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Abstract: Clary sage (Salvia sclarea L.), known for its aromatic and medicinal properties, belongs to
the Lamiaceae family. Although the species grows wild throughout Sicily, knowledge of its production
and qualitative properties is limited. The aim of this study was to evaluate the agronomic behavior
of the species over two years of testing and to characterize the chemical properties of its wild
counterparts in order to identify the most promising accessions for cropping or for use in breeding
programs. Tests were carried out during 2008, 2009, and 2010. During the first year, the plot was
established. Subsequently, the main parameters for bio-agronomic evaluation were taken in 2009
and 2010. Regarding qualitative characterization, essential oils (EO) were extracted from flowering
samples of clary sage. The accessions in the study showed satisfactory adaptation capacity to cropping.
The accessions examined belong to the “linalyl acetate” (range 36-43%) chemotype. Test results show
good potential for Mediterranean cropping systems, helping to increase the range of medicinal and
aromatic species in cultivation.
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1. Introduction

Clary sage (Salvia sclarea L.) is a biennial or perennial, heliophilous, and xerophytic herbaceous
plant belonging to the Lamiaceae [1] family. It is found in the north of the Mediterranean, central Asia,
and some areas of North Africa. It grows throughout Italy, thriving both on dry hilly slopes and on
scrubland [2]. In Sicily, it is mostly found growing in mountainous and hilly areas [3].

Clary sage has been highly valued for its aromatics and medicinal properties since ancient times
and is one of the most important species for the production of essential oils, together with Salvia officinalis
and Salvia lavandulifolia, with an estimated production of between 50 and 100 tons a year [4]. The whole
plant is highly aromatic, the inflorescences in particular, and the essential oils possess a fresh, floral
fragrance [5]. Sage essential oils are used as an aromatic agent in food products, as an ingredient in
liqueurs and tobacco and as a scent component in perfumes and cosmetic formulas [6,7]. It is currently
cultivated in Bulgaria, France, Russian and Morocco for essential oils used by the perfume industry [8].
It is also well known in traditional medicine for the treatment of several common ailments. In Turkey,
for example, the leaves and flowers are used in infusions for the treatment of sore throats, coughs,
gynecological disturbances, ulcers and intestinal cramps [9,10]. Several scientific studies have also
demonstrated the antioxidant, neuroprotective, anti-depressive, anti-inflammatory, antifungal, antiviral
and antimicrobial [11-22] activity of the essential oil of clary sage.
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The essential oils of various species from the Lamiaceae family demonstrate a certain degree of
chemical variability due to a range of factors [23-28]. Regarding the chemical composition of clary
sage, various authors note that in most cases, the principal volatile compounds are terpenoids [29,30],
among which linalyl acetate and linalool. These components are central to good quality oil for use as
an aromatizing agent [6,12,14,31]. Another principal component of clary sageis sclareol. Sclareol is
used as a base for the chemical synthesis of Ambrox, a central component in perfume production and
an alternative to the more naturally obtained ambergris [32,33]. Linalool, linalyl acetate, and sclareol
are the essential oil components predominant in the flowers, while germacrene D, bicyclogermacrene,
beta-caryophyllene and spathulenol are most abundant in the leaves [34,35]. The species grows in the
wild in Sicily (Italy); however, little is known of its production and qualitative properties.

The agronomic characteristics of clary sage found in scientific literature relate to locations with
different environmental conditions compared to those of Italy. Studies have been carried out in Brazil,
with Mossi [36] reporting data on biomass production, plant size and leaf size, on the color and
characteristics of the inflorescences, and on essential oil production. Other studies, which highlight the
variability found in biomass and essential oil production, were carried out in various sites throughout
Spain over medium to long test periods, and in India [37,38]. In Italy, however, very little research data
is available on the agronomic characteristics of germplasm of this species.

The aim of the study was to evaluate the agronomic behavior of clary sage over two years of tests
and to characterize the chemical properties of its wild counterparts to determine the most promising
accessions for cropping in the Mediterranean or to use in breeding programs.

