the enzyme Esperaza (5% relative to the wool mass) was added, and the 
hydrolysis reaction continued for 24 hours - 8 hours with stirring and the rest statically. After the hydrolysis 
reaction, the mixture was filtered, yielding keratin hydrolysate (a liquid extract rich in amino acids and organic 
nitrogen) and an undecomposed solid fraction. The extract was then thickened using a rotary evaporator, 
resulting in the final product — wool extract. 

The biological phytotoxicity test (seed germination index) followed the method described by the 
European and Mediterranean Plant Protection Organisation, PP 1/135 [21]. Thus, tomato seeds (cv. Tomtim), 
which are sensitive and suitable for testing extracts from organic materials [15;16], were used in this 
phytotoxicity test. 20 seeds on each petri dish, placed between two filter paper discs, replicated by four were 
incubated at 25 °C for 300 hours in the dark. Finally, the number of germinated seeds was recorded, and the 
length of the radicle and hypocotyls was measured. 

Determinations were carried out in dynamics at 120, 192 and 288 hours on the germination rate, length 
of roots and hypocotyls.  
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The germination rate (GR), root length (RL), hypocotyls length (HL) and germination index (GI) were 
calculated as follows [13]. 

 

𝐺𝑅 (%) =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑒𝑑 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑 î𝑛 𝑆𝑊 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑠

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑒𝑑 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑 𝑖𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 𝑥100 , 

 

𝑅𝐿(%) =
𝑚𝑒𝑎𝑛 𝑟𝑜𝑜𝑡 𝑙𝑒𝑛𝑔ℎ𝑡 𝑖𝑛 𝑆𝑊 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑠

𝑚𝑒𝑎𝑛 𝑟𝑜𝑜𝑡 𝑙𝑒𝑛𝑔ℎ𝑡 𝑖𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
  𝑥 100, 

 

 𝐻𝐿 (%) =  
𝑚𝑒𝑎𝑛 ℎ𝑦𝑝𝑜𝑐𝑜𝑡𝑦𝑙 𝑙𝑒𝑛𝑔ℎ𝑡 î𝑛 𝑆𝑊 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑠

𝑚𝑒𝑎𝑛 ℎ𝑦𝑝𝑜𝑐𝑜𝑡𝑦𝑙 𝑙𝑒𝑛𝑔ℎ𝑡 𝑖𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 𝑥 100, 

 

 𝐺𝐼 (%) =  
𝐺𝑅 𝑥 𝑅𝐿

100
 

The results were performed using IBM SPSS-v.21 and Microsoft Excel 2010. All analyses were 
replicated 4 times, and statistical data were displayed as mean ± standard deviation. The differences between 
the means were determined by the 'linear model for analysis of variance' (ANOVA). The means were 
statistically compared using LSD test, and the significance of differences was expressed with letters. 
 

Results and Discussion 
We looked at how aqueous extracts from Silphium perfoliatum (at 20% and 50% concentrations) and 

sheep wool (at 20%, 40%, 60%, and 80% concentrations) impacted tomato seed germination in a controlled 
lab setting. We try to measure things germination rate (GR), radicle length (RL) and hypocotyls length (HL in 
mm), using distilled water as control. 

With the Silphium perfoliatum extracts, both concentrations completely shut down germination—Gr 
was 0% from start to finish, at 120, 192 and 288 hours. There was no sign of roots or hypocotyls developing 
at all (figure 6) On top of that, we saw mould popping up on some of the treated seeds, which makes me think 
the bioactive stuff in there not only blocked the normal growth processes but might have even encouraged 
fungal growth in the humid lab environment. 

 

 
Control                                  S. perfoliatum extracts 

Figure 6. Tomato seeds germinated in an aqueous extract of Silphium perfoliatum 
 

This kind of strong inhibition really points to the allelopathic power of S. perfoliatum. Probably, 
secondary metabolites like phenolics or terpenoids were messing with key enzymes needed for the radicle to 
poke out and for metabolism to kick in during those early stages.  

The obtained results are in line with other studies in which the inhibitory effect on the germination of 
seeds of different plant species (cultivated and weeds) of extracts from different organs in plants of the 
Asteraceae family has already been demonstrated [3, 8, 10]. 

The cause of the appearance of these allelopathy inhibitions of germination is not yet fully elucidated, 
most studies showing that they are the result of the action of several biochemical compounds present in the 
various organs such as phenols, quinones, lactones, sesquiterpenes, alkaloids, etc. [2, 14]. 

