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EFFECT OF NATURAL FERTILIZATION
AND THE TYPE OF SUBSTRATE

ON THE BIOLOGICAL VALUE

OF THE THYME HERB ( ThymuswulgarisL.)
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Abstract. One of the oldest medicinal plants in the worléhigme [Thymus vulgaris L.).

On the biological value of this plant is affecteddiotic and abiotic conditions, which in-
clude fertilizers and soil type. The aim of thegaet study was to determine the effefct
organic fertilization and the type of substratetba biological value of the thyme herb.
Plants were grown in a greenhouse in a differgue substrates: peat and peat + sand, us-
ing varying amounts of manure 10, 20, 30 g dshsubstrate. In the obtaining raw mate-
rial was determined the content of essential @if,datter, L-ascorbic acid, total nitrogen
and proteins. There was a significant increasberN-total and protein contents in thyme
herb after application of increasing doses of exathimanure independently of the test
substrateApplied natural fertilization and type of substrdid not affect significantly the
content of essential oil ifhymus vulgaris L. herb. The highest content of L-ascorbic acid
and dry matter was obtained for thyme after appticaof the lowest dose of manure, re-
gardless of the substrate used.
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INTRODUTION

In recent years, many herbal plants are discovaneav. This is due to the prevail-
ing global trend of lifestyle change or a returnthie natural sources of nutrition and
treatment. The impact on this situation are commiwilization diseases, decrease in
a natural resistance to infections and increasestegiibility to various allergies.
The re-learning about herbs is affected by devetogmof the food industry, especially
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the increase in demand for vegetable additivegderoto raise the taste and aroma, as
well as a favorable impact of their preservativel antioxidant properties [Lawrencet
2001]. Increasingly, herbal plants are introdua#d the diet as preparations or herbal
mixtures. In the group of spices and herbal medigimas thyme is fairly important.

Thymus vulgaris L. is a perennial plant belonging to the family Lansiae; originat-
ing from Mediterranean areas, mainly Spain, soutlr@ance and lItaly, as well as North
Africa [Morales 2002]. Thyme is a plant with theeagtic properties, comprising biolog-
ically active substances such as essential 0iR{@L3%), flavonoids, tannins, phenolic
acids, triterpene compounds, bitter, saponins, rsygatamins, and minerals [Bara-
nauskiene et al. 2003, Jabbari et al. 2011]. Tlatgst concentration of these com-
pounds is recorded in the raw pharmacopoeial nater. the herbThymi herba and
extracted essential oillymi oleum) show disinfection, germicidal [Lakis et al. 2012]
fungicidal [Omidbeygi et al. 2007], anti-inflammayo[Oceaa and Reglero 2012],
spasmolytic $liwi nska et al. 2001], expectoration and antioxidanpprties, as well as
it stimulates the stomach activity and the secnetié digestive juices [Nurzska-
-Wierdak 2015]. Qualitative and quantitative conipos variability of biologically
active substances produced by the plant dependgmetic [Miguel et al. 2004], onto-
genetic [Hudaib et al. 2002], and environmentatdec[Porte and Godoy 2008], includ-
ing fertilization and soil type.

Herbal plants have different requirements for wasioutrients, which is associated
with the growth and development of a given spediestilization, besides a significant
impact on the amount of crop yield, also modifies quality. Natural fertilizers are
designed to increase the nutrient contents in dile improve air and water relations,
improve capacity of the sorption complex of theugrd, and promote development of
microorganisms [Khalid and Shafei 2005, Nurzki 2008, Najm et al. 2012]. This type
of fertilizer used in the experiment is manure. Wak fertilizers are used in organic
production, where synthetic fertilizers and pedési are not applied, which favors
launching the plant's own defense system agairtibgans, involving, among others,
the production of secondary active substances.dbbmtf nitrogen in the soil also af-
fects the production of these compounds by pldntthe system of organic cultivation,
wherein the nitrogen is supplied to the soil in thiem of organic fertilizers, its availa-
bility is lower. As a consequence, plants in thistfinstance produce carbon-containing
compounds (simple and complex sugars, as well esnsary plant metabolites (vita-
mins, essential oils). In an environment whereatalability of nitrogen is higher, e.qg.
in a conventional production, due to the use oflitgavater-soluble nitrogen fertilizers
application, plants produce mainly nitrogen commsusuch as amino acids, proteins or
alkaloids [Coley et al. 1985, Brandt and Molgaa®@P, Kazimierczak et al. 2010].

