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ABSTRACT

Similarly to other species of the gentsureja (Lamiaceae), winter savory is valued in traditiormaddi-
cine in many countries of the world. Most studieswanter savory are primarily focused on the chemical
composition and biological activity of its raw maatrbut few studies concern proper growing condiio
The aim of the present study, conducted on one-glelaplants, was to determine relationships of plant
density and number of harvests with selected paesef raw material yield of winter savory grown in
field under temperate climate conditions. The hadrlvinter savory grown under temperate climate condi-
tions was shown to have an average essential cikobof 1.69%. Yield of herb without stems, the per-
centage of this herb in dry herb and essentiatailtent in the herb increase as plant density deese
On the other hand, essential oil content and yadiot depend on number of harvests and harvest dat
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INTRODUCTION

In recent years, we have observed an increaslavender/white flowers [Lippert and Podlech 1989].
in interest in cultivation of medicinal plants, eve The aromatic savory herb, collected from natural
in less favorable climates. Medicinal plants offesites and from cultivated plants, is valued in itrad
alternative remedies with tremendous opportunitietional medicine in many countries of the world
WHO reports show that more than 80% of th(Momtaz and Abdollahi 2008, Jafari et al. 2016,
world’s population rely solely or largely on tradi-Nurzynska-Wierdak 2016]. Modern research re-
tional medicinal remedies [Batugal et al. 2004]veals that extracts and essential oil from the savo
Winter savory $atureja montana L.) from the La- herb can be considered to be natural antimicrobial
miaceae family is species native to the Mediterrseand antioxidant agents that can be used in food
nean regions of Europe. The winter savory is an eproduction [Serrano et al. 2011, Fathi et al. 2013,
ergreen shrub growing up to a height of 10-50 crPapadatou et al. 2015] and phytomedicidaar et
with strongly branched shoots. The plant produceal. 2013, Valizadeh et al. 2014, Trifan et al. 2015
brown woody stems, glossy, dark green leaves aJafari et al. 2016].
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Yield of medicinal and aromatic plants is modi-Some studies demonstrate that wild populations of
fied by many genetic, ontogenetic and environmentwinter savory strongly vary in morphological and
factors [Farahani et al. 2009, Said-Al Ahl and Huschemical terms and their authors suggest the reed t
sien 2016]. Some of these relationships, in pddicu carry out agronomic experiments on wild growing
those that can be regulated using agronomic preplants [lbraliu et al. 2010, Dudas et al. 2013]- Pa
tices, are used in developing recommendations fpadatou et al. [2015] revealed that winter savory
growing herbal plants [Abbaszadeh et al. 2014, Alpositively responds to growing conditions and that
madi and Hadipanah 2014, Ibrahim et al. 2014, Maigood quality herbal raw material can be obtained
soori 2014]. At the same time, suggestions appeunder optimal agro-climatic conditions. Winter sa-
concerning the need to carry out field investigaio vory has lately enjoyed ever greater popularityaas
on the cultivation of medicinal plants and to iatrospice, with the interest in the aromatic savorybher
duce some non-native species of medicinal planenhanced by its valuable biological properties
into cultivation [Singh and Vidyasagar 2015]. Plant[Serrano et al. 2011, Papadatou et al. 2015, Tafan
ing density is an important factor that determineal. 2015]. The aim of the present study was to de-
micro-environmental conditions in plant productiortermine relationships of plant density and harvest
systems [Morteza et al. 2009, Nuifiska-Wierdak method with selected parameters of herb and essen-
and Dzida 2009, Ahmadi and Hadipanah 2014]. Tttial oil yield of winter savory grown under temper-
results of a study by Abbaszadeh et al. [2014] coate climate conditions.
cerning Saturgja sahendica Bornm. demonstrate that
selection of proper planting date and density is imMMATERIALS AND METHODS
portant to obtain high raw material and essential o
yield. Hadian et al. [2016] indicate that dry wdigh  This study was carried out over the period 2006—
and essential oil content iBatureja khuzestanica 2010 at the Experimental Farm of the University of
Jamzad increase with decreasing plant densityewhlLife Sciences in Lublin, Poland (51°23'N, 22°56'E).
herb yield and essential oil yield are highesthat t A field experiment was set up as a two-factor eixper
highest density. Harvest date and number of havement (plant density and number of harvests) inna ra
of raw material, particularly in the case of esggnt domized block design in four replicates. The weathe
oil plants, are strictly related to raw materiabtity conditions are shown in Figure 1. Winter savory
as determined by the quantity of volatile substanc(Saturgja montana L.) seeds were obtained from the
[Nurzynska-Wierdak 2009, Nurzgka-Wierdak and Botanical Garden of the Maria Curie-Sklodowska
Dzida 2009, Ibrahim et al. 2014, Singh et al. 2014] University in Lublin. The study was conducted or-on

