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Abstract

Background: Tithonia diversifolia is an excellent forage source for animal feeding. Its optimal use depends on the cutting age and the presentation of the foliage. Aim. To evaluate the effect of cutting age on the nutritional composition of the dehydrated foliage of this plant. Methods: A completely randomized design was used with five treatments, each with an equal number of replications, corresponding to cutting ages of 40, 45, 50, 55, and 60 days. The homogenization cut was performed 90 days after sowing.  For each cutting age, the contents of dry matter, crude protein, ether extract, crude fiber, nitrogen-free extract, and ash were determined in the edible biomass. The primary data were evaluated through a one-way ANOVA. Results: At 60 days of age, crude protein reached its highest value (251.32 ± 1.075 g/kg DM), with no significant differences from the mean value observed at 50 days (244.34 ± 0.594 g/kg DM). Crude fiber recorded the lowest mean values at 55 and 60 days (88.30 ± 0.379 and 89.86 ± 0.344 g/kg DM, respectively). Although no statistically significant relationship was found (p = 0.1428) for either variable, the most appropriate cutting age lies between 55 and 60 days. Conclusions: Under the edaphoclimatic conditions of the study area, the foliage of Tithonia harvested at 55 and 60 days showed the best balance between protein and fiber contents, without a marked detriment to the other evaluated variables.
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INTRODUCTION
In the Ecuadorian Amazon, livestock production faces limitations due to low soil fertility, which hinders the establishment of high-yield pastures (González-Marcillo et al., 2023). In addition, reliance on external inputs for animal feeding generates a considerable economic and environmental impact. The province of Napo has adverse agroecological conditions for the cultivation of grasses and legumes, which has led farmers to rely on compound feeds (Núñez-Torres, 2017). The search for local forage alternatives has gained relevance, especially those that help reduce the carbon footprint associated with the import of raw materials and improve food self-sufficiency in Amazonian livestock systems (Benítez et al., 2018; Pascual & Cambra, 2023). 

Within this approach, Tithonia diversifolia (Hemsl.) emerges as a promising alternative. A. Gray, commonly known as Mexican sunflower or “Girasolillo,” has attracted interest as a viable forage alternative due to its adaptability to various soil and climate conditions, high crude protein content, good digestibility, and moderate presence of secondary metabolites, which can influence the rate of nutrient degradation and passage through the gastrointestinal tract, thereby improving the quality of the animal diet (Gutiérrez-Castro & Hurtado-Nery, 2019; Verdecia et al., 2021). Native to Mexico and Central America, this plant has spread to more than 64 countries due to its rapid growth and ability to regenerate after cutting, allowing for multiple annual harvests without compromising ecosystem sustainability (Terry, 2016). Moreover, its introduction into silvopastoral systems has shown to improve soil productivity, increase the availability of organic matter, and reduce erosion in fragile tropical soils (Vargas-Velázquez et al., 2022). 

Depending on agroclimatic conditions and agronomic management, this plant can yield up to 130 tons of green matter per hectare each year (Goyenaga et al., 2016). However, optimizing its use depends on determining the most appropriate cutting age, as fiber and protein concentrations vary with plant maturity (Van Soest, 1994; Londoño et al., 2019). Previous studies have identified that harvesting at intermediate ages (50 days) can maximize nutritional value without compromising biomass yield (Campos et al., 2021). In this context, research aimed at determining the nutritional value of this plant has been conducted under very specific conditions regarding climate and soil characteristics, planting methods, fertilization and irrigation levels, agronomic management, and more. Therefore, the reported results must be validated in the production settings where this forage species is intended to be introduced. 

In response to this issue, the present study aimed to evaluate the effect of cutting age of Tithonia diversifolia on the nutritional composition of dehydrated foliage, under the edaphoclimatic conditions of Napo Province, Ecuador.