Soil (subsaoil), which is the main source of nuttgens important in the cultivation
of plants. Due to the continuous development ofifptaoduction under controlled con-
ditions, the demand for substrates with very sjpepifoperties adapted to the needs of
cultivation, also increases. Different propertidssoil and peat, as well as different
systems of factors influencing growth of the rogétem cause that the mineral soil is
not suitable as a subsoil for cultivation in con&as [Banach et al. 2013, Onyszko et al.
2015]. High peat for years has been the primarstsate in the cultivation of plants,
and also the main component of horticultural sathes;, but subsoil that at least in part
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would be able to replace it, are still sought afféris is due to the deepening peat con-
sumption, contributing to the growth of its pricadathe protests of environmental

groups against the expansive use of peatlands.pOsbility to reduce the amount of

this material utilization is mixing peat with otheheap and readily available materials
such as sand [Rumpel 1998, Kemppainen et al. 2004he present study, two types of

substrate were used. The first was acidic peat¢clwld an organic substrate showing
a high water and air capacity with abundant somptiomplex. The second was a mix-
ture of peat and sand, i.e. a combination of oxaiith mineral substrate (sand), which

improves the air-water balance for the crop’s system [Nurzyiski 2008].

Among important aspects of herbal production, thetgoth the yield of raw materi-
al, as well as its quality, which is expressed, mgnothers, essential oil, dry matter,
total nitrogen, protein, and L-ascorbic acid cotgen

The aim of this study was to analyze the influeotéertilization using manure and
the type of the substrate on the biological valueltained raw thyme herb.

MATERIAL AND METHODS

The greenhouse experiment with common thyme wasedaout in 2014 and 2015
at The Research Station “Felin” belonging to theversity of Life Sciences in Lublin
(51°25'N 22°56'E) located in south-eastern Poldtdnts were grown singly in pots
with a capacity of 2 dfilled with high peat and mixture of peat and sgfdL).
The substrates were limed using fertilization chialkn amount of 10 g CaG@er dnd
of substrate adjusting pH to 6.5. Each combinatiamiuded 10 repetitions (a single
repetition consisted of one plant). Seeds from PNI&éw Mazowiecki cultivation
(without specifying the varieties) were seededhat turn of February and March in
2014 and 2015 to the peat subsoil. After 2 weelaitp were planted to the multiplets,
and then watered with a preventive fungicide prafiam Previcur Energy 840 SL at the
concentration of 0.15%, according to the plant gotion program. Seedlings were
transplanted to their permanent place into pothatbeginning of April 2014 and the
end of March 2015. The study was conducted undetraited conditions. During ex-
periments, plants were watered once with the sameuat of water and, when neces-
sary, 2—-3 times per day. During the growing seadwre were no diseases and pests,
and therefore protection measures were not usedlhatvest was carried out in the first
decade of July 2014 and the third decade of Ju&,20hen plants entered the begin-
ning of flowering. Ground’hymus vulgaris L. herb was subject to chemical analyzes.

Experiment with common thyme was founded in bidaiet pattern, where the first
factor was the manure dose: 10, 20 and -8&ng of substrate, while the second factor
consisted of the type of substrate: peat and méxfipeat and sand in 1:1 ratio (13dm
peat + 1 dmisand).

