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the ecophysiology of cape gooseberry (Physalis peruviana l.) 
- an andean fruit crop. a review
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Cape gooseberry with flower buds, flowers and 
developing fruits in calyx. 
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abstRact
In a literature review of the ecophysiology of cape gooseberry (Physalis peruviana L.) it was found that in 
Colombia this typical Andean plant adapts to a wide altitudinal range of the tropical cold climate, between 
1,800 and 2,800 m a.s.l., with optimal medium temperatures between 13 and 16°C and base (minimum) 
temperatures for stem and fruit growth of 6.3 and 1.9°C, respectively. However, this fruit does not withstand 
temperatures <0°C. The Andean conditions of the tropics such as high solar radiation and rather short day 
lengths <12 hours favor flower initiation. A duration of 1,500-2,000 hours year-1 of direct sunshine are the 
most favorable for the size, quality and ripening of the fruit. Under field conditions in Bogota we measured a 
photosynthesis rate of A = 10.545 μmol CO2 m-2 s-1 and light compensation point Ic = 13.645 μmol photons 
m-2 s-1. As this species with an indeterminate growth habit requires a constant supply of water, while high 
amounts or heavy rains after a dry season cause cracking of the fruits, the plant does not tolerate waterlog-
ging for more than 4 days. Cape gooseberry is classified as moderately tolerant to salinity and 30 mM NaCl 
curiously promotes growth, since the plant has mechanisms such as increased antioxidant activity to protect 
against saline conditions.
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Ecophysiology studies the environmental effects on 
plant physiology, describing the physiological mecha-
nisms during plant growth and development and 
their interactions with biotic and physicochemical 
environmental factors (Lambers et al., 2008). Cli-
matic factors influence crops at the same time, and 
when they become stressful as occurs during exces-
sive heat, drought, strong ultraviolet light and wind, 
and other environmental stressors, their action can 
be very damaging to the plant (Mittler, 2006). No 
factor alone impacts physiology and performance 
(Fischer et al., 2016).

Site growth conditions, like climate, soil and crop 
management, affect the size of the plant, the dura-
tion of its phenological stages, and the period and 
volume of the harvest (Fischer et al., 2016; 2018) This 
means that planting a crop in an unsuitable ecophysi-
ological site increases the production costs by reduc-
ing economic success (Fischer and Orduz-Rodríguez, 
2012). 

In recent decades, many environmental imbalances 
caused by deforestation and increased greenhouse gas 
emissions have caused significant changes in world-
wide climatic dynamics (Menezes-Silva et al., 2019). 
These have major implications for global food secu-
rity affecting, among other factors, the growth and 

productivity of plants (Dhankher and Foyer, 2018). 
For these climate changes, UNEP (2019) predicted 
that near the end of the 21st century (2100) the global 
average temperature will increase by 3.2°C, if gov-
ernments do not take more stringent measures to 
control the greenhouse effect. Shukla et al. (2019), 
in their IPCC technical summary, stated clearly that 
fruits and vegetables, as key elements of healthy di-
ets, are susceptible to climate change and that pro-
duction, quality, and crop suitability will decline as 
temperatures increase, particularly in the tropics and 
semi-tropical regions. 

Especially for the tropical Andes, the average precipi-
tation will increase by 20-25% (Marengo et al., 2011). 
Likewise, they affirm that in the high Andean zones 
- where the greatest production of cape gooseberry 
is concentrated - the magnitude of the warming will 
tend to be greater than in the low zones. Baldwin et 
al. (2019) reports that extreme weather events, in-
cluding heat waves and droughts, are expected to in-
crease in occurrence and severity as atmospheric CO2 
rises.

The cape gooseberry (Physalis peruviana L., Solana-
ceae) is native to the South American Andes (Fischer 
and Melgarejo, 2014), in Peru, Brazil, Chile, Ecuador, 
and Colombia. Commercial production has spread far 

ResUmen
Con el fin de revisar la literatura sobre la ecofisiología de la uchuva se encontró que esta típica planta andina en 
Colombia se adapta a un rango amplio de altitud de clima frío tropical, es decir entre 1.800 y 2.800 metros sobre el 
nivel del mar (msnm), con temperaturas medias óptimas entre 13 y 16°C y temperaturas bases (mínimas) para el 
crecimiento del tallo y del fruto relativamente bajas, 6,3 y 1,9°C, respectivamente, sin embargo no tolera tempera-
turas <0°C. Igualmente, las condiciones andinas del trópico como es la radiación solar alta y las longitudes del día 
<12 horas, más bien cortas, favorecen el inicio de la floración. Entre 1.500 y 2.000 horas año-1 de brillo solar (luz 
solar directa) son los más favorables para el tamaño, calidad y maduración del fruto. Bajo condiciones de campo en 
Bogotá, se midió una tasa de fotosíntesis A = 10,545 μmol CO2 m-2 s-1 y punto de compensación por luz Ic = 13,645 
μmol fotones m-2 s-1. Como planta con un hábito de crecimiento indeterminado, la provisión constante de agua es 
indispensable, mientras altas cantidades o lluvias fuertes, después de una época seca, causan el rajado de los frutos, 
igualmente como la planta no tolera más que 4 días el anegamiento. La uchuva es calificada como una planta mo-
deradamente tolerante a la salinidad y 30 mM NaCl curiosamente fomentan el crecimiento, teniendo mecanismos, 
como el aumento de la actividad antioxidante, para protegerse contra condiciones salinas. 
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more widely than these previously named countries, 
including now Kenya, South Africa, Egypt, Zimba-
bwe, New Zealand, Australia, India, China and Ha-
waii, and now also in Caribbean countries (Fischer 
et al., 2014; Ramadan and Mörsel, 2019). The CABI 
Invasive Species Compendium (2019) reports the 
appearance of P. peruviana in most countries of the 
world, classifying it as a plant of the high tropics that 
also grows well in the subtropics and in the not ex-
cessivley cold conditions of the temperate climate, 
where it behaves like an annual plant. 

