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THE CHEMICAL COMPOSITION OF THE ESSENTIAL
OIL OF LEAF CELERY (Apium graveolens L. VAR.
Secalinum ALEF.) UNDER THE PLANTS’ IRRIGATION
AND HARVESTING METHOD
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Piotr Gumiela
University of Life Sciences on Lublin

Abstract. Qualitative and quantitative composition of theeesi®l oil is subject to differ-
ent types of variabilityThe aim of this study was to determine the effédtrigation and
harvest date on the content and composition ohéaseil distilled from leaves, petioles
and leaf blades oApium graveolens. var. secalinumAlef. Drip irrigation was carried
out twice in the third 10 days of July and twicetlie third 10 days of August. A single
dose of water was 20 mm. The raw material was Istéedeon September 7 and October
17, thus collecting leaves after 120 and 161 déydamt growth, respectively. Irrigation
increased the concentration of volatile substartdsaf blades (0.68%) and decreased
the content of these components in petioles (0.20élery leaves harvested in October
contained significantly less essential oil (0.3486jnpared to those collected in the first
10 days of September (0.53%). Monoterpenes pravée the main fraction in the essen-
tial oil of leaf celery, limonene and myrcene beprgdominant among them. Most limo-
nene (75.77%) was found in petioles of irrigatedngd. Leaves of irrigated plants con-
tained more limonene and less myrcene compareshtes$ of non-irrigated plants. More
myrcene and less limonene were determined in lehaegested in September than in
those harvested in October.
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INTRODUCTION

Leaf celery Apium graveolens. var.secalinumAlef.) is one of the three botanical
varieties within the specieSpium graveolens. This is a biennial plant of the family
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Apiaceae, which does not form a bulbous hypocohd & grown for its aromatic
leaves. The commercial value of celery is increahasl to the possibility of preserva-
tion of raw material by freezing or drying it. Tleelery cultivation method has a sig-
nificant effect on plant growth. Plants grown freeedlings have a shallow root system
and 50-60 cm high rosettes consisting of severaémaip to more than one hundred
leaves [Raek 2006, 2007a, b]. All parts of this plant contaim aromatic essential olil
and therefore they are used mainly as a seasonirgw, frozen and dried form. The
active substances of celery exhibit, among othamsibacterial [Bonjar 2004, Mahdi
2011, Baananou et al. 2013], antifungal [Afec et18195], antiparasitic [Saleh et al.
1985], and antioxidant activity [Momin and Nair Z2)0rildiz et al. 2008, Nagella et al.
2012]. The celery fruit contains 2—-3% of essentiyl while the leaves 0.09-0.43%
[Rozek 2007a]. The following are mentioned among théranstituents of the essen-
tial oil of celery: limonene, selinene; andp-pinene, and myrcene [Saleh 1985, Papa-
michail et al. 2000, Sowbhagya et al. 2007zé02007a]. The chemical composition of
the essential oil depends on harvesting methoddetetmination method [Papamichail
et al. 2000, Sowbhagya et al. 2007]. The charatiescent of the oil is associated with
the presence of phthalides [Zheng et al. 1993],pmamds that show antitumor [Zheng
et al. 1993], larvicidal, nematicidal, and fungglicctivity [Momin and Nair 2002]The
proportion of the most important group of celery @mpoundsphthalides can be
increased by using appropriate modifications of eitraction methods [Jain et al.
2003].The research demonstrates that celery has a wigde i&f medicinal applications
and can be used as a stand-alone medication ampocent of combined medications
in the treatment of various conditions, and als@ asipporting agent [Asif et al. 2011,
Al-Saaidi et al. 2012, Salman et al. 2013].

