
		
			
				Ann. Bot. Fennici 63: 191–200	eISSN 1797-2442

				Helsinki 13 August 2026	© Finnish Zoological and Botanical Publishing Board

			

		

		
			[image: ]
		

		
			
				Seasonal variation in foliar phenolic content of maqui (Aristotelia chilensis) in central Chile in relation to leaf stress-response indicators

				Enrique Misle1,*, Cristina Ludueña1, Felipe Cuevas1 & Besma Kahlaoui2

				1)	Facultad de Ciencias Agrarias y Forestales, Universidad Católica del Maule, Camino a Los Niches km 6, PB 7-D, Curicó, Chile (*corresponding author’s e-mail: emisle@ucm.cl)

				2)	Center for studies in Mediterranean Agroecosystems (CESMA), Badajoz 100 of. 523, Las Condes, Santiago, Chile

				Received 18 Dec. 2025, final version received 16 May 2026, accepted 17 May 2026

				Misle E., Ludueña C., Cuevas F. & Kahlaoui B. 2026: Seasonal variation in foliar phenolic content of maqui (Aristotelia chilensis) in central Chile in relation to leaf stress-response indicators. — Ann. Bot. Fennici 63: 191–200.

				Aristotelia chilensis (Elaeocarpaceae), or maqui, is a perennial evergreen shrub or small tree, native to southern South America. It is characterised by rapid growth, opposite, simple, ovate to lanceolate leaves with serrated margins and prominent vena-tion, and dark purple berries rich in phenolic compounds. In Chile, it remains largely a wild native species, although cultivation initiatives have recently been developed. The aim of this study was to assess the seasonal variation in phenolic antioxidants in the leaves of natural maqui populations across Curicó Province of Chile, using total phe-nolic content (TP), proline content and specific leaf area (SLA) as physiological and morphological indicators. Seasonal variation in TP, with coordinated temporal shifts in SLA and proline content, provides the basis for a conceptual ecophysiological model of the species’ seasonal response. TP varied markedly throughout the year, increasing 1.54-fold from spring (pre-flowering) to autumn across all study sites. Similarly, SLA varied 2.33-fold from spring (pre-flowering) to winter, while proline content increased 2.73-fold from spring (post-flowering) to autumn. Quantifying these seasonal pat-terns improves our understanding of the species’ broad ecological adaptability and may inform harvesting strategies. These findings have practical relevance, as phenolic content is strongly correlated with antioxidant capacity, which underpins the growing interest in this species.
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				Introduction

				Over recent decades, berries have attracted con-siderable attention due to their high antioxidant content, in line with growing interest in func-tional foods and their associated health ben-

			

		

		
			
				efits. In this context, research on maqui (Aris-totelia chilensis, Elaeocarpaceae) has expanded markedly, as its fruits are recognised for their exceptional antioxidant properties (Miranda-Rottmann et al. 2002, Misle et al. 2011). The species has long been used in traditional herbal 
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				medicine in Chile. Although studies on the agro-nomic management of cultivated maqui have been initiated (Zaenz 1999, Doll et al. 2017), it remains predominantly a wild native spe-cies, and a substantial proportion of the annual harvest is still obtained from wild populations (macales).

				As fruit production occurs only once per year, research on this species should not rely exclusively on fruits but also consider vegetative organs. Previous studies have shown that maqui leaves contain substantial levels of tannins, alka-loids and flavonoids, comparable to those found in the fruits (Vogel et al. 2008). Moreover, the relationship between total phenolic content and antioxidant capacity is well established (Hodzic et al. 2009, Liu et al. 2018) and is partly respon-sible for the recognised association between dietary phenolic intake and disease prevention (Häkkinen et al. 1999, Dillard & German 2000, Tomás-Barberán & Espín 2001, Hooper & Cas-sidy 2006, Guerrero et al. 2010).