MATERIALS AND METHODS
Location and Characteristics of the Study Area   
The study area is located at coordinates 0°57′01″ S and 77°51′46″ W, at an altitude of 565 meters above sea level, within the Santo Urku community, Misahuallí parish, Tena canton, Napo province. The edaphoclimatic conditions are characterized by sandy loam soils with a pH ranging from 4.5 to 5.5, and a semi-humid to humid climate zone classified as Af under the Köppen-Geiger system, with an average annual temperature of 23.9 °C and average annual precipitation of 3,803 mm (GAD-PRPM, 2023). The research was conducted during the rainy season, between November 2023 and January 2024.   

Land Preparation and Characteristics of the Tithonia diversifolia Plantation   
A 30 × 30 m plot was used, divided into three cultivation chambers measuring 7 × 24 m each. To counteract edge effects, a 3-meter buffer was left on each side of the plot, which was marked off using a 1 cm-thick synthetic fiber rope. Land preparation included manual clearing and surface leveling to ensure a uniform and suitable terrain for crop establishment. Propagation was carried out using cuttings adapted to the study area, measuring between 30 and 50 cm in length and containing four viable buds. The cutting age was set at 90 days from the initial growth of the mother plant. The planting layout was 1.0 × 1.0 m, with a total of 240 planting sites distributed across the three cultivation beds, corresponding to a planting density of 10,000 cuttings per hectare.  No irrigation, fertilizers, or phytosanitary products were applied.   

Experimental design 
A completely randomized design was used, consisting of five treatments based on predetermined cutting ages (40, 45, 50, 55, and 60 days), with an equal number of replications, for a total of 25 experimental units. After a 90-day establishment period, a homogenization cut was performed at ground level, from which sample collection began to evaluate the cutting ages.  

Sample Collection
The step transect method was used, collecting five samples of one kilogram each per experimental unit, composed of edible biomass including leaves, petioles, and stems less than 2.0 cm in diameter, following the criteria established by Verdecia et al. (2018). The collected material was stored in Kraft paper bags to prevent contamination and allow proper ventilation during transport to the laboratory for processing. 

Determination of Nutritional Variables
The samples, grouped by cutting age and dehydrated in an oven for 24 hours at 105 °C, were analyzed chemically at the laboratory of the National Institute of Agricultural Research of Ecuador, following procedures established by AOAC (2019). The variables determined included dry matter (DM), crude protein (CP), crude fiber (CF), nitrogen-free extract (NFE), crude fat (CFat), and ash content. 

Statistical processing
All variables were evaluated through one-way Analysis of Variance (ANOVA), following the method described by Steel et al. (1997), to determine the effect of cutting age on the nutritional composition of Tithonia diversifolia foliage. The INFOSTAT statistical software package was used for this purpose, (Di Rienzo et al., 2020). In cases where the ANOVA results were significant at a 95% confidence level, differences between means were analyzed by Tukey’s multiple range test (Tukey, 1949).  

RESULTS AND DISCUSSION
Influence of cutting age on the nutritional composition of dehydrated Tithonia foliage
Table 1 presents the average contents of dry matter, crude protein, crude fiber, nitrogen-free extract, crude fat, ash, and crude fiber in foliage harvested at 40, 45, 50, 55, and 60 days of age.

Table 1. Nutrient contents of dehydrated Tithonia foliage according to cutting age 
	Cutting ages (days)
	DM
(g/kg)
	CP
	CF
	NFE
	CF
	Ashes