The content and chemical composition of the essleati of celery and other aro-
matic plant species are dependent on a numbectuirfa genetic, ontogenetic and envi-
ronmental as well as agronomic factors (fertiliaatiirrigation, cultivation method, and
harvesting method) [Benbelaid et al. 2013, Naska-Wierdak et al. 2014,éAmovi¢ et
al. 2015]. It is important to well plan and carmtarrigation in order to maximize vege-
table yields, at the same time minimizing environtak effects [Kgycu et al. 2009,
Chidankumar et al. 2010, Paul et al. 2013]. Irimyabf crop plants, in particular during
a period of prolonged drought and on light soifgréases the uptake and use of soil
nutrients. Water deficit reduces plant photosyrithasd disturbs metabolic processes,
which is sometimes associated with an adverse ehanghe concentration of active
substances [Pirzad et al. 2006, Kotodziej 2008Aat al. 2012]. Not all essential oil
plant species exhibit a similar response to drowgjtgss. Water deficit significantly
reduced the growth parameters of rosemary plahtheasame increasing the essential
oil content [Hassan et al. 2013]. Water stressifigmtly affected the essential oil
content in anise plants [Aloghareh et al. 2013].tm other hand, an increase in time
intervals in irrigation ofCarum copticuni. plants (Apiaceae) did not have an effect on
their essential oil content [Vahidipour et al. 2D18n increase in seedling planting
density and irrigation of plants significantly ieased the yield of leaf celery [Rk
2007b, Raek et al. 2013]. Time of raw material harvest digantly modifies the yield
and composition of essential oil of various henflahts [Raek et al. 2013, Nurzska-
Wierdak et al. 2014, Singh et al. 2014], whichffeeed by both ontogenetic and envi-
ronmental factorsThe essential oil derived from the oregano herlvdsed at the ini-
tial stage of flowering had the highest number @fponents compared to the oil dis-
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tilled from the herb harvested during the othervwgho stages [Nurzjska-Wierdak
2009].In the available literature, information is scaarethe effect of agronomic treat-
ments on the content and chemical composition@g&fsential oil of leaf celery. On the
other hand, however, reports on strong biologictively of the components of celery
appear in the literature [Al-Snafi 2014, Hassarneal.€2015]. Given the above data, the
present study was conductiddetermine the effect of irrigation and harvestedon the
content and composition of the essential oil détilffrom leaves, petioles and leaf
blades ofApium graveolens. var.secalinumAlef.

MATERIALS AND METHODS

A field experiment was established at the Felindtipental Farm of the University
of Life Sciences in Lublin in 2010. The field studss carried out on grey-brown pod-
zolic soil derived from loess deposits, with a hsneontent of 1.7%. Seeds of leaf cel-
ery (Apium graveolens. var. secalinumAlef.) cv. ‘Safir’ (producer: the company Bejo
Zaden) were sown in a greenhouse on March 5. Atieefirst true leaves appeared, the
seedlings were transplanted into seedling trayshé\6—7 leaf stage, the seedlings were
planted in the field at a spacing of 25 x 20 cme Elxperiment was established as ran-
domized block design with four replications. Bef@lanting, fertilization was applied
at the following rates on a per hectare basis:KIpOI (calcium nitrate), 53 kg P (triple
superphosphate), and 125 kg K (potassium sulfaténe middle of the growing period,
top dressing was applied in the form of calciumaté at a rate of 50 kg N haThe
plants were weeded by hand (in rows) and mechdyi@alinterrows).Crop protection
treatments were applied against celery septoriagiernately using the fungicides
Amistar 250 SC (azoxystrobin) and Bravo 500 SC qiathalonil) at the following
rates, respectively: 0.8 | hiaand 1.8 | hd. The plants were irrigated using drip irriga-
tion lines four times at critical periods of watkficit: twice in the third 10 days of July
and twice in the third 10 days of August. A singtese of water was 20 mm. The con-
trol plants were not watered. This gave conditionsthe plantations is not irrigated,
where plants use some of the rainwater on contaimete soil. During the growing
season average rainfall in each month was singléing long-term average.The follow-
ing harvest dates were used: September 7 and Q@ct@hehus collecting leaves after
120 and 161 days of plant growth, respectively. plaat material was dried in a drying
oven at a temperature of 35°C and subsequentlgctidns were separated: leaf blades,
petioles, and whole leaves.