				Seasonal variation in plant secondary metab-olites has been widely documented, as contents of target compounds often respond to periodic environmental changes. Significant seasonal shifts in total phenolic content (TP) have been reported in numerous species (Lowman & Box 1983, Ernst et al. 1991, Nerg et al. 1994, Solar et al. 2006, Erturk et al. 2010, Cosmulescu & Trandafir 2011, Pacifico et al. 2015). Early stud-ies also characterised the alkaloid composition of maqui leaves (Céspedes et al. 1990, Cés-pedes et al. 1993). Although maqui has gained recognition primarily for its fruits, phenolic-rich leaves in relation to antioxidant activity have been studied in other plant species (Limam et al. 2020), suggesting that maqui leaves merit similar attention. In a previous study of natural maqui populations in Curicó Province in central Chile, we identified a significant negative rela-tionship between specific leaf area (SLA) and TP, supporting the use of SLA as an indirect indi-cator of phenolic antioxidant investment (Misle et al. 2023).

				The aim of this study was to assess the seasonal variation in phenolic antioxidants in the leaves of natural maqui populations across Curicó Province, using TP, proline content and specific leaf area (SLA) as physiological and 

			

		

		
			
				morphological indicators. These variables were analysed to characterise the seasonal ecophysi-ological response of the species.

				Material and methods

				Site description

				This study was carried out in Curicó Province in central Chile. It follows an earlier study on the geographical variation of phenolic content in maqui conducted by Misle et al. (2023), in which the climatic characteristics of the region were described in detail. In general, the cli-mate is Mediterranean semi-arid, characterised by marked seasonal variability and a long dry season. The study covered approximately 44% of Curicó Province, representing an area of about 3300 km² between 70°50′ and 72°04′ W and 34°45′ and 35°10′ S.

				Plant material and sampling

				Leaf samples were collected from naturally occurring individuals of maqui across Curicó Province at nine locations (Table 1), selected primarily from the 20 sites described by Misle et al. (2023). Minor modifications were made to some of the sampling sites. Licantén Idahue corresponds to a location close to La Higuera in the previous study; Marengo is close to Zapallar; and Docamávida is close to Licantén Idahue. Quebrada Honda was additionally selected as an 

			

		

		
			
				Table 1. Latitude (W) and longitude (S) coordinates and slope exposure (Exp.) of the nine sampling sites in Curicó Province, Chile.

					W	S	Exp.

				Puente Lautaro	35°2′33′′	72°3′34′′	north

				Lora	35°1′57′′	72°7′13′′	south

				Docamávida	34°59′34′′	71°52′11′′	valley

				Licantén Idahue	34°59′22′′	71°54′19′′	north

				El Corazón	35°0′5′′	71°30′43′′	south

				Marengo	35°0′48′′	71°6′54′′	valley

				Quilvo Alto	34°55′41′′	71°7′46′′	south

				Potrero Grande Hill	35°10′52′′	71°6′35′′	north

				Quebrada Honda	35°7′25′′	70°34′30′′	south
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				extreme site because it is in the eastern Andean area, where the climate shifts towards sub-humid conditions with annual rainfall exceeding 1000 mm.

				Sampling was carried out once per season, except in spring when sampling was conducted twice, before and after flowering of maqui, due to the expected rapid physiological changes during this period. Each sample consisted of eight leaves, and four replicate samples were collected at each sampling site. Leaves were stored in a cooler and transported to the labora-tory for analysis.

				Plant parameters

				Specific leaf area was determined from leaf sam-ples arranged on white paper with a centimetre scale and photographed with a digital camera. The leaves were then placed in paper bags and dried in an oven at 70 °C until constant weight. Estimation of leaf area from digital images has proven to be highly precise (Lopes et al. 2007); therefore, images were analysed to calculate leaf area using this method. SLA was subsequently calculated from leaf dry mass and leaf area measurements.

				For total phenolic content analysis, 0.3 g of dry and ground leaves was macerated in 10 mL of methanol/water (80:20 v/v) in conical tubes covered with aluminium foil and maintained on a shaker for 24 h at room temperature. Filtered extracts were then diluted to a concentration of 0.03% (30 µL mL-1), and 200 µL of this dilu-tion was used for spectrophotometric absorbance measurement at 280 nm following the method of Waterman and Mole (1994). Absorbance values were converted to gallic acid equivalents (GAE) using the calibration curve equation (absorb-ance = −81.548 × GAE² + 15.437 × GAE − 0.0948; R² = 0.9921), as previously described in the first stage of this study (Misle et al. 2023).

