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ABSTRACT 
Lettuce stands out as a vegetable of great nutritional value, being one of the most 
consumed by the Brazilian population. There are several obstacles found in the production 
of this crop, in which the type of soil in which it is cultivated can be highlighted.  In view of 
this scenario, the present study aimed to investigate the effects of plant extracts applied via 
sandy soil on the productive performance of iceberg lettuce. The study was carried out in a 
field environment, in the Green Belt, located in Imperatriz, Maranhão. The experiment was 
designed in randomized blocks, 3 x 4 factorial scheme, in 3 replications. The treatments 
consisted of a combination of 3 plant extracts and 4 different doses of extracts. The 
following determinations were made: fresh air, stem and root mass, in addition to the 
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number of leaves, stem diameter and length, and yield. The Mexican sunflower extract 
stood out, with the doses of 150 g and 225 g 4 L-1 of water presenting the best results for 
aerial fresh mass, number of leaves, stem diameter and weight, in addition to productivity. 
The vinegar extract showed better performance at the dose of 75 g 4 L-1 of water. The 
castor bean extract had more expressive results at the dose of 75 g 4 L-1 of water. It is 
concluded that the proper management of doses and types of plant extracts can maximize 
the benefits of these natural products, reducing the dependence on chemical inputs and 
promoting soil health. 
 
Keywords: Lactuca sativa L. Plant extracts. Productivity. 
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INTRODUCTION 

Lettuce (Lactuca sativa L.) belongs to the Asteraceae family (Sediyama et al., 2007) 

originating from wild species, which can still be found in temperate climate regions, in 

southern Europe and Western Asia, according to Filgueira (2003). Due to its flavor, reduced 

price for the consumer and nutritional quality, it becomes the main salad consumed by the 

population (Silva et al., 2013). 

Lettuce is pointed out as the most important leafy vegetable in the Brazilian diet, 

since it is the most consumed vegetable in Brazil and in the world, which ensures an 

important share of the Brazilian vegetable market for this species, being of great economic 

and productive importance (Milhomens et al. 2015). The great demand for this vegetable 

has encouraged the adoption of new cultivation technologies, aiming to increase 

productivity, reduce production costs and offer the market a better quality product at a more 

affordable price (Silva et al., 2013). 

According to Filgueira (1982), among vegetables, lettuce is one of the richest 

sources of minerals and cellulose. Lettuce plays a relevant role in the diet and in the 

promotion of human health, as it is rich in essential vitamins and minerals, it is the most 

popular among the leaves are consumed. It is recognized for its calming properties, with a 

high content of vitamins A, B, and C, as well as calcium, phosphorus, potassium, fiber, and 

other minerals (Shi et al., 2022). 

Research in the agricultural sector has been developing increasingly due to the need 

to provide nutrients to plants, however, taking into account production costs, increased 

demand in food production and the environmental problems that today's society has been 

facing (Chiconato et al., 2013). 

The search for a safer and more sustainable form of cultivation, the so-called 

alternative agriculture, brings to discussion the use of less aggressive products with the 

intention of harmonizing economic growth with social well-being and the preservation of 

natural resources. These products can be used as fertilizers, antifungals, antimicrobials, 

resistance inducers, herbicides, nematicides, growth promoters and, mainly, in the control 

of phytopathogenic organisms Carvalho (2021). 

In this sense, the use of plant extracts has proven to be a promising approach, as 

these extracts contain bioactive compounds that perform essential functions in plants 

contributing to plant development, including growth regulation, protection against 

pathogens, and environmental stress. According to Santos et al. (2013), they report that 
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there are several types of plants with insecticidal, fungicide, nematicide and herbicide 

potential, capable of controlling or avoiding plant and soil contamination through secondary 

metabolites such as quinones, flavonoids, essential oils, alkaloids, among others. 

