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Contents of non-structural carbohydrates in fruiting cape
gooseberry (Physalis peruviana L.) plants

Contenido de carbohidratos no-estructurales en la planta de
uchuva (Physalis peruviana L.) en fructificacion

Gerhard Fischer', Christian Ulrichs?, and Georg Ebert®

Although the cape gooseberry has become the second most
important export fruit in Colombia, information is scarce for
its carbohydrate partitioning, which plays a major role in plant
productivity. Seed-propagated Colombia ecotypes were kept
in a greenhouse in 2.5-L plastic containers filled with washed
quartz sand and were ferti-irrigated. The plants were pruned to
one main vegetative stem with two generative stems. Dry matter
(DM) partitioning during the initial plant growth showed the
highest accumulation rate in the roots during the first 20 days,
whereas, at a later stage of development, the shoot DM gain was
higher and the leaf DM gain was lower than that of the roots.
Sixty days after transplant, the plant parts were quantified and
analyzed for glucose, fructose, sucrose, and starch. The roots
were the largest carbohydrate pool for starch, but the sucrose
content was lower in the roots than in the vegetative stem and
the lower part of the reproductive stems. At 5-15 cm of the
vegetative stem base, 6.4 mg of starch, 1.4 mg of monosaccha-
rides and 5.3 mg/100 g of DM sucrose were found, indicating
that this lower organ is also important for starch accumulation
and, especially, for sucrose transport. In the two reproductive
stems, the starch contents were much higher in the base part
than in the apical part; the same relationship was found in
the leaves. The monosaccharide content was the highest in
the apical stem position with 8.2 mg/100 g DM. In contrast,
the apical-positioned 10-day-old fruits had maximum starch
concentrations (11.6 mg/100 g DM), possibly due to the as-
similatory starch from green fruit photosynthesis, whereas the
mature basal fruits (60-day-old) mainly accumulated sucrose
(25.7 mg) and monosaccharides (21.2 mg/100 g DM).

Key words: photosynthates, starch, sucrose, glucose, fructose.

Aunque la uchuva se ha convertido en la segunda fruta de impor-
tancia en la exportacion de Colombia, existe escasa informacion
sobre el papel que juega el reparto de carbohidratos en la produc-
tividad dela planta. En invernadero, plantas del ecotipo Colombia,
propagadas por semilla, se cultivaron en materasde 2,5 L, enarena
de cuarzolavaday con ferti-irrigacion. Las plantas fueron podadas
hasta el tallo vegetativo principal con dos tallos reproductivos.
La distribucién de materia seca (MS) durante los primeros 20
dias de la planta mostro la mayor tasa de acumulacion en raices,
mientras que en la etapa posterior la ganancia de MS fue mayor
en tallos y menor en hojas que en las raices. Sesenta dias después
del trasplante, se determiné el contenido de glucosa, fructosa,
sacarosay almidon para cada parte de la planta. Las raices fueron
el mayor vertedero de almidén, pero los contenidos de sacarosa
fueron bajos tanto en el tallo vegetativo como de los reproductivos.
Entre 5-15 cm de la base del tallo vegetativo se encontr6 un 6,4
mg de almidén, 1,4 mg de monosacaridos y 5,3 mg/100 g MS de
sacarosa, indicando lo importante que es este rgano basal para
la acumulacion de almidon vy, especialmente, para el transporte
de sacarosa. En los dos tallos reproductivos, el contenido de
almidoén fue mayor en la base que en el apice; la misma relacion se
encontrd en las hojas. El contenido de monosacaridos fue mayor
en la zona apical del tallo reproductivo, con 8,2 mg/100 g MS.
Por el contrario, en los frutos apicales y pequefios, con 10 dias de
edad, se encontré los méximas concentraciones de almidén (11,6
mg/100 g MS), posiblemente se trata de almidén primario de la
fotosintesis delos frutos verdes, mientras que los maduros basales
(60 dias de edad) acumularon principalmente sacarosa (27,7 mg)
y monosacaridos (21,2 mg/100 g MS).

Palabras clave: productos fotosintéticos, almidén, sacarosa,
glucosa, fructosa.