Bovine manure in granulated form was administemek@rior to herb planting onto
the permanent place. The manure applied in therewmpet contained (%): N-total 4.2
(N-organic 3.5 and N-NH0.7); BOs 3.0; KO 2.8; MgO 1.0; CaO 9.0; S@.5, and in
mg- kg™ Fe 1200; Mn 480; Zn 420; Cu 110; B 45; Mo 11.
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Fresh plant material was subject to determinatioth@ contents of L-ascorbic acid
applying Tillmans method according to Polish StadddPN-A-04019:1998]. Essential
oil content in air-dry herb determined in accordamgth the Polish Pharmacopoeia VI
[2006] by hydro-distillation. Qualitative and quaative composition of oil was deter-
mined by means of liquid chromatography and massctepmetry (GC/MS).
The Kjeldahl method applying Kjeltec 2002 Distilirsystem Unit was used to analyze
the total content of nitrogen in the dry plant miate and after multiplying the obtained
N-total values (%) by the factor of 6.25, the pioteontent in plant was obtained.
Dry matter (%) was determined in fresh mater bygrevimetric method (after drying
samples at 105°C to constant weight).

Achieved results were statistically processed bgmseof variance analysis for dual
classification. The significance of differences vga®wn on a base of Tukeys t-test at
the significance levet = 0.05.

RESULT AND DISCUSSION
The research results upon the main biological valameters of the thyme herb

are provided in Table 1. Organic fertilization aswll type significantly influenced on
the biological value of thyme herb.

Table 1. Influence of the subsoil type and biolagizalue of thyme herb (mean for 2014 and

2015)
Dose . . .
Type of manure Dry Matter L-ascorb!c acid N-total Protein (%
of substrate (%) (mg 100 ¢ f.w.) (% d.m.) d.m.)
(gdm-3)
10 29.61 64.09 2.39 14,97
peat 20 26.84 41.43 3.00 18,75
30 24.79 55.12 2.91 18,22
Mean 27.08 53.52 2.77 17.31
10 35.64 69.83 1.55 9,68
peat + sand 20 29.73 41.59 2.07 12,97
30 28.58 57.40 2.24 14,00
Mean 31.32 56.27 1.95 12.22
10 32.63 66.96 1.97 12,33
Mean for dose 20 28.29 41.46 2.54 15,86
30 26.69 56.76 2.58 16,11
LSD, = 0.0¢
type of substrate 2.97 n.s. 0.36 2.24
dose of manure 4.46 16.99 0.53 3.32
interaction n.s. n.s. n.s. n.s.

n.s. — not significant

Significantly different contents of dry matter inetthyme herb depending on ma-
nure dose and substrate type were found. Studigdettmaterial had a high amount of
dry matter, which ranged from 24.79 to 35.64%. Dheatest amount of dry matter
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characterized thyme plants treated with the smaliesnure dose, regardless of the
substrate applied. It was noted that after theiegjidn of increasing doses of manure,
crops from peat and from mixed subsoil revealed@ehse in dry matter content.

