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Abstract

Lavender (Lavandula angustifolia Mill.) is a valuable medicinal and aromatic plant widely cultivated in
semi-arid Mediterranean regions for its essential oil. However, under rainfed conditions, low soil fertility can
adversely affect plant growth and oil quality. This study evaluated the effects of organo-mineral and mineral
fertilization on yield and essential oil composition of the ‘Raya’ cultivar grown in calcareous, nutrient-poor soils
of Antalya, Tiirkiye. For the field experiment, plants were planted in October 2020. Fertilizer applications and
harvesting were carried out in 2022 and 2023. The field experiments were conducted using a randomized
complete block design with four replications and four treatments: phosphorus-based organo-mineral (OM-
NP), potassium-based organo-mineral (OM-NK), mineral nitrogen (M-N), and control (unfertilized).
Fertilization significantly increased fresh and dry herb yields in both experimental years, with the highest
biomass obtained from OM-NK plots. OM-NP resulted in the highest essential oil content in 2022 (6.43%),
whereas in 2023 the highest value was recorded under OM-NK fertilization (5.15%). The major constituents
were linalool (34.7-61.7%) and linalyl acetate (7.3-21.8%), which were not significantly influenced by
fertilization. In contrast, stress-related compounds such as limonene, 1,8-cineole, and camphor were more
abundant in control plants. Under low soil fertility conditions, organo-mineral fertilization resulted in marked
increases in lavender yield while having only a limited effect on the essential oil composition.

Keywords: calcareous soils; essential oil content; Lamiaceae; rainfed agriculture; secondary

metabolites

Introduction

Lavender (Lavandula spp.), a member of the Lamiaceae family, comprises nearly 39 species and 79
intraspecific taxa and hybrids worldwide (Héral ez al., 2021). With its high aromatic and medicinal value,
lavender haslongbeen utilized as a raw material in industries such as cosmetics, perfumery, soap, and ointments.
Its essential oil is particularly valued for its antibacterial, anti-inflammatory, and antioxidant properties, which
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makes it an important natural product for the health, cosmetic, and food industries (Fahimnia et al., 2024;
Kayiran et al., 2025).

Amongthe species of economic and aromatic importance, Lavandula angustifolia Miller is distinguished
by its essential oil composition, which contains high proportions of oxygenated monoterpenes, particularly
linalool and linalyl acetate, as well as lavandulyl acetate and a-terpineol. Due to its low camphor content, high
essential oil yicld, and pleasant aroma (Barut ez al., 2022; Crisan ez 4l., 2023), this specics is widely preferred in
Europe and Asia, particularly for cosmetic and pharmaceutical applications (Giannoulis ez al., 2020; Crisan ez
al., 2023).

L. angustifolia is a perennial shrub species adapted to Mediterranean climatic conditions; while tolerant
of climates characterized by hot summers and cool winters, it also exhibits ecological plasticity in stressful
environments such as low fertility (Barut ez 4/., 2022), eroded, or sloping soils (Pleguezuelo ez 4l., 2009).
Optimal soil growth conditions are well-drained and moderately fertile soils with a pH range of neutral to
slightly alkaline (~6.4-8.2) (Silva e al., 2017; Crisan et al., 2023). However, research aimed at improving the
yield and essential oil content of L. angustifolia in soils that are nutrient deficient, poor in organic matter, or
affected by erosion remains limited. Low nutrient soils and extended periods of severe drought negatively
impact plant health, flower yield, and essential oil yield; nonetheless, organo-mineral fertilization and organic
amendments (such as vermicompost and humic acid), along with phosphorus supplementation, have been
documented to positively influence yield and essential oil composition (Chrysargyris ez al., 2016; Silva ez al.,
2017; Pecanha ez al., 2021; Sharafabad ez al., 2022). Fertilization practices are critical agronomic elements
influencing the growth, productivity, and essential oil quality of lavender. Organo-mineral fertilizers provide
numerous benefits, including the enhancement of soil structure via organic matter, improved nutrient
retention, and a more balanced release of mineral nutrients into the root zone (de Melo Benites ez a/., 2022;
Ngo et al., 2022). For example, in a study conducted with Lavandula dentata, organo-mineral fertilizer
applications were found to increase biomass and essential oil yield and, in certain doses, were even more
effective than mineral fertilizers (Silva ez 4l., 2017). Furthermore, studies comparing mineral and organic
fertilization systems in L. angustifolia have reported that organic farming practices exert positive effects on
some agronomic and essential oil parameters (Sharafabad ez al., 2022).