In Colombia, according to Agronet (2019) data for 
2017 the annual production of cape gooseberry fruits 
was 18,889 t over a harvested area of 1,259 ha, lo-
cated mainly in the departments of Boyaca (616 ha), 
Cundinamarca (465 ha), Antioquia (149 ha) and 
Nariño (130 ha). Colombia is not only the largest 
producer, but also an exporter of this fruit (with USD 
32.4 million in 2018), especially to European coun-
tries, primarily the Netherlands, Belgium, the United 
Kingdom and Germany (Agronet, 2019).

The plant develops as a semi-shrub, semi-perennial 
with an indeterminate growth habit (Ramírez et al., 
2013), and attains commercial fruit production dur-
ing the first 18 months of the crop. It reaches a height 
of 1-1.5 m, generally forming four erect productive 
branches (Fischer et al., 2014). If not controlled, the 
plant can become invasive displacing other crops and 
be considered a weed (CABI Invasive Species Com-
pendium, 2019).

On the aerial part of the plant and particularly on 
the leaves - which are simple, heart-shaped and alter-
nate – the cape gooseberry develops full pubescence 
(Fischer and Miranda, 2012) that protects against 
sudden changes between day/night temperatures 
and high UV radiation from the tropical highlands 
(Fischer, 1995).

The flowers are hermaphroditic with a yellow tu-
bular corolla and are solitary, while the calyx with a 
cupuliform structure (Nocetti et al., 2020), consists 
of five persistent sepals (or modified leaves). These 
form a husk 4-5 cm long that encloses and protects 
the fruit (against pests, UV light, rain, hail and cold) 
until maturity. It then changes into a translucent and 
parchment husk (Fischer and Miranda, 2012), due to 
the degradation of its chlorophyll and the transloca-
tion of almost all its carbohydrates, especially during 
the first 20 d of development of the fruit, (Fischer et 
al., 2015). The development of the fruit, according to 

the agro-ecological condition, takes 60 - 80 d (Fischer 
and Miranda, 2012).

The almost round fruits of cape gooseberry are yel-
low-orange berries with a diameter of 1.25 - 2.5 cm, 
weighing 4 - 10 g (Dostert et al., 2012); while the ‘Ke-
nya’ ecotype is up to twice this size, also showing 
a polyploid chromosomal number of twice (2n=48) 
that of the Colombian wild ecotypes (2n=24). The 
commercial ecotype ‘Colombia’ has a chromosomal 
endowment of 2n=32 (Rodríguez and Bueno, 2006). 
The fruit contains up to 350 seeds, which are small 
(about 1.1 mg in weight), flattened and lenticular 
(Fischer, 2000a; Fischer et al., 2007).

The fruits of the cape gooseberry contain multiple 
health properties due to the elevated content of anti-
oxidants, minerals and vitamins (Ramadan and Mör-
sel, 2019). It is an antioxidant and anti-inflammatory 
(Puente et al., 2019) and stands out for its contents 
of provitamin A (648-5,000 IU), ascorbic acid 11-43 
mg/100 g fresh weight and iron (1.1-1.7 mg), 13-
15°Brix (Fischer et al., 2011). Akbaba (2019) empha-
sizes the important medical use of this fruit in the 
control of hepatitis, malaria, rheumatism, dermatitis, 
diabetes and weight loss. Furthermore, the sap of the 
plant synthesizes withanolides that serve as repel-
lents against coleopteran pests (Fischer et al., 2011). 

Ecofisiological studies and related topics are of special 
importance for finding adaptation strategies for the 
crops to changing environmental conditions (Sánchez- 
Reinoso et al., 2019; Cardona et al., 2016; Cleves- 
Leguízamo et al., 2017), therefore the objective of this 
review is to report on the current state of knowledge 
of the ecophysiological factors in the growth and 
physiology of the cape gooseberry plant and thus fa-
cilitate significant decisions for research and produc-
tion of this important Andean fruit species.

