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ABSTRACT

Eulychnia acida Phil. is an arborescent cactus species endemic to Chile, and widespread in the Coquimbo Region, Chile. 
Wild populations are found on north facing slopes and vary morphologically in fruit shape and color. We conducted a 
study on reproductive phenology at three locations in the region: Quebrada Honda in the coastal area, Gualliguaica in 
the Elqui Valley, and La Coipa in the Limarí Valley. A total of 120 stems from 30 selected plants of wild populations 
were monitored weekly and the phenological stages were evaluated over a season. Through multivariate analysis was 
determined if climatic factors affected the number of individual and/or reproductive organs observed. The presence of 
reproductive phenophases is asynchronous, beginning in late autumn with the appearance of flower buds, which bloom 
mainly in spring and set at the end of the season. Flowering has a unimodal pattern. The variable fruits by stems is strongly 
correlated (p < 0.05) with the relative humidity (negative) and the degree days (positive). Locations show differences in 
the duration of the phenological events, which appear to be related to plant size and abundance of reproductive structures. 
Flowering synchrony among individuals is low when compared with other cacti; this means less overlap of the flowering 
periods among individuals, which could be a strategy to ensure insect visitation and pollination. Longer term studies are 
necessary to establish how weather conditions, rainfall and temperature influence the generation of flower buds, since 
production is affected in periods of drought.
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INTRODUCTION

Two genera of columnar cacti, Echinopsis and Eulychnia (Hoffmann and Walter, 2004) are found in the Coquimbo Region 
(29º-32º S lat), Chile. Eulychnia is a genus that is also found in Peru and includes six to nine species (Nyffeler et al., 1997), 
including E. acida Phil. (copao or rumpa), an abundant endemic species found mainly in the Coquimbo Region, Chile 
(Bustamante, 1996). It is distributed between 29º S lat (Incahuasi) and 32º S lat (Quilimarí) (Bustamante 1996; Squeo et 
al., 2001). Taking into consideration the general area of copao distribution, hillsides with slopes greater than 15%, and 
northern exposure from east to west, the area of the Coquimbo Region is estimated at approximately 430 000 ha (Squeo et 
al., 2001). This species grows on hillsides and preferably on north facing slopes; its edible fruits have nutritional attributes 
and the characteristics of an isotonic (Masson et al., 2011) and medicinal drink (Jiménez-Aspee et al., 2014; 2015), which 
exhibit morphological variability of fruit shape, color, and size. It was commonly used as animal feed, to construct live 
fences, and for some handicrafts. However, with rising tourism and the knowledge of the properties of its fruit, human 
consumption has increased, especially during summertime when fruits ripen. This generates economic activity for dryland 
farmers who are near wild populations or rely on live copao fences. 
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 This species has no major conservation problems (Squeo et al., 2001; Hoffman and Walter, 2004). However, given that 
part of the wild populations is found in areas near local agricultural activity, especially fruit orchards on slopes, there is 
risk of impact. 
 Some studies of Eulychnia have been conducted that deal with distribution and the conservation status (Bustamante, 
1996; Belmonte et al., 1998), taxonomy (Leuenberger and Eggli, 2000; Hoffmann and Walter, 2004), morphoanatomical 
characteristics of stems (Nyffeler et al., 1997), floral orientation (Warren et al., 2017), Tristerix aphyllus infestation 
(Martínez del Río et al., 1995), pattern of recruitment (Cares et al., 2018) and morphological and genetic characterization 
(Jana et al., 2017). No phenological information has been reported, which is important since harvesting of fruits has 
become a fledgling productive activity. Harvesting of the fruits is preceded by reproductive phenological events, which 
define the production potential of the plant, crossing and pollination mechanisms of plant species (Santos et al., 2008), 
and natural propagation (Novoa et al., 2005). In addition, continuous monitoring of these biological events can detect 
alterations due to possible causes of biotic factors such as plant size (Ollerton and Lack, 1998; Bustamante and Búrquez, 
2008) or abiotic factors (photoperiod, temperature, and humidity) (Santos et al., 2008; Munguía-Rosas and Sosa, 2010).
 The objective of this study was to define and establish the different reproductive stages of E. acida, when they 
occurred in three wild copao or rumpa populations and, the influence of climatic variables about them, in the Coquimbo 
Region, Chile. 