The aim of this study is to determine how organo-mineral and mineral fertilizers affect the yield,
essential oil content, and composition of the L. angustifolia ‘Raya’ variety grown in low fertility, calcareous soils

and irrigated solely by rainwater.

Materials and Methods

The study was conducted in the Korkuteli district of Antalya province (30°12" E longitude, 37°04' N
latitude). The district has an average altitude of approximately 1000 meters and features a transitional climate
between Mediterranean and continental conditions. The research was carried out between 2020 and 2023 on
the agricultural land of Akdeniz University Korkuteli Vocational School. The plant material used in this study
was the ‘Raya’ cultivar of Lavandula angustifolia Mill. The experiment was set up according to a randomized
complete block design consisting of a total of 16 plots, with four treatments and four replications. Each plot
was arranged in a single row, with a row spacing of 1.30 m and an intra-row plant spacing of 30 cm. According
to this planting arrangement, each plot contains 20 plants, resulting in a plot length of approximately 6.00 m,
a plot width of 1.30 m, and a plot area of approximately 7.80 m* The experimental area, consisting of 16 plots,
is approximately 200 m?, taking edge effects into account. Yield measurements were performed by harvesting
all plants in each plot, and the data obtained were evaluated according to plot averages. Plant seedlings were
planted in the field in October 2020. Watering of the plants was limited to the initial watering given during
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the planting of the seedlings; in subsequent years, only the water applied together with fertilizer applications
was used. Apart from this, no additional watering was done, and the plants were grown only under natural
rainfall conditions. The plants were unfertilized in the planting year, and harvest data from that year was not
evaluated. Fertilizer applications were carried out from the second year onwards, with two applications made
before flowering, in May 2022 and May 2023 (Figure 1).
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Figure 1. Experimental field in Korkuteli district (Antalya, Tiirkiye) showing fertilizer application and
harvest periods during the 2022 and 2023 growing seasons. In situ photographs taken by the authors during

the field experiments (unpublished data).

Fertilizer applications were carried out using a solution prepared by dissolving the fertilizers in water.
The prepared fertilizer solution was applied by hand to each plant, at a rate of 500 mL. The cut performed in
July 2021 was not included in the evaluation. Therefore, the monthly average climatic data for the period after
July 2021, corresponding to the 2022 and 2023 experimental years, are presented in Table 1. The climatic data
were obtained from the nearest official meteorological station of the Turkish State Meteorological Service
(TSMS) located in the Korkuteli district of Antalya Province. Harvests were performed at full flowering (July
2022 and 2023), focusing on flowering tops/inflorescences for essential oil production (Guitton ez al., 2010).
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Table 1. Monthly climatic data of Korkuteli during the 2022 and 2023 experimental years