The effects of plant extracts are due to their phytochemical substances, present in 

various parts of the plant, such as seeds, leaves and fruits, having properties that have an 

extensive magnitude in therapeutic treatments against microorganisms and an option for 

insect control at low cost, without harm to applicators and consumers, coming from 

renewable sources (Bezerra, 2012). The chemical character of the extract is evidenced by 

its content in substances of the following groups: alkaloids, saponins, tannins, fatty oils, 

essential oils, mucilages, antiseptics, flavonoids, organic acid (Carvalho, 2001). 

In view of this scenario, the present study aimed to investigate the effects of plant 

extracts applied via soil on the productive performance of iceberg lettuce. This research 

aims to contribute to the development of more sustainable and efficient agricultural 

practices, offering natural alternatives that can improve the productivity and quality of 

lettuce, as well as promote the conservation of the soil and the agricultural environment as 

a whole. 

 

METHODOLOGY 

CHARACTERIZATION OF THE EXPERIMENTAL AREA 

The study was carried out in a field environment, in the Green Belt, located in 

Imperatriz, Maranhão, Brazil (5º 31' 32' S; 47º 26' 35' W). The climate of the region, 

according to the Köppen classification, is of the Aw type, tropical with an average annual 

rainfall of 1,221 mm and an average annual temperature of 27.1 ºC.  

The soil of the area where the experiment was conducted is characterized by a 

predominantly medium to sandy texture, which results in low moisture retention capacity. 

These characteristics make the soil highly susceptible to erosion. During periods of higher 

rainfall, points with poor drainage were identified, in which water infiltration is difficult due to 

the presence of an impermeable layer in the soil profile. 

 

EXPERIMENTAL DESIGN AND TREATMENTS 

The experiment was designed in randomized blocks, 3 x 4 factorial scheme, with 12 

treatments in 3 replications. The treatments consisted of the combination of 3 plant extracts 

and 4 different doses of extracts, the first factor being plant extracts of Mexican sunflower 
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(Tithonia diversifolia L.), vinegar (Hibiscus sabdariffa L.) and castor bean (Ricinus 

communis L.) and the second factor, with dose levels of plant extracts: 0; 75 g, 150 g, 225 g 

of fresh leaves/ 4 L of water.  

 

INSTALLATION AND CONDUCT OF THE EXPERIMENT 

The area is historically cultivated with leafy vegetables, quite uniform in relation to 

soil color and topography, in addition there are no records of soil patches. Soil tillage began 

with mechanical defragmentation of crop residues, followed by chiseling and leveling of the 

beds. The seedlings of the lettuce cultivar BRS Leila were obtained from a local producer in 

the region of Imperatriz – MA, already established with 4 to 5 definitive leaves, ready for 

transplanting. 

The experiment was implemented on 07/15/2024, in an area of 90 m², with 3 beds 

with dimensions of 1.0 m x 18 m each, totaling 12 plots of 1.5 m2. Each plot was composed 

of 5 crop rows, adopting spacing of 0.25 m x 0.25 m, with 20 plants per plot. The two crop 

rows on the sides, as well as 0.25 m at each end of the central rows, were considered as 

borders, and were not used for the evaluations of the plants in the useful area of the plot.  

The soil was turned over for a week and exposed to solar radiation in order to reduce 

the population of the soil pest. The preparation of the plant extract was carried out with the 

collection of fresh leaves present on the property. After collection, the material was washed 

under running water. Subsequently, the leaves were weighed on a scale with a precision of 

0.001 g, and after the material was crushed in domestic liquefy, adding the established 

dosages to a fixed volume of water of 4 L.  

The application of the different plant extracts was done by adding the material to the 

soil without sieving, in order to favor a greater reaction of the final product in the soil. Only 

after 1 day of the addition of the extract to the soil, the seedlings were transplanted, and 

after 7 days of transplanting, a mineral fertilization was carried out using the commercial 

formulation 10 – 10 -10, at the dosage of 47 g plant-1 in a single application.  

