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ABSTRACT

	Medicinal and aromatic plants have been used for centuries due to their beneficial properties. One such plant is lavender (Lavandula angustifolia), widely known for its essential oil. The composition and quality of lavender essential oil are influenced by various environmental factors. The present study aims to investigate the impact of climate on the quality characteristics of L. angustifolia essential oil of, using satellite images and remote sensing. The research was carried out on a 0.5 ha commercial lavender field at Kozani, Greece. The plants were established in 2017 and harvested at full bloom. Qualitative analysis of the essential oil was performed in a chemical laboratory from 2019 to 2023, with substance identification carried out using gas chromatography. Climate data, including temperature, relative humidity, precipitation, wind, and solar radiation, were obtained from NASA Power for five years (2019 – 2023). Additionally, NDVI (Normalized Difference Vegetation Index) and NDWI (Normalized Difference Water Index) indices were extracted from Sentinel 2 satellite imagery. The collected data as well as quality parameters of essential oil were statistically analyzed using IBM SPSS Statistics to identify correlations and specific trends. The results showed that lavender NDVI is significantly positive correlated with relative humidity (0.74, p<0.01) and negative significantly correlated with solar radiation (-0.71, p<0.05), and daily average temperature (-0.69, p<0.05). On the other hand, NDWI is significantly positive correlated with precipitations (0.71, p<0.05) and relative humidity (0.86, p<0.01), while is significantly negative correlated with daily average temperature (-0.78, p<0.01), dew point temperature (-0.60, p<0.05) and solar radiation (-0.68, p<0.05). Additionally, NDVI was significantly positive correlated with cis-beta-OCIMENE (0.721, p<0.05), trans-beta-OCIMENE (0.805, p<0.05), and Lavandulyl Acetate (0.770, p<0.05) and significantly negative correlated with Limonene (0.773, p<0.05), 1,8-CINEOLE (0,724, p<0.05), TERPINENE-4-OL (0.690, p<0.05), LAVANDULOL (0.727, p<0.05) and alpha-TERPINEOL (0.870, p<0.05). NDWI was significantly positive correlated only with cis-beta-OCIMENE (0.712, p<0.05) and significantly negative correlated with 1,8-CINEOLE (-0.707, p<0.05), TERPINENE-4-OL (-0.818, p<0.05), Lavandulyl Acetate (-0.709, p<0.05), Lavandulol (-0.680, p<0.05) and alpha-TERPINEOL (-0.650, p<0.05). From all the above it is clear that remotely sensed indices such as NDVI and NDWI could be utilized to help farmers and crop consultants to predict the variability of essential oil quality within a field.
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1. INTRODUCTION 
Lavender (Lavandula angustifolia), is a medicinal and aromatic plant with a broad geographic distribution across Mediterranean region [1]. It is well-known for its drought resistance and its preference for sunny, warm summers and cold winters [2]. Additionally, lavender possesses multiple pharmacological properties [3, 4, 5]. The genus Lavandula comprises several species, with Lavandula angustifolia being the most popular. These species are primarily cultivated for their essential oil (EO), which is widely used in the perfume and cosmetic industries, as well as in aromatherapy [6, 7, 8]. Lavender EO is well known for its biological activities, with numerous studies highlighting its antibacterial and anti-inflammatory properties [9, 10].