The most effective components of winter savoryear-old plants because older plants were chaizatier
herb are: thymolp-cymene, carvacrol-terpinene, by significant stem lignification and weaker biomas
flavonoids, triterpenes [Momtaz and Abdollahiincrease. Seeds were sown in a greenhouse at-the be
2008]. There are many studies on winter savoiginning of April and then seedlings were pricked ou
which are primarily focused on the chemical cominto plug trays with peat substrate. Plants weaated
position and biological activity of its raw matdria in the field at the end of May at the following spa
[Bezi¢ et al. 2005, Ibraliu et al. 2010, Serrano et aings: 30 x 20, 30 x 30 and 30 x 40 cm. The ploaare
2010,Cavar et al. 2013, Miladi et al. 2013, Jafari ewas 1.6, 2.5and 3.2 M respectively. Plants were
al. 2016]. Only few papers report results regardingrown on grey-brown podzolic soil derived from Ises
agronomic factors that optimize yield of winterdeposits, with an organic matter content of 1.6%.
savory plants [Duda$ et al. 2013, Said-Al Ahl anBased on chemical analysis of the sail, the foliayvi
Hussien 2016]. Technology of growing winter safertilization was applied on a per hectare bagisk&
vory under temperate climate conditions has niN, 50 kg BOs and 100 kg KO. Crop management
thus far been developed, while most research studoperations carried out in the plantation involved s
have been conducted in areas with a milder climatloosening and manual weed control. No presefice o
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Fig. 1. Weather conditions during the development ofetkemined plants along with perennial data

pests or diseases was observed on the savory pledetermining the significance of differences at 0.05
and therefore no chemical plant protection treatmer[Oktaba 1968].
were used.

