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Abstract

The Woolly Foxglove (Digitalis lanata) is one of the herbal plants cultivated in Po-
land. It is grown as important plant material for production of cardenolides used in the
pharmaceutical industry. The aim of the research has been to determine the chemical com-
position and mole ratios in leaves of cv. Victoria Woolly Foxglove affected by mineral ferti-
lisation. For this purpose, a strict, one-factor, micro-plot field experiment was set up in
randomised blocks with four replications. The experimental factor was NPK mineral ferti-
lisation applied to soil in the following doses per hectare. A0 – no mineral fertilisation, A1 –
40 kg N + 17.48 kg P + 49.8 kg K, A2 – 80 kg N + 34.96 kg P + 99.6 kg K, A3 – 120 kg
N + 52.44 kg P + 149.4 kg K. For chemical analyses, samples of 0.50 kg of leaves were
taken from each plot. Dried, melted and wet mineralised in sulphuric(VI) acid, the samples
were analysed and concentrations of the following elements were determined: nitrogen by
Kjeldahl method, total phosphorus by the colorimetric method with ammonium molybdate,
potassium, calcium and sodium by flame photometry, and magnesium by atomic absorption
spectrometry (AAS). Mole ratios of the chemical elements in leaves were also calculated.
In general, the use of mineral fertilisation induced a significant increase in the content of
total nitrogen, total phosphorus and potassium, but reduced the sodium concentration in
leaves of the Woolly Foxglove compared to the control. After the applied fertilisation doses,
the K:Ca and K:Na ratios in leaves were significantly broadened and the Ca:P ratio was
narrowed. Significantly higher values of the K:(Ca + Mg) ratio were observed in leaves
after applying the medium (A2) and highest NPK ha–1 (A3) doses. The Ca:Mg ratio in le-
aves of the Woolly Foxglove was distinctly narrowed versus the control after using the
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lowest fertilisation dose (A1). However, after applying the medium dose of NPK (A2), the
K:Mg ratio was broader than in the control treatment.

Key words: Woolly Foxglove, fertilisation, macronutrients, chemical composition, mole ra-
tios.

ZAWARTOŒÆ MAKROELEMENTÓW I WARTOŒCI STOSUNKÓW MOLOWYCH
W LIŒCIACH NAPARSTNICY WE£NISTEJ (DIGITALIS LANATA EHRH.)

UPRAWIANEJ W WARUNKACH ZRÓ¯NICOWANEGO NAWO¯ENIA MINERALNEGO

Abstrakt

Jedn¹ z roœlin zielarskich uprawianych w Polsce jest naparstnica we³nista. Stanowi
ona wa¿ny surowiec kardenolidowy wykorzystywany w przemyœle farmaceutycznym. Ce-
lem badañ by³a ocena sk³adu chemicznego oraz proporcji molowych w liœciach naparstnicy
we³nistej odmiany Victoria pod wp³ywem zró¿nicowanego nawo¿enia mineralnego. W zwi¹z-
ku z powy¿szym za³o¿ono œcis³e jednoczynnikowe doœwiadczenie mikropoletkowe, metod¹
losowanych bloków, w czterech powtórzeniach. Czynnikiem doœwiadczenia by³o nawo¿enie
mineralne NPK zastosowane doglebowo w nastêpuj¹cych dawkach na  1 ha: A0 – bez na-
wo¿enia mineralnego, A1 – 40 kg N + 17,48 kg P + 49,8 kg K, A2 – 80 kg N + 34,96 kg
P + 99,6 kg K, A3 – 120 kg N + 52,44 kg P + 149,4 kg K. Do analiz chemicznych pobrano
reprezentatywne próby w iloœci po 0,50 kg liœci z ka¿dego poletka. Po wysuszeniu, zmiele-
niu i mineralizacji na mokro w kwasie siarkowym(VI) okreœlono w nich zawartoœci: azotu
ogólnego metod¹ Kjeldahla, fosforu ogólnego metod¹ kolorymetryczn¹ z molibdenianem
amonu, potasu, wapnia oraz sodu metod¹ fotometrii p³omieniowej, a magnezu metod¹ ab-
sorpcyjnej spektroskopii atomowej. Obliczono równie¿ stosunki molowe pierwiastków w li-
œciach. Zastosowane nawo¿enie mineralne, w odniesieniu do obiektu kontrolnego, powodo-
wa³o na ogó³ istotny wzrost zawartoœci azotu ogólnego, fosforu ogólnego, potasu, natomiast
zmniejszenie koncentracji sodu w liœciach naparstnicy we³nistej. Pod wp³ywem stosowanych
dawek stwierdzono istotne rozszerzenie wartoœci stosunków K:Ca i K:Na oraz zawê¿enie
Ca:P w liœciach. Znacz¹ce rozszerzenie wartoœci stosunku K:(Ca + Mg) w liœciach uzyskano
po zastosowaniu dawek: œredniej (A2) oraz najwy¿szej NPK ha–1 (A3). Wartoœæ stosunku
Ca:Mg w naparstnicy uleg³a wyraŸnemu zawê¿eniu w porównaniu z obiektem kontrolnym,
po zastosowaniu dawki najni¿szej (A1). Natomiast po aplikacji œredniej dawki NPK (A2)
stwierdzono rozszerzenie stosunku K:Mg w odniesieniu do obiektu kontrolnego.