Introduction

The cape gooseberry (Physalis peruviana L.) originated in
the Andean zones and, according to Legge (1974), prob-
ably Peru. It belongs to the Solanaceae family, in which

Received for publication: 26 April, 2015. Accepted for publication: 30 June, 2015.

the Physalis genus comprises between 75 and 90 species
(Whitson and Manos, 2005) that develop their fruit in an
inflated calyx (or husk). From Chile to Colombia, it grows
wild and half-wild in frost-free zones between 800 and
3,000 ma.s.l. (FAO, 1982), where conditions are favourable
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for growth all year long. In Colombia,the best commercial
growing conditions are found at altitudes between 1,800
and 2,800 m a.s.l. (13-16°C mean temperature, 70-80%
relative humidity, and 1,000-1,800 mm annual rain fall)
(Fischer et al., 2014).

In Colombia, the cape gooseberry is not only an important
source of vitamins (A, C) for highland inhabitants (Fischer
et al., 2007), but has also become an important export
fruit, occupying second place after bananas (Fischer and
Miranda, 2012).

The cape gooseberry is a semi-woody, perennial, shrubby
plant (1 to 1.50 m tall) with a sympodial type of ramifica-
tion, mainly of the dichasial pattern, generally forming
four reproductive and fruiting stems (Fischer and Mi-
randa, 2012). It has an indeterminate growth habit where
the branches continue to grow; thus, the vegetative and
reproductive organs develop simultaneously (fruits grow
in each stem node, initiating at the first dichasial bifurca-
tion, after 8 to 12 nodes of the vegetative stem) (Fischer et
al., 2011; Ramirez et al., 2013).

The leaves (5-15 cm long and 4-10 wide) are soft, hairy,
heart-shaped, peciolated and inserted alternately on the
vegetative stem, where, on the reproductive stems, generally
two leaves per node emerge; while, the bell-shaped, her-
maphrodite yellow flowers, with dark purple-brown spots
in the throat, are formed in the leaf axils(Fischer, 2000;
Fischer et al., 2011). The leaf-like calyx, which completely
encloses the ripening fruit, grows to a bladder-like organ
(at fruit maturity becomes papery), measuring about 5
cm, with a round or elongated shape (Fischer et al., 1997).

Cape gooseberry fruits can be characterized as nearly round,
glossy yellow berries with many flat seeds (150 to300 corns/
fruit) and measure 1.25t02.50 cm in diameter and weigh about
4 to 10 g, which take 60 to 80 days to mature(Fischer, 2000).
The calyx completely encloses the fruit during its development
(Fischer et al., 2011). During the first 20 days of fruit develop-
ment, the calyx plays an important role in both the build-up
and translocation of non-structural carbohydrates, mainly
sucrose, for the fruit (Fischer and Liidders, 1997).

Carbohydrates (CH) are produced by photosynthesis and
used for growth and energy (Lakso and Flore, 2003); thus,
Goldschmidt (1999) stated that CH levels probably are
involved in the regulation of plant metabolic and develop-
mental events. Ninety percent of plant dry matter (DM) is
the result of photosynthesis (Daie, 1985); consequently, the
accumulation of CH during the growing season is essential
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for the survival of plants (Kozlowski and Pallardy, 1997a).
Carbohydrates comprise about three-fourths of the dry
weight (DW) of woody plants and are the primary storage
compounds and the organic substances from which most
other organic compounds are synthesized (Pallardy, 2008).

Carbohydrate partitioning to the plant organs is responsible
for the amount and pattern of plant growth and yield (Lakso
and Flore, 2003). Thus, Engels et al. (2012) stated that the
partitioning of biomass among plant organs and its mecha-
nism of control are of vital importance in plant production.
Translocation depends on the developmental stage of the
plant (Fischer et al., 2012) and the direction and volume of
transported CH are influenced by sink position and attraction
strength (Fischer and Friedrich, 2000). During the reproduc-
tive phase of the cape gooseberry, Salazar et al. (2008) found
partitioning coefficients of 0.09, 0.23 and 0.69 for leaves,
stems, and fruit, respectively; that is, 69% of the total daily
DM growth was allocated to the mass growth of fruits.

Oliveiraand Priestley (1988) stated that, in fruit plants, soluble
carbohydrates are composed of monosaccharides(normally
glucose and fructose) and oligosaccharides (mainly su-
crose); whereas, insoluble carbohydrates are made up of
starch and hemicelluloses (DeJong and Ryugo, 1998).