Thyme herb contained from 41.34 to 69.83 mg L-asicoacid per 100 g fresh
weight. There has been a decrease in the contevitaoshin C under the influence of
increasing doses of manure applied, regardlesseofuibstrate type. The richest source
of L-ascorbic acid was thyme grown in combinatiothwthe lowest organic fertilizer
rate (10 egdm® substrate) on a mixture of peat with sand (69.88 100g” fresh
weight). When fertilizing with 20 g of manure, cemtration of the component in ques-
tion was the lowest for tested substrates, respegti41.59 mgl00 g' fresh weight
(peat + sand) and 41.34 @O g' fresh weight (peat). The increase of L-ascorbid ac
content after manure fertilization of thyme, lemmaim and mint was noted by Kazim-
ierczak et al. [2011]. Similar results of highetawhin C content were obtained using
organic fertilizer to lemon balm, mint, lovage, thg, and sage [Kazimierczak et al.
2010]. Similar study results were also recorded bgr et al. [2006] and Caris-Veynard
et al. [2004]; which confirm much higher L-ascorlacid concentrations in tomato
fruits from organic rather than conventional grogviests carried out upon organic
and conventional cultivation of black currant [Kazerczak et al. 2007], onions [Hall-
mann and Rembiatkowska 2006], as well as peppaist@matoes [Hallmann et al.
2005] also underline that vitamin C content at fdda largely depended on the cultiva-
tion method, however plant fertilization is onetloé most important factors. The results
of cited authors confirm that the use of organitilfeers contributed to a higher content
of vitamin C in plants, while content of increaseitrogen amount in the substrate
caused reduced production of secondary metabditgdants, including synthesis and
accumulation of vitamin C [Coley et al. 1985, Ka®mnizak et al. 2010]. Concentration
of L-ascorbic acid in fresh weight of thyme, depiegdon the substrate applied, varied
in similar way at plants grown on peat and peahwdnd mixture. Similar results from
38.0 to 60.0 mg per 100 g of fresh weight of thet tmmponent in the container grow-
ing on peat, were achieved by Nufizika-Wierdak et al. [2012]. L-ascorbic acid con-
centration in thyme herb was comparable to itsexunin the dill herb and garden cher-
vil grown on peat substrate in the greenhouseisfezak and Knaflewski 2004,
Fraszczak et al. 2006].

Manure used in the experiment is a source of retnagnd other nutrients for plants.
Nitrogen stimulates the plant’s vegetative weightréase and is the main building
element of proteins and nucleic acids. It is alsstractural component of vitamins,
nucleotides, alkaloids and chlorophyll [Khalid aBthafei 2005, Najm et al. 2012].
The analyzed plant material contained N-total at ldvel of 1.55-3% DM. Applying
increasing organic fertilization, a significant iaase in the nitrogen content, both in
thyme grown on peat and on mixed substrate, wasredd. A similar amount of this
component within the range of 1.89-2.70% N was iobthin organic farming by
Seidler-Laykowska et al. [2006]. Similar nitrogen concentratin thyme herb in bien-
nial cultivation after manure was recorded by Seidlozykowska et al. [2008]
(2.45%). The increase in the nitrogen content antgl after manure application was also
found for basil and savory [Seidler-kykowska et al. 2008], as well as marjoram
[Al-Farihat et al. 2011]. Golcz et al. [2003], whstudying basil herb, along with Dzida
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and Jarosz [2006], who tested savory herb, achisieiar results referring to the im-
pact of varied nitrogen rates on a plant. Similfkeats of nitrogen contents in onions
were observed by Yassen and Khalid [2009] aftetiegiipn of improved bovine ma-
nure doses in combination with poultry manure. Riotr of Plantago arenaria plants
with increased doses of organic fertilizers caubedincrease in N-total contents in dry
matter of leaves [Hendawy 2008].

It has been shown the positive effects of increpsirganic fertilization on the pro-
tein content in studied plants. Concentration of test parameter in thyme herb
changed under the influence of factors studied. gieatest concentration of protein
was obtained at plants grown on peat using modaradethe highest dose of manure.
By introducing the increasing dose of manure togtiesoil, plants received a greater
amount of nitrogen, which is the main constitueinpmteins. Dzida [2013], when ana-
lyzing the impact of increasing nitrogen doses,eobsd the increase in protein content
at thyme and savory plants. There have been signifidifference in the protein content
by analyzing the nature of the substrate appli¢aht® grown on peat were character-
ized by a higher amount of protein as comparetidsa grown on mixed substrate.
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Fig. 1. Essential oil content in thyme herb depegdin manure dose and subsoil type

