Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, 2@, 8(5):992-1003

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Harvest date and genotype influences growth charagets and essential oil
production and composition ofPetroselinum crispum plants

Hussein A. H. Said-Al Ahf*, Mohamed Abou-Ellail? and Elsayed A Omet

*Medicinal and Aromatic Plants Researches Departiieational Research Centre, 33 El-Bohouth St. nffer El-
Tahrir St.,) Dokki, Giza, Egypt. Postal Code: 12622
’Departmenbf Genetics, Faculty of Agriculture & Natural Resoes, University of Aswan, Aswan, Egypt

ABSTRACT

A field experiment was conducted to compare graskdracters, herb fresh weight and essential oilteohand
composition among four parsley cultivars at fivevest times in addition to evaluate the variabilay the DNA
level in these cultivars. Results showed that Pl&han Giant cultivar was the best in number ofiches, herb
fresh weight and essential oil yield; while Mossled no.2 cultivar was the best in the essentibpercentage and
Local cultivar was the tallest and lowest in ess#rdil percentage. On the other hand, Moss cunhed? cultivar
was least in plant height, number of branches, Higgbh weight and essential oil yield. For the hesttime, % cut
gave the highest values of the plant height andjitedf fresh herb, while the highest values of breas number
were obtained from"cut. Generally, § and 4" cuts gave the highest oil yield values in all ialts. Volatile oil %
increased gradually from®1to 5" cuts, which gave the highest essential oil % incaltivars. Four major
compounds exist in local cultivar, and three magmmpounds exist in European cultivars but with edéht
percentagess-myrcene >p-phellandrene > myristcin > 1,3,8-p-menthatrienee{f@selinum crispum cv. Localy:
phellandrene > 1,3,8-p-menthatriene > myristcin ffl@selinum crispum cvs. Moss curled no.2, Plaitidta Giant
and Plian). The cultivars plain Italian Giant andgm presented the greatest genetic similarity, le/iMoss curled
no.2 and Local cultivars were the most divergermwidver, Plain Italian Giant and Plain genotypes atesely
related. However, Moss curled no.2 and Local aeadically distinct. The genotypes (Plain Italiana® and
Plain) are closed in cluster and the genotype. dl@ultivar was nearest to two genotypes (Plainidia Giant and
Plain), while the genotype Moss curled no.2 cultiveas separated far away from all the other thrematypes
(Plain Italian Giant, Plain and Local cultivars).

Key words: Parsley, Cultivar (cv.), Essential oif-myrcene,-phellandrene, myristcin, 1,3,8-p-menthatriene,
RAPD-PCR

INTRODUCTION

Petroselinum crispunfparsley, Apiaceae family) is an important aromaihd medicinal herb native to the
countries of the Mediterranean region. It is cudted for its use as a fresh or dry herb, edibléess@md as a
source of essential oils, pharmaceutical, perfucosmetic and food industries attributed to its a@evarray
of phytochemicals such as essential oils, fixed @&vonoids, coumarins, furanocoumarins, oleorgsin
tannins, glycosides, vitamins A,B, C and minerater( and calcium) [1-5]It is used in folk medicine as a
digestive, colic, for relief of bladder inflammaticand to treat kidney ailments, increase lactati@sume
menstruation, lessen gum and dental pains anddatrhent of skin diseases [6]. Earlier studies destrated
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that parsley had pharmacological activities suchhepatoprotective, hypoglycemic activity, anti-daéilg,
analgesic, spasmolytic, immunosuppressant, antelgg gastroprotective, laxative, estrogenic, efia,
antihyperlipidemic, antioxidant, and anti-inflamrogt properties[7-16]. In view of the great diveysithe
various species and varieties or cultivars of mpardlave been classified tot three main tyasdollows: the
plain leaf type and the curly leaf type which anmdtivated for their foliage, and the turnip-rootégpe
primarily grown for its roots. These types diffen plant morphology and the content and chemical
composition of essential oil and are currently imalted worldwide [17-19]. The existence of this
morphological and chemical variability creates grpassibilities for growing different cultivars gfarsley.
Beside genetic variation, environmental conditioagronomic practices and type of processing areroth
factors strongly influence the parsley yield andlify. Previous studies established that the time of tstrige
very important and influential factor in the quaptand quality of essential oil [20-22].

Genetic diversity within a species is crucial ftatgg any breeding program [23].The selection afied superior
genotypes that could be used in breeding programsiglly accomplished with molecular markers. Meezo
genetic markers are a useful method for the ideatibn of the genetic variability available in nedl populations
and germplasm collections [24]. However, introdgcimew species or varieties of parsley to be cukidan Egypt
and through selecting the superior cultivar is nexglito produce plants with the desired producaod quality of
compounds needed for pharmaceutical and induptalucts.

In addition, DNA markers have numerous applicationplant breeding such as (i) marker assisteduaiain of
breeding materials like assessing the level of gedésersity, parental selection, cultivar idept#ind assessment of
cultivar purity [25, 26], study of heterosis, ademtification of genomic regions under selectidifnfarker assisted
backcrossing, and (iii) marker assisted pyramidjfag]. Molecular marker techniques overcome manyttedf
limitations of morphological and biochemical tedunés and can detect variation at the DNA level .[28]
Furthermore, genetic markers based on DNA polymisms$ have been developed and became routinely commo
tool employed for germplasm characterization, ramdonplified polymorphic DNA (RAPD), amplified fragmt
length polymorphism (AFLP), and microsatellitessomple sequence repeat (SSR) [29].

Selecting the superior cultivar through introducimgw cultivars of parsley to be cultivated in Eggotd with
respect to lack of information about the growtlelgiand essential oil content of parsley cultivéngs research was
conducted to evaluate the yield and essential mitent as well as to determine the harvesting tiopsnal for
maximizing yield and essential oil production irifelient cultivars of parsleyMoreover, investigate the molecular
characterization of different parsley cultivarsttt@increase the gene pool of the Egyptian cultarad raising the
production and the quality of certain medicinal pamnds.

