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ABSTRACT

The herbaceous vine Tropaeolum pentaphyllum Lam. (Tropaeolaceae), popularly known as crem,
has great potential for use, especially its tubers. However, there is still a lack of studies regarding
this species. The objective of this study was to test the viability of propagation by stem cuttings for
the production of T. pentaphyllum seed tubers. Two experiments were carried out in a greenhouse
under controlled conditions. In both experiments, experimental design was completely randomized.
In the first one, five treatments were evaluated (stem cuttings with 10, 15, 20, 25, and 30 cm) with
three replicates, each one with 10 stem cuttings. In the second experiment, three treatments were
evaluated (stem cuttings positions: apical, middle and basal), with four replications, each one with
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10 stem cuttings. Data were submitted to analysis of variance (ANOVA) and the means were
compared by Tukey’s test (p < 0.05). Stem cuttings with 15 cm length had the highest rate of tuber
formation (20.0%) and produced tubers with highest mass (3.2 g). Cuttings from the middle portion
of the stem had the highest rooting (52.5%) and tuber formation (45.0%) rates. Thus, cuttings with
15 cm length from the middle portion of the stem are indicated for propagation by cuttings of T.
pentaphyllum. Considering the potential for the use of this species in the future, the results found in
this study are very important, since the propagation by cuttings would enable the production of a
large amount of seed tubers in a short period of time.

Keywords: Tropaeolum pentaphyllum; alternative crop; unconventional food plant; horticulture; tuber;

vegetative propagation.
1. INTRODUCTION

The species Tropaeolum pentaphyllum Lam.
(Tropaeolaceae), popularly known as crem, is
considered an unconventional food plant [1]. The
main use of this species concerns the production
of preserves from the tubers, which are
consumed as a condiment [2]. Consumption of
fresh tubers does not occur due to the very high
pungency [3]. In Brazil, consumption of preserve
crem tubers is very widespread among people of
European descent [3].

Tubers of T. pentaphyllum have antimicrobial,
antiscorbutic and depurative action [3,4]. The
levels of vitamin C and linoleic acid in the
composition of fatty acids, and those of sulfur,
calcium and phosphorus present in the tubers
are remarkable [5]. There are also significant
amounts of fiber (16.79%) and inulin (70.92 mg
g-1)[6.7].

A variety of nutritional and medicinal attributes
and rusticity (tolerance to frost and pests),
combined with the high commercial value of
tubers, can make the crop attractive. In Rio
Grande do Sul State, the kilogram of fresh crem
tubers is sold around R$40,00. Therefore, this
species should be among the main vegetable
crops in Brazil, showing great potential for
exploration in the future [3]. However, habitat
loss, promoted by the advancement of
agricultural activities and combined with the
extraction of tubers in situ, has prevented crem
preservation.

In Brazil, the herbaceous vine T. pentaphyllum
occurs in the South and Southeast regions [8].
The aerial stem of crem is annual while its tubers
are perennials. The sprouting of the crem tubers
starts in March and senescence of the aerial
stem occurs from September to November. The
tubers are dormant during the summer, starting
to sprout again in the fall, when the temperature

and day length decrease [9]. Thus, the species
has a short annual cycle.

Propagation of T. pentaphyllum is primarily
carried out by planting tubers. Although seed
propagation is not widespread, it is also possible
[2]. Yet, the irregular sprouting of tubers and
difficulties in seed germination are some
obstacles for crem cultivation. Kinupp et al. [3]
described propagation by stem cuttings of T.
pentaphyllum as a possibly unfeasible technique.
However, there are no studies that prove the
non-viability of propagation by stem cuttings of
crem.

The objective of this study was to test the viability
of propagation by stem cuttings as an alternative
for the production of T. pentaphyllum seed
tubers, aiming for conservation and expansion of
cultivation of this species.

2. MATERIALS AND METHODS

Two experiments were carried out in a
greenhouse with  controlled environmental
conditions (temperature of 25°C and daily
irrigation by fogging) at Instituto Federal do Rio
Grande do Sul - Campus Sertdo (28°02'42’S,
52°16'17"W and altitude of 737 m a.s.l.) located
in Sertdo Municipality, Rio Grande do Sul State
(RS), Brazil. The first experiment was performed
in May 2017 and the second one in May 2018. In
both experiments, the stem cuttings were
monitored from their implantation to senescence
of the aerial stem.

The cuttings used were taken from stems of 20
plants of T. pentaphyllum, grown in a
greenhouse. The tubers of T. pentaphyllum that
originated the plants used in the experiment were
obtained from farmers in the northern region of
Rio Grande do Sul, Brazil. The tubers started to
sprout in March and after two months, in May,
the cuttings were taken — when the plants were
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in vegetative stage with well-developed stems.
The cuttings were placed individually in 120 cm®
tree pots containing peat as substrate.