The crop treatments carried out during crop training consisted of the daily application 

of 3 mm of water from tripe irrigation, divided twice a day. In addition, manual weeding was 

carried out weekly, in order to reduce the competition of spontaneous herbs for water and 

nutrients present in the cultivation area of the main crop, lettuce. During the development of 

the crop in the field, the presence of pathogens and pests was not noticed, and the use of 

pesticides was not necessary.  
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VARIABLES ANALYZED 

In the period of 32 days after transplanting the seedlings, plants were harvested from 

the experimental area in order to evaluate the agronomic characteristics of the crop. For 

this, 5 plants were collected from the useful areas of each plot and later evaluated 

according to the established parameters.  

The following determinations were made: fresh mass of the aerial part, stem and 

root, in addition to the number of leaves, diameter and length of the stem and productivity. 

The determination of fresh aerial, stem and root mass were carried out by weighing on a 

semi-analytical scale, at the Weighing Laboratory of UEMASUL/CCA, and this 

measurement was expressed in g plant-1. The number of leaves was measured by counting 

total leaves per plant. The diameter and length of the stem were determined using a digital 

caliper, values expressed in mm. And the yield, expressed in kg ha-1, was estimated based 

on the fresh mass of the lettuce plant and extrapolated to hectare.  

 

STATISTICAL ANALYSIS  

The data obtained were tested for normality of errors (Royston, 1995) and 

homogeneity of variance (Gastwirth et al., 2009), and were submitted to analysis of 

variance by the F test (p<0.05), and the means were compared by Tukey's test (p<0.05), 

using the Agroestat software, version 1.0.  

 

RESULTS 

Figure 1 illustrates the behavior of the lettuce crop as a function of the application of 

different plant extracts in the crop soil. The results of the study indicated significant 

differences in the interaction of the factors studied (p-value < 0.01). Specifically for Mexican 

sunflower extract (Tithonia diversifolia), the dosages of 150 and 225 g 4 L-1 of water were 

the most expressive, providing fresh air masses of 262.2 g and 284.9 g plant-1, respectively. 
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Figure 1. Fresh aerial mass of lettuce submitted to the application of extracts of Mexican Sunflower 
(Tithonia diversifolia L.), Vinaigrette (Hibiscus sabdariffa L.) and Castor bean (Ricinus communis L.)  via 
soil. Capital letters indicate the comparison of extracts between doses; The lowercase letters indicate the 
comparison of the extracts within the dose. **significant (p < 0.01). 

 
Source: Lima et al. (2025) 

 

Figure 2 presents the results related to the amount of leaves developed in lettuce 

plants submitted to the application of plant extracts in the soil. The experiment revealed 

significant differences for the interaction of the factors studied (p-value < 0.01). 

 

Figure 2. Number of lettuce leaves submitted to application of extracts of Mexican Sunflower (Tithonia 
diversifolia L.), Vinaigrette (Hibiscus sabdariffa L.) and Castor bean (Ricinus communis L.) via soil. Capital 
letters indicate the comparison of the extracts between the doses; The lowercase letters indicate the 
comparison of the extracts within the dose. **significant (p < 0.01). 

 
Source: Lima et al. (2025) 

 

Figure 3 shows the stem diameter of lettuce plants submitted to the application of 

plant extracts in the soil. There was a significant interaction for the interaction of the factors, 

p-value <0.01. 

 



 

 
REVISTA ARACÊ, São José dos Pinhais, v.7, n.4, p. 20406-20425, 2025 

20413 

Figure 3. Diameter of the stem of lettuce submitted to the application of extracts of Mexican Sunflower 
(Tithonia diversifolia L.), Vinaigrette (Hibiscus sabdariffa L.) and Castor bean (Ricinus communis L.) via soil. 
Capital letters indicate the comparison of the extracts between the doses; The lowercase letters indicate the 
comparison of the extracts within the dose. **significant (p < 0.01). 

 
Source: Lima et al. (2025) 

 

Figure 4 shows the stem weight of lettuce plants submitted to the application of plant 

extracts in the soil. A significant difference was observed in relation to plant factors, doses 

and species, with a p-value < 0.01. 