S³owa kluczowe: naparstnica we³nista, nawo¿enie, makroelementy, sk³ad chemiczny, sto-
sunki jonowe.

INTRODUCTION

Growing herbs is one of the newest plant production branches. Accord-
ing to the FAO data, about 50 thousand plant species are used by man,
including 700 grown by farmers. It has been estimated that about 15-20
thousand species, i.e. 3 to 5% of the global plant resources, are used for
medicinal purposes (SEIDLER-£O¯YKOWSKA 2009). Poland produces around 50%
of the herbal raw material made in Europe, which corresponds to about
20% of the global production. Thus, Poland belongs to the countries with
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high herbal production potential, verified by high quality of herbal raw ma-
terial and herbal processing (MIKO£AJCZYK-GRZELAK 2008). The Woolly Foxglove,
an important raw material for cardenolides, is one of the plants cultivated
in Poland. It is a biennial plant, which in the first year forms a rosette of
lanceolate, dark green leaves that are harvested together with seeds in the
following year, making tradable raw material. In the second year of vegeta-
tion, a foxglove plant produces a stem which is about 150 cm long. The
flower head of Digitalis lanata forms a bunch consisting of numerous bell-
shaped flowers white and creamy-brown in colour. The plant blooms in late
June and early July. Seeds mature gradually from August to the end of
September. Cardiac glycosides contained in leaves of the Woolly Foxglove
(SUCHORSKA, WÊGLARZ 1988) are used for treating circulatory deficiency by im-
proving the contractility of the heart muscle. Although the literature con-
tains agronomic guidelines concerning the cultivation of this plant, we still
lack precise recommendations on how to fertilise it. Moreover, there is no
information about mole ratios in leaves of the plant as shaped by mineral
fertilisation. Therefore, the present research has been undertaken to deter-
mine the chemical composition and mole ratios in leaves of cv. Victoria
Woolly Foxglove as modified by mineral fertilisation.

MATERIAL AND METHODS

In 2006-2008, at the research station owned by the Faculty of Agricul-
ture of the University of Technology and Life Sciences in Bydgoszcz and
located in Wierzchucinek near Bydgoszcz, a strict, multiple, one-factor, mi-
cro-plot experiment was set up in four replications according to the method
of randomised blocks. The experimental factor was NPK fertilisation applied
to soil in the following doses per hectare:
0 – with no mineral fertilisation,
A1 – 40 kg N + 17.48 kg P + 49.8 kg K = 107.3 kg NPK;
A2 – 80 kg N + 34.96 kg P + 99.6 kg K = 214.6 kg NPK;
A3 – 120 kg N + 52.44 kg P + 149.4 kg K = 321.8 kg NPK.