ENVIRONMENTAL FACTORS

temperature

Temperature is the most complex factor in ecophysi-
ology (Gariglio et al., 2007). Like all plants, the cape 
gooseberry needs a base (or minimum) temperature 
to begin growth (Parra et al., 2015). This was estab-
lished by Salazar et al. (2008) at 6.3°C by the appear-
ance of nodes on the stem. This temperature confirms 
the species’ good adaptation to cold climatic zones in 
Colombia (Fischer and Miranda, 2012).
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The cape gooseberry base temperature for the differ-
ent phenological stages in its reproductive phase (in-
vestigated so far in a few species) is shown in Table 1. 
Salazar et al. (2008) calculates a light extinction coef-
ficient (k) of 0.469, a light use efficiency (LUE) of 0.46 
g MJ-1 for the vegetative state and 2.62 g MJ-1 for the 
reproductive phase, registering 69% of the plant´s to-
tal dry matter (DM) for the distribution in the fruit 
(Tab. 1).

In a cape gooseberry experiment, Aguilar-Carpio et al. 
(2018) applied the base temperature of 6.3°C for stem 
growth in order to calculate the heat units (HU = 
[(Tmax - Tmin)/2] - 6.3). Comparing different con-
centrations of Steiner’s nutrient solution Salazar et 
al. (2008) found that the solution of 150% required 
only 1,370 HU, compared with 1,435 and 1,527 HU 
at 100 and 50% of the Steiner’s solution, respectively. 
Therefore, the plant had 15 d of precocity in fruit 
production compared to the 50% solution.

The calculated base temperature of 1.9°C for the 
development of the fruit is real, taking into account 
that they resist temperatures as low as 1.6°C during 
storage (Alvarado et al., 2004) without physiological 
damage.

The average temperature range guaranteeing good 
adaptation and production of cape gooseberry at a 
Colombian site is 13 to 16°C (Fischer and Miranda, 
2012). However, Carillo-Perdomo et al. (2015) report-
ed an optimal average temperature of 18°C. Possibly, 
the most favorable temperatures for the production 
and quality of cape gooseberry fruits also depend on 
the ecotype or genotype, because in Cundinamarca 
at 17.5°C medium temperature in Subia (1,900 m 
a.s.l.) the fruits of the Colombia ecotype were of a 
smaller size and weight (5.12 g), compared to the site 
with more elevation, San Raimundo (2,100 m a.s.l., 
16.0°C), with a weight of 6.95 g (Mazorra et al., 2003).

From 30°C an inhibition of flowering has been ob-
served (Wolff, 1991). However, optimal temperatures 
for seed germination in cape gooseberries collected 
in Sertão (Rio Grande do Sul, Brazil) and Capelinha 
(Minas Gerais, Brazil), were 27 and 32°C, with 98 and 
96% germination respectively (Nunes et al., 2018). 
Diniz et al. (2020) observed that cape gooseberry 
seeds germinated within a wide range of tempera-
tures between 15 and 30°C, with the best results at 
25°C of constant temperature or 20-30°C alternating 
temperatures, under a lighting of 8 h d-1 light.

Constant night temperatures <10°C impair plant de-
velopment (National Research Council, 1989). Like-
wise, in a growth chamber at a constant temperature 
of 12° C, the cape gooseberry did not prosper because 
of a reduction of the amount of fruit set and the for-
mation of very flattened fruits that are not market-
able (Pacheco and Sáenz, 1991).

In a study of agricultural zoning of climatic risk in 
the Southeast of Brazil, 10% of land suitable for the 
cultivation of P. peruviana was identified when taking 
into account air temperature between 13 and 18°C 
and an annual precipitation of 1,000-2,000 mm. This 
ruled out regions superior to 30°C and inferior to 
13°C (Aparecido et al., 2019).

The fruit of the cape gooseberry is protected by a 
calyx against large variations in temperature and 
that encloses the fruit throughout its development. 
Fischer (1995) found that in Villa de Leyva (Boyaca, 
Colombia), at 2,300 m a.s.l., the temperature at noon 
was up to 5°C lower inside this organ than that out-
side (Fig. 1), but this protective effect did not appear 
at a higher and colder site in Tunja at 2,690 m a.s.l. 
Apart from the extreme temperatures, the calyx pro-
tects the fruit against sunburn, hail and mechanical 
damages such as air-distributed diseases, insects, and 
birds (Fischer et al., 2011).

Table 1.  Base temperature and dry matter distribution for the different phenological stages of the cape gooseberry (Salazar et 
al., 2006).