2. Materials and Methods

2.1. Site of Experiments and Treatments

The 3-year study (2008, 2009 and 2010) was carried out at the Orleans Experimental Station,
University of Palermo (Italy) (38°06'26.2” N, 13°20’56.0” E, 31 m a.s.l.). The plot was established
during the first year following sowing and measurements of the main parameters for bio-agronomic
evaluation were taken in 2009 and 2010. Soils in the test area were sandy clay loam (Aric Regosol, 54%
sand, 23% clay, 21% silt) with a pH of 7.6, 14 g kg ™! organic matter, 3.70% active carbonates, 1.32% total
nitrogen, 18.1 ppm available phosphorus and 320 ppm exchangeable potassium. The climate in the area
is Mediterranean with mild, humid winters and hot, dry summers. Seeds from local accessions of clary
sage from the island were sown in March 2008. The plants of these populations were characterized
taxonomically using analytical keys and compared to exsiccatae stored at the Botanical Gardens of the
University of Palermo. In total, 9 accessions of clary sage were used, gathered from 3 sites in Sicily
located in the Province of Agrigento (AG), Palermo (PA) and Messina (ME) (Figure 1).

Figure 1. Sampling sites of clary sage in Sicily. Abbreviations of the provinces of origin: AG = Agrigento;
ME = Messina; PA = Palermo.
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Three accessions per province were identified using an initial followed by a numerical code.
The initials SS indicate accessions from Agrigento, PR from Palermo and AF from Messina (Table 1).

Table 1. List of accessions in the test.

Accessions Provenance Initials Province

554
SS7 SS AG
SS9

PR1
PR5 PR PA
PR4

AF2
AF3 AF ME
AF8

Seeds from each of the accessions were placed in 84-hole seed trays and set in a cold frame.
Following emergence 10 days after sowing, the seedlings were transferred to 10 cm pots. During
the second 10-days of May, the plantlings were planted in the open field. Each plot measured 30 m?
(5 m x 6 m). The test plot was created using a density of 20,000 plants per hectare and a randomized
plot design with 3 replications (Figure 2). This plant density was chosen to evaluate better the growth
of each plant, limiting the competition levels for the main environmental factors between the plants.
Tests were carried out in dry conditions, this being a traditional practice used for cultivation of aromatic
and medicinal plants in the Mediterranean region. Agronomic management included, however,
2 supplementary irrigation events applied during the summer months, immediately after planting,
to foster establishment, and manual weed control. During the test, no additional chemical fertilization
applications were given. Tests were carried out under organic farming conditions; the residual mineral
soil fertility of the previous crop was, then, exploited to allow the plants to grow. The previous crop
was Hedysarum coronarium L., a perennial legume. Finally, no pathologies or insects were observed.

Figure 2. Plants of clary sage at full flowering stage.

2.2. Plant Measurements

Biometric and production observations were made in 2009 and 2010 on a sample plot of 10 plants,
excluding the border rows. Harvesting of accessions was carried out during the second 10-day period
of May for both years. The samples were gathered (through reaping of the whole area), when 70% of
the plants were in full flowering stage. The following parameters were recorded during harvesting;:
plant height (cm), plant fresh weight (g), plant dry weight (g), number of branches (no.), number of
stems (no.), floral spike length (cm), inflorescence dry weight (g), leaf dry weight (g) and stem dry
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weight (g). Inflorescence, leaf and stem ratios (as a percentage of the total dry weight of the plant)
were also measured. Dry matter weight was calculated when constant sample weight was reached
(dried in a shaded and well aerated environment at a temperature of approx. 30 °C). Inflorescence
yields (d.m.) per hectare (Mg ha™') were also estimated.

2.3. Essential Oil Extraction and Oil Yield Calculation

On a sample of 500 g of dried inflorescences, the total essential oil content was determined,
expressed as a % v/w (oil volume/sample weight in g) and extracted using steam distillation. Oil yields
were calculated by multiplying inflorescence yields by oil content and 0.90 (approximate specific
gravity of oil) [8]. Clary sage inflorescences were then divided into inflorescences from the main stem
(ISP) and inflorescences from the secondary stem (ISS) to evaluate both the content and composition of
the essential oils. The length of the ISP spike and the ISS spike was also measured.

2.4. GC- and GC/MS Analyses of Essential Oils

Gas chromatographic (GC) analyses were run on a Shimadzu gas chromatograph, Model 17-A
(Shimadzu Corporation, Duisburg, Germany) equipped with a flame ionization detector (FID) and
operating software Class VP Chromatography Date System version 4.3 (Shimadzu). Analytical
conditions: SPB-5 capillary column(15 m X 0.10 mm X 0.15 um), helium as carrier gas (1 mL/min).
Injection in split mode (1:200), injected volume 1 11 (4% essential 0il/CH,Cl, v/v), injector and detector
temp. 250-280 °C, resp. Linear velocity in column 19 cm/s. The oven temperature was held at 60 °C
for 1 min, then programmed from 60 to 280 °C at 10 °C min~!, then 280 °C for 1 min. Percentages of
compounds were determined from their peak areas in the GC/FID profiles.