Month Ptot Tmean Tmax Tmin RHmean
(mm) §9) {9) (°C) (%)
2022 Experimental Year
Aug 2021 313.9 0.0 25.1 37.9 14.0 27.6
Sep 2021 251.0 1.6 19.4 31.0 5.8 40.6
Oct 2021 189.2 3.6 13.5 27.1 3.0 47.5
Nov 2021 139.2 14.4 9.9 24.7 -1.8 60.6
Dec2021 167.4 4.0 14.9 -8.0 78.9
Jan 2022 105.7 58.4 0.8 13.2 -9.6 74.8
Feb 2022 134.3 68.8 3.6 19.2 -6.1 74.7
Mar 2022 187.0 22.4 2.2 16.7 -9.2 55.1
Apr 2022 221.4 3.4 12.4 25.9 -0.8 43.3
May 2022 270.5 39.0 15.5 29.7 4.2 50.6
Jun 2022 263.0 20.0 19.9 29.7 11.5 53.0
Jul 2022 326.3 0.0 239 36.2 13.3 29.8
Mean 207.38 33.25 12.52 25.52 1.36 53.04
2023 Experimental Year
Aug 2022 305.5 13.8 22.9 34.4 11.3 52.0
Sep 2022 263.1 3.8 19.5 32.6 5.4 39.5
Oct 2022 1914 11.2 14.2 31.3 1.3 52.1
Nov 2022 125.0 35.2 8.4 21.8 -1.4 68.2
Dec 2022 122.4 28.6 6.0 18.8 -3.0 83.8
Jan 2023 139.3 107.0 3.1 14.7 -43 77.1
Feb 2023 177.8 14.2 1.5 16.8 -8.8 60.4
Mar 2023 171.5 23.4 7.6 19.0 -3.7 67.5
Apr 2023 164.0 61.2 8.8 19.1 0.1 69.8
May 2023 183.7 134.0 13.4 27.0 2.1 77.2
Jun 2023 236.9 33.0 18.2 31.2 9.0 67.2
Jul 2023 319.1 0.0 24.6 36.7 13.1 30.1
Mean 199.98 38.78 12.35 25.28 1.76 62.08

SD (h): Total Sunshine Duration (h), Ptot (mm): Total Precipitation (mm), Tmean (°C): Mean Temperature (°C),
Tmax (°C): Maximum Temperature (°C), Tmin (°C): Minimum Temperature (°C), RHmean (%): Mean Relative
Humidity (%)

In the experiment, the treatments consisted of two organo-mineral fertilizers (OM-NP and OM-NK),
one mineral fertilizer (M-N), and an unfertilized control. Total nitrogen (N) levels were held constant at 50 kg
N ha' for all fertilization treatments, and fertilizer doses were adjusted accordingly. The experimental

treatments and their nutrient compositions are presented in Table 2.

Table 2. Experimental treatments and nutrient compositions

Treatments Fertilizer type Commercial name Main composition
OM.NP Organo-mineral Flower Replica’ Organic matter 12%; total N 5% (NO;-N 2.5%, NH,-
fertilizer (N + P) 5.20.0+Zn N 2.5%); total P,Os 20%; Zn 3%; free amino acids 2%
. Fruit Filler® Organic matter 12%; total N 6% (NO,-N 5%, NH,-N
Organo-mineral
OM-NK fertilizer (N + K) 6.0.20+4% CaO + 1%); K,0 20%; CaO 4%; B 0.02%; Cu 0.02%; Fe
(B, Cu, Fe, Mn, Zn) 0.2%; Mn 0.2%; Zn 0.2%
MN Mineral fertilizer Terra Nitrogena’® Total N 16% (NH,-N 8%, NO,-N 8%)
(N) 16.0.0
Control Unfertilized - No fertilizer (0 kg ha™)
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Before the experiment, soil samples were collected from a depth of 0-30 ¢m and airdried under room
conditions for analysis. Soil texture was determined using the Bouyoucos hydrometer method, and sand, silt,
and clay fractions were calculated accordingly. The pH and EC of soil suspensions prepared at a 1:2.5 soil-to-
water ratio were determined using a pH meter (Thomas, 1996) and a pH-EC meter. The CaCO; content was
measured with a Scheibler calcimeter (Schlichting ez al., 1995), while organic matter was determined by the
modified Walkley-Black method (Nelson and Sommers, 1996). Exchangeable potassium, calcium, and
magnesium were determined following 1 N ammonium acetate extraction using ICP-OES (Nelson and
Sommers, 1996). Micronutrients (Fe, Mn, and Zn) were determined by ICP-OES after DTPA extraction
(Lindsay and Norvell, 1978).