The essential oil content and chemical compositiothe raw material were deter-
mined. The essential oil content was determinedibgct steam distillation, according
to Polish Pharmacopoeia VIII [2010]. Leaves ofgated and non-irrigated plants har-
vested on September 7 and the individual fractmfngeaves collected on September 7
and October 17 were subjected to chromatographitysis. The qualitative composi-
tion of the essential oil was determined by ga®weiatography coupled with a mass
detector using the Varian 4000 GC/MS system witHracolumn — 5 ms (DB-5 equiva-
lent). The injector temperature was 260and 1ul of the solution was injected (d of
sample per 100Ql hexane). The temperature was increased &€ Sfuring 1 minute
and then it was increased from 50 to Z5@4°C per 1 minute); 25 was maintained
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for 10 minutes. Helium (He) was used as carrier gaa constant flow of 0.5 mfin. ™.

A Varian 4000 MS/MS detector was used at a scam of0.8 seconds per scan. The
Kovats retention indices were determined basedramge o — alkanes from gto Gy
[Van Den Dool and Kratz 1963]. The qualitative ais&éd was carried on the basis of
MS spectra, which were compared with data availabléne literature [Adams 2004].
The identity of the compounds was confirmed byrthetiention indices, taken from the
literature [Adams 2004] and our own data. The tesoh the essential oil content in
celery leaves were statistically analyzed by twagrweaoss-classification analysis of
variance, evaluating the significance of differenbg Tukey’s range test and perform-
ing LSD calculations at a significance leveloof 0.05.

RESULTS AND DISCUSSION

Essential oil content.Weather conditions during the growing season lagentajor
factor that modifies the essential oil content étecy leaves. Under their influence, the
oil content can increase even twice g8k 2007a]. The essential oil content in leaf
celery depending on irrigation and harvest datshiswn in Table 1. Irrigation is an
important factor that affects yield quantity andaliy of celery [Breschini and Hartz
2002] and other leafy vegetables [Chidankumar .e2@10]. Nevertheless, the informa-
tion concerning the effect of irrigation on essahnail content and yield is divergent.
Irrigation deficit increases the essential oil @mtof rosemary [Hassan et al. 2013] and
anise [Aloghareh et al. 2013], whereas the oil eonts highest under conditions when
plants are well supplied with water [Aloghareh Et29013]. The essential oil content
and yield of chamomile were lowest at 100 and 58¥%vgater capacity [Pirzad et al.
2006]. In turn in peppermint, which is a plant witiygh moisture requirements, the lack
of water inhibits essential oil accumulation [Kokbej 2008]. Similar relationships
found in celery, a plant with similarly high waterquirements, would also suggest this.
However, the obtained results indicate that thigadtion of plants did not affect the
essential oil content in celery leaves (tab. 1)cdmparing the essential oil content in
the individual leaf parts, on the other hand, atign was found to increase the concen-
tration of volatile substances in leaf blades (@op8nd to decrease it in petioles
(0.24%). This phenomenon can be linked with a bsdunction of essential oil to
prevent too rapid transpiration and a way to maingapositive water balancBut har-
vest date had a major effect on the leaf oil cant€elery leaves harvested in October
contained significantly less essential oil (0.34%inpared to those collected in the first
10 days of September (0.53%). This corroboratesrdiselts of the previous study
[Rozek et al. 2013], showing that earlier leaf celeayviest dates (August—September)
are more favorable to obtain a highly aromatic raaterial than later harvest times
(October).