MATERIALS AND METHODS

Species population 
Wild copao (Eulychnia acida Phil.) populations were located on north facing slopes; 30 individuals were tagged at the 
reproductive stage with healthy stems without cactus mistletoe (Tristerix aphyllus) and height of more than 2 m in which 
are in reproductive phase (Bustamante and Búrquez, 2008). Individuals were distributed in an area of approximately 1 ha. 
They were selected when fruits were available at initial tagging (January 2006) and considering the taxonomic description 
of the species (Hoffmann and Walter, 2004).
 Individuals were characterized for plant height and crown perimeter (at approximately 1.2 m from the ground); number 
of stems per plant was counted. Four stems were tagged per plant, which were longer than 1 m, oriented in the four 
cardinal directions, and on the exterior of the plant.
 Reproductive phenology follow-up units were established in wild copao populations with a population density between 
300 and 500 individuals ha-1 found at three locations in the Coquimbo Region, Chile.

Study sites
Study sites were located in Gualliguaica (30º00’01” S; 70º48’31” W, 646 m a.s.l., Province of Elqui), Quebrada Honda 
(29º34’49” S, 71º10’32” W, 370 m a.s.l., Province of Elqui), and Ovalle in La Coipa sector (30º29’46” S, 71º05’01” W, 
434 m a.s.l., Province of Limarí) where there are populations that could be harvested by the locals (Figure 1).

Determination of reproductive phenology
Data about phenological stages were taken using the criterion of presence or absence of reproductive organs (Novoa et al., 
2005) in 120 tagged stems of different individuals distributed in the population. In addition, the weekly increase of each 
reproductive structure was recorded (Santos et al., 2008; Renzi et al., 2018). Phenological monitoring generated a reproductive 
phenology map in which eight stages or phenophases were established: 1. Cottony areola, 2. swollen flower bud, 3. bud 
starts to flower, 4. flowers start to open, 5. full flower, 6. expanded flower, 7. fruit set, and 8. ripe fruits (Figure 2). Weekly 
evaluations were conducted at each site from January 2006 to February 2007; data were recorded from the flower bud 
stage (stage 1) to the fruit ripening stage (stage 8). To facilitate data analysis, phenological information was subsequently 
grouped into three major events: flower bud included stages 1 and 2, flowering included stages 3, 4, 5, and 6, and fruiting 
was stage 7. Therefore, the mean number of flower buds, flowers, and fruits on the stems observed on each date was used 
to determine the peak moments of each stage.
 On the basis of this information, dates of occurrence, peak moments, duration of each stage, and productive potential in 
adult stems were established for each location under study. The degree of overlap of flowering periods between individuals 
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in each studied population was determined by applying the Augspurger flowering synchrony index (Augspurger, 1983) 
according to the following equation

Xi = (1/n - 1) (1/ƒi)        ej ≠ i
where ei is the number of dates on which plants i and j coincide in flowering, ƒi is the number of dates observed when 
plant i was flowering, and n is the number of individuals of the census population. In the present study, the Augspurger 
synchrony index was determined by considering all the events related to flowers (stages 3 to 6) (Figure 2) because the 
event of open flowers in E. acida is gradual and relatively short (2 to 3 d); therefore, weekly monitoring detects a smaller 
number of opened flowers in stage 6 (Figure 2).

Climatic conditions of study sites
A temperature and relative humidity logger (HOBO data logger Pro RH/Temp Model H 08-032-08, Onset, Cape Cod, 
Massachusetts, USA) was installed at each monitoring site. Precipitation was recorded with a pluviometer (HOBO Event 
logger H07-002-04, Onset). Each variable was recorded every hour during the study period (2006-2007).
 The Gualliguaica and La Coipa locations had similar temperatures during the evaluation period; as for relative humidity, 
Gualliguaica had relatively higher air dryness than in Ovalle in the La Coipa sector. Meanwhile, Quebrada Honda differed 
especially in temperature and was characterized by high relative humidity. Precipitation that year occurred mainly in 
autumn and winter months, and it was sporadic and relatively low (Figure 3).