EXPERIMENTAL SECTION

Parsley plant materials and optimization of growingconditions

A field experiment was conducted at the ExperimeRtam of the Faculty of Pharmacy, Cairo UniversiBiza,

Egypt, during two successive seasons (2010/20d26mh1/2012). The physical and chemical propedfase soil

sample were determined according to Jackson [3@jdizate that the field soil is sandy loam, havaghysical
composition as follows: 51.1% sand, 25% silt, Z&.@lay and 0.47% organic matter. Soil chemical ysislwas as
follows: E.C (ds/m) = 4.9; pH= 8.05 and availableMmNand K =0.07, 0.53 and 2.8 mg/kg, respectively.

Seeds of three parsley cultivaPetroselinum crispurgv. parsley plain (plain leaf typePetroselinum crispurov.
parsley plain Italian Giant (plain leaf type) aRdtroselinum crispurav. parsley Moss curled no.2 (curly leaf type)
were obtained from the HEM ZADEN B.V- P.O. Box 40B6ZG Venhuizen-The Netherlands. Besides, seetteof
Local cultivar (Egyptian, plain leaf type) were aisted from Medicinal and Aromatic Research Depnistry of
Agriculture, Egypt. The seeds of the fourth cultszavere sown on 150ctober in the two seasons into 3 x 3.5 m
plots on rows, with 60cm a part and 5 cm betweerst#teds on both sides of the row. The experimiyaiit was a
complete randomized block design with three refilics.

Growth, yield and essential oil production

Sample preparation

During each growing season (before flowering), plents were harvested 5 times drBebruary (105 days),*'1
March (135 days), LApril (165 days), { May (195 days) and*1June (225 days) respectively, after sowing. The
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fresh non flowering plant materials from each hatwdate were harvested at 5 cm above the soilrantediately
transferred to the laboratory to extract the vidatil. Plant height, number of branches/plantslirenaterial of
different samples (whole aerial parts g/plant) aesglential oil content of the fresh samples of eadlection were
determined.

Isolation of essential oils

Representative plant samples were hydro distillatsidg a Clevenger-type apparatus according tontkéhod
described in the British Pharmacopoeia [31]. Esakntl yield was expressed as ml/100 g fresh niatewhile
essential oil yield per plant was expressed as laiith The essential oils were collected and dehydratest
anhydrous sodium sulphate and kept in refrigenattit GC-MS analyses.

Gas chromatography/mass spectrometry (GC-MS) analys

The volatile oil of eight cultivars was analyzedtlwgas chromatography-mass spectrometry (GC-M$juiment
stands with the following specifications. InstrurhenTRACE GC Ultra Gas Chromatographs (THERMO (tifie
Corp., USA), coupled with a THERMO mass spectrometietector (1ISQ Single Quadrupole Mass
Spectrometer).The GC/MS system was equipped wit-aVAX MS column (30 m x 0.25 mm i.d., 0.2&n film
thickness). The carrier gas was helium at a flate of 1.0 mL/min and a split ratio of 1:10 usthg following
temperature program: 40 °C for 1 min; rising at®@min to 160 °C and held for 6 min; rising at@rfin to 210 C
and held for 1min. The injector and detector terapges were held at 210 °C. Diluted samples (1ekahe, v/v) of
0.2 uL of the mixtures were always injected. Mass speatere obtained by electron ionization (El) at Y0 esing
a spectral range of m/z 40-450. Most of the compsunere identified using mass spectra (authentnitals,
Wiley spectral library collection and NIST library)

DNA extraction, primers and DNA amplification

Genomic DNA was extracted and purified from fresburyg leaves using a Biospain Plant Genomic DNA
Extraction Kit (BioFlux). Ten primers (Table 1) veeused to determine the genetic biodiversity amstogied
parsley genotypes. The primers were obtained frdrarRacia Biotech. (Amersham Pharmacia Biotech UK
Limited, Ebgland HP79 NA). PCR amplifications weerformed as described [29].

Tablel. Ten primer sequences used in identificatioaf different parsley cultivars

Primer code Sequence Primer codg Sequence
OP-A01 5 CAGGCCCTTC 3 OP-Al1l 5’ CAATCGCCGT 3
OP-A02 5' TGCCGAGCTG 3 OP-Al16 5' AGCCAGCGAA 3
OP-A04 5' AATCGGGCTG 3’ OP-A19 5'CCTTGACGCA 3
OP-A05 5' AGGGGTCTTG 3’ OP-B15 5 GGAGGGTGTT J
OP-A09 5’ GGGTAACGCC 3’ OP-B18 5' CCACAGCAGT 3

Statistical analysis

Growth characters, fresh herb and essential dhigistudy were analyzed with the analysis of var&a(ANOVA)
using JMP 10 program (SAS Institute, NC, USA). Thean values of treatments were compared using Taikey
HSD test. Values accompanied by different letteessignificantly different ap<0.05.

RAPD-PCR data analysis

Data were scored for computer analysis on the hddise presence or absence of the amplified pitsdioc each
primer. If a product was present in a genotypayeas designated as “1”, if absent it was designaset0” after

excluding the unreproducible bands. Genetic siityl@oefficients were computed [32]. The similarigefficients

were used to construct the Unweighted Pair Groughbtewith Arithmetic averages (UPGMA) dendogramngsi
the PAST (PAleontological STatistics) software peog. Primer efficiency was calculated by dividitng thumber
of bands generated by a primer by the total nurobdéands generated by all primers. Polymorphisncgrages
were calculated by dividing the number of polymacpbands amplified by a primer by the total numbgbands
amplified using the same primer [33]. Discriminatipower for each primer was calculated by dividing number
of polymorphic bands amplified by a primer by th&at number of polymorphic bands obtained [33].
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RESULTS AND DISCUSSION

Effect of harvesting date and genotype on growth eracteristics

Table 2 shows that there was a significant diffeeeamong the cutting intervadstes (cutting numbers), and the
plants harvested at third date (165 days after mpwgave the highest values of plant height anshfeeight of
herb, while plants harvested at fifth date (225sdafter sowing) gave the lowest values of planglteand fresh
weight of herb in all cultivars in the two seasofiBe maximum number of branches was obtained byelkting at
the fourth cut date (195 days after sowing), whhe first cut date (105 days after sowing) gave ltheest
branches/plant in all cultivars in the two seas@iso, there are significant differences among thkivars under
study, where cv. Local gave the tallest plantsofgéd by cv. plain Italian Giant and plain cultivlen cv. Moss
curled no.2 at all cuts in both seasons. PlaimaltaGGiant cultivar gave the highest values of nundféoranches and
herb fresh weight in the first and second seasba#i outs followed by cv. Local and cv. plain them Moss curled
no.2.