				Proline determination was performed from spring (post-flowering) to autumn. Samples were processed according to the method described by Bates et al. (1973). Absorbance at 520 nm was converted to proline concentration using the regression function: absorbance = 4.1515 × Proline + 0.0518 (R² = 0.9948).

			

		

		
			
				Data analysis

				Data were analysed using analysis of variance (ANOVA), and Tukey’s test (p < 0.05) was applied for multiple comparisons when appro-priate. First, overall means were analysed with sampling site and sampling season as factors using a two-way ANOVA for the three variables studied: total phenolic content, proline content and specific leaf area. For inter-population anal-ysis, mean values for each sampling site grouped by season were used. For intra-population anal-yses, mean values for each season, grouped by sampling site, were subjected to ANOVA. Finally, Pearson’s bivariate correlation analysis was performed to assess relationships among total phenolic content, proline content and spe-cific leaf area.

				Results and discussion

				Based on the two-way ANOVA, total phenolic content (TP) was significantly affected by both sampling site and season (P < 0.0001), as well as by the interaction between these factors (P = 0.0278). At all seasons, the lowest TP values were observed at the valley sites Docamávida and Marengo (141.4 and 133.0 mg GAE g-1, respec-tively), whereas the highest values were recorded at Puente Lautaro and Cerro Potrero Grande (219.1 and 210.9 mg GAE g-1, respectively), sites characterised by marked seasonal variation in soil water availability. Mean TP values by season and sampling site are presented in Table 2.

				At the valley sites, soil water availability is generally higher, which may explain the contrast-ing behaviour of these sites despite the marked differences in agroclimatic conditions across the province. Overall, TP values were consist-ent with those reported in a previous study on the geographical variation of maqui populations sampled in winter (Misle et al. 2023).

				In general, TP increased from spring to autumn, with particularly highly significant dif-ferences between autumn and the other seasons, indicating a clear seasonal pattern in TP accu-mulation. Higher TP values were observed at coastal and eastern sites, which may be related to lower soil water availability during summer at 
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				both extremes of the province, with eastern loca-tions additionally experiencing higher summer temperatures.

				The progressive increase in TP from spring may also be associated with increasing UV-B radiation, as reported by Poorter et al. (2009), leading to the accumulation of UV-screening compounds in plants, such as soluble pheno-lics in the vacuole. A relationship between TP and abiotic stress in maqui has previously been reported in a study of geographical variation in TP and specific leaf area in Curicó Province (Misle et al. 2023). In the study, north-facing plants exhibited the highest TP and lowest SLA, and locations with dry and hot summers showed the highest TP values.

				Seasonal differences in SLA were highly significant (P < 0.0001), particularly between spring samples and those from the other seasons, with the highest values recorded during spring (pre-flowering). Mean SLA values across the year were highest at Docamávida and Quebrada Honda (150.4 and 134.5 cm² g-1, respectively), whereas the lowest values were observed at Puente Lautaro (95.6 cm² g-1). A significant dif-ference (P < 0.05) was detected between Puente Lautaro and Docamávida, despite their close geographical proximity (Table 3).

				The relatively coastal location of Docamáv-ida, which had the highest mean SLA (150.4 cm² g-1), is in a valley with mild condi-tions and may benefit from subsurface water inputs associated with nearby agricultural irri-

			

		

		
			
				gation. In contrast, Quebrada Honda (mean 134.5 cm² g-1), the easternmost site, is within the Andean range, where plants grow on south-facing slopes within native forest under moder-ate human disturbance (e.g., the presence of a mountain track). These conditions contrast markedly with the low water availability at Puente Lautaro, where SLA reached a minimum of 59 cm² g-1 during summer.

				In comparison, the highest SLA value recorded in the study (277.5 cm² g-1) occurred during spring (pre-flowering) at Licantén Idahue. The more than fourfold variation in SLA observed across sites and seasons highlights the considerable phenotypic plasticity of the species.