Figure 1. Location of study sites, Coquimbo Region, Chile.

j = 1
nΣ



256CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 80(2) APRIL-JUNE 2020

Figure 2. Phenological stages of Eulychnia acida. A) Stage 1. Cottony areola in the axillary thorns and beginning of floral 
bud formation. B) Stage 2. The flower bud begins to swell and grows in length and diameter. The thorns tend to drop. C) 
Stage 3. The flower bud reaches its maximum length and the perianth begins to develop in the apex. D) Stage 4. Tepals 
begin to appear, which can be white, pink, or red-veined and form the perianth. E) Stage 5. The flower begins to open and 
the stamens are visible. F) Stage 6. The flower reaches its maximum opening in which the stamens and pistil are visible. 
G) Stage 7. A scar is set in the exposed part of the floral structure. The fruit is shaped like a spinning top. H) Stage 8. Fruit 
at the harvesting stage with shiny skin. 
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Statistical analysis
Population characterization was analyzed by descriptive statistics (means and standard deviation); the duration of the 
phenological periods, number of reproductive structures, and synchrony index were subjected to ANOVA to determine if 
there were differences between locations. When differences existed, the Student-Newman-Keuls multiple comparison test 
(p < 0.05) was applied. All statistical analyses were performed with the Statgraphics software (Statpoint Technologies, 
The Plains, Virginia, USA).
 To establish whether there is of climatic variables, rainfall, temperature and relative humidity influence on the 
reproductive phenology in each of the study sites, a multivariate analysis of principal components (PCA) was performed 
using INFOSTAT/P 1.1 for Windows software (Grupo InfoStat Professional, Facultad de Ciencias Agropecuarias, 
Universidad Nacional de Córdoba, Córdoba, Argentina). Principal component analysis (PCA) showed that 73% of the 
variation in the populations at the three locations can be explained by the first two principal components (PC1 and PC2) 
with 73.5% and 26.5% of the observed variation, respectively.

RESULTS AND DISCUSSION

Plants selected at the Gualliguaica location exhibited greater height than those from Quebrada Honda and La Coipa. 
However, individuals from La Coipa were characterized for their high number of branches (stems), which ultimately 
influenced final plant perimeter (Table 1). Site population density in which the tagged individuals were established varied 
between locations, and Quebrada Honda had the highest density.

Figure 3. Temperature records (A) every hour and relative humidity (B) at the three locations with phenological 
monitoring.
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Reproductive phenology and climatic conditions
The stages of Figure 2 can be used as a specific guide to record the events in E. acida. It is worth noting that the 
reproductive habit of E. acida is to produce a single flower in the areola during the season; this concurs with other 
cacti (Mauseth and Kiesling, 1997). The flower buds located in the apical part of the stems oriented with northern 
or northeastern exposure rarely occur in the distal part of the stems or in another geographical exposure. Warren et 
al. (2017) relate this common habit in several cacti with the efficiency of carbohydrate transport from the tissues 
that receive more solar radiation toward the reproductive tissues. The reproductive phenology pattern observed in 
E. acida is similar to those reported for other columnar cacti (Novoa et al., 2005; Bustamante and Búrquez, 2008; 
Santos et al., 2008; Salomón-Montijo et al., 2016). The flower bud phase was recorded during the whole sampling 
period (9 mo) between the end of autumn and beginning of summer (May to January), although more intensely toward 
the end of winter and beginning of spring after to autumn rainfall (Figure 4A). This differs with observations for 
Neoraimondia arequipensis, columnar cactus of coastal Peru (Novoa et al., 2005) in which the bud phase is year round. 
Cactus reproductive phenology normally responds to environmental conditions, especially to the presence or absence 
of rainfall (Petit, 2001; Pimienta-Barrios and del Castillo, 2002; Bustamante and Búrquez, 2005; García-Suárez et al., 
2007; Santos et al., 2008, Eggli and Giorgetta, 2017) or to temperature (Rojas-Sandoval and Meléndez-Ackerman, 
2011). Eulychnia acida flower buds can be observed from the end of summer and beginning of autumn. However, they 
remain as such and bear fruit in the next growing season.  
 Flowering was continuous with a unimodal curve that was slightly extended between the beginning of spring (end of 
September) and mid-summer (end of January). Overall, there were no marked differences in the flowering pattern between 
the three locations (Figure 4B), although there were differences for intensity and duration of the main phenological events. 
Intensity, that is, the number of flowers on a given date (Bustamante and Búrquez, 2008), was higher in Gualliguaica, 
followed by La Coipa and Quebrada Honda; the latter exhibited a very low occurrence of flowering during the whole 
sampling period. Maximum flowering (mean of flowers per stem) in La Coipa was recorded in November with 0.28 
flowers. By contrast, maximum flowering in Gualliguaica was higher (0.56 mean flowers per stem), which was recorded 
in mid-November, date similar to that observed in Quebrada Honda where it was lower (Figure 4B). The bud in stages 
3 to 5 can last less than the frequency of sampling monitoring (weekly); this could explain the high number of flowers 
recorded at the start point of the La Coipa curve. 
 Flowering in cacti usually appears during the dry season (Pimienta-Barrios and del Castillo, 2002). Similarly, flowering 
in E. acida occurs in a period in which temperatures begin to increase and the probability of precipitation is lower. The 
relative humidity (negative p < 0.05) and degree hours (positive p < 0.05) were highly correlationated with fruit per stem 
(Figure 5) (Rojas-Sandoval and Meléndez-Ackerman, 2011, Nóbrega et al., 2019). 
 As for fruiting, it began at the end of October in the Gualliguaica sector, 25 d after Quebrada Honda and La Coipa 
(Figura 2C). In the last two locations, initial fruiting was low and gradually increased from mid-October onward. Fruiting 
continued until the end of January and a smaller number of fruits was quantified compared with the flower buds observed 
at the three locations. This can be caused by the abortion of flower buds and immature fruits for reasons not determined 
in the present study.
 The reproductive stages occur asynchronously in E. acida, that is, there is an overlap of stages especially in spring. 
This has also been observed in the flowering of other cacti (Pimienta-Barrios and del Castillo, 2002) and would be an 
advantage against adverse environmental conditions (Pimienta-Barrios and Nobel, 1995). 