The experimental field has a sloping topography, which increases the risk of surface runoff and erosion
during rainy periods. An evaluation of the soil characteristics indicates several physical and chemical constraints
affecting nutrient availability and overall soil fertility. The soil is characterized by a high lime content (26.6%
CaCOs,) (FAO, 20006), a slightly alkaline reaction (pH 7.45) (USDA, 2017), and a clayey texture (21.3% sand,
16.0% silt, and 62.7% clay) (FAQ, 2006), all of which are known to restrict nutrient dynamics in soils. The low
organic matter content (2.0%) and insufficient total nitrogen level (0.1%) further limit soil fertility and
nutrient supply (Havlin e# 4/., 2017). The levels of available phosphorus (8.34 mgkg ") (Olsen ez al., 1954),
exchangeable magnesium (162 mg kg') (USDA, 2017), zinc (0.56 mg kg'), and manganese (9 mg kg')
(Lindsay and Norvell, 1978) were all below their respective critical threshold levels, indicating the presence of
multiple nutrient deficiencies. In contrast, the DTPA-extractable iron content (8.94 ppm) was within the
medium sufficiency range (Lindsay and Norvell, 1978). Exchangeable K was 0.50 meq 100 g', which
corresponds to the medium category (0.4-0.6 meq 100 g ') based on standard soil test interpretation ranges
(Marx ez al., 2007); however, it has been reported that in calcareous and high-pH soils of Tiirkiye, particularly
in the Mediterranean region, potassium availability is often restricted due to fixation by clay minerals
(Eyiipoglu, 1999). Exchangeable calcium content was very high (5503 ppm), a typical feature of calcareous soils,
which may further intensify nutrient imbalances through antagonistic interactions with magnesium and
micronutrients (Marschner, 2012). The electrical conductivity (EC) value of 0.14 mS cm™ indicates that the
soil is non-saline (FAQ, 2006).

In the experiment, the fresh herb yield (t ha™) was determined from plants harvested with stems. The
plants were then dried with their stems for 30 days in the shade at room temperature (approximately 25-30
°C). Following the drying process, the yield of dry herbs was assessed, and thereafter, the yield of dry flowers (t
ha) was quantified after separating the stems from the flowers in the dried samples. Essential oil yield (L ha™)
was calculated by multiplying dry flower yield (t ha™) by the essential oil content on a dry matter basis.

In the experiment, the essential oil content (%) was determined according to the standard procedure
described in the European Pharmacopoeia 6.0 (2008), by subjecting 100 g of dried flower material to
hydrodistillation with 1 L of water for 3 hours using a Clevenger apparatus (v w'). The composition of the
essential oil samples was analysed by gas chromatography equipped with a flame ionization detector and a mass
spectrometer (Agilent 5975C). For the analysis, an HP Innowax capillary column (60.0 m x 0.25 mm x 0.25
um) was used. The essential oils were diluted with hexane at a ratio of 1:50, and GC-MS/FID analysis was
carried out with a split ratio of 50:1. The injection volume was set at 1 uL with an injector temperature of 250
°C. Helium with 99.9% purity was used as the carrier gas at a constant flow rate of 1 mL/min. The oven
temperature was initially set at 60 °C for 10 minutes, then increased at a rate of 20 °C/ min to 250 °C, where it
was held for 8 minutes. The mass spectrometers were scanned in the range of 35-450 amu, with ionization
performed in electron impact mode at 70 eV. The relative percentages of the constituents were calculated from
GC-FID peak areas, and compound identification was based on comparison of mass spectra with the Wiley 7n,
NIST 05, and Flavour and Fragrance Natural and Synthetic Compounds (ver. 1.3) libraries, as well as by
comparison of experimentally determined retention indices (Rleyy) with literature retention indices (Rlj)
reported by Babushok ez 4/. (2011). The essential oil extraction and constituent analyses were performed with