Phenological state base temperature (°c) distribution of dm in the different aerial organs

Appearance of knots on stem 6.3
Vegetative state

Leaves 72%

First flower bud appearance 10.8 Stem 28%

Time between first flower bud until first flower 5.6

Reproductive state

Leaves 9%

Time between first flower until first fruit 10.5 Stem 22%

Time between first fruit and ripe fruit 1.9 Fruits 69%
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The temperatures of the root surroundings exert a 
great influence on the metabolism and the functions 
of the roots, for which Fischer and Melgarejo (2014) 
reported that temperatures between 15 and 22°C 
of the cape gooseberry roots best favor leaf growth, 
while at 8°C the development of the plant is very 
poor (related to the longitudinal growth of branches, 
insertions and leaf surface). Possibly this is induced 
by the higher viscosity of the water and the lower 
permeability of the membranes at this low tempera-
ture. The membrane lipids become less fluid at these 
low temperatures and their protein components no 
longer function properly (Taiz and Zeiger, 2010), re-
sulting in less absorption of water and nutrients and 
a reduction in growth and photosynthesis of the 
plant (Fischer et al., 2000a). 

A herbaceous plant such as cape gooseberry suffers 
from frost that causes burns and dark colorations, es-
pecially in young plants, flowers, new shoots, leaves 
and calyces at 2°C (Fischer and Melgarejo, 2014). 
Irreparable burns occur at temperatures below 0°C 
(Carillo-Perdomo et al., 2015). In the plantations of 
the Colombian Cundinamarca-Boyacense zone from 
2,400 m a.s.l., there are drops in temperature, espe-
cially in the early morning, that coincide with dry 
weather and a clear sky and that are often without 
wind and these temperature drops induce radiation 
frost (Torres et al., 2016). The cape gooseberry is ca-
pable of a resprouting of the basal shoots if the frost 
is short (up to -6°C) (Fischer and Melgarejo, 2014).

light

Solar radiation plays a crucial role as an energy source 
for the production of DM and fruits of the cape 
gooseberry (Fischer and Orduz-Rodríguez, 2012). 
The plant depends on visible light to maintain a posi-
tive carbon balance through photosynthesis (Taiz 
and Zeiger, 2010). Consequently, the DM of the plant 
depends on the incidence and absorbed radiation, in 
addition to the ability to convert the radiation to car-
bohydrates through photosynthesis (Gariglio et al., 
2007).

The amount of light (light intensity or irradiance), 
the quality of light (wavelength) and the photoperi-
od (light hours/day) are some of the light factors per-
ceived by the cape gooseberry (Fischer and Melgarejo, 
2014), taking into account that the solar radiation 
that falls on the green fruit calyx and the two adja-
cent leaves are decisive for fruit maturation and qual-
ity (Fischer et al., 2015). In general, Mora et al. (2006) 
estimate that for cape gooseberries 1,500 to 2,000 h of 
direct sunlight per year are the most favorable for the 
size, quality and ripening of the fruit. This character-
izes the cape gooseberry as a light demanding plant 
(Carrillo-Perdomo et al., 2015).

Under conditions of restricted luminosity - as in the 
case of a dense plantation or in a greenhouse - the 
cape gooseberry reacts with an elongation of the 
branches compared to plants in the open field that 

Figure 1.  Changes in air temperature in the leaf shoot, inside the calyx, and at 10 cm soil depth for 24 hours in cape gooseberry 
(Physalis peruviana L.) in a lot in (A) Villa de Leyva (2,300 m a.s.l., 17.4°C, 66.6% RH) and (B) Tunja (2,690 m a.s.l., 
12.5°C and 79.0% RH) in Boyaca Colombia (Fischer, 2019).
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are well-distanced and where a higher incidence of 
UV light exists (Fischer, 2000b).

In the case of direct solar radiation onto the cape 
gooseberry fruit in which the calyx has been removed, 
the first author of this review found that in Villa de 
Leyva (Boyaca, 2,300 m a.s.l.) the fruit epidermis was 
burned after one week and mined by beetle larvae. 
This underlines the importance of the calyx against 
direct sunstroke and the production of a withano-
lide repellent at the base of the calyx against insects. 
Furthermore, as previously mentioned, the calyx pro-
tects against an extreme increase in the temperature 
of the fruit, thus, avoiding its cracking (Peet, 2009).

In some studies related to foliar photosynthesis (gas 
exchange) in plants grown under field conditions in 
Bogota, the authors of this document found that by 
constructing light response curves (range from 0 to 
1,400 μmol photons m-2 s- 1; Cref constant 400 ppm, 
constant 18° C) that the plants have a photosyn-
thesis rate (A = 10.545 μmol CO2 m-2 s-1; light com-
pensation point Ic = 13.645 μmol CO2 m-2 s-1); light 
saturation constant (defined as ½ of the saturating 
photon flux density equal to 207.91 μmol photons m-2 
s-1; dark respiration Rd = 0.6496 μmol CO2 m-2 s-1); 
and apparent quantum yield (Φ = 0.03011 μmol CO2 
μmol-1 photons) (Fig. 2). Additionally, through the 
chlorophyll a fluorescence measurement methodol-
ogy a maximum photochemical efficiency of pho-
tosystem II (Fv/Fm) of 0.82 was found, which is an 
indicator of a good state of operation of photosys-
tems (Fischer and Melgarejo, 2014).

