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In this study, the effects of different irrigation water amounts and nitrogen doses on the Received: 06.12.2024
components of rose oil obtained from rose flowers harvested in different periods were Accepted: 26.12.2024
investigated in oil rose (Rosa damascena Mill.). The experiment was set up in Stileyman

Demirel University Agricultural Research and Application Center and carried out according

to the randomized block factorial experimental design with 3 replications. The experiment

trials were created as 4 irrigation water amounts created depending on Class A pan (To: 0.00,

T:: 0.40, T»: 0.80, T3: 1.20) and 4 nitrogen levels (No: 0 kg N da”, N;: 8 kg N da”, No: 16 kg N

da’, Ns: 24 kg N da’’, pure substance). Irrigation was carried out at 10-day intervals by drip

irrigation method. According to the study results, differences were observed in the ratios of

citronellol, geraniol and nerol which are the important components of rose oil according to Keywords

the trial subjects. Citronellol ratios were 19.41-38.25 (1% year: 25.35-34.40; 2" year: 19.41- Irrigation

30.10; 3" year: 24.16-38.25) and geraniol ratio was 9.62-35.36 (1° year: 27.86-33.87; 2" sparta

year: 28.12 -35.36; 3" year: 9.62-26.62). The C/G ratio was found to be 0.91, 1.00, 1.16, 1.67  Jtrogen

Oil
and 1.40 in the 1%, 2", 3" and 4" harvest periods, respectively. " rose

Rose 0il components

Farkli Sulama Suyu ve Azot Uygulamalarinin Yag Giilii (Rosa damascena
Mill.)'niin Ucucu Yag Bilesenlerine Etkisi

Oz Anahtar Kelimeler
Farkli sulama suyu ve azot dozlarinin, bes farkli dbnemde hasat edilen yag gliliinden (Rosa  Azot
damascene Mill.) elde edilen gl yagi bilesenleri lzerine etkisi aragtirilan bu ¢alisma, Isparta
Stileyman Demirel Universitesi Tarimsal Arastirma ve Uygulama Merkezi’nde, tesadiif Giil yag: bilesenleri
bloklari faktériyel deneme desenine gére 3 tekrarlamali olarak ylritilmistir. Deneme Sulama
konulari, Sinif A sinifi buharlasma kabina bagli olarak olusturulan 4 sulama suyu miktari (TO: Yag giil
0.00, T1: 0.40, T2: 0.80, T3: 1.20) ve 4 azot dozu (No: 0 kg N da”, N;: 8 kg N da”’, N,: 16 kg N
da’, N3: 24 kg N da’, saf madde) olacak sekilde olusturulmustur. Sulamalar, damla sulama
yontemi ile 10 gunliik araliklarla uygulanmistir. Calisma sonuglarina gére, glil yaginin 6nemli
bilesenleri olan sitronellol, geraniol ve nerol oranlarinda deneme konularina gére farkliliklar
gorialmdasgtdr. Sitronellol oranlari 19.41-38.25 (1.yil: 25.35-34.40; 2.yil: 19.41-30.10; 3.yil:
24.16-38.25), geraniol orani ise 9.62-35.36 (1.yil: 27.86-33.87; 2.yil: 28.12 -35.36; 3.yil: 9.62-
26.62) olarak bulunmustur. C/G oranlari 1., 2., 3. ve 4. hasat dénemlerinde sirasiyla 0.91, ,,j
1.00, 1.16, 1.61 ve 1.40 olarak bulunmustur.
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Introduction

Oil rose (Rosa damascena Mill.) is a scented rose species with the highest economic value for the
perfume, cosmetics, pharmaceutical and food industries. Turkey is one of the most important oil rose
production centers in the world, together with Bulgaria, with its 2500 hectare production area. In Turkey,
where the first oil rose production started in 1888, Isparta (Baydar, 2006), Afyonkarahisar, Burdur and Denizli
provinces, also known as the Lakes Region, are important production centers of oil rose. The most
important products obtained from oil rose are rose oil, rose concrete, rose absolute and rose water. 128
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Rose flower yield, content and quality of essential oil obtained from rose flower are affected by many
parameters such as genotype, growing location, growing season, relative humidity, irrigation, fertilization,
harvest time, fermentation period of leaves and distillation processes (Weiss, 1997). Baydar and Goktlirk
Baydar (2005) stated that the rose oil yield varies during the harvest period (May and June) and that the rose
oil yield, which is 0.04% in May, is 0.03% in June. Kazaz (1997) stated that rose flower harvest should be
done in the early morning hours to increase the essential oil yield.

Water deficit stress is one of the most important abiotic stresses and when combined with nitrogen
deficiency in plant cultivation, its effect on yield and quality is higher. As in other plants, limited water and
nitrogen applications in Rosa Damascena Mill. significantly affect rose flower yield, essential oil yield (Ucar
et al., 2017) and some essential oil components (Ashourabadi et al., 2024). Water deficit reduces the
growth and essential oil production of medicinal and aromatic plants in arid and semiarid regions (Farahani
et al. 2021). Ashourabadi et al. (2024) reported that citronellol, and geraniol, which are important
components of essential oil, increased due to water deficit stress and included 24.48 and 2.89%,
respectively. On the other hand, Kiymaz et al. (2022) reported that water stress increased essential oil
quality as water stress increased with diminished applied water. Farahani et al. (2021) showed that water
stress resulted in 52.4, 46.4, and 43.2% increase in the concentrations of geraniol, citronellol, and nerol.