Two methods of savory herb harvest were useRESULTS AND DISCUSSION
a double harvest carried out at the flower budestag
and after the stems resprouted (the beginninglgf Ju The average yield of fresh savory herb was
and the middle of August) and a single harveshat tfrom 86.81 kg-100 M (30 x 20 cm spacing) to
beginning of flowering (the middle of August).89.06 kg-100 if (30 x 40 cm spacing). It was shown
The herb was harvested by hand. At the beginning that fresh herb yield was not dependent on plant de
July, plants were cut at a height of about 6 cmvabosity (tab. 1). In analyzing savory yields in indiual
soil level, while in the middle of August winter-sa years of the study, on the other hand, a significan
vory was cut at about 10 cm above soil level. Afterelationship was found between plant density and
harvest the herb was dried in a drying oven atva te yield, with large differences in yield. The highest
perature of 30°C. The drying time was 10 days. Haaverage fresh herb yield was obtained in 2007
ing dried the raw material, dry herb yield was dete(114.21 kg-100 i), whereas it was lower by 58.3%
mined, whereas after the dried herb was passin 2006 and by 34.9% in 2009 (tab. 1). This indisat
through a 3 mm mesh sieve, yield of herb withoumutual modifications between agronomic and envi-
stems was determined. Percentage of herb withcronmental factors which contribute to changes & th
stems in dry herb was also estimated. Essential direction of individual types of variation. Yield
content in savory herb without stems was determin«cof herbal raw material and its chemical composi-
according to European Pharmacopeia [2005], directtion are largely dependent on growing conditions
distilling 30 g of dried raw material from 400 mi o [Nurzynska-Wierdak 2009, Zadlak and Dzida
water in a 1000 ml flask for 2 hours. Essential 02010, Krol and Kiettyka-Dadasiewicz 2015], which
yield was determined according to the formula givesometimes causes divergent results in individual
by Sahzabi et al. [2010]. The results were stail{i years and study areas. The results of a study con-
analyzed by two-way analysis of variance (ANOVA)ducted by Abbaszadeh et al. [2014] reveal that the
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highestSatureja sahendica herb yield is obtained at in 2007 (respectively: 131.30 kg-100 mand
the highest plant density (20 x 20 cm). Likewise97.13 kg-100 if). Harvest date is an important fac-
Ahmadi and Hadipanah [2014] found the highesgor that modifies yield quantity and quality of hat
yield of fresh dragonhead herb at the lowest dgnsiplants and the determination of a proper harveis da
of plants in the plantation. Mansoori [2014] reportand method is of great practical importance. Number
that fresh and dry peppermint biomass yield signifof harvests is sometimes dependent on the climatic
cantly increased with decreasing plant densityj-simconditions for cultivation. In Spain the environrtedn
larly to plant height and fresh leaf weight. On th«conditions are favorable enough to carry out four
other hand, fresh biomass and essential oil yigld s harvests of lemon balm per year, but the highdst oi
nificantly increased by increasing plant density. |content (0.4%) is characteristic for September dstrv
the case of hyssop, Zaildk [2011] found the highest [Adzet et al. 1992]. A study by Khalid et al. [2G09
yield of fresh herb, dry herb and herb without serb] reveals that the essential oil concentratiokein-
from plants grown at the medium density (40 x 4on balm significantly decreases in successive har-
cm) compared to the lower and higher density. vests and its content ranges from 0.12 to 0.25%.
The present study demonstrated significant diffeThe presented data show that under temperate elimat
ences in fresh herb yield depending on the number conditions a single harvest of winter savory herb i
harvests of raw material. The average fresh hezlo yi the first year of cultivation is more favorable for
from a single harvest was 103.03 kg-100° mnd obtaining a higher fresh herb vyield than a double
higher by 28.75% than the raw material from plantharvest. This is associated with the fact thathia t
cut twice. Analyzing the data from individual yearscase of plants harvested twice their growth isrinte
it was found that in the case of plants cut botbeon rupted too early, which does not allow for inteesiv
and twice, the highest yield of fresh savory hedsw biomass production.

Table 1. Fresh herb yield of winter savory depending on fpéacing and number of harvests (kg- 106 m

SE’:‘H:')”Q Harvest 2006 2007 2008 2009 2010 Mean
double 31.32 92.57 87.89 63.17 94.82 73.95
30 x 20 single 71.10 119.37 117.55 87.64 102.70 99.67
mean 51.21 105.97 102.72 75.40 98.76 86.81
double 29.69 102.33 98.74 82.24 79.17 78.43
30 x 30 single 63.49 122.22 100.29 98.16 111.43 99.11
mean 46.59 112.27 99.51 90.20 95.30 88.77
double 28.69 96.49 91.00 49.60 73.31 67.81
30 x 40 single 61.27 152.32 119.85 65.05 153.10 110.31
mean 44.98 124.40 105.42 57.32 113.20 89.06
double 29.90 97.13 92.54 65.00 82.43 73.40
Mean single 65.28 131.30 112.56 83.61 122.41 103.03
mean 47.59 114.21 102.55 74.30 102.42 88.21
LSDo 05
Spacing (A) 1.451 6.020 1.711 8.711 4.650 n.s.
Frequency of harvest (B) 0.974 4.044 1.149 5.851 3.123 1.766
Interaction (A x B) 2.552 10.590 3.010 n.s. 8.179 4.626
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Table 2. Dry herb yield of winter savory depending on plspéacing and number of harvests (kg-10¢) m