Effect of harvesting date and genotype on essentiail production

For the essential oil %, the maximum values wetaiobd from plants harvested iff une (5th cut) and the lowest
values were obtained from harvested plants in Fabr(lst cut) in all cultivars in the two seaso&sanilarly, the
lowest oil yield values were obtained from plantsvested in February (1st cut) in all cultivardhe two seasons.
It is well known that herb fresh weight of each mftuences the oil yield, so generally, the highesues of oil
yield in parsley cultivars were obtained from piartarvested from both™3and 4' cuts. The genotype also
influenced the essential oil production. For exanposs curled no.2 gave the highest essenti&dibllowed by
Plain Italian Giant cultivar and plain cultivar th&ocal cultivar. Whereas, cv. plain Italian Gigatve the highest
essential oil yield followed by Plain cultivar ahgcal cultivar and then cv. Moss curled no.2 inalts in both
seasons.

Table 2. Plant height, branches number and fresh b of the vegetative herb of different 4 parsley clivars harvested fifth times under
Egyptian conditions at the first and second seasons

Cultivar | Cuts number 1* Seasol | 2" Seaso
Plant height | Branches No| Fresh Weight| Plant height Branches No | Fresh Weight
3 1% cut 16.1+0.6% 3.33+0.3 0.56+0.03 14.1+0.7 2.67+0.3 0.49+0.04
5 q 2" cut 18.5+0.5° 6.67+0.7fi 1.18+0.04gh 19.6+0.4hi 7.00+0.6d 1.039ij
- g 3%cut 20.6+0.7 9.00+0.0e-g 1.37+0.06fg 23.7+1.5e+h 9.33+0.3¢f  1#0B01hi
3 4" cut 19.3+0.8 10.0+0.6ef 0.79+0.03hi 17.6+0.5ij 9.67+0.3¢ 0.8940
= 5% cul 11.1+0.5 4.670.3h 0.41+0.04 13.9:+0.2 3.33x0.3 0.48+0.02|
S 1% cut 31.4+1.6d-g 9.0+0.6e-g 1.99+0.05de 28.0+0.9(-f10.33+0.3de 1.95+0.04ef|
T e 2" cut 32.940.6d-f 14.7+0.3cd 2.7+0.03ak 33.3+0.4pc  5.310.3c 2.8+0.05cd
= '8 3%cut 39.4+0.2ab 18.7+0.7b 3.2+0.094 37.0+0.4pb 134 3.4+0.07a
kS 4" cut 33.1+0.8de 23.3+1.3a 2.9+0.08alp 30.9+1.1cd  0#ZR0a 3.1+0.08bc
o 57 cut 27.6+0.9gh 15.0+1.2cd 1.4+0.05fg 24.8+1.1e¢-g 2.010.6d 1.60.0gh
1% cut 24.5+1.5h 5.00+0.6h 1.39+0.03f; 22.440.6¢i 4.33+0.3h 1.26+0.03
c 2" cut 27.3+0.5gh 7.67+0.3f-h 2.02+0.04dg 28.7+1.5¢-e7.33+0.3fg 1.96+0.01ef
g 3% cut 30.8+0.5d-g 10.0+0.0ef 2.6+0.03bg 32.4+1.1p-d10.7+0.3de 2.2+0.06e
4" cut 29.4+0.8e-g 11.7+0.7de 2.2+0.28c¢ 27.4+1.0d-g14.7+0.7¢c 2.0+0.0ef
50 cut 20.4+0.3i-k 6.00+0.6g-i 1.19+0.07gh 23.2+1h1ff  6.67+0.3g 1.06+0.02ij
1% cut 34.441.4cd 5.67+0.7g-i 1.81+0.03ef 31.3+0.9¢d 6.33+0.7gh 1.67+0.09fg
= 2" cut 38.740.3b 12.3+0.9de 2.4+0.10b-d 37.3+0.5pb .0HAl6de 2.6+0.0d
8 3%cut 43.3+0.3a 14.3+0.7cd 2.940.10al 38.7+1.2a 40220 3.2+0.10ab
- 4" cut 37.4+0.4bc 16.3+0.9bc 2.7+0.10al 36.7+0.3pb  .7H1B3b 2.940.11bc
5" cut 28.7+0.7fg 12.0+0.6de 1.3+0.08g 30.0+1.7¢d  3#0.3de 1.1+0.07jj

*Numbers accompanied by different letters withinteaolumn are significantly different at@.05 using Tukey HSD test. Each number is the
mean of three replicates +SE