In 2017, in the first experiment, stem cuttings of
different lengths from the apical position of the
stem were evaluated. Five treatments were
conducted (stem cuttings with 10, 15, 20, 25 and
30 cm) with three replicates, each one with 10
stem cuttings, a total of 150 cuttings.

In 2018, in the second experiment, cuttings from
different stem positions were evaluated, all of
them with 15 cm length. Three treatments were
evaluated (stem cuttings positions: apical, middle
and basal) with four replications, each one with
10 stem cuttings, a total of 120 cuttings.

The experimental design used was completely
randomized in both experiments. In the first
experiment, after senescence of the aerial stem,
the variables analyzed were: rooting (%) and
tuber formation (%). In the second experiment,
the variables analyzed were: cuttings survival
(%) and number of shoots, at 30, 60 and 90
days. Furthermore, after senescence of the aerial
stem, rooting (%) and tuber formation (%) were
evaluated. Data were subjected to a normality
test to check for possible transformation needs,
which were not detected. Then they were
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subjected to analysis of variance (ANOVA), and
the means were compared by Tukey’s test (p <
0.05), using the software Sisvar 5.6.

In both experiments, the tuber biometry (length,
width, thickness and mass) was evaluated. Tuber
biometry was analyzed using descriptive
statistics (mean % confidence interval (a = 0.05).

3. RESULTS
3.1 Experiment 1

The stem cuttings with the largest length (20, 25,
and 30 cm) had the greatest rooting when
compared to the stem cuttings of the shortest
length (10 and 15 cm) (Table 1). However, stem
cuttings with 15 cm length had the highest tuber
formation, showing statistical difference from
other lengths. The duration of the plants, from
implantation of the experiment to senescence of
the aerial stem, ranged from 84 to 112 days, with
an average of 105 = 11 days.

Stem cuttings with 20 cm length produced tubers
that presented the greatest length (Table 2).
Stem cuttings with 15 cm length produced
tubers with the greatest width, thickness and
mass.

Table 1. Rates of rooting (%) and tuber formation (%) on stem cuttings from different lengths
of Tropaeolum pentaphyllum (crem) after the senescence of aerial stem

Stem cutting length (cm)

Rooting (%)

Tuber formation (%)

10 56.7b
15 66.7b
20 96.7a
25 100.0a
30 100.0a
CV(%) 5.3

10.0b
20.0a
10.0b
6.7b
10.0b
22.8

*Means followed by the same small letter do not differ by the Tukey’s test (p < 0.05). CV-Coefficient of variation
(%)

Table 2. Tuber biometrics (length, width, thickness and mass) obtained on stem cuttings from
different lengths of Tropaeolum pentaphyllum (crem)

Stem cutting length (cm) Length (mm) Width (mm) Thickness (mm) Mass (g)
x*Cl x*Cl x*Cl x*Cl

10 1.20+0.45 160+045 1.60+0.34 1.70 £ 0.91

15 1.30+0.24 2.00+£0.08 1.80+0.08 3.20 £ 0.56

20 210+ 0.34 1.70+£0.34 1.20+045 2.60 £+ 1.81

25 1.50 + 0.69 170+ 042 1.50+0.28 2.10 £ 0.06

30 1.40 £ 0.23 1.80+057 1.60+0.34 2.50 + 1.58

* X = mean. Cl = confidence interval (a = 0.05)
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3.2 Experiment 2

Sprouting and number of shoots increased
during the period evaluated in all
treatments (Table 3). At 30 and 60 days after
the implementation of the experiment,
middle and basal stem cuttings had
higher sprouting and number of shoots,
showing statistical difference from apical
cuttings. However, 90 days after implementation
of the experiment there were no statistical

differences between treatments for these
variables.
Cuttings  survival decreased during the

period evaluated in all treatments (Table 3).
However, 90 days after implementation of the

experiment, middle and basal stem cuttings
had highest cuttings survival, showing
statistical difference from apical cuttings.

Duration of the plants, from implementation of
the experiment to senescence, ranged from
119 to 175 days, with an average of 158 + 18
days.

Middle stem cuttings had highest rooting and
tuber formation, showing statistical difference
from the other treatments (apical and basal stem
cuttings) (Table 4).

The tubers produced from cuttings of different
stem positions did not differ in size (length, width
and thickness) and mass (Table 5).
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4. DISCUSSION

Stem cuttings with longer length had the highest
rooting, possibly due to the higher content of
carbohydrate reserves present in relation to
cuttings of shorter length [10]. In other species,
such as Prunus mume Sieb. et Zucc. [11],
Jatropha curcas L. [12], Myrciaria dubia (Kunth)
McVaugh [13] and Hylocereus undatus (Haw.)
Britton and Rose [14] was also observed higher
rooting in larger cuttings.