				SLA is strongly correlated with relative growth rate (Poorter 2002). Low SLA values are typically associated with evergreen species, which tend to have thicker leaves with higher investment in structural components such as lignin and greater accumulation of soluble pheno-lics, in contrast to deciduous species. SLA typi-cally decreases from spring onwards in deciduous trees (Poorter et al. 2009), and maqui clearly exhibits this pattern in the present study, despite being described as evergreen by some authors (Vásquez et al. 2007) and as deciduous by others (Valdivia & Simonetti 2007). Furthermore, plants exposed to abiotic stress typically exhibit reduced SLA (Poorter et al. 2009), which may explain the variation observed among the study sites.

				The two-way analysis of proline content revealed highly significant effects of sampling 

			

		

		
			
				Table 2. Seasonal variation of total phenolic content ± standard error [mg(GAE) g-1] in maqui (Aristotelia chilensis) for each sampling site in each season. Means sharing a common letter are not significantly different according to Tukey’s multiple comparison test (α = 0.05). Only column comparisons are shown; row comparisons were omitted to avoid excessive complexity. Spring (pre) = spring (pre-flowering), spring (post) = spring (post-flowering).

					Winter	Spring (pre)	Spring (post)	Summer	Autumn	Mean

				Puente Lautaro	231.9 ± 34.2	222.9 ± 11.9	171.9 ± 17.5	189.5 ± 15.3	279.3 ± 72.1	219.1

				Lora	214.8 ± 18.1	154.6 ± 22.5	210.3 ± 32.9	143.0 ± 10.6	247.2 ± 31.6	194.0

				Docamávida	88.1 ± 8.1	76.8 ± 9.2	113.3 ± 7.1	159.7 ± 15.7	269.0 ± 31.6	141.4

				Licantén Idahue	111.1 ± 12.7	164.3 ± 17.5	250.0 ± 79.9	188.1 ± 15.5	226.3 ± 31.2	187.9

				El Corazón	191.6 ± 12.9	123.4 ± 18.2	152.5 ± 17.0	170.8 ± 21.1	138.4 ± 26.2	155.3

				Marengo	105.1 ± 11.1	129.6 ± 34.4	107.7 ± 16.4	155.9 ± 9.6	166.9 ± 21.2	133.0

				Quilvo Alto	203.4 ± 24.0	152.1 ± 21.8	161.9 ± 11.0	191.9 ± 22.8	253.4 ± 34.8	192.5

				Potrero Grande Hill	212.7 ± 26.9	176.2 ± 42.8	169.5 ± 18.4	211.9 ± 41.7	284.2 ± 43.8	210.9

				Quebrada Honda	156.6 ± 23.5	203.4 ± 15.8	147.5 ± 19.8	194.6 ± 28.2	293.4 ± 54.2	199.1

				Mean	168.4 a	155.9 a	165.0 a	178.4 a	239.8 b
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				site, season and their interaction (P < 0.0001). Differences among sites were most pronounced in autumn (P < 0.0001). In particular, proline contents at Puente Lautaro differed highly sig-nificantly from those at Potrero Grande Hill, Quebrada Honda, Marengo, El Corazón, Lican-tén Idahue and Lora, with additional significant (P = 0.01) differences detected between Puente lautaro and Docamávida. Further highly signifi-cant differences were detected between other site pairs, including Docamávida and Marengo, and Marengo and Quilvo.

				The highest seasonal mean proline contents were recorded at Quebrada Honda and Marengo (34.3 and 32.2 mg g-1, respectively; Table 4), suggesting the influence of stress conditions, particularly related to water availability and tem-perature during summer. In general, proline con-tents increased from spring onwards, following a pattern consistent with progressive soil water depletion during the growing season.

				However, Puente Lautaro showed an atypical pattern, with higher proline contents in summer than in autumn. This may reflect the harsher summer conditions at this coastal site, whereas in autumn, despite delays in rainfall in recent years, temperatures tend to decrease to more favourable levels. A characteristic response of maqui under dry conditions is marked leaf senes-cence and abscission, and abscisic acid has long been known to promote proline accumulation (Steward 1980). At Quebrada Honda, the rela-tively higher proline content observed in autumn 

			

		

		
			
				may be associated with lower minimum tem-peratures typical of the Andean foothills.