Phosphorus and potassium fertilisation was applied before seeding in
the form of Polifoska 6 (6-20-30). Nitrogen fertilisation was applied in three
dosages: before seeding as Polifoska 6, and – in two equal doses – after
sprouting and three weeks later as ammonium nitrate (V).

The experiment was conducted on Luvisol typical soil (Pw), good rye
complex, characterized by the following physicochemical parameters:
– pHKCl – 6.6,
– content of bio-available forms of phosphorus – 55 P mg kg–1 of soil (mean

fertility),
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– content of bio-available forms of potassium – 55 K mg kg–1 of soil (mean
fertility),

– content of bio-available forms of magnesium – 49 Mg mg kg–1 of soil (mean
fertility).

The mean air temperature in the years when the research was conduct-
ed, during the vegetation period of the Woolly Foxglove (from March to
September), did not diverge from the multi-year mean. However, some dif-
ferences appeared in the precipitation (Figures 1). The highest rainfall dur-
ing the plant’s growth occurred in 2007 (on average 428.2 mm). In June and
July, the mean total precipitation was by 50.6 mm and 33.6 mm higher,
respectively, than the multi-year mean for these months. In contrast, June
and July in 2006 had the lowest total precipitation (by 33.1 mm and 46.6 mm
less, respectively, than the multi-year mean). The lowest precipitation was
recorded in 2008, especially in May and June, when the mean total precipi-
tation was lower than the multi-year mean by 31.5 mm and 39.4 mm,
respectively.

Fig. 1 Rainfall in the vegetation period of the Woolly Foxglove
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Digitalis lanata, preceded by spring barley as forecrop, was sown every
year. Its leaves were gathered manually from the 3 m2 plots in the first
decade of September. Representative samples of 0.50 kg of leaves were tak-
en from each plot to make chemical analyses. Dried, melted and wet miner-
alised in sulphuric(VI) acid, the samples were analysed to determine the
content of: nitrogen by Kjeldahl method, total phosphorus by the colorimet-
ric method with ammonium molybdate, potassium, calcium and sodium by
flame photometry, and magnesium by atomic absorption spectrometry (AAS).
The mole ratios of chemical elements in leaves were also calculated.

The findings were statistically processed by the one-way analysis of var-
iance (ANOVA), and the differences between the means were estimated by
Tukey’s test at the significance level α = 0.05.
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RESULTS AND DISCUSSION

The research revealed that the applied doses of nutrient components
generally had a significant effect on the chemical composition of the Woolly
Foxglove leaves (Table 1). The fertilisation affected most strongly the con-
tent of total nitrogen in leaves, which ranged on average from 18.54 g kg–1

to 23.29 g kg–1. In response to the subsequently higher NPK rates, the
content of this element in leaves rose considerably, i.e. by 12.3%, 20.8%,
and 25.6%, respectively, compared to the control treatment. It should be
emphasized that a significant increase in the content of total phosphorus in
leaves of Digitalis lanata was observed every year during the research, in
all the fertilised treatments except A1 in 2007. The highest amount of total
nitrogen (on average 23.89 g kg–1) was determined in the leaves gathered
in 2006, when it significantly surpassed the results obtained in the other
years. The lowest amounts of total nitrogen were observed in the leaves
harvested in 2007, which was also the driest year (the lowest total precipita-
tion). Nitrogen belongs to elements which are easily transported in the plant
(labile elements). The deficiency of this element retards the growth of plants
and causes chlorosis on the oldest leaves. Proteins are products of the syn-
thesis of nitrogen, which is the basic structural material in plants. This
element participates in stimulating the synthesis of growth regulators, i.e.
auxins and gibberellins. It is also essential for the biochemistry of herbal
plants because some alkaloids and natural protective substances contain ni-
trogen (POZSONYI 2002, KORDANA et al. 1998).