With respect to essential oil %. From Tables [2,i8]s clear that the interaction between cultieard harvest
intervals dates (cutting numbers) has a significapact on the studied characters such as, plaghhhyemumber of
branches, herb fresh weight and volatile oil % a&# as volatile oil yield in both seasons. For epémnthe tallest
plants (43.3 cm) were obtained from Local cultizarvested at thé®cut, whereas, Plain Italian Giant cultivar gave
the highest number of branches/plant (23.3) andngiss oil yield (3.81ml/rf) in the £ May (4th cut). However,
Plain Italian Giant cultivar gave the highest valw# fresh herb weight (3.2 kgfinin the £' of April (3rd cut).
Moreover, Moss curled no.2 was superior in esseniti& (0.19%) when plants were cut in thdf June (5th cut).
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Our results are in agreement with some previoudiesu For instance, Petropoulos et al. [17] obskthat herb
fresh weight of curly-leafed ranged from 52.6- 8§/Blant and in Plain-leafed 62.3-80.7 g/planthe first and
second seasons, respectively. For essential otengncurly-leafed cultivar was higher (0.05 ml d€0 g fresh
weight) than Plain-leafed cultivar (0.04 ml per I®fresh weight). Similarly, oil yield of the lees was found to
be higher in curly-leafed cultivar (1.17 ml per mBan Plain-leafed cultivar (0.87 ml per m2). lrotrer study,
Najla et al. [34] found significant differencesthme productivity of parsley plain and parsley cudgfed cultivars.
Plain leafed was higher in leaf area, fresh andvelright and stem length and diameter than curlfetkparsley.
Sabry et al. [35] demonstrated that Plain leaficattwas superior in plant height, number of brastplant, fresh
herb yield (ton/ha) and essential oil content coregdo the Clause (Italian) and curly cultivarsabidition, cutting
date influenced the productivity and the esseuwilalield, where the '8 cut produced the highest values in all tested
cultivars. Kmiecik and Lisiewska [36] also foundjsificant differences between the productivity &dip and curly
leafed parsley cultivars. In a trial on Curly cudti in Egypt, Aziz et al. [37] concluded that pléetight and number
of branches/plant were higher in the second cut finst cut, while the fresh herb/plant was lowetthhe second cut
than first cut. However, the essential oil % waghler in second cut (0.19-0.20%) than first cut§8118%) in the
first and second seasons respectively.

Table 3. Essential oil production (% and yield) othe vegetative herb of different 4 parsley cultivas harvested fifth times under Egyptian
conditions at the first and second seasons

Cultivar Cuts 1% Season % Season
number Qil% Qil Yield Oil% Qil Yield
T 15 cut 0.043+0.003jk 0.24+0.02jk  0.057%0.003hi 0.288y
EN 29 cut 0.080+0.006gh|  0.94+0.03f-h  0.085+0.003fg  0@BD4d-g
z g’ 3%cut | 0.117+0.007c-d 1.60+0.09cle 0.107+0.008de +DRBc-e
8 4" cut 0.143+0.007b 1.13#0.09eth  0.133+0.003bc  1.X®¥0c-f
= 50 cut 0.190+0.010a 0.78+0.0691j 0.160+0.04 0.7740:08
= 1% cut 0.037+0.009jk | 0.82+0.12g- 0.032+0.002k 0.6246g
T 2cul | 0.073+0.003-i | 2.01+0.09-d | 0.052+0.002 1.77+0.38b
= g 39 cut 0.11+0.006d-f 3.46+0.094 0.093+0.007ef 3.1944.
© 4" cut | 0.133+0.003b-d 3.81+0.203 0.127+0.00Bc 3.9184).
o 5 cut 0.173+0.003a 2.47+0.13h 0.147%0.007ab 2.3840).1]
1% cut 0.022+0.002kl|  0.30+0.02i-K 0.018+0.002k 0.238Yy
c 2" cut 0.042+0.002jk | 0.84+0.03g4 0.033+0.003[jk  0.6%fe-g
g 3%cut 0.090+0.0f 2.33+0.02] 0.070+0.0¢i 1.55+0.04c
4"cut | 0.098+0.002e-d  2.12+0.29Hc 0.085+0.0fg 1.7Q66c
50 cut 0.140+0.006bc| 1.67+0.15cje  0.120+0.006cd  10DZXWe-f
15 cut 0.010+0.0I 0.18+0.003K 0.017+0.008 0.28+0.067g
= 29 cut 0.027+0.003kl| 0.65+0.10h-k 0.030+0.0 0.78+y0e
8 39 cut 0.047+0.003jk | 1.35+0.09e-, 0.057+0.003 1.5836d
- 4" cu 0.053+0.003 1.45+0.13+f 0.063+0.00 1.66+0.09b
57 cut 0.060+0.0H 0.80+0.05+j 0.073%0.00 0.83+0.033-g

*Numbers accompanied by different letters withinteaolumn are significantly different at@.05 using Tukey HSD test. Each number is the
mean of three replicates £+SE

It is well established that genetic and environraknbnditions are strongly influence the secondastabolites
biosynthesis also in addition to agronomic condiiand the type of processing [38, 39]. Harvesetimvery
important and influential factor in the quantitydaguality of oil [22]. Long days and high light @rtsities are
required during the maturation period for maximuhpooduction [40]. This was confirmed by Courtast [20] and
Murray et al. [22], where the time of harvest wasnaor factor for determining the quality of essainbil in mint
plants. In a study on 104 accessiondPefroselinum crispumincluding curly and flat leaf and hamburg types,
essential oil content of fresh leaves ranged frod® @o 0.16% [41]. Melchior and Kastner [42] fouttdit parsley
leaves contain (0.1-0.7%) essential oil, while%tean be much lower (0.03%) in other study [4].

GC/MS analysis of essential oil

The relative percentage of main constituents ofetbsential oil extracted from the herb before flomge stage of
parsley cultivars are shown in Tables [4, 5]. THentified compounds of essential oil in five hatsed 05, 135,
165, 195 and 225 days after sowing) were groupedthmee items i.e., major compounds (more than)1@%nor
compounds (less than 10% and more than 1%) anel traes (less than 1%).
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It is evident that,-myrcene,B-phellandrene, 1,3,8-p-menthatriene and myristcihitdted as majors of Local
cultivar. However B-phellandrene, 1,3,8-p-menthatriene and myristagnewthe major components in Moss curled
no.2, Plain and Plain Italian Giant cultivars. Lbcaltivar had the highest percentagepefyrcene (27.1%) and
1,3,8-p-menthatriene (20.4%) at third harvest. Whsy the highest % @ phellandrene (22.94%) and myristcin
(34.4%) were obtained from fifth and fourth haryesspectivelyThe lowest percentage pfmyrcene (14.34%}3-
phellandrene (13.94%) was obtained from plantsdsied at first harvest, while harvesting plantthatthird and
fifth cuts gave the lowest percentage of myrisi@r8%) and 1,3,8-p-menthatriene (7.89%) respegtiviel Moss
curled no.2 cultivar, plants harvested at 2nd tsit,cut and 5th cut gave the highest 9g-@hellandrene (32.19%),
1,3,8-p-menthatriene (20.96%) and myristcin (67.,98é¥pectively, whereas, the lowest % (6.09; 7.84 30%)
from these compounds, were obtained when plantebted at 4th cut, 5th cut and 2nd consecutive.