				When the three variables are considered together, a clear seasonal pattern emerges. Sea-sonal variation in TP was consistent across sites and contrasted with the annual cycle of SLA, which reached a maximum in spring and decreased towards summer and autumn. At the same time, proline contents increased from spring to autumn, in parallel with TP (Fig. 1).

				Based on mean values of TP and proline, a strong positive correlation was observed (r = 0.9760), despite the inclusion of different 

			

		

		
			
				Table 3. Seasonal variation of specific leaf area ± standard error (cm2 g-1) in maqui (Aristotelia chilensis) for each sampling site in each season. Means sharing a common letter are not significantly different according to Tukey’s multiple comparison test (α = 0.05). Only column comparisons are shown; row comparisons were omitted to avoid excessive complexity. Spring (pre) = spring (pre-flowering), spring (post) = spring (post-flowering).

					Winter	Spring (pre)	Spring (post)	Summer	Autumn	Mean

				Puente Lautaro	76.5 ± 22.8	123.7 ± 97.7	125.0 ± 9.5	59.0 ± 28.9	93.8 ± 42.6	95.6

				Lora	112.4 ± 16.3	185.8 ± 62.9	140.2 ± 38.8	93.9 ± 49.8	125.4 ± 5.5	131.6

				Docamávida	101.4 ± 7.5	266.7 ± 39.1	149.9 ± 0.5	128.9 ± 14.3	105.2 ± 4.3	150.4

				Licantén Idahue	61.6 ± 3.3	277.5 ± 4.2	92.3 ± 2.5	96.5 ± 16.0	78.4 ± 4.3	121.3

				El Corazón	125.3 ± 4.8	140.5 ± 7.3	117.6 ± 3.0	63.6 ± 0.6	111.5 ± 9.0	111.7

				Marengo	75.6 ± 6.9	183.4 ± 0.9	108.0 ± 18.3	72.6 ± 10.4	124.7 ± 6.0	112.9

				Quilvo Alto	59.4 ± 0.7	201.7 ± 1.3	122.7 ± 4.4	86.7 ± 28.7	82.0 ± 21.9	110.5

				Potrero Grande Hill	97.9 ± 0.6	200.6 ± 22.8	106.5 ± 5.9	101.1 ± 21.7	134.6 ± 16.3	128.1

				Quebrada Honda	64.2 ± 2.8	227.4 ± 60.7	178.2 ± 6.4	84.4 ± 26.8	118.5 ± 3.8	134.5

				Mean	86.0 a	200.8 c	126.7 b	87.4 a	108.2 a
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				Table 4. Seasonal variation of proline content ± stand-ard error (mg g-1) in maqui (Aristotelia chilensis) for each sampling site in each season. Means sharing a common letter are not significantly different accord-ing to Tukey’s multiple comparison test (α = 0.05). Only column comparisons are shown; row comparisons were omitted to avoid excessive complexity. Spring (post) = spring (post-flowering).

					Spring (post)	Summer	Autumn	Mean

				Puente L.	1.5 ± 0.1	26.4 ± 5.6	5.9 ± 0.5	11.2

				Lora	19.8 ± 1.8	8.9 ± 6.7	46.5 ± 6.4	25.1

				Docamávida	10.6 ± 1.8	26.1 ± 1.1	28.2 ± 2.0	21.6

				Licantén I.	1.2 ± 0.2	25.0 ± 3.4	41.1 ± 0.9	22.5

				El Corazón	10.9 ± 2.9	30.2 ± 2.8	43.2 ± 2.1	28.1

				Marengo	21.9 ± 1.3	15.4 ± 4.1	59.3 ± 2.3	32.2

				Quilvo Alto	16.0 ± 3.9	28.5 ± 0.7	24.5 ± - 23.0

				Potrero G.H.	23.5 ± 5.3	8.7 ± 2.5	51.3 ± 0.9	27.8

				Quebrada H.	18.2 ± 8.4	39.2 ± 2.9	45.5 ± 3.2	34.3

				Mean	13.7 a	23.2 b	37.6 c
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				sites, suggesting that both variables respond similarly to environmental stress. Similarly, the correlation between TP and SLA was negative (r = −0.5673) and comparable to that reported in our previous study (Misle et al. 2023), whereas the relationship between proline and SLA was weaker (r = −0.3468).

