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Abstract

Pepino dulce (Solanum muricatum Ait.) of the family Solanaceae is native to the tro-
pical and subtropical regions of the Andes. Pepino dulce fruit can be harvested at different
stages of ripeness. As the majority of vegetables of the family Solanaceae, the fruit is abun-
dant in potassium. Since there are no fertilizer recommendations for pepino dulce grown
under cover, a study was launched to determine the fertilizer requirements of this vegeta-
ble. The aim of this study was to evaluate the effect of increasing magnesium rates and
fruit ripeness stages on macronutrient content and ratios in the fruit of pepino dulce cv.
Konsuelo. A two-factorial experiment in a completely randomized design was conducted in
2005-2007, in a tall, unheated, plastic tunnel at the Experimental Garden of the University
of Warmia and Mazury in Olsztyn. Pepino dulce was propagated by cuttings taken from
stock plants grown from seeds in 2004. The rooted cuttings were transferred to Kick-
Brauchman pots filled with 9 dm3 mineral soil with pH 6.8. Experimental factors were as
follows: I – Mg rates: 0.5, 1.0, 1.5 g Mg plant–1, II – fruit ripeness stages: ripe fruit sho-
wing a typical fully ripe color (yellowish-purple, yellow, cream), unripe green-colored fruit
that has reached a typical form and size. The experiment was performed in four replica-
tions, and each replication comprised a pot with a single plant. Every pot was fertilized
with 2 g N applied as CO(NH2)2, 3 g K applied as K2SO4 and increasing rates of Mg ap-
plied as MgSO4⋅7 H2O. Non-fertilized plants served as a control treatment. The plants were
pruned for two stems. Fruit samples for chemical analyses were collected at full ripening
(in mid-August). The concentrations of organic N, P, K, Ca and Mg in pepino fruit were
determined, and the following weight ratios were calculated: Ca : P, Ca : Mg, K : Mg,
K: (Ca + Mg), K : Ca. The results of chemical analyses were processed statistically by an
analysis of variance (ANOVA), using Statistica 8.0 software. The highest total nitrogen and
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potassium levels were noted in the fruit of plants fertilized with the lowest magnesium
rate (0.5 g Mg per plant), while the fruit of plants fertilized with the highest magnesium
rate (1.5 g Mg per plant) accumulated the highest amounts of calcium and magnesium.
The highest phosphorus content was reported in the fruit of non-fertilized plants. Fully
ripe fruit contained significantly more nitrogen an magnesium, while unripe fruit had a hi-
gher content of phosphorus, potassium and calcium. An adequate Ca:Mg ratio, a narrow
Ca:P ratio and wide K:Mg, K:(Ca + Mg) and K:Ca ratios were observed in all treatments.

Key words: Solanum muricatum, magnesium fertilization, macronutrients.

WP£YW NAWO¯ENIA MAGNEZEM NA ZAWARTOŒÆ MAKROELEMENTÓW
W OWOCACH PEPINO (SOLANUM MURICATUM AIT.)