In this study, the effects of different irrigation water and nitrogen doses on the essential oil components
of Rosa Damascena Mill. were investigated.

Material and Method

Plant material, planting, and experimental design

The research was conducted in the rose garden of the Rose and Rose Products Research Center in the
Agricultural Research and Application Center of Stuleyman Demirel University (Figure 1). The experimental
area is located between latitude 37.83° and longitude 30.53° and the average altitude is around 1020 m
above sea level. Isparta Province, where the research was conducted, is in the Mediterranean Region of
southwestern Turkey. According to the long-term climate data of the research area, the average temperature
is 11.97 °C, the average relative humidity is 61.1%, the average wind speed is 1.97 m s, the annual average
sunshine duration is 7.4 hours, and the annual total precipitation is 505.7 mm (Anonymous, 2009).

The study was set up in a randomized complete block design with 3 replications in a factorial
arrangement. The plots were composed of 1x10 m rose rows, and a 2 m gap (unirrigated and unfertilized)
was left between the plots. In the experiment, 4 different water levels (as Class A evaporation cup
coefficient; To: 0.0, T+: 0.40, T»: 0.80, Ta: 1.20) and 4 different nitrogen levels (No: 0 kg da™, Nq: 8 kg da™, Na:
16 kg da™, Nj: 24 kg da™; as pure substance) were used. The specified nitrogen doses were calculated as
pure substance and ammonium nitrate (33% N) was used as the nitrogen fertilizer source.

The field capacity of the soils in the study area is 429.03 mm/120 cm, the wilting point is 253.35 mm/120
cm, and the available water-holding capacity is 175.68 mm/120 cm. The bulk density in the 0-120 cm layer
ranged from 1.30 g cm=to 1.42 g cm3, and the soil texture is classified as clay-loam. A 16 mm diameter in-
line type lateral was used, and each plant row was irrigated with two lateral tubes. Based on the soil
infiltration rate (15.5 mm h‘1), the emitter spacing was set at 0.50 m, and the emitter discharge was 4 L h
under pressure above 1 atmosphere. Consequently, the wetted area ratio was determined to be 33%,
following the methodology of Keller and Bliesner (1990). Irrigation began at the beginning of May and ended
at the end of September. In the first and second years of the experiment, irrigation was performed 15 times,
while in 2012, it was performed 6 times.

Determination of main components in rose oil

In this study, the essential oil properties of Rosa damascena Mill., which is produced intensively in
Turkey (especially in the Isparta, Burdur and Afyonkarahisar regions) and is also known as Isparta rose or oil
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rose, were investigated. Citronellol, geraniol, nerol, phenylethyl alcohol and linalool, which are the main
active ingredients of rose oil and give rose oil its characteristic odor, were determined. The main
components in rose oil were determined by GC/MS at Suleyman Demirel University, Experimental and
Observational Research and Application Center according to Baser et al., (1990), Bayrak et al., (1994) and
Baydar and Gokturk Baydar, (2005).

Figure 1. Experimental area.

Irrigation water

Class A Pan atthe meteorological station located in the research area and used for agricultural purposes
was used to determine the irrigation water applied to the experimental trials. Daily evaporation values
measured from the Class A Pan were calculated cumulatively at 10-day intervals according to the rates
specified in the trials using Equation 1 adapted from Ucar et al. (2017).

| = AxTxEgxP )

Where;
I: Irrigation water amount, liter, A: Plot area, m?, T: Coefficient of Class A Pan, Eo: Cumulative evaporation
amount in the irrigation interval, mm and P: Wetted area, %.

Harvest dates

Chemical component analyses of rose oils obtained from rose flowers harvested in 5 different periods
in each of the three years of the experiment were carried out; in 2010; on 25 May (1% period), 29 May (2"
period), 05 June (3" period), 11 June (4" period) and 17 June (5™ period); in 2011; on 06 June (1% period), 13
June (2™ period), 17 June (3™ period), 21 June (4" period) and 26 June (5™ period); in 2012; on 31 May (1%
period), 05 June (2" period), 11 June (3™ period), 15 June (4" period) and 20 June (5" period).

Results and Discussion

Although there are many components in the composition of rose oil, the most important ones are
citronellol, geraniol, nerol, nonadecane, nonadecene, heneicosan, eicosan, tricosan, methyl eugenol,
geranyl acetate and phenylethyl alcohol (Garnero, 1982; Baser, 1992; Bayrak and Akgul, 1994). However,
among these components, the characteristic odor of rose oil is given especially by monoterpene alcohols
(citronellol, geraniol and nerol), which are the main components of rose oil (Garnero, 1982; Baser, 1992;
Bayrak and Akgul, 1994). Most of the international studies have focused on monoterpene alcohols such as
citronellol, nerol and geraniol. Therefore, in our study, we focused on citronellol, geraniol and nerol. In
addition, detailed information is given in the study about the citronellol/geraniol (C/G) ratio (Konur, 1990),
which was first used in 1934 to simplify the comparison of oil components and to determine the quality of
Bulgarian rose oil.