				The association between TP and proline has been widely reported. For example, in pepper (Capsicum annuum), it has been linked to water stress (Fiasconaro et al. 2019), while Naderi et al. (2015) reported a strong correlation between shoot proline and total phenolic compounds (r = 0.9480) in an annual aromatic species under increasing NaCl concentrations. More gener-ally, increased proline levels are recognised as being associated with improved stress tolerance in plants, a response that has been reported under diverse stress conditions across different species (Kahlaoui et al. 2013, Kaur & Asthir 2015).

				Proline has been associated with stress responses as an osmolyte; however, as a mul-tifunctional amino acid, it is involved in sev-eral physiological roles, making its contribu-tion to stress amelioration a complex process (Díaz et al. 1999, Kaur & Asthir 2015). Its well-documented accumulation in response to abscisic acid is consistent with the observed increase in proline levels in maqui from spring to autumn, particularly after fruiting ends (Decem-ber), when photosynthates are no longer required for this sink. This interpretation is consistent with observations in some species, where proline accumulation has been reported in association with high external concentrations of sucrose and glucose (Kaur & Asthir 2015).

				Overall, proline accumulation appeared to increase with seasonal stress intensity, with water limitation progressively developing towards mid-autumn and temperature stress peaking during summer. Similar seasonal patterns have been reported in other species, including red oak (Quercus sideroxyla; Arámbula-Salazar et al. 2010), walnut (Juglans regia; Solar et al. 2006, Cosmulescu & Trandafir 2011), Scots pine (Pinus sylvestris; Nerg et al. 1994), grapevine (van Leeuwen et al. 2024) and 24 white grape varieties (Vitis vinifera; Baltazar et al. 2025).

				Climate change is affecting many crops, with responses varying according to latitude and alti-

			

		

		
			
				tude (Santos et al. 2020, Prada et al. 2024, van Leeuwen et al. 2024). Likely due to its strong capacity for acclimatisation and ability to thrive in diverse environments (Lusk 2002, Prada et al. 2024), maqui can grow both in the understorey 

			

		

		
			
				Fig. 1. Overall pattern of seasonal variation in total phenolic content (A), specific leaf area (B) and pro-line content (C) in maqui (Aristotelia chilensis) across the sampling sites in Curicó Province, central Chile. For proline, winter and spring (pre-flowering) were not measured. For phenolic content, a polynomial regres-sion fitted to mean values is overlaid to illustrate the overall pattern. Sampling sites from left to right in each season: Puente Lautaro, Lora, Docamávida, Licantén Idahue, El Corazón, Marengo, Quilvo Alto, Potrero Grande Hill and Quebrada Honda.
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				and in open areas (Faggi & Cagnoni 1996, Misle et al. 2011). Consequently, natural populations are frequently exposed to climatic variability and stress conditions, leading to modifications in phenotypic traits such as fruit yield, a key parameter for domestication programmes. In Chile, Vogel et al. (2014) reported a 68% higher fruit set in a coastal population under maritime influence compared with a population located at the Andean foothills.

				Plants have evolved a range of protective mechanisms and morphogenic responses to cope with environmental stress (Potters et al. 2007, He et al. 2018). Among these, the production of secondary metabolites plays a key role in plant adaptation under stress conditions (Akula & Ravishankar 2011). Phenolic compounds rep-resent a diverse group of secondary metabolites with multiple biological functions; in particu-lar, they contribute to stress protection through mechanisms such as absorption of harmful radia-tion and antioxidant activity (Xu et al. 2014, Roldan et al. 2021). Their biosynthesis is influ-enced by both genetic and environmental factors, with environmental conditions affecting not only their concentration but also their composition, particularly when they induce stress in the plant (Akula & Ravishankar 2011).