When net photosynthesis response curves were con-
structed at different CO2 concentrations (Ci: 0 to 600 

ppm; Cref 400 ppm, constant 18°C, constant PAR 600 
μmol photons m-2 s-1), in the same plants and leaves 
where light curves were constructed, and using ad-
justments by the Farquhar FvCB model, the authors 
recorded a maximum carboxylation rate of RuBisCO 
Vcmax = 75.70 μmol CO2 m-2 s-1 and a maximum rate 
of regeneration of ribulose-1,5-bisphosphate con-
trolled by electron transport Jmax = 288.09 μmol CO2 
m-2 s-1.

The cape gooseberry behaves like a facultative (or 
quantitative) short day plant. Heinze and Midash 
(1991) found that an 8-h photoperiod shortens the 
juvenile phase producing faster flower induction 
than a plant under 16 h d-1 light. This shorter photo-
period also develops more elongated internodes. This 
behavior as a short-day plant coincides with other 
species that originate in low latitudes such as corn, 
rice, soybean varieties and coffee, and other species 
(Dwivedi and Dwivedi, 2012).

P. peruviana seeds show low germination percentages 
in the absence of light. Nunes et al. (2018) observed 
germination percentages of 97% in a light regime of 8 
h or more daily, indicating that the seed is photoblas-
tically positive.

ultraviolet (uV) light

Due to its growth in high-altitude tropical areas, the 
cape gooseberry receives large amounts of UV light 
for which it is adapted through its pubescent green 
epidermis, includaing a calyx that protects the fruit 
against this type of radiation (Fischer et al., 2016). 
In a study at two altitudes in Boyaca, Fischer (1995) 
found that these plants develop a shorter stem with 

Figure 2.  Response of net photosynthesis to light in leaves of cape gooseberry plants. Fitting a hyperbolic Michaelis-Menten 
model. Photon flux density (μmol photons m-2 s-1).
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1,399 mW m-2 UV-B (at 2,690 m a.s.l.) than with 
1,294 mW m-2 UV-B (at 2,300 m a.s.l.). Fischer and 
Melgarejo (2014) proposed three possible causes for 
this phenomenon: (1) the increase in UV-B radiation 
(280-320 nm) can reduce the longitudinal growth 
of the stem due to the reduction of auxins (Kuland-
aivelu et al., 1989); (2) the lower night temperature at 
2,690 m a.s.l. markedly decreases stem growth; and 
(3) the reduced atmospheric pressure at the higher al-
titude with 736 mb compared to 776 mb at the lower 
altitude could have negative effects on the elongation 
of the internodes.

altitude

The increase in tropical altitude is characterized by 
a decrease in the average temperature (6°C/100 m), 
increased radiation (mainly UV-B) and wind inci-
dence, and a reduction in precipitation that reduces 
the growth rate and leaf area producing thicker leaves 
compared to lower elevation sites (Fischer, 2000b). 
Thus, the leaves increase the number of layers of the 
parenchyma, forming a thicker cuticle with greater 
pubescence, which better filters the mutagenic ef-
fects of high UV radiation and improves the phyto-
sanitary status of the cape gooseberry (Fischer and 
Orduz-Rodríguez, 2012).

Cape gooseberry is a crop adapted to a wide range of 
altitudes that can reach up to 3,300 m a.s.l. in Ecua-
dor (Carrillo-Perdomo et al., 2015). Fischer and Mi-
randa (2012) characterize between 1,800 and 2,800 m 
a.s.l. for Colombia altitudes that are the most com-
mercially suitable for this plant. They specify that al-
titudes between 2,200 and 2,400 m a.s.l. can have the 
best production, if the microclimate and plantation 
management are adequate.

Possibly due to the reduced partial pressure of gases 
such as CO2 and O2 at a higher altitude, cape goose-
berries develop a greater number of stomata per leaf 
area at these elevations. Fischer (1995) found in Af-
rican ecotypes in Kenya and South Africa that 678 
and 719 stomata/mm2 leaf area at 2,690 m a.s.l. were 
typical. But they found only 564 and 507 stomata at 
2,300 m a.s.l., respectively. However, this behavior 
did not show up in the Colombian ecotype that had 
534 and 547 stomata at the two respective altitudes. 
Also, the same author recorded that the roots grew 
smaller and more superficial in the highest areas 
(2,690 m a.s.l.), because the soil cools down so much 
at night at this altitude (Fig. 1), that it must take bet-
ter advantage of solar heating during the day.

