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Agronomic characteristics of mint fertilized with a mixture of cattle manure with hairy woodrose (Merremia aegyptia L.) in a soil classified as oxisol

	Aims: The use of a mixture of organic fertilizer sources is of paramount importance for the full development of horticultural and medicinal plants that family farmers cultivate using fertilizer sources present within the cultivation areas, such as hairy woodrose (Merremia aegyptia L.), which is very common in the semi-arid region of Brazil.
Place of Study: The research was developed at the experimental farm of the Federal Rural University of the Semi-Arid Region (UFERSA), Brazil, with geographic coordinates of latitude 5°03’37” S and longitude 37°23’50” W, at an altitude of 72 m.
Study  Design and Methodology:  The experimental design was a randomized complete block design with five treatments and four replicates. The treatments consisted of five doses of hairy woodrose (Merremia aegyptia L.) plus cattle manure (0.0, 2.5, 5.0, 7.5 and 10.0 kg m-2).  
Mint evaluated characteristics: The peppermint cultivar used was Mentha piperita, which is widely used by family farmers in their home gardens. The characteristics evaluated were: biomass height, biomass production, number of bunches, and dry mass. 

Conclusions: The greatest agronomic efficiency of mint was observed at a dose of 5.0 kg m-2 of the mixture of hairy woodrose (Merremia aegyptia L.) with cattle manure, with values of 2.02 kg m-2 and 20.08 units of bunches m-2, respectively. The mixture of organic fertilizers of plant and animal origin is extremely important in the production of medicinal plants by family farmers.
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1. Introduction 
Peppermint, Mentha piperita, is a multifunctional herb known throughout history for its use in traditional medicine and various other fields. It is characterized as a stoloniferous, perennial herbaceous plant with a strong fragrance, belonging to the Labiatae (Lamiaceae) family and the Mentha genus. It is known worldwide for its unique flavor, aroma, and medicinal uses. The use of peppermint is widespread in the culinary, cosmetic, and medicinal industries (Adel et al., 2024). Its geographic distribution in Brazil covers the North, Northeast, Central-West, Southeast, and South regions, as these areas have a suitable environment with adequate light, humidity, and temperature for its cultivation (Casais et al., 2020).

Brazil ranks 13th in the world in terms of area dedicated to certified organic agriculture, with an area exceeding 275,000 hectares. Among the foods produced, vegetables for the domestic market stand out (Moura et al., 2022). This species is widely produced by family farmers in the Mossoró region, where organic waste is used as a source of fertilizer in the soil fertilization process.

Among the alternatives that can be used to increase nutrient levels in the soil is hairy woodrose (Merremia aegyptia L.), which is quite common in the semi-arid region, producing green and dry biomass of 40.0 t ha-1 and 7.8 t ha-1, respectively, with a nitrogen content above 20 g kg-1 and a carbon-nitrogen ratio of 22/1 (Linhares et al., 2021), making it of great importance to farmers engaged in this activity.

1.1 Research objective.

Given the importance of seeking sustainable alternatives in the production of medicinal plants, the objective was to study the agronomic evaluation of mint cultivation under varying amounts of a mixture of cattle manure and hairy woodrose (Merremia aegyptia L.).
2. Materials and methods