				Evidence from different species supports the influence of environmental conditions on phe-nolic accumulation. In murtilla (Ugni molinae), total polyphenol content and antioxidant activity vary with genotype and harvest year and are correlated with rainfall and frost (Alfaro et al. 2013, Roldan et al. 2021). In calafate (Berbe-ris microphylla), phenolic content and antioxi-dant activity vary geographically, with higher values reported in southern Chile (Mariangel et al. 2013). Latitudinal variation in anthocya-nin content has been reported in wild bilberry (Vaccinium myrtillus) from European forests, with higher levels at northern latitudes, while altitudinal variation has been shown in both bil-berry and cultivated blueberry (Vaccinum cor-ymbosum ‘Brigitta Blue’; Zoratti et al. 2015). In Chile, only a few studies have addressed sea-sonal variation in phenolic compounds in maqui in relation to environmental conditions (Fredes et al. 2014, Roldan et al. 2021), but they sug-gest that anthocyanin and other polyphenol con-

			

		

		
			
				tents vary seasonally and are influenced by geographic distribution.

				Seasonal studies are common in leaf-har-vested species such as tea (Camellia sinen-sis; Ercisli et al. 2008, Erturk et al. 2010) and medicinal plants (Siatka & Kašparová 2010, Pacifico et al. 2015, Cui et al. 2025, Mitić et al. 2025), whereas in maqui the fruit is typically the main harvested product. However, the increas-ing scientific and commercial interest in this species highlights the relevance of characteris-ing seasonal cycles in central Chile, particularly because the leaves also contain high levels of phenolic compounds with potential medicinal use. This approach also contributes to a better understanding of the ecophysiology of native species.

				Given the geographical extent of the pre-sent study, covering a substantial proportion of Curicó Province, the results provide a repre-sentative basis for interpreting seasonal patterns and their agronomic relevance. At the physi-ological level, variation in TP, SLA and pro-line reflects the close coordination between leaf structure and function, including the relation-ship between SLA and photosynthetic capac-ity (Poorter et al. 2009), as well as links with plant nutritional status (Reich et al. 1998). In this context, it is worth returning to a long-standing question concerning interspecific dif-ferences in photosynthetic capacity linked to leaf anatomy (El-Sharkawy & Hesketh 1965). Within this framework, it is notable that photosynthetic capacity has been shown to scale linearly with biomass investment in leaves (Poorter et al. 2009). Ecologically, variation in SLA as part of a plant strategy under contrasting growing con-ditions, together with the geographical and sea-sonal dynamics of phenolic antioxidants, helps to explain the notable adaptability of maqui, enabling its persistence despite the fragmenta-tion of original forest ecosystems and increasing agricultural intensification.
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Aristotelia chilensis (Elacocarpaceae), or maqui, is a perennial evergreen shrub or
small tree, native to southern South America. It is characterised by rapid growth,
opposite, simple, ovate to lanceolate leaves with serrated margins and prominent vena-
tion, and dark purple berries rich in phenolic compounds. In Chile, it remains largely a
wild native species, although cultivation initiatives have recently been developed. The
aim of this study was to assess the seasonal variation in phenolic antioxidants in the
leaves of natural maqui populations across Curicé Province of Chile, using total phe-
nolic content (TP), proline content and specific leaf area (SLA) as physiological and
morphological indicators. Seasonal variation in TP, with coordinated temporal shifts in
SLA and proline content, provides the basis for a conceptual ecophysiological model
of the species’ seasonal response. TP varied markedly throughout the year, increasing
1.54-fold from spring (pre-flowering) to autumn across all study sites. Similarly, SLA
varied 2.33-fold from spring (pre-flowering) to winter, while proline content increased
2.73-fold from spring (post-flowering) to autumn. Quantifying these seasonal pat-
terns improves our understanding of the species’ broad ecological adaptability and
may inform harvesting strategies. These findings have practical relevance, as phenolic
content is strongly correlated with antioxidant capacity, which underpins the growing
interest in this species.

Introduction efits. In this context, research on maqui (4ris-

totelia chilensis, Elacocarpaceae) has expanded

Over recent decades, berries have attracted con-  markedly, as its fruits are recognised for their

siderable attention due to their high antioxidant
content, in line with growing interest in func-
tional foods and their associated health ben-

exceptional antioxidant properties (Miranda-
Rottmann et al. 2002, Misle ef al. 2011). The
species has long been used in traditional herbal
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