The individual parts of the celery leaf were ch&dzed by varying contents of es-
sential oil (tab. 1). More than twice more oil wdetermined in leaf blades (on average
0.66%) compared to petioles (on average 0.26%)céletime oil in whole leaves was
determined to be at a much higher amount than tiolpe alone. These differences are
of great practical importance: while stalk celety graveolensar. dulce is grown for
its edible fleshy leaf stalks, in leaf celed. (graveolenssar. secalinumy whole leaves
are the marketable part.
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Table 1.The effect of irrigatiorandharvest time oressential oil conterih theleaf bladespeti-
olesandleavesof leaf celery Safir (%)

Irrigated plants Non-irrigated plants

Harvest time leaf blades petioles leaves leaf blades petioles leaves Mean
07.09 0.75 0.30 0.50 0.88 0.26 0.50 0.53a
17.10 0.50 0.25 0.30 0.47 0.22 0.28 0.34b
Mean 0.63a 0.28c 0.40b 0.68a 0.24c 0.39b
Mean 0.44a 0.44a

Essential oil composition.In the essential oil of leaf celery, the presemde
37 chemical compounds was shown, out of which three not identified (tab. 2). The
main constituents of the oil extracted from whaaves of leaf celery were the follow-
ing: limonene (54.04-58.29%), myrcene (19.51-27%5%2 ethanediol, 1-phenyl
(5.62—7.17%), furan, 2-(2-propenyl) (2.25-2.27%p-dcimene (1.45-1.85%), traifis-
-guaiene (1.35-1.92%), 2,5 pyrrolidinedione (1.8¥%), 6-butyl-1,4-cycloheptadiene
(1.03-1.68%)y-terpinene (1.02—-1.18%). This corroborates theltesi the previous
study [Raek et al. 2013], showing that the monoterpene ifsads predominant in the
essential oil ofA. graveolensvar. secalinum similarly as inA. graveolengAsif et al.
2011, Al-Snafi 2014].

The soil moisture level can cause changes in theents of the essential oil constitu-
ents. The 125% field water capacity contributedriancrease in the myrcene content and
a decrease in the limonene concentration in badiKbalid 2006]. Irrigation deficit re-
sulted in an increase in the concentration-pfnene, 1,8-cineole and borneol as well as in
a decrease in the percentage of linalool and caniphosemary oil [Hassan et al. 2013].
The level of transformation of p-cymene to phenclienpound thymol increased under
water stress conditions [Aziz et al. 2008]. Simitazdifications in the chemical composi-
tion of the celery oil were demonstrated in thesprg study. The oil from irrigated plants
contained more limonene, 1,2 ethanediol, 1-phéurdn, 2-(2-propenyl), B-ocimene, and
6-butyl-1,4-cycloheptadiene, while that from narigited plants more myrcene and trgns-
-guaiene. The content of the two main constitudintgnene and myrcene, depending on
the plant part and irrigation varied greatly. Thmonene content ranged 45.94—75.77%,
while the myrcene content 6.56-37.51%. Leaf blantegained less limonene and more
myrcene compared to petioles. Both leaf bladespatidles of irrigated plants contained
more limonene and less myrcene compared to ngaded plants. Similar relationships
(except for the cultivar ‘Gewone Snij’ at the setdrarvest date) were revealed in the previ-
ous study on other leaf celery cultivars Bk et al. 2013], which shows the greater effect of
environmental variation relative to genetic vaoatil ikewise, Moro et al. [2011] found an
increase in the limonene concentration in the Piyssop plants as affected by irrigation.
Moreover, Kotodziej [2008] revealed a slight ingean the concentration of limonene and
B-myrcene in peppermint oil as affected by irrigataf plants. Additionally, the limonene
content in chamomile essential oil decreased vatirgr water supply to plants [Pirzad et al.
2006]. The highest limonene content was found itioles of irrigated plants (75.77%)
(tab. 2). At the same time, petioles in this treathtontained least myrcene (6.56%). These
changes may result from the course of the biosgigta terpenoids. Three compounds:
a-thujene,a-terpinene, and caryophyllene oxide, occurred asdramounts. Water stress
conditions can significantly influence the esseatiscomposition.
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Table 2. The effect of irrigationon the chemical compositioof essential oilof leaf
celery‘Safir (%)