2.1 Characterization of the experimental area

The experiment was conducted at the Rafael Fernandes experimental farm, in the district of Alagoinha (5º03'37"S, 37º23'50"W), northwest of Mossoró, State of Rio Grande do Norte, Brazil, which has approximately 400 hectares (Rêgo et al., 2016), from September to November 2024 in pots 30 cm high, with a total area of ​​0.07 m2.
According to Kottek et al. (2006) and the Köppen classification, the local climate is BSwh‘, dry and very hot, with a dry season, often from June to January, and a rainy season from February to May, with an average annual rainfall of 673.9 mm and an average relative humidity of 68.9%. The soil is classified as a sandy loam Red-Yellow Latosol (Embrapa, 2006).
Before the field experiment was set up, soil samples were collected down to the 0-20 cm layer and sent for processing and analysis to the Water, Soil and Plant Analysis Laboratory at UFERSA, yielding the following results: pH (water 1:2.5) = 6.85; exchangeable cations Ca = 2.30 cmolc dm-3; Mg = 0.58 cmolc dm-3; K = 40.2 mg dm-3; Na = 11.3 mg dm-3; P (Mehlich) = 2.65 mg dm-3 and organic matter = 1.25 g kg-1.
2.2 Experimental design and treatments
The experimental design used was a randomized complete block design with five treatments and four replications. The treatments consisted of five doses of hairy woodrose (Merremia aegyptia L.) plus cattle manure (0.0; 2.5; 5.0; 7.5 and 10.0 kg m-2). The experiment was set up in pots with an area of ​​0.07 m2 and a height of 30 cm. The propagation of the seedlings was carried out by pruning the apical buds, collected from selected Mentha piperita plants, and cultivated in 128-cell expanded polystyrene trays containing commercial vermiculite substrate. 

The seedlings were transplanted after 15 days of cultivation in a greenhouse with 50% shade, until they reached approximately 10 cm in height. Hairy woodrose (Merremia aegyptia L.) mixed with cattle manure was left to decompose for a period of 30 days prior to the planting of the mint-arugula intercropping system (Linhares et al., 2012). During the period when the residues remained in the soil, prior to sowing, irrigation was carried out in order to maintain soil moisture, contributing to the decomposition process.
The hairy woodrose (Merremia aegyptia L.) was collected manually, and three samples were taken for chemical analysis, obtaining the following results: 600 g kg-1 of carbon (W); 24.0 g kg-1 of nitrogen (N); 16.6 g kg-1 of phosphorus (P); 18.7 g kg-1 of potassium (P); 10.3 g kg-1 of calcium (Ca); 11.4 g kg-1 of magnesium (Mg); and a carbon-nitrogen ratio of 25/1 (C/N) (Figure 1).
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Figure 1. Hairy woodrose (Merremia aegyptia L.) in full bloom in the semi-arid region of Brazil.
2.3 Evaluation of the characteristics of mint (Mentha piperita L.) cultivation.
The harvest was carried out 90 days after transplanting the mint, cutting all plants from the usable area. After harvesting, the plants were transported to the Post-Harvest Vegetable Laboratory of the Department of Phytotechnics at UFERSA, where they were analyzed.
For mint cultivation, the following characteristics were evaluated: biomass height (measured in the field, in centimeters, with a millimeter ruler), green mass (obtained by cutting above the ground, weighed on a precision scale of 1.0 g and expressed in grams m², corresponding to family farmers who cultivate areas in the Mossoró-RN region), number of bunches (determined by dividing the fresh mass in an area of ​​1.0 m² by 100 g, comparable to the weight of a bunch of mint sold at the local agroecological fair and on supermarket shelves in Mossoró-RN-Brazil, measured in m-2 units) and dry mass (obtained in an oven with forced heating at 65 °C, until constant mass and expressed in g·100 m²).
2.4 Statistical analysis

Statistical analysis was performed according to conventional analysis of variance methods (Banzatto; Kronka, 2006), using the statistical software ESTAT (Barbosa, Malheiros and Banzatto 1992). The response curve fitting procedure was performed with the ESTAT software (Barbosa, Malheiros and Banzatto 1992), applying regression analysis and conducting hypothesis testing, which helps the researcher accept or reject a statistical hypothesis based on experimental results (Assis, Sousa and Linhares, 2020; Assis, 2013).
3. Results and discussion
There was a significant effect at the p<0.05 probability level for phytomass height, green mass, number of bunches, and dry mass of mint as a function of the different doses of hairy woodrose (Merremia aegyptia L) cattle manure incorporated into the soil, with differences also observed between blocks at the p<0.05 probability level for all evaluated characteristics (Table 1). It is worth highlighting that in the agricultural areas of the semi-arid region of Brazil, many farmers work in the production of medicinal plants, making it necessary to have sources of fertilizer that enhance production.
Table 1. Plant height values, expressed in cm (PH), mint green mass, expressed in kg m-2 (MGM), number of mint bunches, expressed in bunch units m-2 (NMB) and mint dry mass, expressed in kg m-2 (MDM) as a function of different doses of hairy woodrose (Merremia aegyptia L.) cattle manure in a oxisol in the semi-arid region.
	Causes of Variation
	GL
	PH
	MGM
	NMB
	MDM