In the higher and colder zone (2,690 m a.s.l., 12.5°C) 
the contents of sucrose and soluble solids, and also 
the number and weight of the seeds of the gooseberry 
fruit decreased significantly. Thus, the first produc-
tion peak is postponed, although, the production cy-
cle can be longer, about 2 years, compared to a lower 
site (2,300 m a.s.l., 17.4°C) that takes only 1.5 years 
(Fischer et al., 2007). For that, latter authors suppose 
that at the lower altitude the higher sucrose content, 
the most common sugar in this fruit (Fischer et al., 
2015), was fostered by the higher seed number and 
weight which probably increased the sink strength 
and the greater influx of sucrose in the fruit, But also 
the higher temperature at the lower site probably 
promoted the hydrolysis of starch to soluble sugars. 
This was found by Mayorga et al. (2020) in curuba 
fruits that were grown at 2,006 m a.s.l. (19.4°C day 
time temperature) and 2,498 m a.s.l. (14.9°C) in Pasca 
(Cundinamarca, Colombia).

In the lower and warmer zone the fruits contained 
higher concentrations of provitamin A carotenoids 
(alpha- and beta-carotene) than at the higher site. 
This was a result that Fischer et al. (2000b) did not 
observe for ascorbic, citric and malic acids that were 
not influenced by altitude. 

Water

Since in a plant of indeterminate growth, as in many 
nightshades, vegetative and reproductive develop-
ment occur at the same time (Ramírez et al., 2013), 
the cape gooseberry needs a constant supply of 
water. The most demanding phases between bud 
sprouting, flowering and fruit filling (Fischer and Mi-
randa, 2012), require uniformly distributed rainfall of 
between 1,000 and 1,800 mm year-1 of precipitation 
per year.

During the initial growth of a plantation, the cape 
gooseberry is water demanding (Carillo-Perdomo et 
al., 2015). This contrasts with fruit harvesting when 
the crop needs water levels below field capacity so 
as not to harm the quality of the fruit (Torres et al., 
2004) and stagnate the vegetative growth of the plant 
(Fischer, 2000a).

The cape gooseberry fruit contains 80% water, and 
this amount is increased or reduced according to the 
water available to the plant (Fischer and Melgarejo, 
2014). The size of the fruit depends highly on the 
soil humidity provided by irrigation and rain (Fischer, 
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2005). The fruit constantly accumulates water and 
sucrose until its organoleptic maturity (yellow-or-
ange color), during which it would take advantage of 
irrigation until harvest (Fischer and Martínez, 1999). 
However, this is at the cost of postharvest quality 
and durability.

In a study of irrigation frequencies and levels with 
calcium applications on cape gooseberry plants, 
Álvarez-Herrera et al. (2015) found that one irriga-
tion every 4 d produced fruits of greater fresh mass, 
while irrigation every 14 d caused fruits of smaller 
size. However, the percentage of small fruits was re-
duced when applying Ca (50 or 100 kg ha-1). The cape 
gooseberry responds favorably to irrigation, also in 
amounts that exceed the crop evapotranspiration val-
ue. With an irrigation coefficient of 1.3, the quantity 
of fruits increased increasing production per plant 
(Álvarez-Herrera et al., 2015), whereas the irrigation 
coefficient of 1.1 exhibited maximum values of ψleaf 
and ψstem (Álvarez-Herrera et al., 2019). The irrigation 
coefficient of 1.1 every 4 d had the second highest ir-
rigation water-use efficiency (WUEi) and represented 
the most appropriate water level for cape gooseberry 
growing because this generated the highest amount 
of large and marketable fruits and the smallest num-
ber of cracked fruits (Álvarez-Herrera et al., 2019).

The cracking of the cape gooseberry fruit is the physi-
ological disorder most related to excess water due to 
overly abundant rains or irrigation. This is especially 
true when interrupting a dry season and, especially 
during the rainy seasons. The fruits rejected by ex-
porters because of cracking can reach 50% (Fischer, 
2005). This physiological damage occurs particularly 
in large fruits, with high volume and weight (Gor-
dillo et al., 2004). Plant breeding programs must take 
this situation into account and orient breeding pro-
grams to the size of this organ, an attribute for which 
the expression of genes is highly dependent on envi-
ronmental conditions (Trevisani et al., 2017).

Supposedly, elevated water content and the high 
concentration of solutes exert high pressure on the 
epidermis of the fruits (Peet, 2009), and because they 
cannot resist the pressure, they crack (Fischer, 2005). 
This situation is accentuated if there are only a few 
fruits on the plant, as for example in the first pro-
duction cycle (Gordillo et al., 2004). The relationship 
between the leaf area and the number of fruits during 
the formation of the first harvest is high, increasing 
the influx of carbohydrates to the fruit (Torres et al., 

2016). Gordillo et al. (2004) observed two types of 
cracking, deep (splitting) and superficial (cracking).

Therefore, fruit growers prefer to eliminate the first 
flowers of the plant, and to also maintain an adequate 
level of nutrients that promotes firmness and an ex-
tension of the epidermis, such as calcium, boron and 
magnesium (Garzón-Acosta et al., 2014; Cooman et 
al., 2005). Álvarez-Herrera et al. (2012) reported 38% 
cracking in cape gooseberry fruits without adding Ca 
to the substrate, but this dropped to 27% after apply-
ing 100 kg ha-1 of calcium.

relative humidity (rH)

A RH between 70 and 80% is optimal for growth and 
production of the cape gooseberry (Fischer and Mi-
randa, 2012). Higher RH favors the incidence of dis-
eases such as Botrytis sp., Phoma sp. and Xanthomonas 
sp. Serious leaf and calyx damage during high RH 
causes Cercospora sp., preventing fruit export with 
calyx (Fischer et al., 2011). Prolonged periods of high 
RH inhibit the plant’s potential to form a thick cu-
ticle or it can modify its composition, reducing cu-
ticular protection (Opara et al., 1997).