 

Figure 4. Weight of the lettuce stem submitted to the application of extracts of Mexican Sunflower (Tithonia 
diversifolia L.), Vinaigrette (Hibiscus sabdariffa L.) and Castor bean (Ricinus communis L.) via soil. Capital 
letters indicate the comparison of the extracts between the doses; The lowercase letters indicate the 
comparison of the extracts within the dose. **significant (p < 0.01). 

 
Source: Lima et al. (2025) 
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Figure 5 shows the stem length of lettuce plants submitted to the application of plant 

extracts in the soil. A significant difference was observed in relation to plant factors, doses 

and species, with a p-value < 0.01. 

According to Figure 5, the Mexican sunflower extract (Tithonia diversifolia) showed a 

significant difference in relation to the doses and the other treatments. The highest mean 

stem length was observed at the dose of 150 g 4 L-1 of water, with 15.69 cm, while the 

lowest mean occurred at the dose of 75 g 4 L-1 of water, with 6.56 cm, when compared to 

the control group (control). 

 

Figure 5. Length of the lettuce stem submitted to the application of extracts of Mexican Sunflower (Tithonia 
diversifolia L.), Vinaigrette (Hibiscus sabdariffa L.) and Castor bean (Ricinus communis L.) via soil. Capital 
letters indicate the comparison of extracts between doses; The lowercase letters indicate the comparison of 
the extracts within the dose. **significant (p < 0.01). 

 
Source: Lima et al. (2025) 

 

Figure 6 refers to the root weight of lettuce plants submitted to the application of 

plant extracts via soil. A significant difference was observed between both the doses and 

the treatments studied (p < 0.01).  
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Figure 6. Root weight of lettuce submitted to application of extracts of Mexican Sunflower (Tithonia 
diversifolia L.), Vinaigrette (Hibiscus sabdariffa L.) and Castor bean (Ricinus communis L.) via soil. Capital 
letters indicate the comparison of the extracts between the doses; The lowercase letters indicate the 
comparison of the extracts within the dose. **significant (p < 0.01). 

 
Source: Lima et al. (2025) 

 

The Mexican sunflower extract (Tithonia diversifolia) showed the highest root weight 

compared to the other treatments, with an average of 15.83 g at the dose of 150 g 4 L-1 of 

water and 14.39 g at the dose of 225 g 4 L-1 of water. 

Figure 7 shows the yield of lettuce submitted to application of plant extracts via soil. 

Regarding productivity, it is notorious that there was a significant difference for the variables 

studied (p<0.01).  

 

Figure 7. Yield of lettuce submitted to the application of extracts of Mexican Sunflower (Tithonia diversifolia 
L.), Vinaigrette (Hibiscus sabdariffa L.) and Castor bean (Ricinus communis L.) via soil. Capital letters 
indicate the comparison of the extracts between the doses; The lowercase letters indicate the comparison 
of the extracts within the dose. **significant (p < 0.01). 

 
Source: Lima et al. (2025) 
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The highest yield was observed in the treatment with sunflower extract, followed by 

vinegar extract and, finally, castor bean extract (Figure 7). Sunflower extract provided the 

highest yield, with 21.69 ton ha-1 at the dose of 225 g 4 L-1 of water, due to the availability of 

sufficient nutrients for lettuce development. 

 

DISCUSSION 

With the increase in the doses of Mexican sunflower extract, there was a progressive 

increase in the aerial fresh mass of lettuce plants (Figure 1). This behavior can be attributed 

to the high concentration of nitrogen present in the composition of the Mexican sunflower, 

an essential nutrient for leaf development. Previous studies have highlighted the ability of T. 

diversifolia to accumulate high amounts of nitrogen and other minerals in its leaves (Ruiz et 

al., 2009; García, 2017), which reinforces its effectiveness as a biofertilizer in agricultural 

cultivation. 