The EO of L. angustifolia is primarily composed of linalool (25–38%) and linalyl acetate (25–45%) [7]. The high concentration of these monoterpenoids contributes to the oil’s superior medicinal and aromatic quality [11]. The EO of L. angustifolia is considered a high-quality oil, with a market price three to five times higher than that of other Lavandula species [12]. Standards for the required quantity and quality of Lavandula essential oils are defined in pharmacopoeias. The European Pharmacopoeia [13] specifies a minimum EO content of 1.3 mL per 100g for Lavandulae flos, along with composition limits: a maximum of 1% limonene, 2.5% 1.8-cineole, 1.2% camphor, 20–45% linalool, 25–47% linalyl acetate, 0.1–8% terpinene-4-ol, 0.1–8% lavandulyl acetate, and a maximum of 2% α-terpineol [14]. Camphor and 1.8-cineole should be in small concentrations so as not degrade the quality of the oil [15].
The composition of EO is primarily influenced by the plant's genotype [16], but it can also be affected by environmental conditions, developmental factors, and morphogenetic characteristics [17, 18, 19]. Research by [20, 21] and [22] indicates that local climate and harvest timing can influence both the quantity and quality of EO production. Additionally, soil salinity has been shown to affect EO content [23].
Nutrient availability, particularly nitrogen levels, can alter the ratios of linalool and linalyl acetate, with the highest concentrations observed at a nitrogen application rate of 100 kg/ha. Weather conditions have also been shown to affect oil composition [24]. Moreover, postharvest techniques can play a significantly role in EO properties; for instance, [25] found that higher drying temperatures reduced EO content and altered its composition. The extraction method and distillation duration can also affect oil quality [26, 27].
Normalized Difference Vegetation Index (NDVI) reflects different vegetation health and stress aspects of plants. NDVI is a standard metric derived from the red and near-infrared bands and could be used as an indicator of photosynthetic activity and biomass as well. It is calculated by Equation 1 [28] and defines values from −1 to 1, with negative values formed mainly by clouds, water, and snow, and values close to zero formed by bare soil. Moderate NDVI values represent areas devoid of vegetation, while large NDVI values (near 1) indicate healthy vegetation. A range of NDVI information derived from remote sensing imagery has resulted in NDVI time series from remote sensing data becoming an important source of information for crop monitoring [29, 30, 31]. However, there is no research linking NDVI to quality of EOs of Lavender plants. [32] utilized NDVI to develop a model to predict oil palm yield. Additionally, [33] developed an NDVI based model to predict yield of oil rose plants. The results proved that NDVI is not sensitive enough to the change in the reflection of the organic oil rose. Similar results about NDVI were found in olives [34], in rice [35] and in winter wheat [36]. The Normalised Difference Water Index (NDWI) is another critical parameter strongly correlated with plant leaf water content. NDWI values range between −1 and 1 and respond more quickly than NDVI to changes in water availability. When leaf water content decreases, NDWI values also decline and vice versa. This index has been widely used to investigate the potential of remote sensing in mapping and monitoring vegetation water content in corn and soybean canopies [37], to characterise land cover and vegetation type [38, 39], and last but not least, to monitor water stress in semiarid areas [40]. However, as with NDVI, no studies have specifically examined the use of NDWI for assessing Lavender EO quality.