The effects of sheep's wool extracts at different concentrations (20%, 40%, 60% and 80%) on tomato 
seed germination were evaluated under controlled laboratory conditions, using distilled water as a control 
sample. GR (%) was recorded after 120, 192 and 288 hours (table 1). The control variant (V0) showed almost 
complete germination throughout the period, reaching 99% at 120 hours and maintaining above 99% thereafter 
(99.75 ± 0.43% at 192 and 288 hours). At the 20% concentration (V1), germination was slightly delayed 71.75 
± 3.34% at 120 hours, compared to almost 100% in control, but increased to 90.00 ± 3.08% at 192 hours and 
98.75 ± 1.30% at 288 hours. This suggests that the low concentrations of wool extract initially inhibited the 
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seed imbibition and activation of hydrolase enzymes, but most of the seeds eventually germinated 
successfully.  

The moderate inhibition observed may be related to temporary osmotic stress or the presence of 
soluble organic compounds in the extract. At a concentration of 40% (V2), the inhibitory effect was more 
pronounced, germination was 65.00 ± 1.47% at 120 hours and 84.75 ± 2.95% at 192 hours, reaching 95.00 ± 
2.55% after 288 hours. Although most of the seeds eventually germinated, lower baseline values indicate that 
higher concentrations prolonged the latency phase and decreased germination ability. At 60% (V3), 
germination was strongly suppressed, only 20.00 ± 2.55% of seeds germinated at 120 hours, increasing to 
55.75 ± 1.92% at 192 hours and 59.75 ± 1.48% at 288 hours.  

 
Table 1. Effects of sheep wool extract concentrations on tomato seed germination rate 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
The highest concentration 80% (V4) showed the most severe inhibition, with almost non-existent 

germination at 120 hours (0.75 ± 0.83%) and only 15.25 ± 1.48% at 288 hours. Such a drastic reduction in 
germination suggests that excess soluble compounds, possibly proteins or nitrogenous residues, created 
osmotic stress or direct phytotoxicity, preventing normal metabolic activation of the seeds. Overall, the data 
points to a concentration-dependent inhibitory pattern, in which higher levels of the extract delay and 
progressively suppress germination.  

These findings are consistent with previous reports that untreated or unhydrolyzed wool may release 
compounds that temporarily impair water absorption and enzymatic activation during germination. At the same 
time, the near-complete recovery of germination at concentrations of 20-40% after 288 hours suggests that 
diluted extracts could eventually provide a source of nutrients once the inhibitory compounds are metabolized 
or diluted in the seed microenvironment [7]. 

Regarding the effects of sheep's wool extract on the dynamics of root length (RL) and hypocotyl (HL), 
as well as germination time (figure 7) it can be seen that in V0 at 120 hours, the length of the radicle is 33.32 
+ 9.3 mm, and the hypocotyl measures 14.55 + 4.11 mm. After 192 hours, the root grows to 36.38 + 7.51 mm, 
and the hypocotyl at 21.86 + 5.65 mm, and at 288 hours the values reach 37.63 + 7.87 mm for the radicle and 
43.06 + 8.15 mm for the hypocotyl. These high values indicate normal germination and balanced growth. In 
V1, at 120 hours, the length of the radicle it was 12.80 + 10.01mm, and the hypocotyl is 6.64 + 4.08 mm, i.e. 
almost three times shorter than in the control sample. After 192 hours, the radicle reaches 16.36 + 7.64 mm, 
and the hypocotyl reaches 15.86 + 6.12 mm, and at 288 hours they reach 16.42 + 5.42 mm and 27.7 + 8.03mm. 

Treatment 

Sheep wool 
extract 

concentration 
(%) 

Germination 
time (hours) 

Germination 
rate (%) 
x + sx 

V 0 (control) distilled water 120 99,00 + 0,71 

  192 99,75 + 0,43 

  288 99,75 + 0,43 

V 1 20% 120 71,75 + 3,34 

  192 90,00 + 3,08 

  288 98,75 + 1,30 

V 2 40% 120 65,00 + 1,41 

  192 84,75 + 2,95 

  288 95,00 + 2,55 

V 3 60% 120 20,00 + 2,55 

  192 55,75 + 1,92 

  288 59,75 + 1,48 

V 4 80% 120 0,75 + 0,83 

  192 10,00 + 2,12 

  288 15,25 + 1,48 



JOURNAL of Horticulture, Forestry and Biotechnology 
Volume 30(2), 2026, 8-14 

https://jhfb.ro/index.php/jhfb 
Print ISSN: 2066-1797 

Online ISSN: 3045-1876 

12 

 

 
Figure 7. Dynamics of RL and HL of tomato seedlings by using sheep's wool extract 