S?Car;')”g Harvest 2006 2007 2008 2009 2010 Mean
double 13.94 30.58 29.24 27.22 24.47 25.09
30 x 20 single 24.33 29.48 29.05 28.67 28.73 28.05
mean 19.13 30.03 29.14 27.94 26.60 26.57
double 14.06 32.30 27.97 31.17 26.30 26.36
30 x 30 single 20.42 36.36 26.45 31.43 31.34 29.20
mean 17.24 34.33 27.21 31.30 28.82 27.78
double 15.13 31.06 24.41 17.31 19.94 21.57
30 x 40 single 18.43 49.64 30.37 23.49 41.00 3258
mean 16.78 40.35 27.39 20.40 30.47 27.07
double 14.37 31.31 27.20 25.23 23.57 24.34
Mean single 21.06 38.49 28.62 27.86 33.69 29.94
mean 17.71 34.90 27.91 26.54 28.63 27.14
LSDo 05
Spacing (A) 1.021 4.151 1.518 3.482 3.299 n.s.
Frequency of harvest (B) 0.685 2.788 1.019 2.339 2.216 1.002
Interaction (A x B) 1.796 7.302 2.670 n.s. 5.804 2.624

Table 3. Yield of herb without stems of winter savory dependingplant spacing and number of harvests (kg- 18P m

S?Car;')”g Harvest 2006 2007 2008 2009 2010 Mean
double 7.82 20.36 18.79 13.62 17.28 15.57
30 x 20 single 11.18 20.72 17.69 13.46 20.21 16.65
mean 9.50 20.54 18.24 13.54 18.74 16.11
double 8.16 23.30 15.30 17.83 16.98 16.31
30 x 30 single 11.45 22.57 15.90 18.02 21.78 17.94
mean 9.80 22.93 15.60 17.92 19.38 17.12
double 7.07 21.14 13.82 10.69 15.50 13.64
30 x 40 single 10.09 3253 15.28 13.12 28.01 19.80
mean 8.58 26.83 14.55 11.90 21.75 16.72
double 7.68 21.60 15.97 14.04 16.58 15.17
Mean single 10.90 25.27 16.29 14.86 23.33 18.13
mean 9.29 23.43 16.13 14.45 19.95 16.65
I—SDO.OS
Spacing (A) 0.671 1.930 1.760 2.210 2.118 0.864
Frequency of harvest (B) 0.451 1.297 n.s. n.s. 1.423 0.580
Interaction (A x B) n.s. 3.396 n.s. n.s. 3.726 1.521
www.hortorumcultus.actapol.net 163
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Table 4. Percentage of herb without stems in dry herb of wiséwory depending on plant spacing and numbeanfdsts

SFCa;')”g Harvest 2006 2007 2008 2009 2010 Mean
double 56.09 66.57 64.26 50.03 70.61 62.05

30 x 20 single 45.95 70.28 60.89 46.94 70.34 59.35
mean 49.66 68.39 62.57 48.48 70.47 60.70

double 58.03 72.13 54.70 57.20 64.56 61.87

30 x 30 single 56.07 62.07 60.11 57.33 69.49 61.43
mean 57.05 67.10 57.40 57.26 67.02 61.65

double 46.72 68.06 56.61 61.75 77.73 63.23

30 x 40 single 54.74 65.53 50.31 55.85 68.31 60.77
mean 50.73 66.79 53.46 58.80 73.02 62.00

double 53.44 68.98 58.71 55.64 70.34 62.32

Mean single 51.75 65.65 56.91 53.33 69.24 60.55
mean 52.59 67.31 57.81 54.48 69.79 61.43

Table 5. Essential oil content depending on plant spacirtgrammber of harvests (%)