NDVI=(NIR-RED)/(NIR+RED) (1)
NDWI= (GREEN-NIR)/ (GREEN+NIR) (2)
Where: NIR is the reflectance at the near infrared band
	RED is the reflectance at the red band
	GREEN is the reflectance at the green band.
The market demand for high-quality and quantity lavender EO is significant and continues to grow due to its multiple use in daily life. Despite this increasing demand, only a few researches have explored the environmental factors that affect the quantity and quality of lavender EO. Additionally, no research studies have utilized remote sensing technology and satellite data to investigate how environmental conditions influence the quality of lavender EO. The present study aims to: a) identify which remotely sensed weather data impact the quality and quantity of lavender EO, b) examine the counteractions between the components of EO, c) determine whether remotely sensed crop characteristics correlate with EO lavender components and weather conditions. 

2. material and methods 

2.1 Field study
The experiment was conducted in a 0.5 ha lavender field, established in 2017, located in the Xirolimni area of Kozani in Greece (40o19'35''N 21o39'56''E, altitude 684 meters). The field had a northwest orientation (Figure 1). The surrounding landscape included an uncultivated area and building to the north, an uncultivated area and a road to the east, two commercial fields to the south, and an open area with a building to the west. Planting distances were 150 cm between the rows and approximately 35 cm within rows. All annual agricultural practices were applied uniformly, following standard techniques used by Greek lavender producers. No irrigation events were recorded during the five years of the experiment. Lavender flowers were harvested annually at the end of July with a specialized mechanical harvester when flowering had reached 60 %.The harvested lavender flowers then transferred to a distillery for steam distillation to extract the EOs. Identification of the oil substances was performed using gas chromatography according to NF ISO 11024 standards. 
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Figure 1. The experimental lavender field.

2.2 Weather Data
Daily weather data such as precipitation, temperature (maximum and minimum), temperature at dew point, relative humidity and solar radiation, were retrieved daily from NASA POWER for the period 2019 to 2023, based on field’s geographic coordinates. NASA POWER provides freely available satellite and model based weather data, which can be accessed through its data viewer or downloaded via a POWER API URL for use in scripting applications.

2.3 Vegetation indices
Normalized Difference Vegetation Index (NDVI) and Normalized Difference Water Index (NDWI) values were retrieved from climateengine.org, a freely available remote sensing application [41] powered by Google Earth Engine [42]. This platform allows users to download spatially and temporally data from several satellites, including Landsat and Sentinel. To enhance data quality climateengine.org applies cloud masks for data masking. Spatially and temporally averaged NDVI and NDWI values were computed using Sentinel 2 surface reflectance product collections and downloaded for the respective field polygon (area of field) during each growing season.

2.4 Statistical analysis
Microsoft Excel was used to calculate the average daily values of temperature, relative humidity, dew point and solar radiation, as well as the total precipitation for each month during the period 2019 to 2023. Similarly, the average monthly values of NDVI and NDWI were calculated using the same way. Subsequently, bivariate correlation (Pearson) method performed using the IBM SPSS Statistics software to analyze statistically the correlations between the weather data, NDVI, NDWI and compounds of EOs. IBM SPSS Statistics software provides advanced statistical analysis tools and the Pearson correlation coefficient is a widely used measure of linear association (https://www.ibm.com/us-en).


3. results and discussion

3.1 Indices
Figure 2 shows the monthly average NDVI values  extracted from climateengine.org. The highest recorded NDVI value of all years was 0.52 in December of 2019, while the lowest was 0.13 in January of the same year. In 2020, NDVI values ranged from a high of 0.44 to a low of 0.23. In 2021, the highest and lowest NDVI value recorded were 0.31 and 0.2 respectively. Similarly, in 2022, and NDVI values peaked at 0.38 and dropped to 0.21, while in 2023, the highest and lowest values were 0.48 and 0.19 irrespectively. It should be noted that no NDVI values were available in December of 2020 and May of 2023 due to extensive cloud cover during these months.     
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Figure 2. NDVI values from January 2019 to January 2024. Two NDVI values are missing due to extensive cloud cover.

Figure 3 presents the monthly average NDWI as extracted from climateengine.org. The highest recorded NDWI from all years was 0.39 in January 2019, while the lowest was -0.19 in September of the same year. From 2020 to 2023, the highest and lowest NDWI values were as follows: 2020: 0 (highest) and -0.13 (lowest); 2021: 0.18 and -0.18; 2022: 0.02 and -0.15; 2023: 0.04 and -0.17. Ιt is important to highlight that NDWI values for December 2020 and May 2023 are missing due to extensive cloud cover during both months.
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Figure 3. NDWI values from January 2019 to January 2024. Two NDVI values are missing due to extensive cloud cover.