 
For the V2, the reduction is even more pronounced, for example after 120 hours, the radicle has only 

3.79 + 3.21 mm, and the hypocotyl 3.1 + 1.81 mm, values almost ten times lower than in V0. At 192 hours, the 
RL increases to 7.59 + 3.71 mm, and the hypocotyl to 9.29 + 3.52 mm, and at 288 hours to 7.85 + 2.75 mm 
and 13.62 + 4.96 mm. This variant indicates a pronounced inhibitory effect, with the increase being much 
delayed. The V3 has values close to those of V2, but slightly higher. At 120 hours, the radicle is 4.55 + 3.21 
mm, and the hypocotyl is 2.35 + 0.16mm. After 192 hours, they grow to 5.10 + 4.68 mm and 7.38 + 5.92 mm, 
and at 288 hours they reach 8.32 + 2.79 mm for the radicle and 13.26 + 7.11 mm for the hypocotyl. Compared 
to V2, the growth is slightly better, but much lower than the control. In V4, the negative effect is the strongest 
thus, after 120 hours, both the radicle and the hypocotyl have 0 mm, indicating the absence of growth. At 192 
hours, RL reaches 3.12 + 0.68 mm, and HL remains 0 mm, and at 288 hours the values reach only 3.27 + 0.71 
mm for the radicle and 5.77 + 2.08 mm for the hypocotyl. These results show an almost complete inhibition of 
seedling growth. Therefore, the inhibitory effect of wool extract on the growth of tomato seedlings immediately 
after germination is certain, and the intensity of the process depends mainly on the concentration used.  

The Seed Germination Index (GI) is a widely used indicator for assessing the toxicity of biologically 
active compounds extracted from organic materials such as plants, animals or compost. GI is affected by a 
multitude of factors, including species, genotype, germination substrate, and growing medium. However, the 
seeds of different species vary significantly in terms of the sensitivity to biological toxicity of different extracts. 
Therefore, proper seed selection of different susceptible plant species is essential for toxicity assessment 
[4;20]. 

 

 
Figure 8. Dynamics of the GI by using sheep's wool extract 
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The analysis of experimental data obtained on GI dynamics (figure 8) 120 hours after the initiation of 
germination shows high values only at the control (83.19 %), while V1 and V2 recorded values of 62.28 % and 
51.97 % respectively. In the case of variants with high concentrations of 60 %, the GI was 17.76 %, and at 80 
% the seed germination was completely inhibited 120 hours after the start of germination. The determinations 
made after 192 hours or 288 hours show much lower GI values of around 50 % at V0, V1, V2 and 20-30 % in 
V3 and below 10 % in V4. Values recorded after 120 hours from the start of germination are considered residual 
normalized values of germination, without being considered really eloquent for the characterization of 
phytotoxicity. 

These data show a negative impact of high concentrations of sheep's wool extract on tomato seed 
germination, being consistent with other studies conducted with other types of organic extracts [1, 11, 20].  

Currently, there are several standards for determining the GI in seeds used to assess the toxic 
potential of some natural extracts, and the choice of seeds of different species in published research varies 
greatly. Thus, some research has used corn seeds to assess the phytotoxicity of antibiotics in the co-
composting of food waste and sewage sludge [8], in others it has used lettuce seeds to analyse the maturity 
of food waste in household composting, and Bandini et al. (2020) have chosen lettuce and tomatoes to test 
the phytotoxicity of polyethylene and starch-based packaging under anaerobic digestion and aerobic 
composting.  Also, some studies have used basil seeds and tomato seedlings to assess the maturity of 
compost produced from agro-industrial residues [13, 18]. Overall, seed selection is influenced by many factors, 
such as availability, ease of handling, sensitivity, and growth rate. 
 

Conclusions 
The extracts of Silphium perfoliatum at 20% and 50% concentrations completely inhibited tomato seed 

germination and mould development, confirming their strong allelopathic and phytotoxic properties for 
bioherbicide applications.  

Sheep wool extracts showed inhibition of germination in a concentration-dependent manner: lower 
levels of 20–40% allowed some delayed germination events and higher final GP (90–100%), whereas the 
highest concentrations (60–80%) induced strong suppression and decreased GP. Although hydrolysed wool 
derivatives have been reported as bio stimulants in the literature, this inhibition may be due to the extraction 
method, which should be optimized to take advantage of the nutritional value for enhancing crops. Such 
extracts are promising as an alternative to synthetic agrochemicals for eco-friendly agricultural practices by 
means of targeted inhibitory or nutritive effects. 
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