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Abstract. One of the more important species of herbal plants, grown in many countries
for medical and nutritional purposes is sweet marjoram. The marjoram herb is an abun-
dant source of valuable biologically active substances and mineral components. Consider-
ing the vast application of this plant studies were undertaken on the assessment of growth
and yielding of sweet marjoram, depending on harvest time. The studies were conducted
in the years 2004-2005. The sweet marjoram plantation was established from seedlings
produced in a glasshouse. The marjoram herb was collected in two harvest time: in mid
July (beginning of flowering) and in early September. The yields of fresh, air dry and
grated herb were assessed. The contents of essential oil in grated herb, as well as the min-
eral composition of the herb were determined. The significant effect of harvest time upon
the yield of fresh, air-dried and grated herb was demonstrated: the greater yield was
achieved in the second harvest time (early September). The herb collected at the begin-
ning of September contained more essential oil than that cut in mid July. Total nitrogen
content was significantly greater in marjoram herb from the first harvest than in that from
the second harvest.
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INTRODUCTION

Herbal plants assist humans in their daily lives. They are used as spices and medi-
cines. One of the plants widely used for these purposes is sweet marjoram from La-
miaceae family. In our climatic conditions it is grown from sowing directly into the
field or from seedlings. Growing from seedlings is more laborious, but smaller quanti-
ties of seeds are used and one can obtain plants of equal size on a plantation when cli-
matic and soil conditions are unfavorable. The studies conducted by Jadczak and Or-
towski [1998] indicate that better agrotechnical effects are achieved in growing marjo-
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ram from seedlings than from direct sowing seedlings into the field. According to Ru-
minska [1991] greater yield is obtained from growing marjoram from seedlings.

One of important aspects of herbal production is, besides the yield of raw material,
also its quality, determined, in. a. by the contents of active substances and mineral com-
ponents. The presence of mineral components in herbal raw materials can make their
curative properties much wider than what could be expected of the presence of main
biologically active substances. The deficiency of these elements may contribute to seri-
ous metabolic disorders and increase the risk of various diseases [Ozarowski 1983,
Friedrich 2002].

The marjoram herb slightly activates gastric juice secretion, has light anti-spastic
and anti-inflammatory effect within the alimentary tract. It is recommended in dyspep-
sia. Due to its advantageous effect upon the alimentary tract, it is recommended as
a seasoning. In order to use herbal materials optimally one should pay attention to the
circumstances influencing their chemical compositions. The concentration of biologi-
cally active substances, as well as of mineral compounds, depends not only on the spe-
cies, or kind of raw material, but also on the weather conditions during harvest. That is
why the conducted studies were aimed at the assessment of marjoram yielding, depend-
ing upon the harvest time. The contents of essential oil and mineral components in the
raw material were also determined.

MATERIAL AND METHODS

The experiment was conducted in the years 2004—2005. Marjoram was grown from
seedlings produced in a glasshouse of the Experimental Farm of the Vegetables and
Medicinal Plants Department at the University of Life Sciences in Lublin. The marjo-
ram seeds came from the Firm PNOS Ozaréw Mazowiecki. The experiment was estab-
lished in a system of random blocks, in four replications. The seedlings were planted
after the 15™ day of May in the spacing of 30x40 cm. The plot surface was 2.4 m”. Dur-
ing vegetation the manual weeding was performed on the plantation and the inter-rows
were aerated. Before the herb harvest the height of plants was determined on 20 ran-
domly chosen plants. The herb harvest was conducted at the beginning of blossoming,
i.e. in mid July (1* harvest) and in early September (2™ harvest). In the first harvest the
plants were cut at 5 cm above the ground surface, and in the second term it was slightly
higher — about 10 cm over the ground, leaving the lignified parts of stems. After harvest
the fresh herb weight was determined, and after drying in natural conditions — the
weight of air-dry herb, as well as the weight of grated herb. Grated herb was obtained
by passing the air-dry herb through sieves of mesh diameter of 4—5 mm. In the dried
raw material the essential oil content was assessed in accordance with pharmacopoeia
method [Polish Pharmakopoeia VI 2002], through distillation with water vapor.

The chemical analyses of grated herbs were performed in the extract of 2% acetic
acid, using the universal method, according to Nowosielski [1988]. The total nitrogen
was determined with the use of Kjeldahl’s method, phosphorus with ammonium meta-
wanadate, and sulfur with BaCl,, were determined colorimetrically. After dry burning in
the temperature of 550°C, after solving the ash with hydrochloric acid diluted 1:2, po-
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tassium, calcium and magnesium were determined with the use of ASA atomic spectro-
photometric method (Perkin-Elmer).

The obtained results were statistically elaborated with the use of variance analysis
method for single classification at the significance level of a = 0.05.

RESULTS AND DISCUSSION

The thermal conditions in the years 2004 and 2005 were favourable for the growth
and development of sweet marjoram plants, which are thermophilous (tab. 1). The mean
air temperature from May to September was close to the mean multiannual temperature.