Leaf blades Petioles Leaves
Compound IR NI I NI | NI |
a-Thujene 932 - - tr. - - -
a-Pinene 939 0,18 0.42 0.85 111 0.44 0.62
Camphene 955 - 0.09 0.17 0.24 0.10 0.14
Sabinene 977 0.09 0.12 0.28 0.33 0.18 0.19
B-Pinene 982 0.16 0.17 0.37 0.50 0.25 0.27
Myrcene 991 3751 25.67 20.97 6.56 27.65 19.51
a-Tetrapinene - - tr. - - -
Cymene 1028 tr. 0.05 0.19 0.56 0.11 0.2
Limonene 1031 45.94 53.48 55.60 75.77 54.04 58.29
(2)-B-Ocimene 1036 1.21 1.59 2.38 1.72 1.45 1.85
(E)-B-Ocimene 1048 - - 0.05 - - -
y-Terpinene 1059 0.35 0.36 2.63 2.57 1.18 1.02
6-Butyl-1,4- 1160  1.32 159 0.67 0.59 1.03 1.68
cycloheptadiene
B-Elemene 1395 - 0.08 - - - -
E-Caryophyllene 1429 0.73 0.65 0.79 0.30 0.79 0.63
a-Trans bergamotene 1441 - 0.31 — — - 0.15
a-Guaiene 1445 - 0.07 - - tr
a-Humulene 1469 0.07 0.08 0.07 - 0.06 0.06
y-Curcumene 1490 0.10 0.11 tr. - 0.10 0.12
Germacrene D 1496 — 0.28 — - - 0.15
Transf guaiene 1505 1.59 1.27 2.60 1.32 1.92 1.35
a-Selinene 1512 0.18 0.11 0.13 tr 0.15 0.10
Germacrene A 1516 — 0.06 — - - tr
y-Cardinene 1527 - 0.11 - - - 0.05
Kessane 1544 0.53 0.59 1.62 1.03 0.82 0.75
Liguloxide 1552 - - 0.06 - - -
Caryophyllene oxide 1594 - - tr. - - -
a-Santoline alkohol 1654 0.11 - 0.29 - 0.15 -
Cadinol 1656 - 0.35 - 0.10 - 0.23
2,5 Pyrrolidinedione 1671 0.75 1.37 1.37 2.28 1.00 1.87
Apiol 1692 - 0.10 - tr - 0.23
n.i. 1697 0.53 1.06 0.94 0.51 0.61 0.92
1,2-Ethanediol, 1-phenyl 1735 5.63 6.77 4.83 3.54 625 7.17
Furan, 2-(2-propenyl) 1742 291 3.08 2.88 0.85 2.26 2.27
Z-ligustilide 1751 - - 0.05 - - -
n.i. 1767 - - - tr - 0.10
n.i. 1838 0.10 - tr - 0.10 -

NI — non irrigated, | — irrigated, tr. — trace ©8%, n.i. -compound not identified

The chemical composition of the essential oil afaias aromatic plant species is af-
fected by the time of raw material harvest [Nuiga-Wierdak 2013, Zadlak 2013,
Wesotowska et al. 2014]. Irrigation of leaf celamyntributes to increased leaf yield
[Rozek 2007b], which indicates the high moisture regmients of this species. Celery
leaf harvest date caused significant differencethénessential oil composition (tab. 3).
The concentration of the main oil constituent, limaoe, was from 40.91 to 59.76%,
depending on the type of raw material and harvesé.dThe oil distilled from leaf
blades collected on September 7 contained morentm® (45.94%) compared to the
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later harvest (40.91%). An opposite relationshig whown in the case of the oil ob-
tained from petioles and whole leaves. The resflthe previous study [Rek et al.
2013] demonstrate that the proportion of limonepeeggally decreases at a later leaf
harvest time, while an opposite relationship wastbonly for one celery cultivar in
one year of the study. As influenced by harvese déite limonene concentration may
increase [Bai et al. 2009] or may not vary subsédgt[Yu et al. 2011]. The proportion
of the above-mentioned biocomponent is most cleddgendent on genetic, ontoge-
netic and environmental factors and thereforeatscentration in the oil can be signifi-

cantly modified.