	
	
	g/kg DM±SE

	40
	874.10ab

±1.98
	237.22bc

±0.529
	95.88b

±0.206
	386.52b

±0.845
	23.32e

±0.058
	131.20c

±0.288

	45
	811.30c

±11.883
	200.22d

±2.941
	90.14c

±1.322
	375.46c

±5.506
	27.84a

±0.408
	117.64d

±1.721

	50
	857.54b

±2.090
	244.34ab

±0.594
	103.92a

±0.246
	340.18e

±0.832
	27.20b

±0.063
	141.92a

±0.348

	55
	888.00a
±3.380
	231.58c

±4.989
	89.86c

±0.344
	411.52a

±1.568
	23.98d

±0.092
	136.40b
±0.512

	60
	865.78b

±3.706
	251.32a
±1.075
	88.30c

±0.379
	362.22d

±1.557
	25.88c

±0.097
	138.10b

±0.586


Superscripts with different letters within each column (a, b, c, d, e) indicate significant differences (p < 0.05) according to the multiple range test (Tukey, 1949)
DM: Dry matter (%) Crude protein, CF: Crude fiber, NFE: Nitrogen free extract, CF: Crude fat or ethereal extract, SE: Standard error.
T. diversifolia is known to be used in animal feeding, primarily for ruminant species, either as fresh green forage (Londoño et al., 2019; Lezcano et al., 2023), as a component of mixed silages blended with grasses (Holguín-Castaño, 2016), as dehydrated pelleted forage (Flórez-Delgado and Arteaga-Díaz, 2019), or in the form of meal included in balanced feeds (Gutiérrez-Castro and Hurtado-Nery, 2019; Lamela et al., 2022). Variants involving dehydration require a dry matter content above 850 g/kg, mean values that were reached at all evaluated cutting ages except for foliage harvested at 45 days of age (Table 1). 

The analysis of nutritional variables, particularly those related to structural energy nutrients contained in the dry matter of Tithonia foliage, is relevant for determining the optimal cutting age. In this regard, it is noteworthy that in dehydrated foliage harvested at 60 days of age, crude protein reached the highest value (251.32±1.075 g/kg DM), with no significant difference from the mean value found at 50 days (244.34±0.594). Crude fiber recorded the lowest mean values at 55 and 60 days (88.30±0.379 and 89.86±0.344 g/kg DM, respectively). Although no statistically significant relationship was found (p = 0.1428), at a confidence level of 95% or higher, it can be inferred that both nutritional variables suggest the most appropriate cutting age lies within the range of 55 to 60 days.

Both crude protein and crude fiber are determining factors of the nutritional value of feed, directly influencing digestibility and voluntary intake in animals (Van Soest, 1994). It should be noted that crude fiber is composed of parietal carbohydrates along with lignin; therefore, the cutting age of forage is more appropriate when this fraction shows low values, provided that nitrogen accumulation in the biomass remains consistent, thereby favoring protein synthesis.

A key contribution of the present study is the inverse relationship observed between crude protein and crude fiber as cutting age advances. This pattern is consistent with the findings reported by Campos et al. (2021), who found that under a deferred cutting system, the protein fraction increased to approximately 250–270 g/kg DM, while fiber decreased, enhancing the nutritional quality of the foliage. The reduction in the fibrous fraction is usually due to lower lignification of foliar tissues in more advanced vegetative stages, particularly in plants that use the C3 photosynthetic pathway (Kumar et al., 2017), such as Tithonia, where lignin is deposited more slowly in leaves than in stems. Therefore, a higher leaf-to-stem ratio in late cuts results in the presence of less lignified and more digestible leaves. 

Low lignification in mature Tithonia leaves is known to contribute to the reduction of acid and neutral detergent fiber, thereby increasing dry matter digestibility. Lower fiber content promotes microbial activity at the ruminal level and accelerates forage degradation. Galindo et al. (2011) reported that Tithonia stimulates the activity of cellulolytic bacteria, promoting fiber degradation and greater fermentation of dry matter, which translates into faster nutrient availability. Consequently, by improving the protein profile (above 240 g/kg DM) and reducing the fiber content (below 90 g/kg DM), an increase in the overall digestibility of the foliage is expected.  