The height of marjoram before the first herb harvest was, on average 28.9 cm
(fig. 1). The plants were slightly higher before the second harvest — they grew up to be
32.9 cm high. In the studies conducted by Martyniak-Przybyszewska and Wojcie—
chowski [2004] marjoram reached the height of 30.8 cm, and in the experiment con-
ducted by Nurzynska-Wierdak and Dzida [2009] — 31.5 cm.

Table 1. Air temperature and total precipitation in 2004 and 2005 years against a background of
many-year averages
Tabela 1. Srednie temperatury powietrza oraz sumy opadéw w latach 2004 i 2005 na tle $rednich

wieloletnich
2004 3005
l\nghc decade — dekada mean decade — dekada mean 199591;
- ! Il il Srednio [ I I $rednio

\% 13.6 10.8 11.4 11.9 10.8 10.5 18.0 13.1 13.0
Temperature VI 15.7 15.8 16.1 15.9 134 17.2 17.4 16.0 16.4
Temperatura  VII 17.1 17.3 20.0 18.1 18.9 19.9 20.4 19.7 17.9

°C VIII 19.0 19.2 17.0 18.4 16.5 16.4 17.8 16.9 17.2
IX 14.0 14.3 104 12.9 16.8 14.4 13.5 14.9 12.9
)3 )3
\% 10.1 11.3 16.6 38.0 32.8 65.0 0.2 98.0 57.2
Precipitation VI 3.7 25.9 20.3 49.9 47.1 7.4 1.4 559 65.9
Opady Vil 4.7 27.5 58.3 90.5 0.0 224 87.4 109.8  73.6
mm VIII 14.7 9.1 24.7 48.5 103.9 3.2 1.6 108.7  71.1
IX 1.2 0.4 12.6 14.2 0.0 8.9 9.1 18.0 514

In the year 2004 the height of marjoram before the first harvest, i.e. in mid July was
greater than in the year 2005, which proves that there is an interdependence between
plant growth and weather conditions. This was caused by small precipitation in the 2™
and 3" decade of June, as well as drought in the 1** decade of July 2005 (tab. 1). How-
ever, such weather conditions did not significantly affect marjoram yielding. The fresh
herb yield, collected in mid July 2004 (first harvest) equaled 0.61 kg'm?, whereas in
2005 it was slightly smaller — 0.58 kg'm™.

The obtained results indicate the significant effect of the harvest time upon the yield
of fresh air-dry herb and the grated sweet marjoram herb (tab. 2), which was also indi-
cated in the work by Zawislak [2008], as well as by Nurzynska-Wierdak and Dzida
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[2009]. The significantly greater yield was obtained during the second cutting. The fresh
herb yield collected in the first term (beginning of blooming) was on average 0.59 kgm?,
and in the second term — 0.78 kg'm™. In the studies condudcted by Seidler-Eozykowska
et al. [2008] at the beginning of blooming two times smaller yield of fresh marjoram
herb was obtained — 0.25 kg'm™. according to Nurzynska-Wierdak and Dzida [2009] the
fresh marjoram yield in the flower-bud phase equaled on average 0.42 kgm™. The au-
thors demonstrated that the density of planting also significantly affects the quantity of
marjoram herb yield, the plants growing in the smallest congestion (spacing: 40x40 cm)
were characterized by the greatest fresh and air-dry herb.

cm
401 34.6
324
28.9
30
20 A
10
0
First harvest - Pierwszy zbior Second harvest - Drugi zbior
2004 H 2005 B Mean - Srednio

Fig. 1. Height of marjoram plants
Ryc. 1. Wysokos¢ roslin majeranku

A significantly greater yield of air dry and grated herb was obtained from the harvest
performed in early September (respectively 0.28 kgm™ and 0.16 kgm?™) (tab. 2).
Seidler-Lozykowska et al. [2009] demonstrated that the participation of stems in sweet
marjoram herb may range from 22.1 to 41.1%, depending on where the plantation is
located. According to Fraszczak [2004] the grated herb constitutes about 70% of the
collected raw material. In the conducted experiment the participation of grated herb in
the air dry herb was smaller and more than 40% were the stems. The grated herb, com-
ing from the first swath (mid July) was characterized by similar participation of the
stems. Therefore, it can be said that the harvest time did not significantly affect the
degree of lignification of the stems, which are discarded when the material is grated.

According to Fraszczak [2004] the most economically recommendable and justifi-
able is harvesting the herbs twice. The first harvest should be performed when the plants
are flowering (late June — early July), and the second one — in early October, without
waiting for flower buds to appear. This is how better quality of the material can be
achieved.
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The content of active compounds in herbal raw materials is one of quality determinants.
In sweet marjoram herb the essential oil is an important biologically active substance.