The components determined in rose oils obtained from rose flowers harvested according to the
treatments in a total of 5 different harvest periods [(1° period; 25 May) (2™ period; 29 May) (3™ period; 05
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June) (4" period; 11 June), (5" period; 17 June)] in the 2010 rose flower harvest season are presented in
Appendix (Table 1 and Table 6). Among all harvest periods, the highest citronellol rate was obtained in ToN,
with 47.71% on June 11, the 4" harvest period, followed by T:N, in the last harvest period with 46.17%. The
lowest citronellol rate was obtained in T1N; in the first harvest period (May 25) with 19.74%. When the 2010
rose oil samples were evaluated only according to the treatments without considering the harvest periods
in terms of average citronellol rates, the highest average citronellol rate among the treatments was
determined in T3N3 with 34.40%, followed by ToN, and TzN, subjects with 32.72% and 32.25%, respectively
(Figure 2). When the average citronellol rates of the harvest periods were evaluated without considering the
treatments, the highest average citronellol rate was found in the 4™ harvest (June 11) (32.78%), and the
lowest average citronellol rate was found in the first harvest period (May 25) with a rate of 26.62% (Figure 2).
Among all harvest periods, the highest geraniol content was obtained with 43.53% in T,N, during the first
harvest period (May 25), and the lowest geraniol content was obtained with 15.47% in TN, during the last
harvest period (June 17). When the average geraniol content was evaluated only according to the treatments
without considering the harvest periods, the highest average geraniol content was determined in TN,
(33.87%), T2N3 (33.77%) and ToN3 (33.37%), while the lowest average geraniol content was determined in
T3N3 (27.86%) treatments (Figure 2). When the average geraniol content in rose oils was evaluated in terms
of harvest periods, the highest average geraniol content was obtained in the first harvest period, May 25
(38.43%), while the lowest average geraniol content was obtained with 23.33% in the last harvest period
(June 17). Among all treatments, the highest nerol rate was determined in ToN3 (%20.22), and the lowest
nerol rate was determined in ToNo (%4.94). When the average nerol rates were evaluated only according to
the trial subjects without considering the harvest periods, the highest average nerol rates were determined
in ToN3, T1N3 and T3N4 with 14.43%, 14.40% and 14.06%, respectively, while the lowest average nerol rate
was determined in ToN, with 11.48% (Figure 2). When only the harvest periods were evaluated in terms of
average nerol rate without considering the trial subjects, the highest average nerol rate (%17.76) was
obtained from the 1% harvest period on 25 May, while the lowest average nerol rate (%8.78) was obtained
from the 4" harvest period on 11 June.
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Figure 2. Citronellol, geraniol and nerol values in 2010.

When the rose oil samples obtained in 2011 were evaluated only according to the treatments (different
nitrogen and irrigation levels) in terms of average citronellol content, the highest average citronellol content
was determined in T{No with 30.10%, followed by T:N; and ToNo subjects with 29.99% and 29.78%,
respectively. The lowest average citronellol content was obtained from T;N; with 19.41% [Appendix (Table
2 and Table 5)]. When the harvest periods are taken into consideration, the highest average citronellol
content was determined in the first harvest period, June 06 (31.11%), and the lowest average citronellol
content was determined in the last harvest period, June 26 (21.97%) (Figure 3). When the average geraniol
rates in rose oils were evaluated in terms of harvest periods, the highest average geraniol rate was obtained
in the second harvest period, June 13 (37.94%), while the lowest average geraniol rate was obtained in the
4™ harvest period (June 21) with 25.33%. When the average geraniol rates were evaluated according to the
treatments without considering the harvest periods, the highest average geraniol rates were determined in
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ToN, (35.83%) and TN+ (35.36%), while the lowest average geraniol rates were determined in ToN; (29.49%),
T1No (29.70%) and ToNo (29.90%) treatments (Figure 3). When the average nerol rates were evaluated only
according to the treatments without considering the harvest periods in the study, the highest average nerol
rates were determined as 13.80%, 13.74% and 13.01% in TsN2, T1N3; and TsN+, respectively, while the lowest
average nerol rates were determined as 10.65% and 10.68% in T3N3 and ToNs, respectively. When the
average nerol rates were evaluated only considering the harvest periods, the highest average nerol rate
(14.38%) was obtained from the 2" harvest period on June 13, while the lowest average nerol rate (9.33%)
was obtained from the 4" harvest period on June 21 (Figure 3).
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Figure 3. Citronellol, geraniol and nerol values in 2011.

Among all harvest periods in 2012, the highest citronellol rate was obtained in T3N, with 58.59% on 20
June, the last harvest period, and this was followed by T1N; and T{N, subjects with 57.71% and 54.43%,
respectively, in the same harvest period. The lowest citronellol rate was obtained in ToN; subject with
11.00% on 05 June harvest. When the average citronellol rates were evaluated only according to the
treatments, the highest average citronellol rate was determined in T{N; with 38.25%, followed by T3;N, and
T1N3 subjects with 37.08% and 36.34%, respectively (Figure 4). Among the harvest periods, the highest
average citronellol rate was determined on 20 June (42.12%), the last harvest period, and the lowest average
citronellol rate was determined in the second harvest period, 05 June (21.82%). Among all harvest periods,
the highest geraniol content was obtained from T.No with 37.04% in the harvest period of June 15, and the
lowest geraniol content was obtained from T3No with 2.14% in the harvest period of June 11. When the
average geraniol content in rose oils was evaluated in terms of harvest periods, the highest average geraniol
content was obtained in the first harvest period of May 31 (23.34%), followed by the harvest of the last
harvest period of June 20 (19.83%). The lowest average geraniol content was obtained in the 3™ (June 11)
and 4" (June 15) harvest periods with 13.38% and 13.88%, respectively. When the average geraniol rates
were evaluated according to the treatments, the highest average geraniol rates were determined in T2Ng
(26.62%) and T3N3 (25.87%), while the lowest average geraniol rates were determined in ToN, (11.76%) and
T4N1 (11.92%) experimental subjects (Figure 4). When the harvest periods and experimental subjects were
evaluated together in terms of nerol rate, the highest nerol rate was determined with 15.89% in T3N3 during
the last harvest (June 20) period, and the lowest nerol rate was determined with 0.39% in TN during the 3™
harvest (June 11) period [Appendix (Table 6)]. When the treatments were evaluated in terms of average nerol
rate, the highest average nerol rates among the treatments were determined with 10.26% and 8.88% in TzN3
and T1No, respectively, while the lowest average nerol rate was determined with 3.62% in ToN- (Figure 6).
When the harvest periods were evaluated in terms of average nerol content, the highest average nerol
content (8.81%) was obtained from the 3" harvest period on June 15, while the lowest average nerol content
(3.95%) was obtained from the 3™ harvest period on June 11.
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Figure 4. Citronellol, geraniol and nerol values in 2012.