Table 3.Influenceof harvest time ohe chemical composition diie essential oibf leaf celery

‘Safir' (%)
Leaf blades Petioles Leaves

Compound IR —=09 17.10 7.09 17.10 700 17.10
a-Thujene 932 - - tr. tr - -
a-Pinene 939 0,18 0.41 0.85 1.03 0.44 0.94
Camphene 955 - 0.10 0.17 0.26 0.10 0.22
Sabinene 977 0.09 0.09 0.28 0.29 0.18 0.21
B-Pinene 982 0.16 0.17 0.37 0.52 0.25 0.37
Myrcene 991 37.51 27.89 20.97 7.45 27.65 15.84
a-Tetrapinene - - tr. - - -
Cymene 1028 tr—. tr 0.19 0.31 0.11 0.14
Limonene 1031 45.94 40.91 55.60 59.76 54.04 56.05
(2)-B-Ocimene 1036 1.21 2.43 2.38 2.76 1.45 2.28
(E)-B-Ocimene 1048 - - 0.05 tr - -
y-Terpinene 1059 0.35 0.51 2.63 2.88 1.18 1.71
6-Butyl-1,4- 1160  1.32 236 0.67 1.08 1.03 1.34
cycloheptadiene
Trans carvyl acetate 1343 - - tr. 0.07 tr. -
B-Elemene 1395 - - - 0.09 - -
E-Caryophyllene 1429 0.73 0.81 0.79 1.01 0.79 0.84
a-Humulene 1469 0.07 0.05 0.07 0.08 0.06 —
y-Curcumene 1490 0.10 0.15 tr. 0.08 0.10 0.12
Transf-guaiene 1505 1.59 - 2.60 - 1.92 -
B-Selinene 1507 - 1.59 - 3.07 - 2.15
a-Selinene 1512 0.18 0.09 0.13 0.14 0.15 0.10
Kessane 1544 0.53 0.71 1.62 1.89 0.82 1.17
Liguloxide 1552 - - 0.06 0.06 - -
Caryophyllene oxide 1594 - - tr. 0.06 - -
a-Santoline alkohol 1654 0.11 - 0.29 0.71 0.15 -
Cadinol 1656 — 0.39 - — - 0.44
2,5 Pyrrolidinedione 1671 0.75 - 1.37 1.69 1.00 -
n.i. 1675 - 0.65 - - - 0.65
n.i. 1697 0.53 0.57 0.94 0.70 0.61 0.56
1,2-Ethanediol, 1-phenyl 1735 5.63 7.87 4.83 6.44 625 5.65
Furan, 2-(2-propenyl) 1742 2.91 - 2.88 6.79 2.26 838.
Z-ligustilide 1751 - tr 0.05 0.13 - -
n.i. 1767 - 0.42 - 0.51 - 0.38
n.i. 1838 0.10 0.08 tr 0.05 0.10 —

tr. — trace < 0.05%, n.i.eompound not identified
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The myrcene content in the oil obtained from Idaflbs, petioles and whole leaves was
higher in the raw material harvested on Septemlsenpared to that harvested on October
17. The high variation in the content of this cidnent in the oil samples analyzed (7.45—
37.51%) should be noted. The previous study§Reet al. 2013] showed that the percent-
age of myrcene in the oil distilled from celeryvea harvested in August and October can
increase or decrease, depending on weather corglifibe studies of other authors [Inan et
al. 2011, Zawflak 2013] reveal multidirectional changes in thereeype content in the
essential oil of plants harvested at particulamginostages. The direction of such changes
seems to be primarily associated with the plantispebut also with environmental condi-
tions during the plant growth and development gkrio