Middle and basal stem cuttings had higher
sprouting and number of sprouts compared to
apical stem cuttings, possibly due to the absence
of apical dominance, which promotes the
sprouting of axillary buds [15]. In Ipomoea
batatas L. (sweet potato), the cuttings stem
positions also affect the sprouting; cuttings
without the apex of the stem had the highest
emission of shoots [16].

The higher sprouting in middle and basal stem
cuttings results in a greater number of apical
shoots, which is closely related to the production
of auxin [16,17]. Therefore, sprouting increases
the proportion of auxin in relation to cytokinin,
promoting induction of adventitious roots [18,19].
There are incontestable evidences that auxin
promotes rooting, causing starch hydrolysis and
mobilization of sugars and nutrients at the base
of cuttings, during adventitious root generation
[20,21].

Table 3. Rates of sprouting (%), cutting survival (%), and number of shoots, on cuttings from
different stem positions of Tropaeolum pentaphyllum (crem)

Stem cutting position

Days after experiment implantation

30 60 90 30 60 90 30 60 90
Sprouting (%) Number of shoots Cutting survival (%)
Apical 0.0b 29.5b 855a 0.0b 12b 1.3a 925a 850b 37.5b
Middle 66.5a 90.0a 100.0a 1.4a 1.7a 2.0a 97.5a 97.5a 62.5a
Basal 85.0a 97.3a 100.0a 1.5a 1.8a 19a 97.5a 92.5ab 67.5a
CV (%) 376 118 10.4 211 156 219 5.2 5.7 8.9

*Means followed by the same small letter do not differ by the Tukey’s test (p < 0.05). CV-Coefficient of variation
(%)

Table 4. Rates of rooting (%), and tuber formation (%) on cuttings from different stem positions
of Tropaeolum pentaphyllum (crem) after the senescence of aerial stem

Stem cutting position Rooting (%)

Tuber formation (%)

Apical 30.0c 22.5b
Middle 52.5a 45.0a
Basal 40.0b 25.0b
CV (%) 7.0 17.9

*Means followed by the same small letter do not differ by the Tukey’s test (p < 0.05). CV-Coefficient of variation
(%)
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Table 5. Tuber biometrics (length, width, thickness and mass) obtained on cuttings from
different stem positions of Tropaeolum pentaphyllum (crem)

Stem cutting position Length (mm) Width (mm) Thickness (mm) Mass (g)
x*Cl x*Cl x*Cl x+Cl
Apical 10.34 £ 1.53 9.28 + 1.60 7.59+1.53 0.54 +0.29
Middle 10.70 £ 1.22 9.23+1.19 7.28 £1.07 0.58 +£0.18
Basal 11.31+£1.43 9.91+1.55 7.35+1.46 0.66 £ 0.25

* X = mean. Cl = confidence interval (a = 0.05)

The greatest rooting in middle stem cuttings in
relation to apical and basal stem cuttings
occurred, possibly, due to the greater sensitivity
to dehydration of apical stem cuttings and to the
greatest lignification of basal stem cuttings [22].
The greatest sensitivity to dehydration prevents
the survival of cuttings, while lignification
prevents the emission of adventitious roots. In
Malpighia emarginata DC. [22], Syzygium cumini
(L.) Skeels [23], Hyptis suaveolens (L.) Poit [24]
and Hyptis pectinata (L.) Poit [25] also
occurred greater rooting in middle stem
cuttings.

Crem has a short annual cycle and its
aerial stem dies annually while its tubers are
perennial. Thus, propagation by stem cuttings of
T. pentaphyllum only can considered viable if
there is production of tubers, which allows
starting a new cycle. Therefore, stem cuttings of
the middle position with 15 cm length, due to the

greater formation of tubers, are indicated
for production of T. pentaphyllum seed
tubers.

The average duration of the plants obtained by
propagation by stem cuttings verified in the two
experiments did not present statistical
differences when compared to the planting of
seed tubers (123 + 33 days). However, tubers
obtained from propagation by stem cuttings are
small, without sufficient size for consumption
and/or commercialization.

On the other hand, regardless of the size of the
tubers, the presence of buds in the tubers allows
using them as propagules in a new growing
cycle, next year. So, the tubers produced by
propagation by stem cuttings can be called seed
tubers, as in potato cultivation (Solanum
tuberosum L.) [26].

Considering the agronomic potential presented
by T. pentaphyllum, propagation by stem cuttings
may be an ally of nurseries in the future, since it
enables to obtain a large amount of seed tubers
in a short period of time.

5. CONCLUSION

Stem cuttings with 15 cm long had the highest
tuber formation and tubers with the greatest
mass. Middle stem cuttings had the highest tuber
formation. Thus, middle stem cuttings with 15 cm
length are indicated for the propagation by stem
cuttings of T. pentaphyllum, being indicated for
production of seed tubers.

Considering the fact that T. pentaphyllum is
understudied, the results found in this study are
very important since this species has great
potential for use in the future.
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