On the basis of the conducted laboratory tests it was demonstrated that the content of
essential oil in the grated herb depended on the time of collecting the raw material
(tab. 2). Significantly more essential oil was found in the herb harvested in the second
time (2.39%), than in the raw material from the first swath (1.95%). Less oil was re-
vealed by the studies of Nurzynska-Wierdak and Dzida [2009]. The authors report that
mean content of oil in the herb collected at the beginning of flowering was 1.51%, while
the raw material obtained from the second harvest time contained 1.74% of oil. Accord-
ing to Matlawska [2005] the occurrence of essential oil in the herb may range from 0.2
to 2.5%. In the studies conducted by Czarnecki and Zatecki [1986] the oil content
ranged from 1.18 to 1.58%, and in the work by Tabanca et al. [2004] it occurred on the
level of 1.18-1.58%. Fraszczak [2004] reports that the oil content in marjoram herb of
‘Miraz’ cultivar may range from 1.4 to 1.6%. According to Zawislak [2008] it ranged
from 1.7 to 2.2%, whereas Seidler-Lozykowska et al. [2009] demonstrated the oil con-
tent in sweet marjoram herb of ‘Miraz’ cultivar on the level of 2.0%.

The analysis of sweet marjoram herb chemical composition demonstrated a signifi-
cant effect of harvest time upon the total nitrogen content (tab. 3). The herb coming
from the first swath contained the most total nitrogen (3.72% d.m.). Similar results were
obtained by Dzida and Jarosz [2006]. In the studies by Nurzynska-Wierdak and Dzida
[2009] the total nitrogen content in the herb was smaller and equaled 2.99% d.m. No
significant dependence, however, was found between harvest time and accumulation of
the remaining elements. Nevertheless, on average more phosphorus, potassium, calcium
and magnesium was found in the raw material from the first than from the second har-
vest. These differences were more distinct in particular years when the studies were
conducted, which indicates the effect of weather conditions in harvest period upon the
contents of mineral components in the marjoram herb.

The phosphorus content ranged from 0.19 to 0.20% d.m. And was comparable to
that determined by Dzida and Jarosz [2006], as well as by Nurzynska-Wierdak and
Dzida [2009]. The concentrations of potassium, calcium and magnesium in marjoram
herb was higher than in the studies by Nurzynska-Wierdak and Dzida [2009]. Accord-
ing to Dzida and Jarosz [2006] calcium content in marjoram herb may range from 0.66
to 1.59% and depends upon nitrogen-potassium fertilization.

CONCLUSIONS

1. The influence of weather conditions upon growth of sweet marjoram plants was
confirmed. The height of marjoram before the first harvest in the year 2005 was lower
than in the year 2004, which was related to smaller precipitation.

2. Significant influence of harvest time upon sweet marjoram yielding was demon-
strated. The highest yield of fresh, air dry and grated herb was obtained in the second
harvest time (early September).

Acta Sci. Pol.
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3. The essential oil content in marjoram herb was significantly dependent upon har-
vest time; the herb collected in early September (2" swath) contained more essential oil
than that collected in mid July (1% swath).

4. The effect of harvest time upon total nitrogen content was revealed. The most ni-
trogen was found in the raw material collected in mid July. No significant effect was
demonstrated upon the contents of phosphorus, potassium, calcium, magnesium and
sulfur. The herb harvested in the first time generally contained more of the above-
mentioned elements than the herb collected in the second harvest time.
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PLON I JAKOSC ZIELA MAJERANKU OGRODOWEGO
W ZALEZNOSCI OD TERMINU ZBIORU

Streszczenie. Jednym z wazniejszych gatunkow roslin zielarskich uprawianych w wielu
krajach dla celéw leczniczych i spozywczych jest majeranek ogrodowy. Ziele majeranku
jest bogatym zrodlem cennych substancji biologicznie aktywnych oraz sktadnikéw mine-
ralnych. Majac na uwadze szerokie zastosowanie tej rosliny, podjeto badania nad ocena
wzrostu i plonowania majeranku ogrodowego w zalezno$ci od terminu zbioru. Badania
przeprowadzono w latach 2004-2005. Plantacje majeranku ogrodowego zalozono z roz-
sady wyprodukowanej w szklarni. Ziele majeranku zebrano w dwodch terminach: w poto-
wie lipca (poczatek kwitnienia) oraz na poczatku wrzes$nia. Oceniono plon $wiezego, po-
wietrznie suchego oraz ziela otartego. Okre§lono zawarto$¢ olejku eterycznego w zielu
otartym oraz sktad mineralny ziela. Wykazano istotny wptyw terminu zbioru na plon
$wiezego, powietrznie suchego i ziela otartego, wigkszy plon uzyskano w drugim terminie
zbioru (poczatek wrzesnia). Ziele zebrane na poczatku wrzesnia zawierato wigeej olejku
niz Scigte w potowie lipca. Zawarto$¢ azotu ogdtem byla istotnie wigksza w zielu maje-
ranku z pierwszego niz drugiego zbioru.

Stowa kluczowe: Origanum majorana L., olejek eteryczny, makro- i mikrosktadniki
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