three replicates per treatment. The results are presented as means + standard error (SE).
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The research data were analyzed according to the experimental design using the licensed SPSS statistical
software package (SPSS Statistics Base, version 23.0). The experiment was conducted in a randomized complete
block design with four replications. Data were subjected to analysis of variance (ANOVA), and mean
comparisons were performed using Duncan’s multiple range test. Differences among treatment means were
considered statistically significant at p < 0.05.

Results and Discussion

Yield findings and essential oil content

Fertilizer applications resulted in higher fresh and dry herb yields of L. angustifolia in both experimental
years when compared to the control application (Figure 2). The highest fresh and dry herb yields were obtained
under the OM-NK treatment, which were 2.54 and 1.52 t ha"in 2022 and increased t0 9.72 and 5.17 t ha' in
2023, respectively. These results are consistent with previous studies reporting that potassium-containing
fertilizer applications can increase biomass production in lavender; Chrysargyris e# al. (2016) reported that
different potassium levels significantly increased fresh and dry biomass yield in L. angustifolia. Silva et al. (2017)
reported that organo-mineral fertilization increased biomass and essential oil yield in L. dentata, while Pecanha
et al. (2023) stated that different potassium sources (KCl and K,SO,) affected biomass production and
essential oil composition in French lavender (L. dentata).
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Figure 2. Effects of organo-mineral and mineral fertilizer applications and the control on (A) fresh herb
yield (t ha''), (B) dry herb yield (¢t ha'), (C) dry flower yield (¢t ha'), (D) essential oil content (%), and (E)
essential oil yield (L ha) of L. angustifolia during the 2022 and 2023 growing seasons.

Essential oil yield (L ha'!)

Four replicates were used, and the data represent the mean + SE (n = 4). Different letters indicate significant
differences among treatments according to Duncan’s multiple range test at p < 0.05. OM-NP: Organo-mineral
fertilizer containing N and P; OM-NK: Organo-mineral fertilizer containing N and K; M-N: Mineral nitrogen
fertilizer; Control: No fertilizer

Fertilizer applications increased the dry flower and essential oil yield of L. angustifolia plants compared
to control applications. The highest dry flower and essential oil yields were obtained under the OM-NP
treatment, reaching 0.56 t ha' and 35.88 L ha'' in 2022 and increasing to 1.18 t ha” and 58.07 L ha’in 2023,
respectively (Figure 2). The results show that phosphorus-based organo-mineral fertilization increases both
flower production and essential oil yield in lavender. Peganha ez 4/. (2021) evaluated five different phosphorus
levels (0, 30, 60, 90 and 120 mg dm™) and reported that the number of flower heads, dry mass of flower heads,
dry mass of the plant and essential oil yield increased up to 60 mg dm™in lavender, while higher phosphorus
levels caused a decrease.

In 2022, the OM-NP application yielded the highest essential oil content of plants, at 6.43%, followed
by OM-NK at 5.72%. In 2023, the highest essential oil content in plants was determined with the OM-NK
treatment (5.15%), while the OM-NP treatment ranked second with 4.93%. In both years, the effects of
phosphorus and potassium based organo-mineral fertilizer applications on the essential oil content of plants
were statistically classified in the same letter group (Figure 2). Several studies examining the effects of increasing
phosphorus doses on the essential oil content of Lavandula species have reported that dose is critical in
phosphorus fertilization and that high phosphorus doses can lead to a reduction in essential oil content
(Peganha ez al., 2021; Pryvedeniuk ez al., 2023). Although our study did not include dose experiments, the
results obtained are consistent with previous studies reporting the positive effects of potassium and phosphorus
applications on the essential oil content of plants (Pecanha ez al., 2023; Altay and Caliskan, 2025;).