Citronellol/Geraniol (C/G) ratio, which is an important criterion in determining the quality of rose oil,
showed differences in rose oils obtained from rose flowers harvested from different periods and different
treatments. In 2010, the highest average S/G ratio among the treatments was determined as 1.23 (T1N3),
1.01 (T4+No) and 3.85 (T3N,) in 2011 and 2012, respectively, while the lowest C/G ratios in the same years
were determined as 0.76 (ToN3), 0.60 (T1N4) 0.93 (T2No, TsN3), respectively. When the harvest periods are
considered, the highest C/G as an average of 3 years was determined as 1.61 in the 4" period, while the
lowest C/G was determined as 0.91 in the first harvest period (Figure 5).

C/G-Years
5
4
o3
2
0
O mmm N M O AN M O AN M O AN ™M™
Z2 22 2Z 2Z2Z2Z2ZZ2Z 2Z ZZ ZZZ
O O O O ™ ™ m AN AN N N OO mm
F~FFFFFFFFFRFRFRFRFEFEFERFEFE
= C/G 2010 e C/G 20711 e C/G2012
Average C/G
2.0
1.5
e
2 1.0
oc
0.5
0.0

1. period 2. period 3. period 4. period 5. period

Harvest period

Figure 5. C/G ratios according to treatments and harvest periods.

It has been reported that the basic rose character of rose oil is determined by its citronellol content and
that higher citronellol content increases sweetness and main odor when combined with equal amounts of
geraniol, whereas when geraniol is low, the main odor and sweetness persist (Kiurkgtoglu, 1995). Also,
nerol, one of the important components of volatile oils, not only increases the rose character but also gives
a freshness character to rose oil, but when the geraniol content is low, the freshness character of nerol

Ziraat Fakultesi Dergisi,19(2): 128-140, 2024 DOI: 10.54975/sduzfd.1597112

133



Ucgar et al. 2024. Response of Rose (Rosa damascena Mill.) Oil Components to Different Irrigation Water and Nitrogen
Applications

appears as a very little citrus character, and when the geraniol content is high, the combination of
citronellol, geraniol, farnesol and nerol gives it a strong, sweet, floral, fresh and rose character (Kiirkgtioglu,
1995). The citronellol, geraniol and nerol ratios in Turkish rose oils vary between 25-50%, 8-16% and 3-12%
(Baser, 1992; Bayrak and Akgul, 1994), and in Bulgarian rose oils they vary between 22-55%, 14-18% and 5-
10% (Garnero, 1982; Kurkguoglu, 1988). In our study, it was determined that citronellol ratios varied
between 19.74-47.71%, geraniol ratios varied between 19.91-43.53% and nerol ratios varied between 4.94-
20.22% among the harvest periods and treatments. It was determined that the values obtained for
citronellol were generally in accordance with the lower and upper limit values of the previously reported
values in Turkish rose oils, although the lower and upper limits showed differences. It was determined that
the lower and upper limit values of geraniol ratios were considerably higher than both Turkish and Bulgarian
rose oils. It was determined that nerol ratios were generally consistent with both Turkish and Bulgarian rose
oils, but the upper limit values were higher. It is thought that the differences in the lower and upper limit
values of both geraniol and nerol ratios may be due to cultural processes, ecological conditions and
differences in the application in the study. It has been reported by various researchers that the differences
in the essential oil components in rose oil are due to various factors such as plant species and variety,
region, ecological conditions, cultural processes, harvest time and form, the time from harvesting to
processing of rose flowers, differences in flower parts used in oil production, transportation, pretreatments,
distillation techniques, packaging and storage (Guenther, 1952; Garnero et al., 1976; Anag, 1984; Tucker
and Maciarello, 1988; Yilmaz and Menglg, 1991; Baser, 1992; Bayrak et al., 1994). One of the important
criteria in determining the quality of rose oil is the citronellol/geraniol (C/G) ratio (Baser, 1992). This ratio
was first used in 1934 to determine the quality of Bulgarian rose oil to simplify the comparison of oil
components (Konur, 1990). The desired odor quality in rose oil can be achieved when the C/G ratio is
between 1.25-1.30 (Baser, 1992). Since the C/G ratio in oil obtained from fermented flowers exceeds these
limits, the quality deteriorates. In this study, it was determined that the C/G ratio gradually increased
towards the later harvest periods. The results obtained in the study in terms of harvest periods are
consistent with the findings of Baydar and Goktlrk Baydar (2001), who reported that the S/G ratio increased
until the last harvest period in type 1 oils (light green oil obtained as a result of the first distillation; direct
oil, fresh oil). In our study, the C/G ratio varied between 0.89-3.85 according to the treatments (water and
nitrogen). Kirkglioglu (1995) reported that the C/G ratio of the 1% oil obtained from fresh rose flowers by
hydro-distillation in the Clevenger apparatus was 1.36, while it was 3.17 in the 1% oil obtained from
fermented flowers.