3.2 Weather data
Figure 4 presents the monthly weather data that retrieved from NASA POWER website.  The data indicate no extreme values in temperature (maximum and minimum), dew point temperature, solar radiation or relative humidity. However, fluctuations in precipitations do not follow the same yearly pattern as the other weather parameters, reflecting annual variations in rainfall. Specifically, the total annual precipitations from 2019 to 2023 was 420 mm, 418 mm, 550 mm, 410 mm and 390 mm respectively. The total precipitations from January to July for each year (2019 – 2023) was 223mm, 242 mm, 278 mm, 243mm and 210 mm respectively. Additionally, no precipitation was recorded during the ten days before harvest every year.
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Figure 4. Weather data retrieved by NASA POWER website from 2019 to 2023. Most of the weather data follow similar patterns except for precipitation that fluctuates. 

3.3 Essential Oils
The extracted EO was yellow in color and stored in stainless steel containers in a low temperature warehouse. To maintain its quality and enhance its fragrance, oxygen was removed using nitrogen gas. The annual EO yield was 40 kg ha-1 in 2019, 60 kg ha-1, 70 kg ha-1 in 2021, 55 kg ha-1 in 2022 and 25 kg ha-1 in 2023.
Table 1 presents the results of the EO component analysis. According to the literature, the linalool and the linalyl acetate are the two primary compounds influencing EO quality. The highest linalool concentration recorded in 2019, while the lowest in 2021. Conversely, the highest concentration of linalyl acetate observed in 2021, with the lowest in 2019. 
Table 1. Concentrations of EOs components expressed in percent (%) from 2019 to 2023.
	Components
	2019
	2020
	2021
	2022
	2023

	LIMONENE 
	0,36
	0,32
	0,32
	0,35
	0,24

	1,8-CINEOLE 
	0,89
	0,31
	1,02
	1,02
	0,85

	beta-PHELLANDRENE
	0,35
	
	0,14
	0,17
	0,08

	cis-beta-OCIMENE  
	6,86
	8,60
	8,05
	6,67
	8,82

	trans-beta-OCIMENE
	3,43
	4,75
	3,95
	3,47
	5,00

	3-OCTANONE
	1,03
	0,96
	0,91
	1,03
	0,71

	CAMPHOR
	0,29
	0,27
	0,31
	0,32
	0,39

	LINALOOL
	29,38
	28,06
	26,1
	28,84
	27,23

	LINALYL ACETATE
	28,28
	28,59
	32,03
	28,36
	28,10

	LINALOOL/LINALYL ACETATE
	1,03
	0,98
	0,81
	1,01
	0,80

	TERPINENE-4-OL  
	4,60
	3,45
	4,41
	4,94
	4,55

	LAVANDULYL ACETATE  
	3,96
	4,06
	3,67
	4,15
	3,96

	LAVANDULOL 
	0,88
	0,64
	0,8
	0,95
	0,64

	alpha-TERPINEOL 
	1,11
	0,25
	1,02
	1,04
	0,67



3.4 Statistical correlations 
Table 2 presents the results of the Pearson correlation analysis between NDVI, NDWI and weather data. NDVI is significantly positive correlated with relative humidity (0.74, p<0.01) and negative significantly correlated with solar radiation (-0.71, p<0.05), and daily average temperature (-0.69, p<0.05). No significant correlations were found between NDVI and precipitations or dew point temperature. On the other hand, NDWI is significantly positive correlated with precipitations (0.71, p<0.05) and relative humidity (0.86, p<0.01), while is significantly negative correlated with daily average temperature (-0.78, p<0.01), dew point temperature (-0.60, p<0.05) and solar radiation (-0.68, p<0.05).

Table 2. Correlations among daily average temperature, precipitations, relative humidity, temperature at dew point, solar radiation and crop indices.
	Crop Indices
	Daily Temperature (Avg)
	Precipitation
	RH
	Tdew
	Srad