When the yields of L. angustifolia were evaluated across treatments in both experimental years, the
minimum and maximum values recorded in 2022 ranged from 1.75 to 2.96 t ha™ for fresh plant yield, from
0.63 to 1.76 t ha™ for dry plant yield, from 0.27 to 0.63 t ha™' for dry flower yield, and from 9.94 t0 39.34 L ha'
'for essential oil yield. In 2023, the corresponding minimum and maximum values across treatments ranged
from 4.67 to 10.62 t ha' for fresh plant yield, from 2.05 to 5.51 t ha for dry plant yield, from 0.43 to 1.40 t ha’
! for dry flower yield, and from 14.14 to 67.57 L ha™ for essential oil yield. When compared with previously
published studies, the fresh herb, dry herb, and dry flower yields of L. angustifolia in the present study were
lower in the first experimental year, whereas comparable or higher values were observed in the second year
(Akgay et al., 2023; Pryvedeniuk e al., 2023). These results show that, despite the slope, low organic matter
content, and high lime levels limiting soil fertility, plant yield increased significantly in the second year of the
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experiment. The main reason for this increase is that plants develop more strongly after previous harvests,
utilize resources efficiently even in low-fertility soils, and consequently produce a greater number of lateral
shoots. Crisan ez a/. (2023) reported that the production capacity of narrow-leaved lavender increases from the
second year onward, with yield increments exceeding 100%.

The minimum and maximum essential oil contents of the plants ranged from 3.71% to 7.18% in 2022,
while this range was reduced to 3.26-5.97% in 2023. Although general climatic conditions during the growing
season were largely similar in both years, the decrease in essential oil content observed in plants in 2023
compared with 2022 may be associated with climatic factors during the April-May-June period, when shoot
development, bud formation, and the onset of flowering occur, such as shorter day length, higher relative
humidity, and increased precipitation (Table 1), as well as plant-related factors including the yield-dilution
effect associated with increased biomass production of plants and reduced stress levels resulting from the
gradual adaptation of plants to the growing medium.

Essential il composition

The effects of the applications on the essential oil constituents of L. angustifolia in 2022 and 2023 are
given in Table 3. Essential oils obtained from the flowers of L. angustifolia are mainly composed of two major
constituents, linalool and linalyl acetate. In the essential oils obtained from L. angustifolia flowers harvested in
2022, a total of 28 constituents were identified. Linalool was the major constituent, with mean values ranging
from 47.35% to 51.26%, while the mean content of linalyl acetate ranged between 14.17% and 15.04%; these
differences were not statistically significant. Linalool contents in essential oils from L. angustifolia were
reported from 13.24% to 47%, and linalyl acetate levels can be anywhere from 8.0% to 40.9% (Kara and Baydar,
2012; Peganha ez al., 2021; Barut ez al., 2022); the linalool and linalyl acetate contents identified in the current
study align with the ranges established in these investigations. The highest levels of limonene (0.73%), 1,8-
cineole (3.57%), 3-octanone (3.77%), and cis-linalool oxide (3.01%) in the essential oils of the plants were
observed in the control treatment and were significantly higher than those recorded in the fertilized treatments.
Significantly higher hexyl butanoate content (1.87%) was found to be present under the M-N treatment,
whereas significantly higher #7ans-B-farnesene content (2.39%) was detected to be present under the OM-NP

treatment compared with the other treatments.