Fischer (2005) reported that high RH (>95%) occur-
ring for 6 consecutive hours in the field, with or with-
out rain suppresses transpiration of the fruit causing 
high pressure on the epidermis that consequently can 
crack.

Waterlogging

As a solanaceous plant the cape gooseberry does not 
tolerate waterlogging or flooding conditions for lon-
ger than 4 d in plants submitted for 0, 2, 4, 6 and 8 
d to waterlogging (5 cm above the substrate of the 
pot) (Aldana et al., 2014). After 6 d of waterlogging 
the plants showed significant reductions in vegeta-
tive growth (plant height, number of leaves, leaf area, 
diameter of the basal stem), including the number 
of nodes on the branches. Consequently, the num-
ber of flower buds, flowers and fruits decrease, and 
taking into account that at each node of the fruit-
ing branches the reproductive organ forms (Ramírez 
et al., 2013). The chlorophyll index is highly reduced 
especially from the 29th day after the beginning of the 
experiment, so that after 50 d the plants that were 
waterlogged for 8 d register a SPAD index of 17.48, 
compared to the control (35.85), in addition to severe 
leaf wilt (Aldana et al., 2014). Sánchez-Reinoso et al. 
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(2019) observe with increasing waterlogging periods 
(0, 3, 6 and 9 d) great chlorophyll content reductions, 
especially at 6, 12 and 18 d after the beginning of the 
waterlogging period. The effect of waterlogging on 
the development of the cape gooseberry DM is clear 
(Fig. 3).

Figure 3.  The dry weight of organs (stem and leaves, repro-
ductive organs [flower buds, flowers and fruits] 
and roots) of cape gooseberry plants in 10 L plas-
tic pots after 50 d of the beginning of waterlogging 
of 0, 2, 4, 6 and 8 d, modified from data of Aldana 
et al. (2014). Means with different letters of the 
same organ indicate significant differences after 
the Tukey test (P≤0.05).

Due to the high incidence of Fusarium spp. in cape 
gooseberry plantations in the country caused by tor-
rential rains, Villareal-Navarrete et al. (2017) flooded 
cape gooseberry plants in 2 L plastic pots for 6 d, 
where the substrate was or was not inoculated with 
Fusarium oxysporum. Each of the two factors, water-
logging and Fusaium, alone did not show significant 
negative effects on plant growth for 30 d, but the 
combination of the two stresses reduced root related 
variables (root dry weight, length, and neck diam-
eter), and leaf area. In addition, the ratio of root dry 
weight to aerial parts of the plant decreased dramati-
cally, from 0.45 to 0.14. In this experiment, a heavy 
reduction of stomatal conductance and transpiration 
rate is seen in addition to a strong decrease in the rate 
of photosynthesis in plants flooded and affected by 
Fusarium (1.75 μmol CO2 m-2 s-1), compared to con-
trol plants (5.06 μmol CO2 m-2 s-1). This means a 35% 
reduction when plants are affected by a combina-
tion of abiotic and biotic stress (Villareal, 2013). The 
author concludes that the obstruction of the vessels 
by the fungus and the impediment of the absorption 

of water and nutrients by these stressful condi-
tions cause the closure of stomata and a decrease of 
photosynthesis.

drought

Water deficit stress in the cape gooseberry reduces 
the longitudinal growth of the reproductive organs, 
damaging the amount of fruit produced (due to the 
lower number of “productive knots”), and, also, af-
fecting the filling of the fruit by reducing the leaf area 
(Fischer and Melgarejo, 2014). When this stress oc-
curs at the beginning of production it produces small-
er fruits leading to reduced productivity and a greater 
sensitivity to fruit cracking. This indicates that these 
organs are more susceptible to a lack of water when 
they are in the cell division (Torres et al., 2004).

Moreno (2013) subjected cape gooseberry plants 
to 90 and 17% of the field capacity (in plastic pot), 
finding that the water deficit markedly reduces veg-
etative growth, chlorophyll content, gas exchange 
parameters, as well as the fluorescence of chlorophyll 
a. This author also records the effect of water deficit 
stress on plants from 14 d and is much greater after 
21 d with increased leaf temperature, loss of electro-
lytes, and increased concentration of antioxidant en-
zymes such as catalase and peroxidase and also of the 
proline osmolyte

Knowing the cape gooseberry’s reaction to water def-
icit stress that occurs in many cases under higher than 
optimal temperatures, it is very likely that stomatal 
conductance and transpiration are reduced, and this 
increases leaf temperature and photorespiration and, 
consequently, photosynthesis and the growth and 
production of the plant are reduced (Restrepo-Díaz et 
al., 2010). This scenario becomes more likely with in-
creasing global warming (Menezes-Silva et al., 2019; 
Ngasoh et al., 2019).

