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Abstract. The aim of this work was to study the phenology and fruiting characteristics of 
B. buxifolia Lam. at Tierra del Fuego, Argentina. One-year-old shoots had signifi cantly 
more and heavier fruit than older ones. The orientation, height position, and age of shoots 
signifi cantly affected the shrub productivity. The highest relative number of fruiting shoots, 
fruit number and fruit weight were found on the northern side of shrub, followed by eastern, 
western and southern orientations. The relative number of fruiting shoots, fruit number and 
fruit weight were higher in the upper half of the plant. One-year-old fruiting shoots were 
signifi cantly higher than 2- and 3-year-old shoots. Likewise, the relative fruit number and 
fruit weight were signifi cantly higher on 1-year-old than older shoots.

plant species growing near them (Bottini et 
al., 1993). Also, the high foliage density of 
the shrubs reduce the wind effect and this 
fact allow to reduce the mortality of the sheep 
(Bustos, 1995).

At present there are only a few reports on 
Berberis fruit production (Allen and Wilson, 
1992; Arena et al., 1999, 2001; Peri et al., 
1998a). The main objective of this work was 
to study the phenology and fruiting charac-
teristics of B. buxifolia Lam. at Tierra del 
Fuego, Argentina, as a fi rst step toward its 
domestication.

Materials and Methods

Geographic situation and site descrip-
tion. The study area is located near Ushuaia 
city, 54°48´SL, 68°19´WL (Tierra del Fuego, 
Argentina). Climatic data on maximal, minimal, 
and mean daily temperatures (°C); mean ambient 
relative humidity; and accumulated precipita-
tion (mm) were recorded by the Meteorologi-
cal Station at Centro Austral de Investigaciones 
Científi cas from October to April for the 1996/97 
to 1998/99 seasons. Data on ultraviolet and vis-
ible radiation (290–600 nm) (J·cm–2) and solar 
elevation angle (°) were also taken over the same 
period at the Laboratorio de UV y Ozono del 
Centro Austral de Investigaciones Científi cas, 
using the spectroradiometer that belongs to the 
NSF UV Radiation Monitoring Network. The 
maximum solar elevation angle was 58.28° 
on 21 Dec. and the minimum was 11.50° on 
21 June.

Soil samples were collected in the spring of 
1997 from two horizons (0–0.14 and 0.14–0.29 
m) and were analyzed at the Laboratorio de 
Suelos del Consejo Agrario Provincial (Santa 
Cruz) “Agr, Horst Thierauf.” The soil had an 
acceptable C:N ratio, was not saline but it was 
K defi cient (Table 1).

Plant material description. Ten B. buxifolia 
plants growing naturally in association with 

Chiliotrichium diffusum, were selected that 
were similar in size and age. The mean height 
was 0.84 ± 0.15 m, and the mean diameters 
were 2.18 ± 0.40 × 1.70 ± 0.46 m. The plants 
were estimated to be 8–10 years old, by count-
ing the number of growth rings in main stem 
cross sections. However, stems with different 
ages may be found in the same plant, since they 
propagate naturally by rhizomes (Arena and 
Martínez Pastur, 1995b; Arena et al., 1998).

Phenology. The following phenological 
phases were observed from Sept. to Mar. 
1996/97 and 1997/98: new leaf emergence, 
appearance of unopened fl ower, full fl ower, 
fruit set, and ripening period. The reproduc-
tive performance was also studied in shoots 
of different age on the selected plants. The 
numbers of unopened fl owers, opened fl owers, 
fruit that had set and ripened fruits per shoot 
were recorded at ≈7- to 10-d intervals from 
Oct. 1997 to the end of Jan. 1998.

Fruit production. Fruit production was 
measured for shoots aged 1, 2, and 3 or more 
year old in four quadrants of each shrub 
(North, East, South, and West), at two height 
positions (upper and lower half). The number 
and weight of fruits were analyzed over two 
growing seasons (Feb. 1998 and 1999). In ad-
dition, the relationship between the number of 
shoots grown at the end of the growing season 
in 1997 and the number of 1-year-old fruiting 
shoots during the 1998 summer was evaluated. 
Results were analyzed by Fisher and Tukey 
tests, with a signifi cance level of P < 0.05. 

Results and Discussion 

Phenology. New leaf emergence and full 
fl ower occurred in early and mid-spring, re-
spectively (Table 2). Fruit ripening continued 
for 15 to 20 d in January and early February. 
All the phenological phases occurred ≈20 d 
later in the 1997/98 season than in 1996/97 
season, even though the mean temperatures for 
the 1997/98 season were only 0.33 °C higher 
than in the 1996/97 season. However, the mean 
and maximum temperatures from October to 
January were 0.80 °C and 2.12 °C higher in 
1996/1997 than in 1997/1998 season, and the 
precipitation in 1996/1997 was less than half 
than in the 1997/1998 season. Higher tempera-
tures and lower precipitation from October to 
January could advance the phenological 
phases, explaining the differences between 
the 1996/1997 and 1997/1998 seasons.