Research indicates that this species has significant concentrations of nutrients, 

especially nitrogen (N) and phosphorus (P), as well as a high carbon/nitrogen (C/N) ratio 

(Almeida et al., 2009). These characteristics make the plant an excellent option for 

fertilization, being used as a plant extract to promote plant development, thus allowing the 

increase of the fresh mass of the aerial part. Therefore, the combination of essential 

nutrients, bioactive compounds, biostimulant effect and improvement of soil conditions 

favors the increase of the aerial fresh mass of lettuce. This is because Tithonia diversifolia 

acts as a fast-release organic fertilizer and growth promoter, maximizing the plant's 

physiological and biochemical processes. 

In relation to the vinegar extract (Hibiscus sabdariffa), a different behavior is 

observed from that observed with the Mexican sunflower extract (Figure 1). At the dose of 

75 g 4 L-1 of water, the performance was superior, resulting in an aerial fresh mass of 

249.13 g. However, at the doses of 150 g 4 L-1 of water and 225 g 4 L-1 of water, there was a 

sharp decline in performance, with values reduced to 192.63 g and 106.27 g of aerial fresh 

mass,  respectively. 

This decline in the weight of the fresh air mass of lettuce can be attributed to the 

increase in the concentration of vinegar extracts, which contain allelopathic compounds. 

These compounds are known to induce chemical, oxidative, and osmotic stress, interfering 

with plant metabolism and creating harsh soil conditions. Although they contribute to 
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increased nutrient availability and growth efficiency at moderate concentrations, excessive 

doses become toxic, harming plant development. 

Studies by Hoffmann et al. (2007) corroborate these findings, demonstrating that 

extracts from species such as oleander (Nerium oleander) and me-nobody-can 

(Dieffenbachia seguine) cause reductions in the fresh and dry biomass of lettuce and picão-

preto (Bidens pilosa) seedlings. These reductions were proportional to the increase in the 

concentration of the extracts, evidencing the toxic effects of high doses. 

A similar behavior was observed in the treatment with castor bean extract (Ricinus 

communis), whose best performance occurred at the dose of 75 g 4 L-1 of water, resulting in 

165.05 g of fresh air mass. With the increase in doses, there was a progressive reduction in 

the aerial fresh mass of lettuce plants submitted to this treatment (Figure 1). 

This decline is attributed to the possible allelopathic effect of castor bean extract on 

lettuce plants. At higher concentrations, the compounds present in the extract may have 

negatively impacted the development of both the shoot and the root system of the plants. 

This effect occurs due to interference with plant metabolism, potentially caused by 

secondary compounds that limit growth and physiological efficiency. 

According to Dela Pena et al. (2013), the aqueous extract of daisy can be used as an 

alternative to organic foliar fertilizer, being effective to increase the productivity of leafy 

vegetables in the Philippines. In addition, studies indicated that the biomass of T. 

diversifolia had positive effects on the development of the aerial parts and roots of the bean 

plant. This benefit is associated with the application of mulch, which contributed to the 

significant addition of phosphorus (P) and potassium (K) to the soil, promoting greater 

absorption of these nutrients by plants (Mustonen et al., 2014). 

For the vinegar extract (Hibiscus sabdariffa), the best response was observed at the 

dose of 150 g 4 L-1 of water, with an average of 23.98 leaves per plant. On the other hand, 

the lowest amount of leaves was recorded at the dose of 225 g 4 L-1 of water, with an 

average of 13.98 leaves. 

Regarding the variable number of leaves, the treatment with Mexican sunflower 

(Tithonia diversifolia) stood out. As the doses were increased, the plants submitted to this 

treatment showed superior responses, reaching an average of 27.96 leaves at a dose of 

225 g 4 L-1 of water. 

Regarding castor bean extract (Ricinus communis), lettuce plants submitted to a 

dose of 75 g 4 L-1 of water exhibited the highest average number of leaves, with 19.96 
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leaves per plant. However, there was a gradual reduction in the number of leaves as the 

doses were increased. 