Typically, and in nearly all plant species, sucrose is the
most important transport form of CH (Lemoine et al.,
2013; Loescher et al., 1990), making up over 95% of the
DW of the material translocated in the sieve tubes of the
phloem (Pallardy, 2008).In species of the Rosaceae family,
as deciduous fruit trees, sugars are mainly transported by
the sugar alcohol sorbitol (Kanayama and Kochetov, 2015);
but also, in some cases, mannitol and oligosaccharides of
the raffinose family are translocated (Lemoine et al., 2013).

Photosynthate-producing and exporting organs in the plant
(mainly fully-expanded leaves) are known as sources and
the importing organs are recognized as sinks (developing
organs and non-photosynthetic organs such as immature
leaves, fruits, roots, flowers, and tubers) (Taiz and Zeiger,
2010). The importance of various sinks may shift during
plant development; whereas, the root and shoot apices are
usually the major sinks during vegetative growth, fruits
generally become the dominant sinks during reproductive
development, particularly for the adjacent and other nearby
leaves (Taiz and Zeiger, 2010).

Leaf photosynthesis and remobilization of carbohydrate
reserves are the source for assimilates supplied to the fruit
(Friedrich and Fischer, 2000).During their development,

Agron. Colomb. 33(2) 2015



fruits accumulate carbohydrates, generally as starch, su-
crose, or hexose sugars (Pallardy, 2008; Sugiyma et al.(1991)
found that, in mature cape gooseberry fruits, sugar com-
ponents are sucrose, glucose and fructose, as seen in the
strawberry and other fruits (Macias-Rodriguez et al., 2002).

Contents and types of stored CH vary seasonally and in
different organs and tissues, so that Kozlowski and Pallardy
(1997a) considered starch as the most important reserve of
CHj; starch has often been used as the sole indicator of the
CH status of plants (Pallardy, 2008). Starch is accumulated
when a high level of sugars is built up or, in tissues where
the non-structural CH content is low, it is converted to
sugars (Pallardy, 2008). The reserve CH are very important
for regrowth, e.g. after the cold winter season or following
the pruning of shoots (Kozlowski and Pallardy, 1997a),
which constitutes a great demand for reserve CH during
flowering and fruiting (Monerriet al., 2011). Starch-sugar
conversions in both vegetative and reproductive tissues
commonly occur (Kozlowski and Pallardy, 1997a).

In recent decades, CH economy has been studied in many
other species, using model plants, mainly at the quantita-
tive level; cellular and biochemical CH systems have also
been examined (Goldschmidt et al., 1999), but, for the
cape gooseberry, less knowledge exists on CH partitioning
between plant organs. Therefore, in this study, an attempt
was made to clarify the pattern of CH accumulation within
the plants; the results can serve as a basis for selection and
plant productivity programmes.

Material and methods

This experiment was carried out in the glasshouse of
the Department of Fruit Science, Humboldt University
of Berlin. The seed propagated ecotype Colombia” was
originated from native plants in the mountainous Boyaca
region (2,000-2,800 m a.s.l.) of Colombia.

One month after sowing in intermittent mist chambers,
vigorous plants were transplanted in 9-10 cm diameter
pots and, 6 weeks later, in 2.5 L black plastic containers.
The substrate used in the propagation and culture was
washed quartz sand (calibre 0.7-1.2 mm). The plants were
triple-irrigated daily with a 300-500 mL/pot Wuxal® solu-
tion, which had a composition of 8:8:6 (N:P:K; 0.24-0.40
g total N and K,O, and 0.18 g P,O; per pot), depending
on the development and climate conditions. Calcium and
magnesium were applied with tap water.

The plants were kept on cement tables and trained in the
following way:

o Pruned to one main vegetative stem with two fruiting
productive stems (Fig. 1),

o Lateral branches of the fruiting stems cut after the
first node,

o Leaders were supported by threads connected to the
glasshouse construction.

Mean minimum and maximum air temperatures in the
glasshouse were 18°C and 26°C. Relative humidity oscil-
lated between 60 and 90%.

The treatments were arranged in a completely randomized
design with a 3x3 factorial arrangement and six replicates
(single plants). The data were analyzed by using the SAS
program.

The fruit setting date was registered and, at the end of the
experiment, the fruit weight and carbohydrates were ana-
lysed in relation to the fruit age. When five basal fruits per
plant reached their maturity (80 d after transplanting), so
that the two fruiting stems represented all of the develop-
ment stages, the plants were harvested.