The content of essential oil in tA@ymus vulgaris L. herb ranged from 2.2 to 3.05%
(fig. 1). The natural fertilization and type of sttate did not affect significantly the
content of essential oil in thyme herb. But mosttlté essential oil was reported in
thyme after application of 20 grams of fertilizaarin? of substrate (peat + sand (1:1)).
The least essential oil in tested raw material wlatsined when the thyme was grown
on the same substrate and plant was administertid thé lowest dose of manure.
Thyme oil content obtained was similar to that g by Seidler-Loykowska et al.
[2008] at thyme plants grown in the position afteanure application, which ranged
from 2.05% to 3.0%. Higher oil content from orgafégeming of thyme was also ob-
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tained by Seidler-tzykowska et al. [2006]. Similar value of this compahwas ob-
tained from the organic cultivation of thyme infdient regions of Poland [Seidler-
-Lozykowska et al. 2009]. There has been no signifieffiect of manure dose on essen-
tial oil content in thyme raw material. Howevere thpward trend in the parameter con-
tent was observed after the application of a dodblee of manure as compared to the
starting dose at plants grown on a mixture of @at sand. The increase in the oil con-
tent after thyme plant fertilization with bovinedasheep manure as compared to the
control was also observed in studies carried outbgdawy et al. [2010]. The benefi-
cial effect of fertilization with manure on the mease in the content of essential oil in
thyme herb was also shown by Heikal [2005] andnfiarjoram by Edris et al. [2003].
Ateia et al. [2009] found, however, that the usenafural fertilizer in the form of
a mixture of compost and sheep manure (3:1) givegyher yield of essential oil of
thyme. Higher content of this component after marfartilization was also achieved by
Seidler-Laykowska et al. [2008] and Seidler4ykowska et al. [2006] for basil, marjo-
ram and savory plants as compared to plants gromingonventional farms. The con-
tent of essential oil at fennel has also been #&delvdue to bovine manure application
[Mohamed and Ahmed 2003, Azzas et al. 2009, Osr88]2 Similar results concern-
ing the tested component under the influence ofureawere found for basil, marjoram,
mint, hyssop, oregano, and cumin [Aflatuni 1993hi& bovine manure fertilization of
lavender on sandy soils was conducive to positicegiase in the content of essential oil
in comparison to the control plants [Weaam et @fl5}. Similar studies have shown
that fertilization using manure can increase thantjty and change the chemical com-
position of the oil at some medicinal plants sushfennel [Khalid and Shafei 2005],
sage [Kaplan et al. 2009], basil [Biasi et al. 200®mon balm [Santos et al. 2009], or
onions [Yassen and Khalid 2009]. The increase licancentration after fertilizing the
plants with organic fertilizers was also foundCatriandrum sativum L. [Darzi and Haj
Seyed Hadi 2014]Chrysanthemum balsamita L. [Marculescu et al. 2002Majorana
hortensis L. [Al-Fraihat et al. 2011], as well aBalendula officinalis L. [Khalid et

al. 2006].