In the Figure 6, in order to understand the effect of irrigation and nitrogen individually, the citronellol,
graniol and nerol rates in the treatments to which nitrogen was not applied (ToNo, T1No, T2No and TzNo) and in
the treatments to which irrigation water was not applied (ToNo, ToN1, ToN2, ToN3) are given. In the subjects to
which nitrogen was not applied, although it generally varies according to the experimental years, the highest
citronellol and geraniol rates were obtained in T, or Tz subjects. When the nerol rate is evaluated in terms of
irrigation, it is seen that the nerol values are similar in all irrigation applications except for 2012. More
variable results were obtained in terms of nitrogen applications. In terms of nitrogen doses, although it
varies according to the years, the highest values in terms of citronellol, geraniol and nerol were obtained
from N4, N2 and N3 nitrogen applications. From here, it is possible to say that nitrogen and irrigation
applications have a positive effect on the increase in citronellol, geraniol and nerol rates and that irrigation
applications are more effective than nitrogen.
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Figure 6. Citronellol, geraniol and nerol ratios in the treatments without water and nitrogen application.

Conclusion

In this study, which was carried out to determine the effects of different irrigation water and nitrogen
amounts on citronellol, geraniol and nerol, which are the components of the essential oil obtained from
Rosa Damescana Mill. The composition of essential rose oil obtained from Rosa Damascena Mill. grown
under differentirrigation water and nitrogen treatments was found to be highly compliant with oil standards.
According to results, although these three important components vary depending on the treatments,
nitrogen and irrigation applications generally increased the rates of citronellol and geraniol. When the
experimental treatments applied only nitrogen or only irrigation water were evaluated separately, it was
seen that the irrigation effect was higher than the nitrogen effect. When the C/G ratios, which are important
quality parameters, were examined, the highest C/G ratio was determined in the harvest period in 4 periods.

Undoubtedly, Rosa Damascena Mill, which is mostly grown in rainfed conditions, will be able to achieve
essential oil quality by applying appropriate irrigation and nitrogen programs. For this, it will be possible to
develop and implement the mentioned programs by considering the ecological conditions of the fields
where Rosa Damescana Mill is grown.
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APPENDIX

Table 1. Oil content (%) and composition in 2010
Chemical Treatments
constituents ToNoe ToN:  ToNa ToNa T:No TN+ TiNa TNa T:No TN, TN: ToNe TNe T:Ni TN:  TaNa
Mirsen - - 003 008 - - - - - 009 - - - - 004 -
Linalool 048 032 036 046 028 025 026 039 040 038 040 040 030 049 042 040
Aromadendrene 059 040 052 050 065 059 065 063 073 076 065 063 051 061 050 062
Citronellyl acetate 073 057 081 076 076 070 078 081 083 085 064 069 057 051 051 072
Caryophyllene/faresene 071 0.69 053 0.68 076 065 060 033 030 053 071 043 069 073 056 065
Hexadecane 142 140 101 134 090 128 123 103 117 094 106 097 122 091 110 1.3
Germakren D 129 070 090 076 096 075 111 096 117 092 1.18 082 085 069 080 098
Farnesol 007 023 067 033 053 058 018 018 019 030 028 055 038 034 036 051
Neryl acetate 022 003 007 023 012 0411 015 009 016 005 023 014 021 030 015 009
Citral 039 114 039 033 039 029 020 043 037 037 051 061 047 050 060 043
Geranyl acetate 506 377 354 494 367 405 389 439 417 367 402 507 476 352 414 357
Citronellol 270 304 327 2535 31.35 30.11 2021 29.27 2694 30.45 20.08 27.66 28.25 30.78 32.25 34.40
Nerol 119 126 114 1241 1377 1245 11.85 14.40 1278 13.32 1273 14.43 1240 14.06 1270 13.10
Geraniol 302 30.3 289 3337 30.58 28.68 32.89 32.85 33.08 31.94 3387 3377 29.98 3295 29.93 27.86
Nonadecane 868 807 761 835 626 964 715 599 713 609 592 556 871 521 662 654
9-nonadeken 217 182 191 196 160 197 169 102 167 134 143 130 180 1.18 158 1.63
Phenylethyl alcohol 120 116 1.08 107 111 102 096 106 1.02 117 097 110 122 116 1.03 1.02
Eikosan 050 1.63 062 061 078 056 045 038 043 051 044 044 062 034 050 047
Methyl eugenol 109 125 151 134 160 159 110 125 115 135 131 128 118 171 125 1.31
Heneikosan 383 257 301 334 233 321 299 254 323 257 233 195 347 226 263 266
Eugenol 112 079 106 110 089 077 109 106 115 106 110 100 1.03 304 1.18 0.99
Phenylethyl acetate - - 018 028 008 - 015 - 005 015 0419 006 018 029 0.5 0.04