FIGURE 1. Training of the cape gooseberry plants for the carbohydrates
evaluation.
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For the CH analysis, samples were taken from the roots
(completely), the first 5-15 cm of the basal vegetative stem,
the first 5-15 cm of the two reproductive stems, and 10-
20 cm measured from the apical top of the reproductive
stems. The plant parts were shock-frozen in liquid nitrogen
immediately after excision from the plant (between 10.00
and 11.00 a.m.) in order to completely stop the metabolic
processes. After the freeze drying, the samples were finely
ground in an agate mill. The samples were submitted to
extraction five times with 80% ethanol at 60°C; the extrac-
tions were combined and the pellet separately prepared
for the starch analysis. The glucose, fructose, sucrose, and
starch were assayed enzymatically based on the method-
ology of Bergmeyer (1977) and Boehringer AG (1989) and
determined spectrophotometrically at 340 nm with a Shi-
madzu UV-1601spectrophotometer (Schimadzu Scientific
Instruments, Columbia, MD).

The results are presented in a descriptive manner, using
line (Fig. 2) and bar graphs (Fig. 3 and 5) that include the
standard error (SE) of each average. Six replicates were used
and the experimental unit was one plant.

In this study, the CH distribution was expressed as a
percent of DW of various tissues (organs), which can be
misleading, in some cases, because high concentrations of
carbohydrates often occur in tissues that comprise a low
proportion of the total DW of a plant.

Results and discussion

Dry mass of plant organs

The development of DM of different plant organs shows
the predominant role of the stem growth (34.5% of total
plant DM), followed by the root, while the leaf DM in-
creased constantly, but on a lower scale, and the fruit DM
accumulation, with 20.46 g, reached only 9.9% of the total
plant DM at 80 dat (Fig. 2).The fruit setting began 1 month
after transplant.

The higher accumulation of DM in the stems of this
semi-lignified plant shows the important formation of the
supporting structure of the plant that is required prior to
fruiting (Gardner et al., 1985) and, supposedly, for building
sufficient tissues for storing CH reserves in this perennial
plant. In the cape gooseberry, shoot growth is of special
interest because, in each node of the reproductive stems,
one fruit develops (Fischer, 2000). The second highest ac-
cumulation of plant DM in the root system highlights the
importance of this organ, where absorbance of water and
nutrients and growth hormone synthesis are crucial for the
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aerial part of the plant at this initial stage of development
(Pallardy, 2008). The pattern of DM partitioning coincided
with those mentioned by Lakso and Flore (2003); that is,
young tree shoots and roots receive significant quantities
of CH, as required by the development and construction
of both the top and the subterranean part of the tree. The
reduction of the percentage leaf DM from 60 to 80 days
(24.6 to 15.5%) indicated the significance of leaf CH for
the fruit filling (Schumacher, 1989) because these organs
augmented their contribution from 6.3% to 9.9% at this
period of time (Fig. 2).

100 4

—e— Roots
—o— Stems
_ 801 —&— Leaves
= —— Calyces
(-} H
= —a Fruits
3 60 A
&
g
= 40
a
o ‘4./4:
0 ‘ :

0 20 40 60 80
Days after transplanting

FIGURE 2. Dry mass development of different plant organs of seed pro-
pagated cape gooseberry (Physalis peruviana L.) plants. n=6. Error
bars indicate SE.

Plant carbohydrate content

In the cape gooseberry, a species with an indeterminate
growth habit (Fischer et al., 2011), the plant tries to main-
tain an equilibrium, attending to the vegetative and repro-
ductive sinks simultaneously, avoiding excessive growth
and development in one part (Gardner et al., 1985), which
was achieved in our experiment through the removal of
the basal lateral shoots and pruning of the plant top to
eliminate apical dominancy (Fig. 1).

Roots

A starch content of 8.9 mg/100 g DM was measured in the
root DW (Fig. 3 and 4), the highest proportion of the vege-
tative part of the cape gooseberry plant, but sucrose in this
organ (3.5 mg/100 g DM)was lower than in the vegetative
stem (5.3 mg/100 g DM) and the basal part of the generative
stem (4.1 mg/100 g DM) (Fig. 3), possibly the sucrose had
been interconverted to starch in this subterranean organ
(Macias and Rodriguez, 2002), but, in general, starch and
sucrose were the main CH found in the roots, confirming
that CH reserves consist of both soluble and insoluble
substances (Loescher et al., 1990).