Table 3. Chemical composition (%) of essential oils of L. angustifolia flowers under different treatments
in 2022 and 2023

EO compounds (%) + SE

Compound | Rl Rl 2022 2023

OM-NP | OM-NK | M-N | Control | OM-NP | OM-NK | M-N | Control
063+ | 069+ | 065+ | 082+ | 053+ | 055+ | 049+ | 055%

0.09 0.03 0.03 0.04 0.02 0.03 0.02 0.07

032+ 035+ 028+ | 073 037 % 0.34 + 0.34 + 0.44 +
0.06b 0.03b 0.03b 0.10a 0.02 AB 0.02B 0.02B 0.04 A
1.15 + 123+ 125 + 357+ 227+ 1.22 + 1.90 + 3.20 +
0.26b 031b 0.12b 0.69a 0.08 AB 0.10C | 0.16BC | 0.58A
0.44 + 0.61 + 039+ 0.50 + 035+ 0.32 + 027 + 0.26 £

Myrcene 1161|1174

Limonene 1198(1203

1,8-Cineole 1211{1213

cis-f-Ocimene [1235(1246

0.09 0.02 0.05 0.01 0.03 0.04 0.01 0.04
itrans-p- 125011262 0.87 £ 099 £ 070+ | 076 0.34 + 042 + 0.30 £ 037 %
Ocimene 0.25 0.10 0.08 0.10 0.02 0.03 0.03 0.08

244+ | 217+ | 320+ | 377+ | 230+ | 194+ | 168+ | 196+
3-Octanone 12551269501 | 0121 | 045b | 047a 0.24 0.37 0.14 0.12

117+ | 110+ | 147+ | 133+ | 097+ | 095+ | 075+ | 098+
Hexylacetate 12741283~ | 0.14 0.10 021 0.15 0.05 0.07 0.13
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3-Octyl acetate| - |1345 0.40 £ 0.40 £ 0.67 £ 0.42 + i i ) i

0.14 0.06 0.14 0.13

1-Octen-3-yl 1380(1386 0.44 + 0.54 + 066+ | 0.68+ 0.76 £ 0.63 £ 051+ 0.65 £
acetate 0.06 0.05 0.11 0.15 0.06 0.07 0.08 0.10

067+ | 062+ | 083+ | 100+ | 059+ | 045+ | 044+ | 047+
3-Octanol 139211393~ & 0.05 0.08 0.34 0.09 0.07 0.02 0.05
Hexyl 141411429 134+ 128 + 1.87 + 1.66 + 0.64 + 0.62 + 0.59 £ 0.61 +
butanoate 0.08 be 0.05¢ 0.18a 0.06 ab 0.04 0.06 0.10 0.04
gis-Linalool | glazg| 130 | 211+ | 270+ | 301+ | 146+ | 167+ | 109+ | 1394
oxide 0.34b | 046ab | 040a | 042a 0.29 0.10 0.25 0.31
trans-Linalool | dsiligon| 106 | 1762 | 210+ | 246% | 101x | 121+ | 070+ | 091%
oxide 0.29 0.37 0.30 0.37 0.21 0.09 0.20 0.22

0.42 + 033+ 0.37 + 0.63 +

Camphor 5151532 - ’ ’ ’ 002B | 001B | 003B | 0.10A

Linalool 1543]1533 5126+ | 50.09+ | 47.35+ | 47.68+ | 53.09+ | 5535+ | 5749+ | 5234+

2.47 234 3.66 433 2.49 175 217 272
, 1504+ | 1424+ | 1417+ | 1157+ | 1206+ | 11.84+ | 1023+ | 1053+
Linalylacetate \ISS4)1565 5 3 128 1.60 159 1.64 115 0.67 120
Lavandulyl || T 173492 [ 350+ | 348+ [ 3.04% | 460+ | 418+ | 444x | 489%
acetate 033 033 0.44 0.28 0.44 0.18 0.12 0.41
, 135+ | 293+ | 171+ | 106+ | 343+ | 197+ | 312+ | 277+
Terpinen-4-ol 11601)1610] ) 0.86 057 0.49 0.43 0.41 0.39 0.88
6- L14+ | 124+ | 050+ | 083+
1599|1612 ; - - ;
Caryophyllene 599 0.29 0.14 0.07 0.22
trans-B- Leodhgos 239% | 206+ | 133x | Le2x | 073+ | 076+ | LIS+ | 0.86%
Farnesene 0.30a 0.17 ab 0.23b 0.21b 0.13B 0.06 B 0.06 A 0.13 AB
131+ | 129+ | 122+ | 121+ | 143+ | 175+ | 219+ | 196+
Lavandulol 1167911686 | g 0.10 0.26 0.16 0.13 0.05 0.22 0.25