Table 2. Oil content (%) and composition in 2011
Chemical Treatments
constituents TNo ToN; TNz TN: TiNe TNi TiN; TN TN, TNi TMN; T.N: TNo TN, TN TaNs
Linalool 043 047 029 033 037 033 047 042 054 058 040 033 053 046 037 055
Citronellyl acetate 045 053 056 053 064 040 044 057 061 052 061 075 047 065 059 0.53
Hexadecane 145 131 144 152 127 185 128 112 140 141 154 140 136 129 126 149
Geranyl acetate 161 248 243 272 210 285 1.89 1.89 204 227 258 302 251 266 256 2.40
Citronellol 2978 2546 28.47 2410 30.10 19.41 27.81 29.99 28.25 2640 2525 26.30 23.39 27.03 24.47 28.82
Nerol 1115 11.92 11.88 10.68 1250 11.49 12.80 1374 1279 11.35 12.37 11.44 1252 13.01 13.80 10.65
Geraniol 2090 35.83 2049 30.33 2070 3220 33.83 31.73 28.12 3536 31.20 20.14 34.87 31.17 31.81 30.82
Nonadecane 1179 985 969 1471 10.60 1594 946 876 11.42 998 1222 11.54 1155 10.52 11.49 11.16
9-Nonadeken 255 219 438 311 224 335 205 197 242 213 289 294 227 216 243 2.32
Phenylethyl alcohol 078 082 090 079 091 082 100 099 1.05 082 088 097 091 102 090 0.90
Eikosan 086 070 085 101 076 110 063 061 103 066 088 096 083 073 085 074
Methyl eugenol 083 087 124 073 120 053 103 1.07 125 072 074 096 078 108 0.87 096
Heneikosan 419 347 416 539 380 536 3.05 299 433 322 436 493 405 350 446 351
Eugenol 095 1.04 100 085 091 112 104 081 112 101 090 097 104 107 093 1.23
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Table 3. Oil content (%) and composition in 2012

Chemical Treatments
constituents ToNo ToNi  ToN2 ToNa TiNe TiNi TiN2 TiNa ToNoe TNy TN ToN: TiNe TaNi TNz TaNs
a-pinene - - - 013 - - - 014 - 0.01 - 012 - 0.01 - -
B-mirsen - - - - - - - 0.06 - 0.02 - 0.05 - - - -
Linalool 023 0.32 024 030 042 022 029 030 030 031 030 029 027 024 026 025
a-quaien 029 027 046 029 034 034 036 034 039 017 029 035 041 029 028 0.26
Trans-caryophyllene 048 077 073 045 076 046 053 057 070 067 071 062 059 046 053 054
Terpinen-4-ol 0.05 0.15 0.05 0.01 0.16 - - 007 017 009 004 006 001 005 - 012
Citronellyl acetate 039 0.30 066 057 052 038 062 075 044 030 051 056 055 056 0.68 046
a-humulene 0.07 036 033 014 020 020 025 031 020 023 033 028 023 026 033 0.21
Hexadecane 142 112 130 142 143 119 100 125 142 165 138 140 135 087 158 129
(2)-Citral 0.08 - - - 015 - 001 0.02 - 004 - 007 - 006 - 019
Germakren D 115 121 128 114 135 099 117 121 135 100 139 105 144 098 115 123
(E)-Citral 023 021 016 012 035 010 012 028 023 024 015 021 0.06 016 0.06 046
Geranyl acetate 129 161 092 158 224 048 134 109 202 198 139 082 082 160 058 218
Citronellol 27.23 2478 34.46 28.61 2477 30.60 3322 36.34 2474 1870 28.86 32.17 34.07 22.73 37.08 24.16
Nerol 6.37 6.38 362 614 888 399 576 593 742 764 668 518 404 645 280 10.26
Geraniol 15.66 23.34 11.76 17.77 22.00 9.53 15.94 14.35 26.62 20.97 18.06 11.85 14.40 1557 9.62 25.87
Eicosane 19.57 16.04 17.61 1674 1579 13.60 16.95 1529 15.01 20.60 16.40 18.05 18.43 11.81 19.19 14.17
9-Nonadekan 461 362 457 424 386 331 423 374 329 411 417 441 384 266 486 3.31
Phenylethyl alcohol 040 0.31 047 060 057 040 058 058 050 037 054 042 037 048 050 064
Eicosane 196 178 204 176 156 138 168 159 138 211 178 203 179 129 194 129
Methyl eugenol 143 096 183 135 121 131 142 191 116 085 170 168 192 120 230 117
Heneikosan 1213 11.14 11.94 10.66 869 7.93 971 944 803 1234 10.39 12.00 10.56 7.37 11.16 7.51
Eugenol 114 162 118 237 197 084 1.18 098 219 164 127 202 147 247 147 217
Trikosan 415 363 433 356 293 270 321 344 258 3.89 355 429 332 240 359 225
Table 4. Citronellol, geraniol and nerol ratios according to harvest periods in 2010