Agron. Colomb. 33(2) 2015



Also, Kozlowski and Pallardy (1997a) stated that high
amounts of CH are stored in large perennial roots and
fine roots; Loescher et al. (1990) concluded that uppermost
CH reserves are stored in root tissues. In general, CH are
used during the initiation, elongation, and thickening of
roots, as well as in the growth of mycchorrizae and root
nodules (Kozlowski, 1992).Stored CH in the roots are of
special importance for flowering and fruiting in Valencia
orange trees (Dovis et al., 2014). High starch accumulation
in roots has been attributed by Wang and Camp (2000)
to an excellent adaptation and increased fruit yields in
strawberries.With increasing plant heights, from the
roots to the apical fruiting stem, the percentage of starch
content decreased (Fig. 3 and 4).

M Roots

[ Vegetative stem (basal)

B Reproductive stem basal

O Reproductive stem apical

O Leaves (basal, reproductive stem)
[ Leaves (apical, reproductive stem)

h%m‘

Starch Glucose Fructose Sucrose

Carbohydrate contents (mg/100 g DM)

FIGURE 3. Carbohydrate contents in the roots, stems, and leaves of the
fruiting cape gooseberry plants after 60 d of greenhouse culture. n=6.
Error bars indicate SE.

The monosaccharide (glucose + fructose) content of the
root DW was 1.1 mg/100 g DM, the lowest one of all the
measured plant parts (Fig. 3) because this organ is special-
ized in the storage of CH (Loescher et al., 1990), such as
starch and sucrose. In general, the investment of assimilates
in root growth is necessary due to leaf water and nutrient
requirements (Gardner et al., 1985). Between one-third and
two-thirds of all CH translocated to the roots are used in
respiration (Lambers et al., 2002).

Dhonta et al. (2006) found that the root concentrations of
starch or non-structural CH were not correlated positively
with the posterior regrowth of alfalfa shoots but rather

the total amounts of these CH. In the case of equally
perennial cape gooseberry plants, the root amount of
starch used as a reserve for the forthcoming vegetative and
reproductive growth was 6.37 g/plant (data not shown)
and, thus, was much higher than there serve CH in the
basal part of the vegetative and reproductive stems. The
root CH reserves are important and play a specific role in
supplying substrates for new shoot growth and respiration
(Loescher et al., 1990).

Vegetative and two reproductive stems

As in the development of the high DM content of the
stems (Fig. 2), this was also confirmed by the elevated
starch concentration in these plant organs (Fig. 3 and 4).
Even though high, there was a reducing concentration of
starch from the plant roots to the apical part of the fruiting
stems (Fig. 3 and 4); the starch level was always higher at
the stem base than in the middle or upper part of the stem
or plant. As in trees (Haddad et al., 1995), this underlined
the importance of storage tissues in the lower parts of the
cape gooseberry plants, as seen in other perennial species
that invest in storage deposits. Wardlaw (1990) affirmed
that the stem can act as a temporary storage reservoir of
CH in some species. Additionally, Loescher et al. (1990)
stated that CH storage is commonly found in the perennial
part of the plants, such as the roots and the stems.

On the other hand, as a semi-woody plant, the cape goose-
berry has to expend quantities of photosynthates for the
production of supporting and transporting shoot tissues.
Large amounts of CH are used in the production of xylem
and phloem mother cells, their division and differentia-
tion into xylem and phloem cells, and the expansion of the
cambial sheet (Pallardy, 2008).

In the vegetative and reproductive stems, nearly the same
sucrose concentration as that of starch was found (Fig. 3),
with sucrose being the most commonly transported sugar
in sieve elements (Taiz and Zeiger, 2010). Its concentration
was highest in the basal part of the vegetative stem with
a reduction in the upper parts of the plant. This pattern
indicates its importance in CH partitioning to the lower
plant parts. Additionally, at the base of the reproductive
stems, where the fruits are developing and maturing, the
highest sucrose and third highest starch concentration
were measured, which could also indicate that this stem
CH content can support most of the fruit development,
as Lapointe (1998) observed in the defoliated herbaceous
perennial Trillium erectum.

As described by Scholefeld et al. (1985) for the apical plant
part of avocadoes, where flowers, fruits and shoots are
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developing, the starch content diminished drastically in
the apical stem of the cape gooseberry (Fig. 3). The elevated
monosaccharide content in the apices (Fig. 3) could indi-
cate a high use of non-reducing sugars in these growth
processes.