Interesting relationships were found regardingpgbreentage of Z-ligustilide in the oil
samples analyzed (tab. 3). This compound belontieetgroup of phthalides, the oil frac-
tion that gives the characteristic aroma and isteseent to the plant. Apart from their sen-
sory characteristics, these compounds are dissihgdiby their unique biological activity
[Zheng et al. 1993, Momin and Nair 2002]. The contef Z-ligustilide was found only in
petioles, in which it was higher in samples from thw material collected in October com-
pared to that from September (respectively, 0.130e05%). Likewise, in the previous study
[Rozek et al. 2013] a higher percentage of Z-ligugtitdas found in the oil from the raw
material collected at the later harvest dates.fidwtion of phthalides in the essential oil of
lovage was more than twice higher when it was somwiate autumn than in the case of
planting seedlings [Roston et al. 2013]. This maggest the direction and intensity of bio-
synthesis of these components and also indicataptiveal time of raw material harvest.

CONCLUSIONS

1. Irrigation of celery plants caused changes edhbsential oil content in the indi-
vidual leaf parts. Leaf blades of irrigated plaatsumulated more oil than non-irrigated
plants, conversely than petioles.

2. Plants harvested in September had a higher ntatien of essential oil than
those harvested in October.

3. Monoterpenes proved to be the dominant fradtiathe leaf celery oil. The main
constituents of the oil were limonene and myrcedelery leaf blades contained less
limonene and more myrcene compared to petioles.

4. Irrigation modified the essential oil composgitiof leaf celery. Leaves of irrigated
plants contained more limonene and less myrcengammd to leaves of non-irrigated
plants.

5. Leaf blades of celery harvested in Septembetagoed more limonene and myr-
cene than in the case of celery harvested in Octdtetioles collected in September
accumulated more myrcene and less limonene compau@tier petioles.
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SKEAD CHEMICZNY OLEJKU ETERYCZNEGO SELERA LIST KOWEGO
(Apium graveolens L. VAR. Secalinum ALEF.) POD WPLYWEM NAWADNIANIA
ROSLIN | METODY ZBIORU

StreszczenieBadania miaty na celu olkdlenie wptywu nawadniania i terminu zbioru na
zawarté¢ i kompozycg olejku eterycznego destylowanego «ili ogonkéw liciowych

i blaszek l§ciowych Apium graveolend.. var. secalinumAlef. Nawadnianiekroplowe
przeprowadzono dwukrotnie w trzeciej dekadzie lipcavukrotnie w trzeciej dekadzie
sierpnia. Jednorazowa dawka wody wynosita 20 mmdérZsurowca przeprowadzono
7 wrzénia i 17 padziernika, zbierajc liscie odpowiednio po 120 i 161 dniach wegetacji
roslin. Nawadnianie zwikszato koncentragjsubstancji lotnych w blaszkactdiowych
(0,68%) oraz zmniejszato zawaitotych sktadnikow w ogonkachstiowych (0,24%).
Liscie selera zbierane w fmzierniku zawieraly istotnie mniej olejku eterycgoe
(0.34%) w poréwnaniu ze zbieranymi w pierwszej diia wrzénia (0.53%). Giowa
frakcja olejku eterycznego selera listkowego okazaty reionoterpeny, wéd ktérych
dominowat limonen i mircen. Najgtej limonenu (75,77%) stwierdzono w ogonkach li-
sciowych rglin nawadnianych. lscie raslin nawadnianych zawieraty wéej limonenu

i mniej mircenu w poréwnaniu zstimi roslin nienawadnianych. Wtej mircenu i mniej
limonenu oznaczono wskiiach zebranych we wraeiu.

Stowa kluczowe:Apiaceaezmiennd¢ srodowiskowa, mnoterpeny, limonen, mircen
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