Abstrakt

Pepino (Solanum muricatum Ait.) nale¿y do rodziny psiankowatych (Solanaceae), po-
chodzi z tropikalnych i subtropikalnych rejonów Andów. Owoce pepino mo¿na zbieraæ w ró¿-
nych fazach dojrza³oœci. Jak w przypadku wiêkszoœci warzyw z rodziny Solanaceae, s¹ one
zasobne przede wszystkim w potas. Z powodu braku informacji o zaleceniach nawozowych
do uprawy pepino pod os³onami, podjêto badania nad okreœleniem potrzeb nawozowych tego
warzywa. Celem badañ by³a ocena wp³ywu wzrastaj¹cych dawek magnezu oraz stopnia doj-
rza³oœci owoców pepino na zawartoœæ makrosk³adników, a tak¿e ich wzajemnych proporcji.
Owoce pepino odmiany Konsuelo badano w latach 2005-2007 w wysokim nieogrzewanym
tunelu foliowym, zlokalizowanym w Ogrodzie Doœwiadczalnym Uniwersytetu Warmiñsko-
-Mazurskiego w Olsztynie. Pepino uprawiano z sadzonek pêdowych, które pobierano z eg-
zemplarzy uzyskanych z wysiewu nasion w 2004 r. Po ukorzenieniu sadzonki przesadzano
do wazonów typu Kick-Brauchmana nape³nionych 9 dm3 gleby mineralnej o pH 6,8. Do-
œwiadczenie przeprowadzono jako dwuczynnikowe w uk³adzie kompletnej randomizacji. Ba-
dano wp³yw czynników: I – dawka Mg: 0,5; 1; 1,5 g Mg roœlinê–1; II – stopieñ dojrza³oœci
owoców: dojrza³e – wybarwione (¿ó³tofioletowe, ¿ó³te, kremowe), niedojrza³e – wyroœniête,
ale zielone. Eksperyment prowadzono w 4 powtórzeniach, powtórzenie stanowi³ wazon z po-
jedyncz¹ roœlin¹. Do ka¿dego wazonu wprowadzono: 2 g N w postaci CO(NH2)2, 3 g K
w formie K2SO4 oraz wzrastaj¹ce dawki Mg w formie MgSO4⋅7H2O. Kontrolê stanowi³y
roœliny bez nawo¿enia. Roœliny prowadzono na 2 pêdy. Owoce do analiz chemicznych zbie-
rano w pe³ni owocowania roœlin (ok. po³owy sierpnia). W owocach oznaczano zawartoœæ
Nog., P, K, Ca oraz Mg. Obliczono równie¿ wagowe proporcje – Ca:P, Ca:Mg, K:Mg,
K:(Ca+Mg) oraz K:Ca. Wyniki analiz chemicznych opracowano statystycznie, stosuj¹c pro-
gram Statistica 8,0 i analizê wariancji ANOVA. Najwiêcej azotu ogó³em i potasu stwierdzo-
no w owocach roœlin nawo¿onych najmniejsz¹ (0,5 g Mg na roœlinê) dawk¹ magnezu, naj-
wiêcej wapnia i magnezu – dawk¹ maksymaln¹ (1,5 g Mg na roœlinê), natomiast najwiêcej
fosforu by³o w owocach roœlin nienawo¿onych magnezem. Istotnie wiêcej azotu i magnezu
zawiera³y owoce dojrza³e, natomiast fosforu, potasu i wapnia – owoce niedojrza³e. W ka¿-
dym z wariantów doœwiadczenia zanotowano prawid³owe proporcje Ca : Mg, zawê¿one Ca : P
oraz szerokie K : Mg, K : (Ca + Mg) oraz K : Ca.

S³owa kluczowe:  Solanum muricatum, nawo¿enie magnezem, makroelementy.
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INTRODUCTION

Pepino dulce (Solanum muricatum Ait.) belongs to the family Solanace-
ae and it is closely related to the tomato, pepper and potato. It is native to
South America, to the tropical and subtropical regions of the Andes, where
it grows at high altitudes of up to 3 000 m a.s.l. Today pepino dulce is
cultivated mostly in the mountains of Latin America, in New Zealand, East
Africa, East Asia, Australia, in the Canary Islands and in the Mediterranean
region. It enjoys increasing popularity and continues to gain interest among
gardeners throughout Europe, including in Poland. This is highly important
as the typical Polish diet includes a few vegetable species only, and because
eating a low variety of foods with a low nutritional value is one of the main
reasons for lifestyle diseases (PROHENS et al. 1996, HEISER, ANDERSON 1999,
Lost Crops of the Incas 1989, NALBORCZYK 1999, ADAMCZYK 2002).

Pepino dulce fruit can be harvested at different stages of ripeness. Un-
ripe (green-colored) fruit resembles the cucumber in taste, flavor and aro-
ma. It can be consumed raw or cooked. Ripe fruit can be served as a des-
sert. Their taste is similar to that of melons and mangos. As the majority of
vegetables of the family Solanaceae, pepino fruit is abundant in potassium.

Macronutrients are building blocks for the human body whose healthy
development is dependent upon their bioavailability. Magnesium is part of
chlorophyll in green plants, and it helps activate many plant enzymes need-
ed for growth. According to JÊDRZEJCZAK et al. (1999), vegetables are not a rich
source of magnesium, compared with other edible plants. The deficiency of
macroelements, in particular magnesium and calcium whose intake does
not always meet the nutritional needs of humans and animals, may have
serious health implications. Since there are no fertilizer recommendations
for pepino dulce grown under cover, a study was launched to determine the
fertilizer requirements of this vegetable.

The aim of this study was to evaluate the effect of increasing magnesi-
um rates and fruit ripeness stages on macronutrient content and ratios in
pepino dulce fruit.