	NDVI
	-0,69*
	0,18
	0,74**
	-0,06
	-0,71*

	NDWI
	-0,78**
	0,71*
	0,86**
	-0,60*
	-0,68*


**. Correlation is significant at the 0.01 level
*. Correlation is significant at the 0.05 level

The Pearson correlation between precipitation and quality of EOs reveals that precipitation is significantly negative correlated with limonene concentration (-0.957, p<0.05), 3-octanone concentration (-0.962, p<0.01), linalool/linalyl acetate (-0.704, p<0.05), Lavandulol concentration (-0.727, p<0.05) and linalool concentration (-0.845, p<0.05). In contrast, precipitations were positive correlated with camphor (0.888, p<0.05), cis-beta-OCIMENE (0.754, p<0.05), trans-beta-OCIMENE (0.725, p<0.05) and Linalyl Acetate (0.844, p<0.05). 
NDVI was significantly positive correlated with cis-beta-OCIMENE (0.721, p<0.05), trans-beta-OCIMENE (0.805, p<0.05), and Lavandulyl Acetate (0.770, p<0.05) and significantly negative correlated with Limonene (0.773, p<0.05), 1,8-CINEOLE (0,724, p<0.05), TERPINENE-4-OL (0.690, p<0.05), LAVANDULOL (0.727, p<0.05) and alpha-TERPINEOL (0.870, p<0.05). NDWI was significantly positive correlated only with cis-beta-OCIMENE (0.712, p<0.05) and significantly negative correlated with 1,8-CINEOLE (-0.707, p<0.05), TERPINENE-4-OL (-0.818, p<0.05), Lavandulyl Acetate (-0.709, p<0.05), Lavandulol (-0.680, p<0.05) and alpha-TERPINEOL (-0.650, p<0.05).
Pearson correlation analysis was conducted among the EO compounds over the five years of the study. The most important statistically significant results are summarized in Table 3. The analysis revealed both positive and negative significant correlations among the various EO components. 
Table 3 presents the results of Pearson correlation among the EO compounds.
	EO Components
	Correlations

	LIMONENE
	cis-beta-OCIMENE (-0.82, p<0.05)
trans-beta-OCIMENE (-0.86, p<0.05)
3-OCTANONE (0.98, p<0.01)
CAMPHOR (-0.79, p<0.05)
LINALYL ACETATE (-0.87, p<0.05)
LINALOOL/LINALYL ACETATE (0.79, p<0.05)
LAVANDULOL (0.77, p<0.05)

	1,8-CINEOLE
	TERPINENE-4-OL (0.93, p<0.05)
LAVANDULOL (0.68, p<0.05)
alpha-TERPINEOL (0.92, p<0.05)

	cis-beta-OCIMENE
	LIMONENE(-0.82, p<0.05)
trans-beta-OCIMENE (0.95, p<0.05)
3-OCTANONE (-0.79, p<0.05)
LINALOOL/LINALYL ACETATE (-0.70, p<0.05)
LAVANDULOL (-0.96, p<0.01)
alpha-TERPINEOL (-0.75, p<0.05)

	trans-beta-OCIMENE
	LIMONENE(-0.86, p<0.05)
cis-beta-OCIMENE (0.95, p<0.05)
3-OCTANONE (-0.79, p<0.05)
TERPINENE-4-OL (-0.60, p<0.05)
LAVANDULOL (-0.97, p<0.01)
alpha-TERPINEOL (-0.83, p<0.05)

	3-OCTANONE
	LIMONENE (0.98, p<0.01)
cis-beta-OCIMENE (-0.79, p<0.05)
trans-beta-OCIMENE (-0.79, p<0.05)
CAMPHOR (-0.82, p<0.05)
LINALOOL (0.62, p<0.05)
LINALYL ACETATE (-0.93, p<0.01)
LINALOOL/LINALYL ACETATE (0.86, p<0.05)
LAVANDULOL (0.72, p<0.05)

	CAMPHOR
	LIMONENE (-0.79, p<0.05)
3-OCTANONE (-0.82, p<0.05)
LINALYL ACETATE (0.80, p<0.05)
LINALOOL/LINALYL ACETATE (-0.65, p<0.05)