From Table (5), we found that plain and Plain #alGiant cultivars havg-phellandrene, 1,3,8-p-menthatriene and
myristcin as major constituents . Harvesting tat ¢&ut gave the highest % of 1,3,8-p-menthatride75%) and
(47.8%), respectively. However, the lowest % frdmese compounds was obtained when harvested autlst ¢
plain and Plain Italian Giant cultivars. Plain dplcin Italian Giant cultivars gave the highest ¥gqfhellandrene
when harvested at 5th cut (31.2%) and 3rd cut €82.2espectively, while harvesting at 4th cut géwe lowest %

in plain and Plain Italian Giant cultivars. As foryristcin, plain cultivar gave the highest % (26&)4th cut,
whereas, the highest % in Plain Italian Giant ealtivas obtained when harvested at 3rd cut (16.4%8.lowest %

of myristcin in both plain and Plain Italian Giantltivars was obtained when harvested at 5th ciieMtomparing
cultivars, there are clear differences betweenfale cultivars (Table 6)Petroselinum crispunav. Local showed
the highest % off-myrcene followed by cv. plain and Italian then Mosurled no.2. On the other hand,
Petroselinum crispuntv. Plain Italian Giant showed the highest %pBgfhellandrene and 1,3,8-p-menthatriene
followed by cv. plain and Local then Moss curledadetroselinum crispum cv. Moss curled no.2 gheehighest
% of myristcin followed by Local and plain then iRldtalian Giant. This indicates that the genotypes a
significant influence on the chemical compositidrparsley essential oil.

Table 4. Essential oil composition of parsley cultars herb during five cuts of 2011/2012 season

Compound Petroselinum crispum cv. Local Petroselinum crispum cv. Moss curled no.2
Peut | 2%cut | 3%cut | 4"cut | 5"cut | cut | 2%cut | 39cut | 4" cut | 5" cut
a-pinene 3.20 2.50 6.4 0.90 1.0 0.8p 3.86 1.40 00/
B -thujene 0.10 - 0.03 - 0.14) 0.04 0.12 - - -
B-pinene 2.10 2.30 3.90 0.8 1.7 0.22 - 0.17 0.p4
sabinene 0.57 0.40 0.11 0.02 0.10 E 0.06 0.09
B-myrcene 14.34] 19.60 27.1 26.9 24.88 0.88 1.y0 7|942.25 3.65
a-phellandrene 4.06 3.80 3.3 0.29 0.50 0.16 381 500} 0.14 0.21
limonene 6.02 4.90 2.38 1.89 1.64 0.33 0.12 160 620{ 0.88
B-phellandrene 13.94  20.8( 19. 167 2204 12178 1933. 21.24 6.09 9.99
B-ocimene 0.75 - 0.12 0.03 - 0.12 - 0.2) - 0.13
a-terpinolene 7.0 3.80 1.13] 0.57 1.78 0.13 3.90 4.760.87 2.43
p-cymene 0.77 1.90 2.42 0.55 2.2p 0.44 0.65 18 111 044
1,3,8-p-menthatrieng  17.89 19.4 204 105 7.89 @0.914.39 14.2 11.0 7.81
p-cymenene 291 - - 1.15 - 0.1 - 0.18 - 0.04
a-copaene 0.20 0.11 - - 0.05 - 0.12 0.05 E E
caryophyllene 2.05 0.50 - 0.08 - 0.08 - 0.11 - 0.06
germacrene 2.2 0.8t 0.12 0.2 0.3¢ 0.0¢ - - - 0.1C
o - farnesene 0.22 - 0.11 0.04 0.0f7 0.12 0.11 022 .63 0 0.17
B-sesquiphellandrene  1.84 0.7 0.66 0.60 0.5 0{41 .43 2| 0.87 3.42 0.51
B-citronellol 0.32 0.10 - 0.15 - - 0.11 0.11 - 0.04
B -elemene 0.54 - 0.10 - 0.2( 0.4p 0.4p 0.22 0./4 040
caryophyllene oxide 0.19 0.10 - - 0.0% 0.23 - - 50.1 0.04
a-cadino 0.1¢ 0.12 - 0.3 0.4¢ 0.1f 0.3C 0.32 0.21 0.3t
myristcir 8.34 12.62 6.€ 34.4 29.52 | 55.6( | 30.0C | 38.9t | 63.7( 67.€
elemicin 0.18 - - 0.13 0.11 2.49 1.44 1.0B 2.25 603
apiol 6.77 3.50 3.80 1.90 1.9§ 2.0 2.34 0.40 3.62.06
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Table 5. Essential oil composition of parsley cultars herb during five cuts of 2011/2012 season