The total phosphorus content in the Woolly Foxglove’s leaves was also
significantly modified by fertilisation. On average, it reached 2.65 g kg–1. Most
phosphorus (2.85 g kg–1) was accumulated by leaves gathered from the plots
fertilised with the highest dose (object A3). The increase was 21.8% with
reference to the control. Under the medium dose of NPK (object A2), an
increase in the total phosphorus content was slightly lower – 18.8% more
than the control. The NPK fertilisation considerably increased the mean
content of this macronutrient in leaves of Digitalis lanata in particular years
of the research. The mean content of total phosphorus in leaves was signifi-
cantly higher in 2007 than in the other years of the research.

The content of potassium in the air-dried leaves of Digitalis lanata, ex-
cept the 3rd year of the research, was significantly modified by the doses of
fertiliser. Generally, an increase in the content of this element in the dried
mass of leaves was observed in all of the fertilized treatment. Significantly
less potassium was accumulated by the leaves gathered in 2006 compared
with 2007 and 2008. The differences were 6.5 and 7.9%, respectively. On
average, during the three-year research period, the highest amount of po-
tassium (20.21 g kg–1) was accumulated by leaves of the Woolly Foxglove
fertilised by the A2 dose, where the increment was 4.6% compared to the
control. A slightly lower content of potassium (19.72 g kg–1) in leaves was
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achieved after applying the lowest fertilisation dose. Potassium content in
herbal plants varies greatly depending on the region of cultivation (AJASA et
al. 2004, SHEDED et al. 2006, WOJCIECHOWSKA 2008), type of raw material (SINGH,
GARG 1997) and soil fertility (SHEDED et al. 2006, ZARÊBA, B£ONIARZ 2008).

The mean content of calcium in leaves of Digitalis Lanata was signifi-
cantly modified by fertilisation. The increasing level of mineral fertilisation
induced a lower content of this chemical element in the air-dried matter of
leaves, which proved significant for the treatments A1 and A3 with reference
to the control combination (2.7% and 3.3% less, respectively). In 2007, no
significant effect of the applied fertilisation on the calcium content in the
Woolly Foxglove’s leaves was observed. In 2007, the concentration of this
element was significantly lower (by 35.1 and 14.2%) than in leaves collected
in 2006 and 2008. Calcium in plants is responsible for the rate of the uptake
of mineral components and their transport. Its deficiency in soil may dis-
turb the uptake of ions. The content of calcium in plants depends considera-
bly on the type of fertilisation, physicochemical characteristics of soil, air
temperature and the amount of precipitation during the plant vegetation
period, as well as on the age of the plant (WÓJCIK 1998).

Magnesium, a basic component of chlorophyll and an element that acti-
vates many enzymatic processes during the syntheses of proteins, nucleic
acids, lipids and hydrocarbons, plays a key role in the plant metabolism.
It has been demonstrated that after the fertilisation the mean content of
magnesium in Digitalis lanata was the highest in the treatment fertilised
with the lowest dose of NPK (A1). The content of magnesium in the air-
dried matter of leaves from the other treatments was similar to the control.
Most magnesium was accumulated in leaves gathered in 2008.

The physiological role of sodium is less thoroughly recognised than that
of the other macronutrients. Based on the response to fertilisation with this
element, the plants are divided into natriophytes and non-natriophytes. The
content of sodium in plants usually varies from 0.1 to 5 g kg–1 but in natri-
ophytes it reaches from 15 to 25 g kg–1 (ZARÊBA, B£ONIARZ 2008). As seen
from the above, the Woolly Foxglove does not belong to natriophytes and
the content of sodium in its leaves may be modified by mineral fertilisation
(Table 1). In comparison to the control, a significant decrease in the content
of sodium in leaves of the Woolly Foxglove was observed after applying the
experimental fertilisation doses. The lowest amounts of sodium were in
leaves gathered from the plot fertilised with the highest NPK dose (A3),
where the decrease was 15.2%. The lowest sodium concentrations were typi-
cal of leaves gathered in 2007 (2.16 g kg–1). Compared to 2006 and 2008, the
differences were significant and equalled to 2.47 g kg–1 and 1.97 g kg–1,
respectively.