May.25 May.29 June5 June 11 June 17 Aég A(\;g A"\l’g
Treatments —F——(65—§ c G N c ¢ N c 6 N ¢ G N
ToNo 3212 32.84 1541 255 34.31 1425 3048 29.8 1524 23.05 2517 4.94 2427 28.95 993 27.08 30.21 11.95
ToN; 23.86 39.23 18.49 41.43 2453 12.02 24.08 36.85 1593 31.00 33.10 10.02 31.87 1825 6.94 30.45 30.39 12.68
ToN; 31.12 3415 1525 21.18 39.43 10.53 36.27 26.38 12.65 47.71 2157 9.16 27.34 23.15 9.82 3272 2894 11.48
ToNs3 24.88 40.26 20.22 2418 4052 11.11 2375 36.07 13.97 20.63 26.68 6.51 33.33 23.32 10.26 25.35 33.37 12.41
Average 28.00 36.62 17.34 28.07 34.70 11.98 28.65 32.28 14.45 30.60 26.63 7.66 29.20 23.42 9.24 28.90 30.73 12.13
TiNo 28.64 38.16 19.43 36.75 29.96 152 2858 31.13 1583 26.68 3595 10.68 36.1 17.71 7.72 31.35 30.58 13.77
TN 19.74 39.11 15.83 30.11 33.79 14.41 26.78 3511 17.66 43.91 1991 861 30 1547 576 30.11 28.68 12.45
TiN; 229 4116 16.87 2228 38.02 11.09 2568 33.95 1597 29.03 34.06 812 46.17 1726 7.18 29.21 32.89 11.85
TiNs 245 41.00 19.68 34.38 27.93 13.08 30.16 32.83 15.64 34.92 27.98 11.39 2241 3449 1222 29.27 32.85 14.40
Average 23.95 39.86 17.95 30.88 32.43 13.45 27.80 33.26 16.28 33.64 29.48 9.70 33.67 21.23 822 29.99 31.25 13.12
ToNo 234 4233 19.24 37.27 2825 1422 2115 36.37 12.86 274 332 746 2548 2525 10.11 26.94 33.08 12.78
ToN, 2396 41.25 17.29 35.05 30.83 14.98 279 3451 1806 2622 321 7.5 3912 2099 9.12 30.45 31.94 13.32
ToN; 21.88 43.53 18.32 3257 30.71 14.95 2219 40.06 13.45 2853 3377 7.22 40.24 21.26 9.7 29.08 33.87 1273
ToNs3 24.69 40.23 19.04 34.37 3125 16.16 24.69 37.12 16.62 31.88 34.55 10.46 22.69 2571 9.89 27.66 33.77 14.43
Average 23.48 41.84 18.47 34.82 30.26 15.08 23.98 37.02 15.25 28.51 33.41 8.07 31.88 23.30 9.71 28.53 33.16 13.32
TsNo 26 38 17.28 30.87 29.27 132 3228 29.39 14.17 27.69 3177 9.67 24.41 21.48 7.7 2825 29.98 12.40
TaN, 27.2 3711 16.47 23.86 42.39 13.87 30.82 31.36 17.45 36.53 29.25 12.08 35.48 24.62 10.41 30.78 32.95 14.06
TaN; 3518 33.36 16.65 31.13 30.51 14.11 23.08 34.88 1244 46.4 20.54 8.08 2547 30.37 1224 3225 29.93 12.70
TaNs 35.81 33.17 17.04 27.97 32.31 14.83 30.26 28.74 14.03 42.95 20.17 894 3503 2492 10.66 34.40 27.86 13.10
Average 31.05 35.41 16.86 28.46 33.62 14.00 29.11 31.09 14.52 38.39 2543 9.69 30.10 25.35 10.25 31.42 30.18 13.07

C: Citronellol, G: Geraniol, N:

Nerol, Avg: Average
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Table 5. Citronellol, geraniol and nerol ratios according to harvest periods in 2011