Starch content (mg/100 g DM)

Reproductive stems: 2.0
(apical)

Reproductive stems: 5.0
(basal)

Reproductive stems: 6.4
(basal)

Roots: 8.9

FIGURE 4. Starch content in the roots, vegetative stem and reproductive
stems of the cape gooseberry plants.

Shoots compete with fruits for CH, but in the stage of rapid
fruit growth, the latter have a much stronger sink capacity
for the accumulation of reducing and non-reducing sugars
(Fig. 4) through the higher amount of hormonal growth
promoters than are contained in the shoots (Kozlowski
and Pallardy, 1997b).

Leaves

The young leaves of the cape gooseberry plants had lower
starch and monosaccharide contents, but tended to have
a higher sucrose concentration than the basal and mature
leaves of the generative stems (Fig. 3). Gardner et al. (1985)
supposed that the higher sucrose content in the upper lea-
ves is due to their demand to import photoassimilates for
energy and carbon skeletons, which are used in growth and
development until these leaves produce enough photoassi-
milates to provide their own requirements.

In the apical shoot part, only very small fruits (Fig. 1) that
could demand photosynthates and encourage photosynthesis
grew (Schumacher, 1989). Young (sink) leaves import CH
for constructing their own photosynthetic system; whereas,
mature (source) leaves, due to their high photosynthetic
activity, distribute photosynthates to sink organs (Araya et
al., 2006). Additionally, the leaf CH can play an important
role in the stomata aperture (Silber et al., 2013).

Bresinski et al. (2008) estimated that 30% of leaf phototo-
synthetic products will be used in the chloroplasts for starch
synthesis, this assimilatory starch is broken down in the
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dark to glucose and maltose; the latter is exported to the
cytoplasm, where it is used for sucrose synthesis. In conse-
quence, the lower starch content of the younger leaves (Fig. 3)
could indicate that they had relatively lower photosynthesis
and carbohydrate storage rates than the mature basal leaves,
where the ripening fruits demand higher transport rates of
CH and, therefore, the photosynthetic activity increased and
originated higher amounts of primary starches, stored in
these leaves (Barcel6 et al., 2001). Also, Moreira et al. (2013)
reported for the ‘Ponkan’ mandarin that, to maintain high
levels of CH in the mature leaves, itis of special importance
to improve the quality of fruits. However, it has to be taken
into account that high accumulation rates of non-structural
CH in mature leaves can suppress photosynthesis, but not
so much in young leaves (Araya et al., 2006).

In general, leaves are also important CH reservoirs as
Klopotek and Kléring (2014) found in young tomato plants
that accumulated and stored CH, such as soluble sugars and
starch during low temperature conditions for 1 week and
remobilised them later.

The partitioning of assimilates generally occurs to the
sinks closest to the source; for example, upper leaves export
principally to the shoot apex, as lower leaves do to the roots,
and middle leaves do to both organs (Wardlaw, 1990). In
various cases, it was found that the CH requirements for
fruits were supplied by the nearest leaves, such as two to
three leaves in kiwi, four leaves in the tree tomato, and the
nearest seven leaves in pineapple and guava (Kozlowski
and Pallardy, 1997b; Fischer et al., 2012). In the case of the
cape gooseberry, each fruit grows with two adjacent leaves,
inserted in the same node (Fischer, 2000), both are involved
in the CH export to this fruit (Fischer and Liidders, 1997).

Calyces

The sepals of cape gooseberry plants form a bladder-like
enclosure, the calyx, a leaf-like photosynthetic organ of
the fruit during its entire development (Fischer, 2000).
We found that its behaviour was closely linked to the fruit
CH content and, therefore, nearly no starch was found in
the calyces (0.1%), enclosing ripe fruits, but some starch
(0.7%) was measured in the husks of young fruits (Fig. 5).
Likewise, as in the case of sucrose concentration in ripe
fruits, it was also high in the adjacent calyx (3.5%) (Fig.
5) and the same close relationship was found between the
monosaccharide content of these two organs (Fig. 5). This
behaviour underlines the fact that, although the calyx
appears morphologically and anatomically similar to a
green leaf (Bresinski et al., 2008), its physiology and CH
metabolism are more related to the fruits than to the leaves
(Fischer and Liidders, 1997).