Salinity

Like other nightshades, cape gooseberry not only 
shows a moderate tolerance to salinity, but also con-
centrations of 30 mM NaCl in the nutrient solution 
increases growth rates such as CGR (crop growth 
rate), RGR (relative growth rate), NAR (net assimila-
tion rate) and LAI (leaf area index) (Miranda et al., 
2010).

The cape gooseberry is protected from saline condi-
tions through mechanisms such as increased total 
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antioxidant activity in plants subjected to concentra-
tions of 120 mM NaCl that significantly increased 
the activity of oxygen free radical control, compared 
to plants subjected to 60 mM (Miranda et al., 2014). 
Also, these authors observe an increasing tendency 
for the osmoprotectant proline when the salt concen-
tration increased. Nimbolkar et al. (2020) state that 
the understanding of a salt tolerance mechanism in 
plant tissues is important for the integration of phys-
iological and biochemical comprehension for increas-
ing the salinity tolerance of fruit species. 

This moderate tolerance of cape gooseberry is very 
similar to many tomato varieties (Chakma et al., 
2019) and is important in the scenario of increased 
saline areas generated by anthropogenic effects or 
by factors related to climate change (Ngasoh et al., 
2019).

Table 2.  Effect of NaCl salinity on total antioxidant activity 
(μM Fremy’s salt/g fresh weight) in leaf tissue of 
cape gooseberry plants, 45 and 75 d after plantat-
ing (Miranda et al., 2014).

NaCl 
(mM)

Days after planting

45 55 65 75

0 2.72 bC 3.16 bB 3.15 bB 3.46 bA

60 2.74 bC 3.17 bB 3.29 bB 3.78 abA

120 3.28 aC 3.84 aB 4.18 aA 4.14 aA

Means in columns followed by the same letter are not significantly different 
according to Tukey’s test (P≤0.05). Lowercase letters are for comparing the 
NaCl concentration and uppercase between the days of the sample.

Wind

Cape gooseberry plantations suffer from strong 
winds (Carrillo-Perdomo et al., 2015), causing water 
loss due to evapotranspiration, deformation of the 
plant structure, and stagnation of growth that can 
also cause premature reproductive organ abscission 
(Fischer and Melgarejo, 2014). This is why in windy 
places plant barriers that cut the wind are necessary. 
Winds with speeds >30 km h-1 prevent the flight of 
bees, which are important due to entomophilic polli-
nation for cape gooseberry (National Research Coun-
cil, 1989). Likewise, wind dries out the stigma of the 
flowers, disabling pollination. In general, hot winds 
accelerate the drying of the plant tissues, replacing 
the humid air in the intercellular spaces with dry air 
(Das, 2012).

The benefits of soft winds to the physiology of the 
cape gooseberry are great, not only because of the 

transfer of mass and heat (Gariglio et al., 2007), but 
also because they dry the plants after a rain and en-
sure the opening of stomata (Fischer and Melgarejo, 
2014). At the same time soft winds renew the air in 
the canopy maintaining the required CO2 concentra-
tion for stable photosynthesis (Fischer and Orduz-
Rodríguez, 2012) and they favor gas exchange in the 
low and dense strata of the plant (Das, 2012). Fried-
rich and Fischer (2000) observe in fruit trees that 
winds as slow as 1.7 m s-1 are the most optimal for 
producing DM.

CONCLUSIONS

As a typical Andean plant, the cape gooseberry 
adapts to a wide range of cold altitudinal climate, 
with base temperatures (minimum) for the stems 
(6.3°C) and fruit growth (1.9°C) being relatively 
low. The plant cannot stand temperatures <0°C be-
cause of the burning of leaves, young shoots, flow-
ers, calices and young fruits. 

The Andean conditions of the tropics that include 
high solar radiation and rather short day lengths fa-
vor the beginning of flowering. Important for fruit 
filling and quality is solar radiation that stimulates 
the green calyx and the two adjacent leaves. The 
cape gooseberry can be classified as a light-demand-
ing plant, requiring from 1,500 to 2,000 h direct 
sunlight/year. 

As a plant with an indeterminate growth habit, a 
constant supply of water is essential, while high 
amounts of water cause cracking of the fruits, and 
the plant does not tolerate waterlogging for more 
than 4 d. The cape gooseberry is classified as a mod-
erately tolerant plant to salinity that has mecha-
nisms such as increased antioxidant activity and 
proline accumulation for its protection. Increasing 
wind speeds with altitude can affect plantations so 
that plant barriers are necessary. 

To our knowledge, no studies have been reported on 
the effects of elevated atmospheric concentrations 
of CO2 on the physiology and growth of the Andean 
solanaceous fruit plants except tomato.
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