June 6 June 13 June 17 June 21 June 26 ?;’g l‘\;’g l'\\lvg
Treatments
C G N C G N C G N C G N C G N
ToNo 40.83 21.52 11.12 31.59 29.82 13.08 24.89 36.43 10.07 21.73 38.39 870 29.86 23.33 12.76 29.78 29.90 11.15
ToN 2092 46.56 9.13 21.25 37.19 1501 31.41 3891 855 2249 31.66 13.63 31.21 24.83 1327 2546 3583 11.92
ToN2 19.63 32.09 1221 17.48 46.89 1395 28.97 3542 16.46 51.55 4.88 177 2472 2819 1502 28.47 29.49 11.88
ToNs 2667 35.04 11.69 19.24 47.67 13.75 28.03 27.00 1210 37.02 22.23 10.48 956 19.72 539 2410 30.33 10.68
Average 27.01 33.80 11.04 22.39 40.39 13.95 28.33 34.44 11.80 33.20 24.29 8.65 23.84 24.02 11.61 26.95 31.39 11.41
T:No 40.06 21.40 9.08 17.62 43.17 11.92 30.09 33.43 16.28 36.66 20.38 9.06 26.09 30.14 16.16 30.10 29.70 12.50
TNy 2296 3712 1352 1876 3875 1673 24.11 3495 1513 2052 3949 833 1071 1071 375 19.41 3220 11.49
TiN2 23.03 46.46 9.60 21.98 41.15 1447 27.84 33.82 1479 40.05 16.97 7.26 26.16 30.77 17.87 27.81 33.83 12.80
TiNs 39.13 19.49 825 31.98 3544 16.05 24.90 37.63 1237 23.53 34.87 15.83 30.43 3120 16.19 29.99 31.73 13.74
Average 31.30 31.12 10.11 2259 39.63 14.79 26.74 34.96 14.64 30.19 27.93 10.12 23.35 2571 13.49 26.83 31.87 12.63
TNo 30.01 21.37 12.05 23.14 32.18 17.01 3257 39.24 9.08 34.01 13.14 654 2151 3469 19.26 2825 28.12 12.79
TNy 39.75 20.83 9.24 2427 40.47 1524 31.14 40.12 815 1846 32.34 7.08 18.38 43.06 17.06 26.40 3536 11.35
TNz 28.06 30.17 10.46 31.02 27.03 996 25.80 34.92 14.81 2649 27.82 13.45 14.89 36.05 13.16 2525 31.20 12.37
T:Ns 28.90 32.90 12.81 1877 37.96 10.75 26.89 2452 857 31.81 1528 6.66 2512 35.04 1842 26.30 29.14 11.44
Average 31.68 26.32 11.14 24.30 34.41 13.24 29.10 34.70 10.15 27.69 22.15 8.43 19.98 37.21 16.98 26.55 30.96 11.99
TaNo 22.83 42.39 10.13 24.10 34.96 1567 2893 36.21 8.15 19.46 3122 1340 2165 2959 1525 23.39 34.87 12.52
TaN; 27.77 3490 13.13 1820 39.69 13.06 26.08 34.69 14.46 4219 1437 6.19 20.90 3218 1820 27.03 31.17 13.01
T:N2 2578 34.00 12.60 23.19 36.13 16.89 25.14 37.50 1578 25.89 29.58 13.23 22.34 21.85 10.51 24.47 31.81 13.80
TaNs 61.42 865 277 21.86 3848 16.61 2272 33.62 11.01 20.04 3264 7.62 1804 4069 1525 28.82 30.82 10.65
Average 34.45 2999 9.66 21.84 37.32 1556 25.72 35.51 12.35 26.90 26.95 10.11 20.73 31.08 14.80 25.93 32.17 12.50
C: Citronellol, G: Geraniol, N: Nerol, Avg: Average
Table 6. Citronellol, geraniol and nerol ratios according to harvest periods in 2012
May.31 June 5 June 11 June 15 June 20 Avg Avg Avg
Treatments ¢ G N c G N c G N c G N c G N . a
ToNo 34.97 1472 571 1583 9.05 378 27.81 218 053 36.41 1658 814 21.12 3579 1371 27.23 1566 6.37
ToN; 27.53 2428 9.88 11.00 18.34 232 1830 3491 7.06 1864 30.29 9.03 4845 888 362 2478 2334 6.38
ToN, 19.37 30.11 727 25.87 1210 445 4385 261 071 36.31 1021 441 4689 377 124 3446 11.76 3.62
ToNs 15.93 27.06 6.29 2220 19.92 7.51 1872 1621 575 36.99 2024 930 4923 541 1.87 2861 17.77 6.14
Average 24.45 2404 7.29 1873 14.85 4.52 27.17 13.98 3.51 32.09 19.33 7.72 41.42 1346 511 28.77 17.13 5.63
T:No 21.41 2251 837 17.14 1629 592 2469 21.04 887 4095 1585 837 19.64 3432 12.85 2477 22.00 8.88
TNy 26.05 21.47 862 1892 16.08 6.91 - - - 5359 579 283 5443 433 159 3825 11.92 4.99
TiN2 17.91 27.99 7.03 2542 769 3.07 2441 2082 9.05 49.63 11.15 461 4872 12.06 502 3322 1594 576
TiNg 23.58 30.64 11.47 2813 541 173 3497 558 201 37.31 2584 13.08 57.71 426 135 36.34 1435 593
Average 2224 2565 8.87 2240 11.37 4.41 28.02 1581 6.64 4537 14.66 7.22 4513 13.74 520 3263 16.25 6.47
TN, 31.27 1576 6.08 19.41 32,60 540 17.45 3255 7.27 17.34 37.04 11.73 3824 15.16 6.63 24.74 26.62 7.42
TNy 23.54 20.99 847 19.08 2674 438 219 254 039 2948 2229 1251 19.23 3229 1243 18.70 20.97 7.64
TN2 26.05 29.09 11.65 20.35 17.53 6.48 34.89 3.07 093 16.01 36.18 12.86 47.00 4.43 1.48 28.86 18.06 6.68
TNs 2025 21.11 7.88 26.08 12.36 570 2824 433 143 4054 1863 9.84 4573 280 1.04 3217 11.85 5.18
Average 25.28 21.74 852 21.23 2231 5.49 20.69 10.62 251 25.84 28.54 11.74 37.55 13.67 5.40 26.12 19.37 6.73
TaNo 26.39 1596 558 19.63 32.97 495 3320 214 053 4740 11.10 500 43.75 9.82 414 34.07 1440 4.04
TaN; - - - 2867 1125 4.46 1887 17.65 7.33 17.89 35.99 14.99 4824 1296 549 28.42 1946 8.07
TaN, 1458 21.32 419 2884 13.82 532 3653 492 171 46.84 460 185 5859 345 095 37.08 962 280
TaNs 2200 27.13 10.26 2255 1565 711 1372 2720 570 3562 23.16 12.36 26.93 36.20 15.89 24.16 2587 10.26
Average 20.99 21.47 6.68 24.92 1842 546 2558 12.98 3.82 36.94 18.71 8.55 44.38 15.61 6.62 30.56 17.44 6.22

C: Citronellol, G: Geraniol, N: Nerol, Avg: Average
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