The optimum content of mineral components in herbal plants ensures
proper quantitative ratios between the elements in herbal raw material and
is beneficial for the bio-availability and efficacy of products extracted from
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such plants. The present study has proven that the effect of mineral fertili-
sation doses on mole ratios in leaves of Digitalis lanata was not unidirec-
tional (Table 2). The values of the Ca:P ratio varied from 1.40 to 1.79 and
tended to narrow down as the doses of applied fertiliser rose. The optimum
mole Ca:P ratios in crop plants, acc. to FILIPEK (1987), ought to be 1.5:1; the
present research has showed similar values for treatments A1 and A2. It is
worth noticing that mole ratios in herbal plants are rarely discussed in the
literature

The use of NPK dose A1 significantly narrowed the Ca:Mg ratio versus
the control. Further increase in the fertiliser dose did not alter the ratio
between these elements in leaves. The effect of the applied doses of fertilis-
er on the chemical composition of the Woolly Foxglove’s leaves was also
confirmed by changes in the K:Ca ratio. The research showed that the ap-
plied fertilisation significantly increased the above ratio in leaves of Digital-
is lanata relative to the control, which resulted from a rise in the potassi-
um content and a drop in the level of calcium in leaves when the NPK dose
was higher. Assuming that the optimum mole ratios of these elements in
crops are 2:1 (PANAK, WOJNOWSKA 1982), the K:Ca ratio in leaves of the Woolly
Foxglove should be recognised as high.

A significant increase in the K:Mg ratio with reference to the control
was observed after using the medium dose of NPK (A2). It should be em-
phasized that this dose is recommended for Digitalis lanata. The fertilisa-
tion induced a statistically confirmed enlargement of the K:Na ratio from
3.20 in the control to 3.90 in the plants fertilised with the highest dose
of NPK (A3).
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A significant growth in the ratio of potassium to the total of calcium
and magnesium with reference to the object without mineral fertilisation
was observed after using the highest (1.75) and the medium NPK dose (1.77).
In 2006 and 2008, the mean value of this ratio significantly increased com-
pared to the control. Mineral fertilisation did not change significantly the
ratio of the total sum of monovalent ions to the total sum of bivalent ions
compared with the control. The mean value of the above ratio was 2.26.
Analogously, no such changes were observed in the particular years of the
research. The value of total monovalent to total bivalent ion ratio is shaped
by antagonisms, for example between calcium and potassium, which affect
the plant’s water management. The effect of calcium on transpiration may
also depend on the proportion between the content of this element and the
content of potassium and sodium.

The research has clearly demonstrated that the weather conditions, dif-
ferent during the vegetation season in the consecutive years, affected mole
ratios of the elements in leaves of the Woolly Foxglove. The fact that the
changes in the calculated ratio values were not unidirectional (Table 2.) was
mainly the result of the unequal distribution and amount of precipitation.

In the above research, the highest NPK dose (A3), exceeding the recom-
mend one, caused significant changes in the chemical composition of leaves
of Digitalis lanata, a development which was also reflected by changes in
proportions of mineral compounds in leaves. This finding may imply that
higher quality raw material can be obtained by optimised fertilisation.

CONCLUSIONS

1. The tested mineral fertilisation generally induced a significant increase
in the content of total nitrogen, total phosphorus, and potassium, but de-
pressed the sodium concentration in leaves of the Woolly Foxglove com-
pared to the control.

2. After applying 107.3 kg NPK ha–1, the content of calcium and magne-
sium increased, while the ratio between these chemical elements decreased
in leaves of Digitalis Lanata in comparison to the control.

3. The increased mineral fertilisation significantly widened the ratios
of K:Ca and K:Na, and narrowed the Ca:P ratio in leaves.

4. A significantly broader K:(Ca+Mg) ratio in leaves was observed after
applying the medium and the highest NPK doses.

5. After applying 214.6 kg NPK ha–1, an increase in the K:Mg ratio
in leaves was observed versus the control.
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