Compound Petroselinum crispum cv. Plain Petroselinum crispum cv. Plain Italian Giant
Pcut]| 2cut | cut| £cut| Fcut| Feut | 29%ut [ 3%cut | 4'cut [ Fcut
a-pinene 3.50 3.67 3.88 0.77 2.8p 2.95 2.11 3.6 717 3.19
B -thujene 0.24 0.16 - 0.12 0.1 0.21 0.22 0.19 0.100.19
B-pinene 2.1: 1.4 1.57 0.4¢ 3.1¢ 1.87 1.1z 1.4C 0.91 1.67
sabinene 0.63 0.11 0.1d 0.0f 0.34 0.52 0.06 0/09 10 4. 0.08
B-myrcene 9.62 8.45 8.13 4.69 6.5/ 9.75 8.98 6.98 396/ 3.55
a-phellandrene 4.29 3.89 0.71 0.4 1.05 4.24 2.0 601} 0.61 0.54
limonene 5.71 4.89 1.47 1.3 1.48 6.19 3.99 129 919 1.23
B-phellandrene 19.72  25.60 27.8 1716 312 23|65 (027.7 32.8 23.1 25.1
-ociment 0.72 0.2% 1.62 0.6¢€ 0.3¢ 0.72 0.8¢ 0.9C 1.1z 0.8¢
a-terpinolen: 6.817 4.4F 2.2 3.7¢€ 3.7C 7.72 4.6¢€ 1.87 4.3¢ 2.4¢€
p-cymene 1.0 1.90 1.74 1.29 0.7 1.27 1.29 1P5 6 10 0.60
1,3,8-p-menthatrieng  18.56 22.30 23.98 26{33 30.754.85 | 20.20 16.6 30.4 47.8
p-cymenene 2.71 2.40 2.23 1.2p 1.30 4.29 139 -
a-copaene 0.17 0.10 0.10 0.0B 0.11 0.16 0.27 - - 5 0{1
caryophyllen 1.52 0.7¢ 0.1C 0.1Z 0.17 1.4 0.3¢ 0.1¢ 0.1C -
germacrene 1.9¢ 1.4¢ 0.12 0.32 0.17 1.2¢ - 0.24 0.31 0.12
o - farnesene 0.19 - - 0.03 0.09 0.24 0.11 0.07 I 090
B-sesquiphellandreng  1.7¢ 1.39 0.13 0.41 038 197 0 1 0.13 0.25 -
B-citronellol 0.34 0.22 - - 0.12 0.20 - - 0.13 -
B-elemene 0.53 0.56 0.23 - 0.48 0.77 0.35 0.08 F F
caryophyllene oxid 0.2C 0.1¢ 0.4& 0.1z 0.4 0.3¢ 0.21 0.32 - -
a-cadino 0.1f - 0.1: 0.1¢ - 0.4C - - 0.2 -
myristcin 7.43 8.90 16.3 28.6 8.61 9.2p 12.82 19.414.1 7.00
elemicin 0.09 0.11 0.55 0.56 0.12 - 0.18 0.31 0.09 -
apiol 6.23 3.78 4.54 8.6 4.08 3.9 8.78 9.y 8.91 753,

However, essential oil quantity and chemical coritfwrs varies depending on numerous factors, suctliaste,
cultivar, seeding date, management practices, piamns and the developing stage of the plant atesatime [43].
The amount of aroma constituents Rétroselinum crispunfwhole herb) varied widely depending on harvesting
time. These results are in agreement with Azid.482] who found that myristcin (28.65 and 33.6}, 96llowed by
B-phellandrene (16.42 and 12.46 %)myrcene (9.81and 10.37 %), 1,3,8-menthatrieneB(drl 0.86 %) were the
major constituents of curly-leafed parsley in thistfand second cuts, respectively.

Previous results indicate that genetic, physiolalgand environmental factors as well as processimglitions play
an important role on essential oil quality [44-46].he genetic variability had the major effect @mseantial oil
constituents in a germplasm collection of parskd].[Our results indicated that different chemotypéparsley are
exist in parsley populations, which are widely ufhced with both the genetic variation and the renwmental
conditions in agreement with Bernath [47] who codeld that the composition of essential oil is ieflced by the
plant genetic base and development and environmentaitions. Simon and Quinn [41] showed significa
variability in essential oil constituents accordibg parsley accessions collection (country of orgi They
identified various chemotypes based on the domimamic a particular marker constituent, such as 13,8
menthatrieneB-phellandrene, myristicin, and myrcene. They codet that individual accessions varied greatly in
essential oil composition due to genetic variatidharsley herb oil composition revealed differenicethe main
compounds. Myristicin (30.7-42.7%p-phellandrene (21.8—-35.9%), p-1,3,8-menthatriend—8.0%), andp-
myrcene (4.5-8.7%) were identified in parsley lsags the major constituents [48]. Furthermore, Rinal. [49]
found Myristicin (63.9%) and apiole (14.4%) were ttmajor components of parsley herb oil. Myrist&5.70 to
46.41%), followed byp-phellandrene (8.77 to 16.42%;myrcene (6.72 to 11.44%), 1,3,8-menthatriene (@89
12.83%), p-cymene (5.14 to 8.16%) amterpinolene (3.32 to 7.91%) were the major coustits of curly-leafed
parsley [37]. Similarly, in a study of five cultiksof parsley [35B-phellandrene, 1,3,8-menthatriene, bisabolene,
myristicin and carotol were the major componentsoih Plain and soft leaf and Clause (ltalian) acuadts,
respectively; while myristicin, 1,3,8- menthatriersnd B-phellandrene were the major in Curly leaf. In gzne
time, muyristicin , 1,3,8- menthatriene apwbhellandrene were the major in Rough leaf cultidangkoltriluk et
al. [50] found that 1,3,8-p-Menthatriene, pinengjreene, phellandrene and apiole were found inhfigarsley
leaves as the major components. The main compddedsfied by Orav et al. [51] were p-1,3,8-mentfete, 3-
phellandrene, myristicin , and myrcene were ma@ngonents in parsley leave oil. Terpinoleaghellandrene,
limonene, 1-methyl-4-isopropenylbenzefiqyinene andi-pinene were found in quantities from 0.6% to 4.26
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the other constituents below 0.8%. The same congmwere found in the parsley leaves and roots esrthin
components by other investigators [41, 52-56].hH@ turrent study, the minor compounds suclu-painene, -
pinene, a-phellandrene, limoneneg-terpinolene , p-cymene, p-cymenene, caryophyllegermacrene D j-
sesquiphellandrene and apiol in Loaahinene B-myrceneo-phellandrene, limonene;terpinolene , p-cymeng;
sesquiphellandrene , elemicin and apiol in Cuthpinene,p-pinene, B-myrcene,a-phellandrene, limonenes-
ocimene a-terpinolene , p-cymene, p-cymenene, caryophyllgeemacrene D -sesquiphellandrene and apiol in
plain and Italian cultivars (Tables 4 and 5). Irchbcultivar,a-phellandrene, limonene;terpinolene, p-cymenene,
caryophyllene, germacrene Psesquiphellandrene and apiol were the highest #nvtants harvested at first cut
anda-pinene,p-pinene and p-cymene were the highest when plamigehted at third cut. In the curly cultivar, the
highest % of elemicing-pinene andx-phellandrene-myrcene limoneneg-terpinolene and p-cymenene in the
third cut as well as pB-sesquiphellandrene and apiol were obtained infilsg second , third and furth cuts,
respectively.The similarity between the plain and italian owdtis was found in the behavior of many minor
compounds such gsmyrcene o-phellandrene, limoneneterpinolene, p-cymenene, caryophyllene, germackene
andp-sesquiphellandrene, which have higher percentdgmarvested at first cut; as welloaginene from third
cut in the two cultivars (plain and lItalian). Hovegy some exceptions were noted as the highest rpagee ofp-
pinene from 5 cut in plain and 1st cut in Italiaf:ocimene and apiol from 3rd cut in plain and 4thindtalian and
p-cymene from 2nd cut in plain and 3rd cut in HaliLocal cultivar gave the highest %ospinene p-pinene at 3rd
cut as well as caryophylleneand germacrene D atcdist However, Curly cultivar gave the highest % pof
sesquiphellandrene and elemicin at 4th cut andutstrespectively. While, Plain cultivar gave thighest % ofu-
phellandrene anfl-ocimene at 1st cut cut and 3rd cut, respectivielentually, Italian cultivar gave the highest %
of limonene,a-terpinolene and p-cymenene at 1st cut and p-cynan®d cut. This indicates that chemical
composition of the essential oil in parsley notyoisl affected by genotype, but also by the cut .diatis expected
that at a certain age, plants generate moleculhrbathemical pathways that lead to the biogenefsizarticular
compounds at specific tissues. This synthesis psopeesumably will be influenced by the variousimmental
conditions. This might explain the differences gsential oil accumulation by cut date. In this rdgaemperature
and other environmental conditions could favordimethesis of particular compounds at each phencdbgtage.