MATERIALS AND METHODS

Pepino dulce cv. Konsuelo (Gavrish) was used in the study. A two-facto-
rial experiment in a completely randomized design was conducted in 2005-
-2007, in a tall, unheated, plastic tunnel at the Experimental Garden of the
University of Warmia and Mazury in Olsztyn. Pepino dulce was propagated
by cuttings (10 cm in length) taken from stock plants grown from seeds in
2004. The rooted cuttings were transferred to Kick-Brauchman pots filled
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with 9 dm3 mineral soil with pH 6.8. Each year the cuttings were planted
in a plastic tunnel between 10 and 15 May. The growing season, from tak-
ing cuttings from stock plants until the end of harvest, lasted approximately
seven months. Experimental factors were as follows:
I – Mg rates: 0.5, 1.0, 1.5 g Mg plant–1;
II – fruit ripeness stages: ripe fruit showing a typical fully ripe color (yello-

wish-purple, yellow, cream), unripe green-colored fruit that has reached
a typical form and size.

The experiment consisted of six treatment combinations (three magne-
sium rates and two fruit ripeness stages). It was performed in four replica-
tions, and each replication comprised a pot with a single plant. Every pot
was fertilized with 2 g N applied as CO(NH2)2, 3 g K applied as K2SO4 and
increasing rates of Mg applied as MgSO4⋅7H2O. Phosphorus fertilizers were
not applied as soil was found to be rich in this element. Nitrogen, potassi-
um and magnesium were applied as solutions. The first rate was adminis-
tered three days after transferring the cuttings to pots, and the next two
rates were applied at one-week intervals. Non-fertilized plants served as
a control treatment.

The plants were pruned for two stems. Fruit samples for chemical anal-
yses were collected at full ripening (in mid-August). Averaged samples from
each treatment were comminuted, dried to constant weight at 65oC and
ground. The weight of an individual samples of fresh plant material was
2 000 g.

The concentrations of organic nitrogen, phosphorus, potassium, calcium
and magnesium in pepino fruit were determined. The content of organic N
(by the Kjeldahl method), P (by the vanadium-molybdenum method), K and
Ca (by flame photometry – AES) and Mg (by atomic absorption spectrome-
try– AAS) was estimated following wet mineralization in H2SO4+H2O2. The
concentrations of total nitrogen, phosphorus, potassium, calcium and mag-
nesium in pepino fruit were comparable in 2005, 2006 and 2007, which is
why they are presented as mean values for the years of the study. The
following weight ratios were also calculated: Ca : P, Ca : Mg, K : Mg,
K: (Ca+Mg), K : Ca.

The results of chemical analyses were processed statistically by an anal-
ysis of variance (ANOVA), using Statistica 8.0 software.

RESULTS AND DISCUSSION

A statistical analysis showed that both experimental factors, i.e. magne-
sium rates and fruit ripeness stages, had a significant effect on the content
of all analyzed macronutrients in pepino dulce fruit (Table 1). The total ni-
trogen content of the fruit varied widely, from 5.11 to 17.78 g kg–1 d.m. The
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lowest nitrogen amount was recorded in the fruit of non-fertilized plants,
while the highest – in the fruit of plants fertilized with the lowest magnesi-
um rate. Ripe fruit contained significantly more nitrogen than unripe, green-
colored fruit. The phosphorus content of the analyzed plant material ranged
between 1.86 and 3.03 g kg–1 d.m. The fruit of non-fertilized plants accumu-
lated the largest quantity of phosphorus. Similarly as in a study by KOWAL-
CZYK, KOBRYÑ (2002), unripe fruit was richer in phosphorus.

The potassium content of the edible parts of pepino plants was within
the 14.81-25.00 g kg–1 d.m. range, and it was influenced by both experimen-
tal factors. The highest potassium concentrations were noted in the fruit of
plants fertilized with the lowest magnesium rate (21.85 g kg–1 d.m.) and in
unripe fruit (20.19 g kg–1 d.m.). KOWALCZYK, KOBRYÑ (2002) demonstrated that
ripe pepino fruit had a higher potassium content, and RUBIO et al. (2002) re-
ported higher potassium concentrations in red peppers, in comparison with
green. The results obtained by BERNARDO et al. (2008), FLORES et al. (2009) and
GREMBECKA et al. (2008) show that green peppers contain more potassium.
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In the present study, the magnesium content of pepino dulce fruit ranged
from 0.71 to 1.17 g kg–1 d.m. Magnesium fertilization levels had a signifi-
cant effect on the amount of this macronutrient accumulated in fruit. The
highest magnesium concentrations were determined in the fruit of plants
fertilized with the highest magnesium rate. Ripe fruit had a higher magne-
sium content (by 18% on average) than unripe fruit. The above results are
consistent with the findings of KOWALCZYK, KOBRYÑ (2000a, 2002), REDGEWELL,
TURNER (1986). KOWALCZYK, KOBRYÑ (2002) found that unripe pepino fruit con-
tained more magnesium than ripe fruit. In a study by FLORES et al. (2009),
green peppers had a higher magnesium content than red peppers, whereas
BERNARDO et al. (2008) and RUBIO et al. (2002) reported that red pepper fruit
contained more magnesium.