An average of 15 unopened fl owers was 
formed per shoot and 89% of them ultimately 
opened. However, only 29% of the unopened 
fl owers became fruits and only 16% of these 
ripened. There were not signifi cant differences 
in the reproductive performance among shoots 
of different ages (data not shown). The reasons 
why so few fl owers produced ripened fruits 
was not determined, but could be caused by 
an abscission process related to fruit load or 
by insect attack. In contrast, Allen and Wilson 
(1992) reported that for naturalized plants of 
Berberis darwinii 43.5% to 54.8% of mature 
fl owers produced ripe fruits, a value much 
higher than was observed in this study.

Over the last few years, an increasing inter-
est has been shown in intensive agriculture in 
Patagonia (Arena and Martínez Pastur, 1995a; 
INTA EEA Santa Cruz, 1996; Martínez et al., 
1995; Riádigos and Martínez, 1994). This is 
due mainly to the possibility of out-of-season 
production for Northern Hemisphere markets. 
Also, a wide diversity of soils and climates are 
represented in Patagonia that could be used to 
extend the production season.

Berberis is a native shrub represented 
by 16 species in Patagonia (Bottini et al., 
1993; Orsi, 1984). Berberis buxifolia Lam., 
commonly named “calafate,” has the larg-
est distribution, from Neuquén (37° SL) to 
Tierra del Fuego (54° 8´SL) (Job, 1942). It 
is an evergreen, spiny and erect shrub up to 4 
m high often growing in coastal scrub, forest 
margins and clearings, moist areas in the grass 
steppe, and along streams and rivers (Moore, 
1983). Berberis buxifolia can be propagated 
from seeds (Arena and Martínez Pastur, 
1994), rhizomes (Arena and Martínez Pastur, 
1995b; Arena et al., 1998), and through in vitro 
methods (Arena et al., 2000). When plants are 
obtained from rhizomes, they acquire the adult 
characteristics at the third growing season and 
fl ower. Commercial orchards of B. buxifolia 
are being planned, because its black-blue fruits 
can be eaten fresh or in marmalades and jams 
(Bottini et al., 1993; Orsi, 1984), and they are 
an important source of alkaloids as berberines 
and anthocyanins (with medicinal and tinctotial 
application) (Fajardo Morales, 1987; Fajardo 
Morales et al., 1986; Pomilo, 1973; Shaffer, 
1985). Berberis heterophylla plants have been 
used to prevent desertifi cation and for natural 
windbreaks in Chilean Patagonia. In addition, 
due to the adult plant structure of Berberis as 
the presence of spines, these shrubs can not 
be easy eaten by the animals and protect other 
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Fruit production. Age signifi cantly affected 
the number and weight of fruits harvested per 
shoot (Table 3). One-year-old shoots had sig-
nifi cantly more and heavier fruits than the older 
shoots. In the east orientation, the number and 
weight of fruits harvested per shoot and the 
mean fruit weight were also higher compared 
to other orientations, although there were not 
signifi cant differences. Fruit yield in the up-
per half of the plants was higher respect to the 
lower half, but again these differences were 
not signifi cant.

The orientation, height position, and age of 
shoots signifi cantly affected the plant produc-
tivity (Table 4). The highest relative numbers 
of fruiting shoots, fruit numbers, and fruit 
weights were found on the northern side of 
bushes, followed by the eastern, western, and 
southern orientations. The highest relative 
numbers of fruiting shoots, fruit numbers, 

and fruit weights were found in the upper 
half of the plant compared to the lower half. 
Overall, there were signifi cantly more 1-year-
old than 2- and 3-year-old shoots. Likewise, 
the relative fruit numbers and fruit weights 
were signifi cantly greater from 1-year-old 
shoots than from 2- and 3-year-old shoots. 
The average number of fruiting shoots, fruit 
number and fruit weight (g) per plant were 
205, 352, and 100, respectively.

Fruit yield per shoot was higher in B. het-
erophylla (Arena et al., 2001; Peri et al., 1998a) 
than in B. buxifolia, but it must be taken into 
account that shoot length was greater in B. 
heterophylla (Arena et al., 2001) compared to 
B. buxifolia (data not shown). Also, fruit yield 
per plant was higher in B. heterophylla (Peri et 
al., 1998a) than the results found in this study 
for B. buxifolia.

The higher relative fruit yield (number and 

weight) on the northern section in respect to the 
other orientations was due to a higher number 
of shoots being formed on the north, but not to 
a higher fruit yield per shoot. These results are 
consistent with those found for B. heterophylla, 
whose fruit yield was maximum on northeast 
and northwest orientations (Peri et al., 1998a), 
although fruit yield per shoot was maximum 
in those orientations (Arena et al., 2001). 
The higher values found on the northern side 
could be due to a longer exposure to the sun 
and consequently too high light intensity, and 
to a less exposure to the predominant winds 
from the south-southwest. The positive effect 
of windbreaks for increasing fruiting and yield 
was reported by Peri et al. (1998b) on straw-
berry plants at Santa Cruz (Argentina).