	LINALOOL
	cis-beta-OCIMENE (-0.67, p<0.05)	
3-OCTANONE (0.62, p<0.05)
LINALYL ACETATE	 (-0.79, p<0.05)
LINALOOL/LINALYL ACETATE (0.92, p<0.05)	
LAVANDULYL ACETATE (0.76, p<0.05)

	LINALYL ACETATE
	LIMONENE (-0.87, p<0.05)	
3-OCTANONE (-0.93, p<0.05)
CAMPHOR (0.80, p<0.05)
LINALOOL (-0.79, p<0.05)
LINALOOL/LINALYL ACETATE (-0.96, p<0.01)	

	LINALOOL/LINALYL ACETATE
	LIMONENE (0.79, p<0.05)	
cis-beta-OCIMENE (-0.70, p<0.05)	
3-OCTANONE (-0.86, p<0.05)	
CAMPHOR (-0.65, p<0.05)	
LINALOOL (0.92, p<0.05)	
LINALYL ACETATE (-0.96, p<0.01)	
LAVANDULYL ACETATE (0.67, p<0.05)	

	TERPINENE-4-OL
	1,8-CINEOLE (0.93, p<0.05)
cis-beta-OCIMENE (-0.63, p<0.05)
trans-beta-OCIMENE (-0.60, p<0.05)
LAVANDULOL (0.71, p<0.05)
alpha-TERPINEOL (0.86, p<0.05)

	LAVANDULYL ACETATE
	LINALOOL/LINALYL ACETATE (0.67, p<0.05)

	LAVANDULOL
	LIMONENE (0.77, p<0.05)
1,8-CINEOLE (0.68, p<0.05)
cis-beta-OCIMENE (-0.96, p<0.01)
trans-beta-OCIMENE (-0.97, p<0.01)
3-OCTANONE (0.72, p<0.05)
TERPINENE-4-OL (0.71, p<0.05)
alpha-TERPINEOL (0.84, p<0.05)

	alpha-TERPINEOL
	1,8-CINEOLE (0.92, p<0.05)
cis-beta-OCIMENE (-0.75, p<0.05)	
trans-beta-OCIMENE (-0.83, p<0.05)
TERPINENE-4-OL (0.86, p<0.05)
LAVANDULOL (0.84, p<0.05)