The results of qualitative and quantitative analysi the main oil constituents are
presented in Figure 2. Analysis has shown the poesef 97 compounds in composi-
tion of thyme essential oil. The dominant compoursthyme oil were thymol,
p-cymene ang-terpinene. Similar results upon the occurrencenajor compounds in
the essential oil of thyme from Southeast regidnBaland were recorded by Zaseik
[2007]. The highest amount of thymol was obsenreglants grown on peat substrate
after application of 20 g manure. In contrast, thgh concentrations of p-cymene
(49.14 and 44%) were recorded in thyme herb afpgli@ation of different manure
doses on both investigated substrates, when thymagl present in trace amounts.
The content of-terpinene as one of the major components of theasiged from 0.05
to 23.44%. Chemical composition of the oil has alseealed the presence of larger
guantities ofu-terpinene, linalool, and carvacrol. Other compauittntified in thyme
oil were obtained in minor amounts.
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Analysis of the chemical composition showed a widgation in chemo-type of es-
sential oil in the test species, which does natvallor a clear statement upon the influ-
ence of examined factors on the obtained valuesth®rbasis of available literature
data, several chemo-types ofiymus vulgaris L. essential oil can be distinguished,
which is due to the genetic, ontogenetic [MewealeR008] and environmental varia-
tion [Alizadeh et al. 2011]. Marzec et al. [201bjsed on literature references, found
that for oils abundant in thymol, individual subgps with higher amounts of different
chemicals can be distinguished, like: thymol > paepe >y-terpinene, p-cymene >
thymol >y-terpinene, and p-cymeneysterpinene > thymol. In addition, other authors
reported higher contents of other chemical compsundhyme oil under the influence
of biotic and abiotic factors, including geraniihalool, carvacrol [Thompson et al.
1998, Thompson et al. 2003], neral and citrondRadl et al. 2005], as well as camphor
and camphene [Imelouane et al. 2009]. Referring mgalts to findings by Marzec et
al. [2010], it can be seen the presence of alktlstebgroups of thyme oil. The resulting
variability may also result from the impact of piglen within manure on a plant. Nitro-
gen is involved in the biosynthesis of essentibklmiough the influence on photosyn-
thesis, respiration, and is included in the ATP,INH and CoA, which are important
compounds during the biosynthesis of terpenoidfi PR®3]. As a result of the aroma-
tization processes;terpinene is converted onto p-cymene, which bymaesd hydrox-
ylation, leads to the thymol and carvacrol [MikindaTaeko 1962, Nhu Trang et al.
2006]. Nitrogen available in manure and collectgdplants on different types of sub-
strates used, could affect the resulting varigbiit oil chemo-types. Furthermore, the
difference in chemical composition of the oil maysa from genetic variation, as the
experiment used seed of the hybftdymus vulgaris L. without specifying the cultivar.
The results allow to conclude that the biosynthekisssential oil at thyme is influenced
by genetic factors, but is also a subject to emvitental factors.

CONCLUSION

1. There was a significant increase in the N-tatal protein contents in thyme herb
after application of increasing doses of examinashune independently of the test sub-
strate.

2. Applied natural fertilization and type of suladé did not affect significantly the
content of essential oil ifhymus vulgaris L. herb.

3. Qualitative analysis of the thyme raw materiabwed the presence of three
chemo-types of composition the essential oil ofedént the thymol content in the par-
ticular oil samples.

4. The highest content of L-ascorbic acid and dagten was obtained for thyme af-
ter application of the lowest dose of manure, réigas of the substrate used.
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WPLYW NAWOZENIA NATURALNEGO | RODZAJU PODLO ZA
NA WARTOSC BIOLOGICZN A ZIELA TYMIANKU ( ThymuswulgarisL.)

StreszczenieThymus vulgaris L. jest jedm z najstarszych &in przyprawowych$wiata.
Na wartd¢ biologiczrny tej rasliny majg wptyw zaréwno warunki biotyczne, jak i abiot-
yczne, do ktérych zaliczaeshawazenie oraz rodzaj podta. Przeprowadzone badania
miaty na celu okrdenie wptywu zrénicowanego nawienia obornikiem (dawki 10, 20,
30 g dm?® podiaza) i réznego rodzaju podi@ (torf, torf + piasek) na zawagtosuchej
masy, biatka, azotu ogdtem, kwasu L-askorbinowega olejku eterycznego w surowcu.
Stwierdzono istotny wzrost zawafth N ogdélem i biatka w zielu tymianku po
zastosowaniu wzrastalych dawek obornika niezdleie od badanego podia.
Zréznicowane nawgzenie naturalne oraz rodzaj pozho nie wplyrty istotnie na
zawarté¢é olejku w zielu Thymus wulgaris L. Najwiekszy zawartd¢ kwasu
L-askorbinowego oraz suchej masy otrzymano w tykiiapo zastosowaniu najsizej
dawki obornika niezalaie od uytego podiaa.

Stowa kluczowe:olejek eteryczny, biatko, kwas L-askorbinowy, azaibornik, raéliny
lecznicze
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