The highest relative fruit yield (number and 
weight) in the upper half of the plant, was also 
due to a higher shoot formation, but not to a 
higher fruit yield per shoot. Similarly, the fruit 
yield of B. heterophylla was maximum in the 
upper half of the plants (Peri et al., 1998a), 
although fruit yield per shoot was maximum in 
this part of the plant (Arena et al., 2001). How-
ever, the height of the plant did not affect the 
reproductive performance in B. darwini plants 
grown at the forest edge (Allen and Wilson, 
1992). The highest shoot formation and fruit 
yield in the upper half could be explained by 
an increment in light intensity (Vozmediano, 
1982). Shading reduced fruit set and yield in 
Ericaceae species (Patten and Wang, 1994; 
Roper et al., 1995) and in Malus domestica 
(Doud and Ferree, 1980). This highlights the 
importance of pruning, to enhance light pen-
etration into the shrub canopy.

The highest relative fruit yield of 1-year-
old shoots was due to their being more fruitful 
than the other aged shoots, and their having 
a higher number and weight of fruits. This 
is in agreement with the results found for B. 
heterophylla (Arena et al., 2001; Peri et al., 
1998a). The percentage of 1-year-old shoots 
was similar in the upper half of the plant with 
respect to the lower part (data not shown). In 
general, shoots have different vigor depending 
on their position, direction of growth, and age 
(Calderón Alcaráz, 1993). These differences in 
vigor can be explained by the carbon/nitrogen 
ratio and by differences in auxins concentra-
tion. Thus, 1-year-old shoots may have a better 
physiological equilibrium (in terms of vigor) 
compared with the older shoots and are more 
likely to form fruits. Our results showed that 
fruiting shoots older than 2 years represented 
≈20% of the total fruiting shoots, producing 
only 14% of the total bush fruit yield. This 
highlights the necessity for pruning out older 
shoots, leaving only younger shoots with a 
greater capacity for producing fruits. 

Only 8% of the shoots present at the end 
of the growing season in 1997 formed fruits 
during Summer 1998. These values ranged 
greatly from 3.5% to 19.0% among plants, 
with a maximum at the northern (11.6%) and 
a minimum at the western and southern orienta-
tions (6.3%). These results confi rm the effect of 
orientation on yield and could indicate that the 
physiological equilibrium among these shrubs 
and across the shrub would be different.

Table 1. Climatic data on maximal (Max), minimal (Min), and mean daily temperatures (°C); mean ambient 
relative humidity (RH); accumulated precipitation (mm) (PR); ultraviolet and visible radiation (J·cm–2) 
(RAD) from October to April for 1996/97 to 1998/99 seasons at Ushuaia, Argentina. Soil data are also 
presented including texture, pH, concentration (%) of organic carbon (C), nitrogen (N), potassium (K), 
phosphorus (P), C:N ratio and resistance (ohm.cm).

Climatic data Max Min Mean RH PR RAD

Seasons
1996/97 12.44 4.01 7.97 72.06 289.40 15750.41
1997/98 12.07 5.42 8.30 73.78 341.90 17082.84
1998/99 12.15 4.91 8.17 70.51 320.70 16549.26

Soil data Texture pH C N K P C:N  Resistance

Horizons
Superfi cial  Organic 4.3 7.93 0.58 0.20 8.00 13.53  7000
Deep  Silt-sandy 4.2 2.94 0.20 0.10 Traces 14.26 20000
 

Table 2. Dates of the various phenological phases of B. buxifolia plants growing naturally near Ushuaia city, 
Tierra del Fuego, from Sept. to Mar. 1996/97 and 1997/98 seasons.

 New leaf Appearance of Full Fruit    Ripening period
Period emergence unopened fl ower fl ower set Beginning End
1996/97 22 Sept.  7 Oct. 22 Oct. 13 Nov. 8 Jan.  30 Jan. 
1997/98 13 Oct. 27 Oct. 10 Nov. 2 Dec. 19 Jan.   4 Feb.
 

Table 3. Multifactorial analysis of variance for fruit number (FN) and weight 
(FW) (g) of fruits harvested per shoot and mean fruit weight (MFW) (g) at 
different shrub orientations, height position, and shoot age of B. buxifolia 
plants growing naturally near Ushuaia city, Tierra del Fuego.

Factor FN  FW MFW

 Shrub orientation
North 1.46 0.37 0.24
East 1.63 0.46 0.27
South 1.46 0.40 0.26
West 1.54 0.41 0.26
 Height position
Upper 1.56 0.43 0.26
Lower 1.48 0.39 0.25
 Shoot age 
1 1.85 az 0.51 a 0.27
2 1.55 b 0.44 ab 0.27
3 1.17 c 0.28 b 0.23
 Level of signifi cance of main effects
Shrub orientation 0.6316 0.8519 0.9102
Height position 0.4948 0.6173 0.7421
Shoot age  0.0000 0.0461 0.6641
Interactiony  0.9606 0.9929 0.9951
zMeans followed by different letters for each factor and in each column mean 
signifi cant differences through Tukey test at P < 0.05.
yInteraction is calculated among shrub orientation, height position, and 
shoot age.
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