  4. Discussion
Previous studies have reported that lavender oil quality is influenced by weather conditions during harvest, geographic locations [20] and weather conditions during the flowering period [21]. This study explored how remotely sensed crop characteristics, such as NDVI and NDWI, affect lavender EO and how these indices are influenced by weather conditions. It is important to note that previous research has proved that EO concentration is mainly affected by site-associated factors [43, 44, 45]. Additionally, precipitation has found to play an important role in the concentrations of EO components in many plants [46]. Consistent with these findings, this study demonstrated that precipitation levels influenced lavender EO production. Specifically higher precipitation levels corresponded to increased EO yield, while lower precipitation resulted in reduced yields. It is also important to note that no precipitation occurred in the 10 to 15 days preceding harvest each year. If precipitation had occurred during this period, the results might have been different, as previous studies have reported a reduction in oil content in rose and Eucalyptus citriodora when rainfall occurs during the harvest period [2]. 
In addition to EO yield, lavender oil quality was also influenced by precipitation. For instance, linalool, the major compound of lavender oil, showed a significant negative correlation with total amount of precipitation. Levels. A similar pattern was observed for limonene, 3-octanon and lavandulol concentrations. In contrast, studies on Thymus vulgaris have reported that at moderate altitudes, where precipitation is higher, linalool content tends to increase [47, 48]. Furthermore, in the current study, linalyl acetate concentration was found to be significantly positive correlated with precipitation. However, previous research has suggested that linalyl acetate is not influenced by environmental factors [21]. A similar pattern was also observed for camphor, cis-beta-ocimene and trans-beta-ocimene.
Regarding NDVI previous studies have shown a significant positive correlation between NDVI and both precipitation and temperature across a various types of vegetation [49]. However, this study found that NDVI is negatively correlated with temperature and not correlated with precipitation. Additionally, NDVI was found to be positively correlated with solar radiation and negatively correlated with temperature at dew point. Regarding NDWI large-scale vegetation studies have indicated an inverse relationship with temperature and a positive relationship with precipitation [50]. Similarly, this study confirmed that NDWI is significantly negatively correlated with daily average temperature, solar radiation and dew point temperature, while showing a significant positive correlation with precipitation and relative humidity.
In addition to NDVI and weather parameters, the concentrations of EO components were also affected by NDVI. Specifically, NDVI showed a significant positive correlation with cis-beta-OCIMENE, trans-beta-OCIMENE, and Lavandulyl Acetate, while displaying a significant negative correlation with Limonene, 1,8-CINEOLE, TERPINENE-4-OL, LAVANDULOL and alpha-TERPINEOL. On the other hand, the NDWI was significantly positively correlated only with cis-beta-OCIMENE, whereas it was significantly negatively correlated with 1,8-CINEOLE, TERPINENE-4-OL, Lavandulyl Acetate, Lavandulol and alpha-TERPINEOL. All these components associated with NDVI and NDWI are considered minor components in terms of EO quality assessment. However, the major EO components (linanool and linalyl acetate) were not correlated with either NDVI or NDWI. Notably, no similar studies exist in the literature for direct comparison of these findings.  
The analysis of correlations among EO components revealed both negative and positive significant relationships. Specifically, linalool, one of the main EO components showed a significant positive correlation with 3-octanon and lavandulyl acetate, while showing a significant negative correlation with cis-beta-ocimene and linalyl acetate. Conversely, linalyl acetate, the second important EO component was significantly positively correlated with camphor and significantly negatively correlated with limonene, 3-octanone and linalool. According to previous studies, high quality lavender oil is characterized by high levels of linalool and linalyl acetate, with minimal to moderate amounts of 1.8 cineole and camphor [51]. However, in our case achieving high levels of linalool and linalyl acetate at the same time appears challenging, as the results indicate a significant negative correlation between these two key components. This could be attributed to the conversion of linalool to linalyl acetate. Linalool is produced from the monoterpene synthase LaLINS in L. angustifolia while the linalool to linalyl acetate ratio is controlled through a single quantitative trait locus on chromosome 8 of the lavender reference genome [16, 52]. The expression of LaLINS is at the highest level during the flowering period while LaLIMS, which is responsible for the production of limonene and several other terpenes such as 1,8-cineole and ocimene, is downregulated during full bloom [18].


5. Conclusion

The current five years’ work studied the effect of environmental factors on levander oil quality. Thus, remotely sensed weather data and indices such as NDVI and NDWI were acquired from online sources from 2019 to 2023. The comparison of both indices with weather data proved that NDVI is significantly positive correlated with relative humidity and negative significantly correlated with solar radiation, and daily average temperature. On the other hand, NDWI is significantly positive correlated with precipitations and relative humidity, while is significantly negative correlated with daily average temperature, dew point temperature and solar radiation. The statistical analysis between indices and EO quality showed that NDVI is significantly positive correlated with cis-beta-OCIMENE, trans-beta-OCIMENE, and Lavandulyl Acetate and significantly negative correlated with Limonene, 1,8-CINEOLE, TERPINENE-4-OL, LAVANDULOL and alpha-TERPINEOL. NDWI was significantly positive correlated only with cis-beta-OCIMENE and significantly negative correlated with 1,8-CINEOLE, TERPINENE-4-OL, Lavandulyl Acetate, Lavandulol and alpha-TERPINEOL. These results underscore the importance of using remotely sensed data in medicinal plants to understand how environmental factors affect EO quality and predict the EO quality before harvest. Furthermore, based on these findings, it is possible to better assess the impacts the climate change on lavender production and EO quality.
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