052 + 0.36 + 0.42 + 0.71

Cryprone 1675|1690} - ’ - - 004B | 003B | 003B | 0.09A

i-Terpincol  |1694|1706 323+ 318+ 334+ 290 + 339+ 373+ 3.02+ 310+

0.28 0.16 0.41 0.29 0.33 0.22 0.09 0.09
Borneol [i700fi719) 1575 | IR AT U s | ooss | omn
Nelacewe 17180733 018 | 0S| Lo | Yoes | Jove | o0s | oo
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Caryophyllene 198612008 1.60 + 1.77 £ 3.12 + 1.78 + 1.87 + 249 + 211+ 231+
oxide 0.41 0.17 1.11 0.22 0.27 0.31 0.43 0.55
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Rljie: Retention indices reported in the literature (Babushok ez 4/., 2011); Rl . Retention indices as determined on a
HP Innowax column using a homologous series of n-alkanes; Values are mean + standard error (SE). Different letters
within the same row indicate significant differences at p < 0.05. Different lowercase letters within the same row
indicate significant differences among treatments in 2022, whereas different uppercase letters indicate significant
differences in 2023
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In 2023, twenty-cight different constituents were identified in essential oils obtained from the flowers
of L. angustifolia. In the essential oils of L. angustifolia, linalool, the predominant constituent, showed mean
values ranging from 52.34% to 57.49%, whereas linalyl acetate, the second major constituent, showed mean
values ranging from 10.23% to 12.06%; the treatments did not have a statistically significant effect on the
contents of these constituents. The highest levels of limonene (0.44%), 1,8-cineole (3.20%), camphor (0.63%),
cryptone (0.71%), and borneol (2.71%) in the essential oils of the plants were observed in the control treatment
and were significantly higher than those recorded in the fertilized treatments. The highest frans-8-farnesene
content (1.18%) in the essential oils of the plants was recorded under the M-N treatment. Previous studies have
reported the variable responses of essential oil constituents to fertilizer applications. Mavandi ez a/. (2021)
reported that organic fertilizers (cow manure and vermicompost) increased the proportions of limonene and
1,8-cincole in lavender essential oils compared with the control treatments. Chrysargyris ez 4/. (2016) indicated
that different potassium fertilization levels affected the content of 1,8-cineole, one of the major constituents of
essential oils in the leaves of L. angustifolia; however, this compound did not exhibit a consistent increasing

trend but rather showed a fluctuating pattern with increasing potassium levels.

Conclusions

This study demonstrated that organo-mineral fertilizers significantly increased yield in L. angustifolia
grown under rainfed conditions in soils with fertility-limiting characteristics, including high lime content, low
organic matter, and sloping terrain, during both experimental years. Among the applications, potassium-based
organo-mineral fertilization (OM-NK) resulted in the highest fresh and dry plant yields and was effective in
enhancing plant growth and biomass production. In contrast, phosphorus-based organo-mineral fertilization
(OM-NP) was more effective in increasing dry flower and essential oil yields, highlighting the importance of
phosphorus nutrition for generative development and oil production in lavender. Although fertilizer
applications significantly affected yield parameters, their effects on essential oil composition were limited. In
both experimental years, linalool and linalyl acetate were the dominant constituents of the essential oil, and
their relative proportions were not significantly influenced by the treatments. Organo-mineral fertilization has
increased yield while largely preserving the essential oil composition in L. angustifolia grown in rain-fed and
low-fertility soil conditions, and therefore can be considered a suitable alternative or supplementary
fertilization option for farmers under such growing conditions.
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