The calcium content of pepino dulce fruit was within a wide range of
0.69 to 3.06 g kg–1 d.m. The quantity of this element was clearly affected by
both magnesium fertilization levels and fruit ripeness stages. A significantly
higher calcium content was noted in pepino plants fertilized with the high-
est magnesium rate (2.09 g kg–1 d.m.) and, similarly as in an experiment by
KOWALCZYK, KOBRYÑ (2002), in unripe fruit (2.47 g kg–1 d.m.).

The concentrations of the analyzed macronutrients in pepino dulce fruit
were comparable with those reported by KOWALCZYK, KOBRYÑ (2000a,b, 2002),
KOWALCZYK et al. (2004) and REDGEWELL, TURNER (1986) for the same species.

In addition to the concentrations of mineral nutrients in the edible parts
of plants, also their ratios are an important indicator of nutritive value (KO-
TOWSKA, WYBIERALSKI 1999). According to CZAPLA, NOWAK (1995) and RADKOWSKI

et al. (2005), the optimum ratios between macroelements in the diet of mam-
mals should not be higher than: Ca : P – 2, Ca : Mg – 3, K : (Ca + Mg) –
1.6-2.2, K : Mg – 6, K : Ca – 2. KOTOWSKA and WYBIERALSKI (1999) and MAT-
RASZEK et al. (2002) demonstrated that the above ratios may vary widely
depending, among others, on the species, edible part of a plant, cultivation
time and fertilization regime. Wider than optimal Ca:Mg and Ca:P ratios
could be indicative of magnesium and phosphorus deficiency.

The Ca : P ratio was narrow in all collected pepino fruit samples, rang-
ing from 0.4 to 1.3, regardless of magnesium rates and fruit ripeness. The
Ca : Mg ratio in pepino fruit was adequate. In the majority of cases, the
ratios of macronutrients in unripe fruit were highly satisfactory (3.0 on av-
erage). In ripe fruit the investigated ratios were narrower, within the 0.9-
1.8 range. Increasing magnesium rates contributed to the widening of the
above ratios in unripe fruit, and to their narrowing in ripe fruit. The K : Mg
ratio in pepino fruit was very wide, ranging from 16.0 to 28.4. As regards
the nutritional quality of pepino dulce, a more favorable K : Mg ratio was
noted in unripe fruit. Increasing magnesium rates contributed to the narrow-
ing of this ratio. The K : (Ca + Mg) ratio in pepino fruit ranged from 5.0 (1.0
g Mg, unripe fruit) to 10.3 (1.0 g Mg, ripe fruit). In all cases the above ratio
was much wider than the optimal value. A more desirable K: (Ca + Mg)
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ratio was recorded in unripe fruit. Magnesium fertilization had no signifi-
cant effect on the proportions between the above macronutrients. The K : Ca
varied within the widest range of 6.5 (1 g Mg, unripe fruit) to 21.5 (1 g Mg,
ripe fruit). This ratio was determined primarily by the degree of fruit ripe-
ness, while magnesium rates were of lesser importance (Table 2).
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CONCLUSIONS

1. Magnesium rates and fruit ripeness stages had a significant effect on
the macronutrient content of pepino dulce fruit.

2. The highest total nitrogen and potassium levels were noted in the
fruit of plants fertilized with the lowest magnesium rate (0.5 g Mg per plant),
while the fruit of plants fertilized with the highest magnesium rate (1.5 g
Mg per plant) accumulated the highest amounts of calcium and magnesium.
The highest phosphorus content was reported in the fruit of non-fertilized
plants.
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3. Fully ripe fruit contained significantly more nitrogen an magnesium,
while unripe fruit had a higher content of phosphorus, potassium and calcium.

4. An adequate Ca : Mg ratio, a narrow Ca : P ratio and wide K : Mg,
K : (Ca + Mg) and K : Ca ratios were observed in all treatments.
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