Height, m 2.29 ± 0.47 3.19 ± 0.7 2.7 ± 0.66
Crown perimeter, m 4.09 ± 0.93 4.1 ± 1.0 4.87 ± 1.18
Stems, number per plant 16.5 ± 6.54 16.6 ± 7.05 24.2 ± 10.1
Population density, plants ha-1  510 ± 101.5 353 ± 107.8 371 ± 139.9

Table 1. Morphological characteristics of Eulychnia acida individuals of natural populations at three locations in the 
Coquimbo Region, Chile.

Locations

Quebrada Honda

N = 30 individuals; n = 3 plots of 20 × 50 m (mean values ± standard deviations) in each sector.

La CoipaGualliguaica
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 The mean duration of each individual phenophase varied (p < 0.05) among the studied populations (Table 2). The 
difference between locations in the duration of the different stages should be a response to the climatic conditions 
(Bustamante and Búrquez, 2005; Rojas-Sandoval and Meléndez-Ackerman, 2011) and plant age (Petit, 2001). Principal 
component analysis allowed separating the populations by evaluated reproductive phenology and environmental 
conditions, which showed differences between Quebrada Honda, Gualliguaica y La Coipa. La Coipa population was 
different because of number of reproductive phenological variables, Quebrada Honda for its relative humidity and 
Gualliguaica for temperature (Figure 5). A pattern such as that observed for the phenophase duration was also recorded 
for the mean number of each reproductive structure per stem (Table 2). Gualliguaica and La Coipa had higher productivity 
per stem, which was reflected in the higher mean number of flower buds, flowers, and fruits produced per stem. Higher 
productivity and earliness observed in La Coipa for flowering can be explained by plant size, as was determined in other 
columnar cacti (Petit, 2001) in which larger plants produced a higher number of flowers and earlier than the others. 

Figure 4. Number of reproductive structures (curves) flower buds (A), flowers (B), and fruits (C) per stem and prior 
rainfall (mm) (bars) for each sampling date of Eulychnia acida in Gualliguaica, Quebrada Honda, and La Coipa, 
Coquimbo Region, Chile. 
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 The greater productive potential in La Coipa was not necessarily reflected in a higher number of fruits. This can be 
associated with pollination problems and/or the presence of Zophodia chilensis (Syn. Sigelgaita chilensis, prickly pear 
moth) larvae that finally provoke abortion of reproductive stages.
 The flowering synchrony of E. acida individuals according to the Augspurger index (Augspurger, 1983) was less than 
0.49 at the studied locations (Table 2); this indicates that the degree of flowering overlaps among individuals for the 
locations and year under study. Flowering synchrony among individuals is associated with a strategy to improve visitation 
expectations and subsequent entomophilic pollination, thus increasing pollination efficiency (Bustamante and Búrquez, 
2005; Eggli and Giorgetta, 2017).