	Treatments
	3
	10.65**
	8.92**
	8.92**
	7.37**

	Blocks
	4
	5.71*
	5.88*
	5.88*
	6.00*

	Residue
	12
	----
	------
	----
	----

	Average
	----
	26.28
	1.64
	16.25
	0.28

	Coefficient of variation (%)
	----
	10.73
	25.78
	25.26
	22.29


**= significativo a 1% *= significativo a 5% ns= não significativo.

The height of mint phytomass was influenced by the addition of jitirana (Merremia aegyptia L.) plus cattle manure, with a maximum value of 30.03 cm at a dose of 7.51 kg m-2 (Figure 2). The height of mint phytomass is influenced by the increased addition of organic residues to the soil. Superior performance was observed by Almeida (2016) when evaluating mint production with different doses of jitirana and harvest times, obtaining an average biomass height of 34.6 cm 90 days after transplanting.
 Probably, the amounts of fertilizers used contributed significantly to this difference, as did Melo et al. (2024) studying the agronomic efficiency of hairy woodrose (Merremia aegyptia L.) as an organic fertilizer in mint-arugula intercropping, with a phytomass height of 31.94 cm. Cunha et al. (2018), studying the agronomic efficiency of different quantities of jitirana mixed with cattle manure in the intercropping of coriander with mint, found a phytomass height of 20.55 cm in monoculture, higher than that of the aforementioned research.
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Figure 2. Plant biomass height of mint under doses of hairy woodrose (Merremia aegyptia L.)  cattle manure in the semi-arid region.

Regarding the production of phytomass and the number of mint bunches, there was a point of curvature as a function of the different doses of hairy woodrose (Merremia aegyptia L.) plus cattle manure, with maximum values ​​of 2.02 kg m-2 and 20.08 units m-2, respectively, at the dose of 5.0 kg m-2. This maximum production at the estimated dose of 5.0 kg m-2 is probably due to the greater availability of nutrients at the time of greatest demand for the crop, contributing significantly to the observed characteristics (Figure 3A and 3B).

Regarding dry matter, there was accumulation as a function of the different doses of hairy woodrose (Merremia aegyptia L.) plus cattle manure, with a maximum value of 0.35 kg m-2 at the dose of 5.0 kg m-2 (Figure 4). Cunha et al. (2018), studying the agronomic efficiency of different quantities of jitirana mixed with cattle manure in the intercropping of coriander with mint, they found a green mass of mint of 51.92/100 m2, equivalent to 0.519 kg m-2, lower than the aforementioned research. This is probably due to the fact that the crop was in a consortium system, which contributed to a production below that of the aforementioned research. 

Linhares et al. (2023), evaluating the biomass production of mint fertilized with a mixture of jitirana and mata-pasto, found a biomass production of 200 kg 100 m-2, equivalent to 2.0 kg m-2 with the addition of 4.8 kg m-2 of the mixture, lower than the aforementioned research. However, Almeida (2016), evaluating mint production with different doses of jitirana and harvest times, obtained a phytomass production of 344.5 kg 100 m-2, equivalent to 3.44 kg m-2, 90 days after transplanting, which was higher than the aforementioned research.
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Figure 3. Green mint biomass (A) and number of mint bunches (B) as a function of different doses of hairy woodrose (Merremia aegyptia L.) plus cattle manure in the semi-arid region.
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Figure 4. Dry mass of mint under doses of hairy woodrose (Merremia aegyptia L.)  cattle manure in the semi-arid region.

4. CONCLUSION

The highest agronomic efficiency of mint was observed at a dose of 5.0 kg m-2 of the mixture of hairy woodrose (Merremia aegyptia L.) plus cattle manure, with values ​​of 2.02 kg m-2 and 20.08 bunches m-2, respectively. The use of alternative sources for fertilizing medicinal plants is of paramount importance for farmers engaged in this agricultural activity, providing higher yields per unit area.
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