When comparing the four cultivars in their contefithe minor compounds, we found that Local cultif@lowed

by Plain and Italian then Curly had the highest #o3ginene,a-phellandrene limonene and p-cymene. Plain
followed by Local and Italian then Curly had thelinest % ofa-pinene caryophyllene and germacrene D. Also,
Italian followed by Plain and Local then Curly cammed the highest % df-ocimene,a-terpinolene and apiol.
However, Curly followed by Plian and Local thenlilia had the highest % @fsesquiphellandrene.. Plain followed
by Italian and Local then Curly contained the high of p-cymenene. This confirms the idea thatiieraction
been the environmental conditions and the genatitofs determines the makeup of the essentiahmil ,therefore
the chemotype dominating in particular location.

Other compounds were considered as traces, syththujene, sabinen@-ocimene a-copaeneqo-farnesenep-
citronellol, B-elemene, caryophyllene oxidecadinol and elemicin in Local cultivg;thujene B-pinene, sabinene,
B-ocimene, a-copaene,a- farnesene,p-citronellol, B-elemene, caryophyllene oxidei-cadinol, p-cymenene,
caryophyllene and germacrene D in Curly cultithujene, sabinenes-copaeneu-farnesenef-citronellol; p-
elemene; caryophyllene oxideicadinol and elemicin in plain and Italian cultiva

Table 6. The main differences in major compounds (ore than 10%) of different parsley cultivars esseril oils

cultivar
Compound Moss curled no.2| Plain Italian Giant | Plain| Local
% (mean of five cuts
p-myrcene 3.28 7.13 7.49 22.56
B-phellandrene 16.45 26.47 24.38 18.f3
1,3,8-p-menthatrieng 13.67 25.77 2438 15(13
myristcin 51.23 11.92 13.56 18.33

Results of GC/MS analysis of the essential oil imtetd from four parsley cultivars in the five harieesevealed both
qualitative and quantitative changes (Table 6). iftagor compounds were as followsmyrcene >3-phellandrene
> myristcin > 1,3,8-p-menthatrienddtroselinum crispuntv. Local); B-phellandrene > 1,3,8-p-menthatriene >
myristcin Petroselinum crispuravs. Curly, Italian and Plian). These differenaes mainly attributed to the genetic
variation, but there are other factors, which mateptially affect the essential oil percentage wheieed, such as
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the age and organ of the plant used for study hacetvironmental conditions under which the pldretge been
grown[43]. The plant cultivars used for the presstntly were grown under the same conditions, sodifferences
in the chemical profiles should reflect geneticdedences between the various cultivars. Clasaifon of parsley
cultivars based on the accumulation of specific ponents could be an important approach for phytotemy. In
addition, studying the composition of essential eilables the identification of marker compoundst thiee
responsible for exerting the characteristic arofiaassley. Based on Grayer et al. [57], the chep®iylassification
system is based on the chemicals combination ofi@®r components rather than the sole dominanpoomd or a
major component as one with content close to 20%4t /& clear from the Table (4) within essentiloonstituents
of the four parsley cultivar, the chemotypes carsbmmarized as chemotype fmyrcene >B-phellandrene >
myristcin > 1,3,8-p-menthatriene in Local cultivand chemotype 2B-phellandrene > 1,3,8-p-menthatriene
myristcin in all European cultivars (Curly, Italiamd Plain).