Figure 5. Biplot of PC1 and PC2 with five standardized phenological variables and four climatic variable sectors for the 
three populations of Eulychnia acida. 

Flower bud stage duration1, d 89.3 ± 51.5b 122.7 ± 50.7a 127.4 ± 30.3a 6.32 0.002
Flowering stage duration, d 33.0 ± 31.0b 42.8 ± 26.4b 84.3 ± 35.0a 23.11 0.000
Fruiting stage duration, d 37.4 ± 31.2c 54.7 ± 22.3b 75.5 ± 20.2a 17.45 0.000
Flower buds2 per stem  2.1 ± 1.7c 4.4 ± 3.3b 10.6 ± 6.5a
(range of values)       (0-10) (0-14)       (0-39) 117.37 0.000
Flowers2 per stem 0.9 ± 1.2b 2.5 ± 2.4a  2.7 ± 2.2a
(range of values) (0-6) (0-14) (0-10) 28.02 0.000
Fruits2 per stem  1.1 ± 1.3b 4.5 ± 3.2a 4.7 ± 3.5a
(range of values) (0-7) (0-16) (0-17) 54.6 0.000

                                                                     Augspurger index

Flowering synchrony 0.27 ± 0.12c 0.43 ± 0.13b 0.49 ± 0.06a 31.5 0.000

Table 2. Comparison of phenological stages of the columnar cactus Eulychnia acida at three locations in the 
Coquimbo Region, Chile.

Locations

Quebrada Honda

1Duration of each phenophase is the mean of 30 individuals. 
2n = 120 stems ± standard deviation.
Different letters in the same row indicate significant differences according to the Student-Newman-Keuls test 
(p ≤ 0.05).

La CoipaGualliguaica F P
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 The extension of the phenophase period is related to the number of reproductive structures that gradually develop in 
the plant and overlap each other. In fact, La Coipa location exhibits a greater extension of the phenological periods and 
more reproductive stages. 
 As for E. acida, the appearance of flower buds was expressed to a greater extent with autumn rainfall between 60 
and 80 mm in the study areas, which occurred 1 to 2 mo before the flower bud peak. However, no correlation was found 
between presence of flower buds and rains.
 The duration of the flowering period, as well as its onset, is related to plant size (Ollerton and Lack, 1998; McIntosh, 
2002; Renzi et al., 2018). The duration of the bud appearance, flowering, and fruiting period in La Coipa, which exhibited 
larger plant size, was considerably longer than in Gualliguaica and Quebrada Honda.

CONCLUSIONS

There is an 8-mo period from the onset of the Eulychnia acida flower bud after autumn rainfall to flowering; fruit 
ripening begins in the summer, depending on the climatic conditions of each sector. The different phenological stages 
are asynchronous, overlapping during all the phenological stages from spring onward. The Augspurger index, indicative 
of flowering overlap among individuals, was the highest in Gualliguaica at 0.49; however, this value was low compared 
with other cacti. 
 The three studied populations expressed phenological stages at a similar date; however, they differ in productive 
potential that can be associated with plant age and size. The wild populations in La Coipa and Gualliguaica reached higher 
productivity per stem than in Quebrada Honda. Fruits began to ripen at the start of summer. There was correlation between 
presence of flower buds and rainfall. The temperature expressed as degree days influences the number of fruits per stem 
and, the relative humidity correlates negatively with this same phenological variable. Longer term studies are necessary 
to establish how weather conditions, rainfall and temperature, influence the generation of flower buds, since production is 
affected in periods of drought.
 The proposed scale of phenological stages allowed determining the occurrence of the reproductive stage of this 
arborescent cactus endemic to Chile, which could be of interest to strengthen conservation and sustainable management 
strategies for the exploitation of its fruit, especially in those areas near farms such as in the Elqui and Limarí Valleys.
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