The decrease in the number of leaves in both treatments is explained by the 

presence of chemical compounds in high doses, with allelopathic properties in plant 

extracts, such as flavonoids. These compounds are known to interfere with plant growth 

and development, directly impacting the process of cell division (Hess, 1987). 

It was observed that lettuce plants treated with sunflower extract (Tithonia 

diversifolia) had the largest stem diameters at doses of 150 and 225 g 4 L-1 of water, with no 

significant differences between these doses, with an average value of 2.59 cm. When 

comparing these results with those obtained for the other extracts at each dose, a 

significant difference was found between the treatments. Sunflower extract stood out as the 

most effective, followed by vinegar extract (Hibiscus sabdariffa), while castor bean extract 

(Ricinus communis) had the lowest mean stem diameter values. 

Plants treated with Mexican sunflower extract (Tithonia diversifolia) showed an 

increasing response as doses of the extract increased. The lowest stem weight was 

observed at the dose of 75 g 4 L-1 of water, with 12.37 g, while the highest weight was 

recorded at the dose of 255 g 4 L-1 of water, with 30.8 g plant-1. 

The results obtained in this study are consistent with those of Oyerinde et al. (2009), 

who investigated the allelopathic effects of T. diversifolia on germination, growth and 

chlorophyll content of maize. Its results indicated that the aqueous extract of fresh shoots of 

T. diversifolia significantly promoted the increase of fresh weight, dry weight of the leaf 

area, and root weight, in addition to stimulating the growth of corn seedlings. 

The plants treated with the vinegar extract (Hibiscus sabdariffa) showed the highest 

stem weights at the doses of 75 and 150 g 4 L-1 of water, with averages of 21.61 g and 

24.13 g, respectively. On the other hand, the lowest stem weight values were observed in 

plants submitted to the dose of 225 g 4 L-1 of water, with 7.17 g plant-1. 

On the other hand, castor bean extract (Ricinus communis) resulted in the lowest 

stem weight values when compared to the other extracts. The plants treated with the dose 

of 75 g 4 L-1 of water showed the highest stem weight, with an average of 17.69 g, while the 

doses of 150 and 225 g 4 L-1 of water showed the lowest values. 

Similar results were found by Borges et al. (2007), who observed the decrease in the 

growth of the shoot and roots of lettuce plants as the concentration of dry castor bean leaf 

extract increased. Additional research indicated that the application of dried castor bean 
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leaf extract reduced both germination and development of lettuce plants Borges et al. 

(2011). 

In a research carried out by Ajayi et al. (2017) with cowpea (Vigna unguiculata L.), it 

was observed that the extracts of Tithonia diversifolia promoted the development of plants 

throughout the cycle, from germination to the maturity phase, also caused the reduction of 

the density of spontaneous plants such as Bidens pilosa and Brachiaria brizantha. Ilori et al. 

(2007) also observed that T. diversifolia may favor the development of growth intervals in 

more mature plants, after the initial phase of establishment of Oryza sativa seedlings. 

The castor bean extract (Ricinus communis) showed better performance at the dose 

of 75 g 4 L-1 of water, with an average stem length of 12.39 cm. In the doses of 150 and 225 

g 4 L-1 of water, no significant difference was observed between the doses, and both 

presented lower values compared to the dose of 75 g 4 L-1 of water. Similar results were 

found by Silva et al. (2011), who studied the extract of dried castor bean leaves. The 

authors reported that the extract caused significant interference with seedling development, 

especially by inhibiting root growth, and that this influence was more pronounced at the 

higher concentrations of the extract. 

The application of Mexican sunflower extract favored a better absorption of nutrients 

by the root system, resulting in more vigorous roots. The bioactive compounds present in 

the extract stimulated root growth, promoting root expansion and, consequently, increasing 

weight and root mass. 