SFCa;')”g Harvest 2006 2007 2008 2009 2010 Mean
double 1.38 1.56 1.80 2.03 1.73 1.70
30 x 20 single 1.50 1.53 1.60 1.43 1.76 1.56
mean 1.44 1.54 1.70 1.73 1.74 1.63
double 1.49 1.62 1.81 1.74 1.69 1.67
30 %30 single 1.65 1.58 1.52 1.60 1.85 1.64
mean 1.57 1.60 1.66 1.67 1.77 1.65
double 1.43 1.88 1.89 1.83 1.78 1.76
30 x40 single 1.73 1.80 1.90 1.80 1.90 1.83
mean 1.58 1.84 1.89 1.81 1.84 1.79
double 1.43 1.69 1.83 1.87 1.73 1.71
Mean single 1.62 1.64 1.67 1.61 1.83 1.67
mean 1.52 1.66 1.75 1.74 1.78 1.69
LSDO.OS
Spacing (A) 0.118 0.176  0.168  0.130  0.086 0.122
Frequency of harvest (B) 0.169 n.s. 0.148 0.188 0.098 n.s.
Interaction (A x B) 0.241 0.241 0.258 0.227 0.194 0.248
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Dry herb yield of winter savory was not dependertwice. As regards the effect of number of harvesis
on plant spacing, but number of harvests had afisignyield of herb without stems in the successive yeérs
cant effect on the value of this yield (tab. 2)eTver- the study, no significant relationship was reveated
age dry herb yield obtained from a single harvest wthe years 2008 and 2009. However, the statistical
5.6 kg higher than the dry herb yield from plant$ c analysis results show a significant relationship be
twice. Analyzing the results from the entire stymy tween vyield of herb without stems obtained from
riod, it was shown that dry herb yield was sigwifity plants grown at the 30 x 20 cm spacing relative to
higher when the herb was harvested once comparec30 x 30 cm. The average value of this yield wakdnig
that obtained in the case of double harvest (tab. by 6% than in the case of plants grown at the 30 x
Timing of harvest of aromatic herbs affects biomas30 cm spacing (tab. 3). In all years of the stublg,
yield and essential oil content, but depending on-e percentage of herb without stems in dry herb was
ronmental factors [Zawlak and Dzida 2010, Zawak higher for the raw material obtained from plant$ cu
2011]. Said-Al, Ahl and Hussien [2016] found a &vic twice (tab. 4). Stems, which are a waste materitie
higher weight of dried winter savory herb harvestewinter savory herb, accounted for about 40% of the
4 months after planting compared to 2 months aftdry herb harvested once during the growing season.
planting. This indicates a significant increassawory The percentage of stems in the dry herb harvested
herb biomass between two harvests of the herb hwhitwice was lower — 37.68%. The dry winter savory
is confirmed by these results. herb obtained from plants grown at the lowest dgnsi

In many species of herbal plants, the herb withoi(30 x 20 cm) was characterized by the lowest per-
stems is the most frequent type of raw materidlitha centage of herb without stems in dry herb (60.70%).
used for seasoning purposes. The average yield This percentage increased with increasing plart-spa
herb without stems obtained in this experiment weng and was highest (62.0%) in the raw material har
significantly dependent on number of harvestvested from plants grown at the 30 x 40 cm density
(tab. 3). When savory was cut once, the yield we(tab. 4). This indicates that dry herb yield of igin
higher by 16.32% than in the case of plants hagdestsavory grown at a lower density has better petars

Table 6. Essential oil yield depending on plant spacing amahber of harvests (kg - 1009n