Molecular genetic identification by randomly amplified polymorphic DNA (RAPD) markers

RAPD-PCR technique was used to identify the gendiStance among four different genotypes and tedam
primers were used for this identification (Table A)l primers successfully amplified high polymoigim among
the four genotypes (Fig.1). As shown in Table 7RRanplification with 10 RAPD primers gave totall32LRAPD
fragments of different molecular weight; involvis§ monomorphic fragments with percentage about?2iuhile;
132 fragments (with an average of 72.5%) were pohphic. Only 5 out of 10 primers showed less th&fo7
polymorphism. The number of amplified fragments peltivar varied from 11 bands for the primers ORAdhd
OPA04 showing the lowest primer efficiency (3.3 a@88%, respectively) to 24 bands for the primer OPA
showing the highest primer efficiency (11.5%) wéth average of 18.2 fragments per primer, and whéehed in
size from 200bp to 1500bp. The discriminatory powEthe various primers varied greatly. The disdniory
power percentage of 10 RAPDs primers ranged fré&® ¢OPA04) to 15.91 (OPAO01) (Table 7).

AO01 A02 A04 AO5 All Al6

ABCD M

ABCD ABCD ABCD M

|
N
ne
L

e
|
=
-

nie

Figure 1: RABD-PCR analysis of four parsley cultivas with ten random primers (A01, A02, A04, A05, A11A16, A09, B18, B15 and
A19). Lane M = 100 bp DNA ladder. Lane A: Moss cugd no.2, lane B: Plain Italian Giant, lane C: Plai and lane D: Local
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Table 7. Number of bands amplified, polymorphic bads, primer efficiency and discrimination power of he ten primers used for RAPD-
PCR analysis in four parsley cvs

Primers Total Monomorphic Polymorphic Polymorphism Efficiency discriminatory power
bands bands bands % % %

A01 24 3 21 87.t 11.5 15.91
A02 11 4 7 63.64 3.9 5.30
A04 11 5 6 54 .55 3.3 4.55
A05 20 7 13 65.0( 7.1 9.8t
All 17 4 13 76.47 7.1 9.85
Al6 20 5 15 75.00 8.2 11.36
A09 17 3 14 82.3¢ 7.7 10.61
B18 20 8 12 60.00 6.6 9.09
B15 23 9 14 60.87 7.7 10.61
A19 19 2 17 89.47 9.3 12.88
Al 182 50 132 72.53 0.725 ~100

primers

Jaccard's similarity index was calculated accordingaccard [32] based on the presence or absédrzands by
RAPD analysis for 4 genotypes (Table 8). It ranfyech as low as 0.435 between genotypes, Petroselarispum
cv. Moss curled no.2 (A) and Petroselinum crispumlocal (D) to as high as between genotypes Pelirsn
crispum cv. Plain ltalian Giant (B) and Petrosefimarispum cv. Plain (C). High similarity values methat the
genotypes are closely related. While the low valaesn that, the genotypes are genetically distinct.

Table 8. Similarity indices among the four parsleycultivars as estimated using RAPD-PCR data

Cultivar Moss curled no.2  Plain Italian Giant  Plain  Local
Moss curled no.2 1,000
plain Italian Giar 0,51( 1,00(
Plain 0,510 0,603 1,000
Local 0,435 0,516 0,516 1,000

The genetic relatedness among parsley genotypesiikestrated through UPGMA dendrogram based owcalaks
similarity analysis of RAPD-PCR data as shown igufé 2.The dendrogram exhibits that the genotypes Plain
Italian Giant and Plain are closed in cluster drelgenotype Local was nearest to two genotypen fildian Giant

and Plain while the genotype Moss curled no.2 vegmaated far away from all the other three genatyjpain
Italian Giant, Plain and Local).

o0 o

990
o
8.0
780
960

fo) < B o (2=

1 Moss curled no.2

Plain Italian Giant

3 plain

4 Local

Figure 2. Dendrogram, revealing the genetic distamcamong four parsley species using RAPD-PCR data tyPGMA algorithm using
Jaccard's similarity coefficient

Parsley is an important medicinal plant that corstaseveral of pharmaceutical and nutritional complsu The
quantity, quality and activity of these compoundsild vary between the different variants of parsiBgports
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indicated that genetic background, environmentatofs and developmental stage, influences the sgrghof
natural compounds [55]. Moreover, environmentatwligance can influence genetic diversity via biaafand
demographic processes, spatial and temporal vamiati habitat suitability, and natural selectiom @&volution [56].
Adaptation to challenging environments presenteiyancing and/or suppression of gene expressi@xisting
new genotypes by excitation the mutations [58]. Pinesent study, demonstrated a marked genetic bilitsia
between the four cultivars. That in turn, the geneariations is necessary to increase the genegiquarsley and
improvement quantity and quality of natural compdaithrough recruitment these cultivars in breediragram. In
addition, these foreign genetic materials coulddmpired as a source for genes that are involvedl@rance and
/or resistance to abiotic and biotic stresses. B\@e The RAPD markers technique has been repdootd an
efficient tool to discriminate genetically isolatsgdecies and to verify the existence of spices phasented as a
result of genetic drift or natural selection [59he RAPD is useful, rapid and accurate techniquesfodying
genetic diversity and germplasm characterizatiosoofie fig [29] and parsley cultivars [60]. RAPD-PGRa useful
technique for detecting the genetic variabilitydar four cultivars. This genetic variability is wéced for plant
breeding in order to increase the frequencieswafrible alleles and genetic combinations.

CONCLUSION

The results clearly demonstrate the superioritplain Italian Giant cultivars in herb fresh weigind volatile oil
yield. Also, Local and plain Italian Giant cultigawere more superior iprmyrcene (27.1%) anfl-phellandrene
(32.8%), respectively when harvested in Aprif @it). plain Italian Giant and Moss curled no.2tigaks were more
superior in 1,3,8-p-menthatriene (47.8%) and mgiris{67.9%) when harvested in Jun& (&it), respectively. DNA
genotyping exhibited genetic variation among thea foultivars. These results support that a very elgracterized
parsley cultivars will be available for further boéng purposes to increase the gene pool of thptEEgycultivars.
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