The vinegar extract (Hibiscus sabdariffa) had the highest average root weight at the 

dose of 150 g 4 L-1 of water, with 11.21 g, and the lowest weight at the dose of g 4 L-1 of 

water, with 3.54 g. Between the doses of 150 and 225 g 4 L-1 of water,  A marked decrease 

in root weight was observed. This behavior can be explained by the fact that roots are 

generally more sensitive to substances present in extracts, compared to other seedling 

structures (Chon et al., 2000). This occurs due to the direct and prolonged contact of the 

roots with the allelochemicals present in the extract, while the other structures of the 

seedlings are in less continuous contact. In addition, this response may be a reflection of 

the distinct physiology between different parts of the plant (Aquila et al., 2000). 

Lettuces submitted to castor bean extract (Ricinus communis) showed an increase in 

root weight as the doses were increased, reaching a weight of 7.59 g at a dose of 225 g 4 L-

1 of water (Figure 6). Castor bean extract contains bioactive compounds, such as alkaloids, 

terpenes, and ricinin, which have allelopathic or biostimulant properties. These compounds 
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can act selectively, affecting certain plants or specific parts, but without significantly 

interfering with root development. Even with the increase in the doses of castor bean 

extract, it was observed that the roots developed more vigorously at the higher dose of the 

extract, indicating a positive response to these compounds. 

In Ghana, green manure with T. diversifolia is widely recommended for vegetables 

(Partey et al., 2011), and in Cameroon, the combination of T. diversifolia biomass  with NPK 

increased cassava production by 45% compared to treatment without inputs (Bilong et al., 

2017). Studies in Kenya have also shown that the biomass of T. diversifolia can result in 

maize yield similar to that of fertilization with N, P and NPK, suggesting its use as an 

alternative source of fertilizer (Achieng et al., 2010). 

According to Dayoolagbende et al. (2019), the combination of nitrogen fertilizer 

(urea) with Tithonia diversifolia mulch  significantly increased the levels of nitrogen, organic 

matter, total porosity, moisture content, cation exchange capacity, and soil infiltration rate. 

These effects resulted in an increase in corn yield and an improvement in the 

physicochemical properties of the soil. 

The vinegar extract showed the highest productivity at the dose of 75 g 4 L-1 of water, 

with 18.96 ton ha-1, while the castor bean extract also obtained the highest productivity at 

the dose of 75 g 4 L-1 of water, with 12.56 ton ha-1. However, lettuces treated with vinegar 

and castor bean extracts showed lower development compared to those treated with 

Mexican sunflower extract. Doses higher than 75 g 4 L-1 caused allelopathic effects, 

reducing yield due to the difficulty of the plants to develop with the increase in the 

concentrations of the compounds. According to Rodrigues et al. (1999), these effects can 

be attributed to allelopathic compounds, which inhibit germination and growth by interfering 

with cell division, membrane permeability, and enzyme activation, impairing final 

productivity. 

 

CONCLUSION 

It is concluded that the application of plant extracts via soil proved to be an effective 

strategy to enhance the productive performance of iceberg lettuce, promoting a better 

development compared to the control treatment.  

The Mexican sunflower extract (Tithonia diversifolia) stood out, with the doses of 150 

g and 225 g 4 L-1 of water presenting the best results for the aerial fresh mass, number of 
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leaves, diameter and weight of the stem, in addition to the yield, which reached 21.69 ton ha-

1 at the dose of 225 g 4 L-1.  

The vinegar extract (Hibiscus sabdariffa) showed better performance at the dose of 

75 g 4 L-1 of water, providing better growth and yield of lettuce, the increase in the 

concentrations of the stratum doses resulted in harmful allelopathic effects, reducing the 

productive efficiency. Similarly, castor bean extract (Ricinus communis) had more 

expressive results at the dose of 75 g 4 L-1 of water, achieving better lettuce responses to 

the evaluated indexes, reaching a yield of 12.56 ton ha-1.  

This study shows that the proper management of doses and types of plant extracts 

can maximize the benefits of these natural products, reducing dependence on chemical 

inputs and promoting soil health.  
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