S?Carﬁ')”g Harvest 2006 2007 2008 2009 2010 Mean
double 0.11 0.36 0.34 0.28 0.29 0.28
30 x 20 single 0.17 0.31 0.28 0.19 0.35 0.26
mean 0.14 0.33 0.31 0.23 0.32 0.27
double 0.12 0.38 0.28 0.31 0.29 0.28
30 x 30 single 0.19 0.36 0.24 0.29 0.40 0.30
mean 0.15 0.37 0.26 0.30 0.34 0.29
double 0.10 0.39 0.26 0.19 0.27 0.24
30 x 40 single 0.17 0.34 0.29 0.23 0.53 0.31
mean 0.13 0.36 0.27 0.21 0.40 0.27
double 0.11 0.37 0.29 0.26 0.28 0.26
Mean single 0.18 0.34 0.27 0.23 0.42 0.29
mean 0.14 0.35 0.28 0.25 0.35 0.27
LSDy.05
Spacing (A) n.s. n.s. n.s. n.s. n.s. n.s.
Frequency of harvest (B) n.s. n.s. n.s. n.s. 0.133 n.s.
Interaction (A x B) n.s. n.s. n.s. n.s. 0.256 n.s.
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compared to higher density. For marjoram, Zki density of pot marigold plants results in a decgaas
and Dzida [2010] demonstrated that herb withouhste essential oil content in raw material [Krél 2013].
had a higher percentage in dry herb in the captanfs In the case of hyssop, plant spacing was not faand
harvested at the second harvest date (Septemkger) rsignificantly affect essential oil content [Za&lak
tive to those harvested at the first date (July)turn, 2011]. Planting density has a significant effect on
hyssop plants grown at the lowest and highest tilesisi most morphological traits, raw material yield and
had a higher percentage of herb without stemsyin cessential oil content in the herbS#tureja sahendica
herb compared to plants grown at the medium densBornm plants [Abbaszadeh et al. 2014]. Although
[Zawislak 2011]. essential oil content i8 sahendica herb is highest in
Essential oil content and yield depend, amonplants grown at the lowest density, oil yield ighest
others, on the growing method [Nuhska-Wierdak at the highest density. Due to this, these autimolis
and Dzida 2009, Krél 2013, Abbaszadeh et al. 201cate that 20 x 20 cm is the optimal planting spgcin
Mansoori 2014]. Winter savory plants investigatefor S. sahendica plants under the climatic conditions
were characterized by variable essential oil cdniten of Iran.
the herb depending on weather conditions in individ
ual years of the study and agronomic practices USCONCLUSIONS
(tab. 5). The average oil content in the raw materi
was 1.69%. With decreasing plant density, the essen Herp yield of winter savory grown under temper-
tial oil content in the herb increased. Harvesthmet ate climate conditions is modified by agronomic
was not shown to significantly affect oil content i factors. Among the agronomic factors studied, num-
the savory herb, though such differences were foulper of harvests and harvest date have a greatt eff
in all years of the study, except for the seconarye on fresh and dry savory herb yield than planting
The interaction of the investigated factors wa® alsgensity.
revealed to have a significant effect on this dyali  vield of herb without stems, the percentage of
characteristic of savory yield. In two years of thghis herb in dry herb and essential oil contenthia
study, more essential oil in the herb was obtained nerp increase with decreasing planting density.
the case of single harvest, while in two othergear  Essential oil content and yield of winter savory
the case of double harvest. It seems that thesé& MCyere not dependent on number of harvests and har-
fications are due to the superimposition of twoey/p \est date.
of variation: agronomic and climatic. Harvest date Proper plant density (planting spacing: 30 x 30 cm
herbal raw materials from essential oil plants deteang 30 x 40 cm) as well as harvest date and number
mines their chemical composition and biologicapf harvests (a single harvest at the beginningdowf-f
activity mostly due to ontogenetic variation [Ibi@h ering) determine good herb yield from one-year-old

et al. 2014, Zantar et al. 2015]. The marjoram heiyinter savory plants grown under temperate climate
harvested at the beginning of September contaiconditions.

more oil than that cut in the middle of July [Z&lak
and Dzida 2010]. The average essential oil conteRgreRENCES
found in this experiment was 0.27 kg-100° and,

except for one year of the study, was not dependefpaszadeh, B., Sefidkon, F., Haghighi, M.L., Hajidbad
on plant density and herb harvest method (tab. 6). E.K. (2014). The effect of planting time and plagti
Essential oil content and yield in peppermint in- density on yield and essential oil dtureja sahendica
creases with increasing plant density [Mansoori Bornm.J. Med. Plants By-prod., 2, 141-146.

2014]. Plants grown at a higher density accumulagzet, T., Ponz, R., Wolf, E., Schulze, E. (1998yestiga-
more essential oil than those grown at a loweritlens  tion of the content and composition of essentiklobi
[Nurzynska-Wierdak and Dzida 2009]. Increased Melissaofficinalis. Part Il. Planta Med., 58(6), 562-564.
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