Agron. Colomb. 33(2) 2015



Fruits

Fruits are reproductive structures with a major sink stren-
gth, as was observed by Kozlowski and Pallardy (1997b) for
the rapid transport of large quantities of reserve CH, and
provide photosynthates to growing fruits; consequently,
when a plant develops a heavy fruit load, the fruit seems
to have priority for the photosynthates export from most
leaves (Hansen, 1977), which was confirmed, among others,
in persimmon by Park (2011) and in ‘Salustiana’ orange
by Monerri et al. (2011), when most of the tree CH was
translocated to the maturing fruits. The principal use of
carbohydrates in fruits is for DM accumulation, as was ob-
served by Pavel and DeJong (1993) who calculated that 78%
of the total CH requirement is used for DM accumulation
and 22% is used for respiration in ‘Cal Red’-peach fruits.

W Calyces of fruits (basal, 60 days)
[ Calyces of fruits (apical, 10 days)
O Fruits (basal, 60 days)
O Fruits (apical, 10 days)

30
254
20
154
10 4

5,

0 M1

Starch Glucose Fructose Sucrose

Carbohydrate contents (mg/100 g DM)

FIGURE 5. Carbohydrate contents in the fruit calyces and fruits of the
cape gooseberry plants after 60 days of greenhouse culture. n=6. Error
bars indicate SE.

Considering that, in each node of fruiting cape gooseberry
stems, one fruit develops (Ramirez et al., 2013), the apical
fruits had a much higher starch concentration than basal
(and ripe) fruits (Fig. 5). Probably, these immature and
still-green fruits started photosynthesis, using their own
C, sun-type chloroplasts for photosynthesis (Blanke, 1990),
producing assimilatory starch (Taiz and Zeiger, 2010). Al-
though the photosynthetic rate per unit area of fruit surface
is generally less than one-tenth per unit of leaf surface
(Bollard, 1970), this process can supply enough energy to
replace that used in respiration in this early fruit growth
stage. Also, it has to be taken into account that ripe fruits

convert the initial high amounts of starch into sugars (Pal-
lardy, 2008; Schaffer et al., 1999; Fischer and Liidders, 1997).

In the early stage of development, the fruits contained rela-
tively low amounts of monosaccharides and sucrose than
the ripe fruits (Fig. 5), which coincided with Schumacher
(1989), who also stated that fruits, during their full devel-
opment, consume more than 80% of the synthesized leaf
assimilates. Whereas, in the immature and apical fruits, the
starch content constituted the highest CH proportion (Fig.
5); in the ripe and basal fruits, this was quite the opposite,
taking into account that, in most ripening fruits, starches
are converted to sugars (Pallardy, 2008).

Inripe cape gooseberry fruits, the highest concentrations of
sucrose (25.7%), glucose (19.8%), and fructose (18.8%) were
accumulated (Fig. 5), considering that the ability of fruits
to preserve so much CH in a soluble form is characteristic
of mature fruit tissues (Fischer and Liidders, 1997). The
high amount of sucrose accumulation in cape gooseberry
fruits is favourable from the point of view that this CH,
as a disaccharide, and because of osmotic considerations,
more efficiently stores CH than monosaccharides (Schaf-
fer et al., 1999).

The pattern of non-structural CH in these greenhouse-
ripened cape gooseberry fruits was similar to that of field-
ripened ones in the Boyaca region of Colombia, where
Fischer et al. (2007) measured, in the Colombian ecotype,
1,183.0 pg glucose, 1,195.6 pg fructose, and 2,895.3 ug/100
g of fresh weight sucrose content. Comparing the CH pat-
tern of the cape gooseberry with that of another Solanacea
fruit, the tomato, shows that the latter has a content that is
quite the opposite because the sucrose content is generally
lower than 5% (Schaffer et al., 1999).

Conclusions

This study clearly showed that the CH, which are accu-
mulated in the greatest portion as starch, concentrations
decreased gradually from the roots to the stem apex. In
contrast, the sucrose content was highest in the vegetative
stem and the base of the reproductive stems, indicating its
importance as a transport sugar. An elevated monosaccha-
ride content was measured in the apical stem part, where
the meristem and initial leaf and fruit growth take place,
but also within the mature fruits, developing at the base of
the reproductive stems; high sucrose and monosaccharide
contents were found. In general, in the semi-lignified and
perennial cape gooseberry plant, a similar distribution
pattern to that of woody plants was seen.
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