The results of this study confirm that the protein-to-fiber ratio achieved at 55–60 days of cutting age is considered optimal because it maximizes digestibility without compromising forage structure. At 60 days, in vitro digestibility values of 75% have been reported, with crude protein levels close to 260 g/kg DM—figures higher than those observed in earlier or later cuts. In that sense, Medina et al. (2009) reported ruminal digestibility values of 69–74% in Tithonia, highlighting that its secondary metabolites—particularly tannins—did not negatively affect fermentation. Cajarville and Repetto (2024) reported several benefits of tannins when present at moderate concentrations in the diet of ruminants (20-45 g/kg DM). These polyphenolic compounds have the ability to bind to proteins, slowing their degradation in the rumen and allowing a greater amount of protein to reach the small intestine—known as bypass or escape protein (Lezcano et al., 2012; Herrera et al., 2020)—thus increasing the availability of essential amino acids in this segment of the digestive tract (Eugène et al., 2021). In addition, tannins exert a modulatory effect on the ruminal microbiota by reducing the population of methanogenic microorganisms, protozoa, and other hydrogen producers, leading to an increase in the molar proportions of propionate, butyrate, and total volatile fatty acids, and a lower energy loss due to reduced methanogenesis (Galindo et al., 2011; Cardoso-Gutiérrez et al., 2021; Khelil-Arfa et al., 2025).

Regarding nitrogen-free extract—a fraction composed of total non-structural carbohydrates, water-soluble vitamins, and other soluble non-nitrogenous organic compounds—it showed a non-linear trend with a significant increase at 55 days (411.52 ± 1.568 g/kg DM), coinciding with the lowest crude fiber levels at that age and at 60 days. Whereas the reduction observed at 50 days (340.18 ± 0.832 g/kg DM) may be associated with a higher content of structural fiber, which negatively affects foliage digestibility and the availability of digestible energy. Although the present study did not determine the type or proportion of these energy metabolites, it is known that water-soluble carbohydrates are predominant in this fraction, with reported values for Tithonia ranging from 78–96 g/kg DM according to Medina et al. (2009) and Gallego-Castro et al. (2017) and these show an inverse relationship with crude fiber levels and positively influence the energy density and digestibility of the edible biomass. 

Crude fat content showed significant differences among the five cutting ages (p < 0.05), with a decreasing trend as the plant advanced in maturity from 45 days onward, the point at which the highest concentration was recorded (27.87 ± 0.408 g/kg DM). Despite the reduction observed at 55 and 60 days, a degree of stabilization was noted at these ages. This reduction indicates that the plant prioritizes the synthesis of other structural compounds over lipid accumulation, which does not compromise the nutritional value of its foliage for ruminants. It should be noted that, for these species of zootechnical interest, the contents of protein and digestible carbohydrates are of greater relevance.   

Ash content showed a variable pattern up to 50 days of age, when it reached its highest value (141.92 ± 0.348 g/kg DM). However, between 55 and 60 days, the values declined to 136.40 ± 0.512 and 138.10 ± 0.586 g/kg DM, but remained relatively stable, with no significant differences between these time points, indicating that the accumulation of structural minerals in the biomass stabilizes at advanced ages. The values found for those three cutting ages were lower than those reported by Gallego-Castro et al. (2017) and higher than those published by Medina et al. (2009), depending on the leaf-to-stem composition of the analyzed material, soil fertility, and the cultural practices applied. 

In general terms, it can be stated that the values found in the present study at cutting ages of 55 and 60 days corroborate what has been proposed by various authors (Mahecha & Rosales, 2005; Gallego-Castro et al., 2017; Herrera et al., 2020; Campos et al., 2021), namely that Tithonia foliage is characterized by a high total nitrogen content (crude protein) and low crude fiber content—parameters that favor rapid degradability and fermentation at the ruminal level.

CONCLUSION
Under the prevailing or similar edaphoclimatic conditions and agronomic management in the study area where this research was conducted, dehydrated Tithonia foliage harvested between 55 and 60 days of age achieved the best ratio between crude protein and crude fiber contents, without a marked detriment to the rest of the determined nutritional variables.
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