Gas-chromatography-mass spectrometry (GC/MS) was carried out in the fast mode on a Shimadzu
GC/MS mod. GCMS-QP5050A, with the same column and the same operative conditions used for
analytical GC/FID, operating software GC/MS solution version 1.02 (Shimadzu). Ionization voltage
70 eV, electron multiplier 900 V, ion source temp. 180 °C. Mass spectra data were acquired in the scan
mode in m/z range 40-400. The same oil solutions (1 1) were injected with the split mode (1:96).

2.5. Identification of Components of Essential Oils

The identity of components was based on GC retention index (relative to C9—C22 n-alkanes on
the SPB-5 column), computer matching of spectral MS data with those from NIST MS libraries, [39]
comparison of the fragmentation patterns with those reported in the literature [40] and, where possible,
co-injections with authentic samples.

2.6. Statistical Analyses

Data of all biometric and production parameters were processed using analysis of variance.
The difference between means was carried out using the Tukey test. In addition, a correlation matrix
was determined for the main parameters recorded for each year, based on standardization of data.
To carry out an overall analysis of the structure of agronomic variability and to determine the weight
of each parameter on the total variance [41], principle component analysis (PCA) and cluster analysis
(UPGMA) were carried out by grouping data from the two years. This latter analysis is shown graphically
on the principal components plot (PC1 and PC2), where test accessions were projected according to test
year using factor scores. The software “Past” V. 3.16 for Windows was used for data analysis [42].

3. Results

3.1. Analyses of Rainfall and Temperature Trends in the Test Site

Rainfall and temperature trends during 2008, 2009, and 2010 are shown in Figure 3. Rainfall
levels during the three test years were quite unalike. In 2008, the year when the plot was established,
there was a marked lack of rainfall (365 mm), although minimum and maximum temperatures were



Agronomy 2020, 10, 1114 5o0f 21

consistent with the test environment. In 2009, rainfall levels were high with over 1200 mm for the year.
Rainfall events were concentrated above all between January and May and between September and
December, with an absence of rainfall between June and August. In 2010, although with the same
rainfall distribution was the same, rainfall levels were lower, at an annual level of 700 mm, typical of
the test environment. Average minimum temperatures (2009: 14.10 °C-2010: 14.70 °C) and average
maximum temperatures (2009: 23.40 °C-2010: 23.00 °C) were not found to be different from average

temperatures for the area during the test period.
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Figure 3. Orleans (Palermo, PA). Rainfall and temperature trends during the test period. Graph (a)
refers to 2008, graph (b) refers to 2009 and graph (c) refers to 2010.

Temp. Min

3.2. Analyses of Biometric and Production Parameters in the Study

The factors “year” and “accession” and the year-by-accession interaction determined highly
significant differences for all the parameters in the study. The differences found on the tested parameters

over the years (Table 2) highlight the influence of the environmental factors on the biometric and
productive characteristics.

Table 2. Orleans (Palermo, PA). Yearly averages for biometric and production parameters.

Year Plant Plant Fresh Plant Dry Floral Spike Leaf Dry Stem Dry
Height (cm)  Weight (g) Weight (g) Dry Weight (g) Weight (g)  Weight (g)
2009 183.86 ** 1190.41 ** 412.08 ** 142.92 ** 95.33 ** 173.83 **
2010 142.97 ** 886.21 ** 193.08 ** 81.68 ** 39.56 ** 71.42 **
Year Branches Stems Spike Length ISP Spike ISS Spike
Plant™! (no.) Plant™! (no.) (cm) Length (cm) Length (cm)
2009 8.83 ** 3.07 ** 49.34 ** 57.83 ** 46.41 **
2010 15.77 ** 5.44 ** 42.59 ** 58.36 ** 50.76 **

** = significant at p < 0.01.
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It is also worth noting variations in the percentage ratio of inflorescences, leaves, and stems for
the two years under consideration (Table 3). The table shows that in the drier year (2010), inflorescence
incidence was 8 percentage points higher than the year with greater rainfall. In contrast, leaf incidence
and stem incidence were 3 and 5 percentage points higher, respectively, in the rainier year than in 2010.

Table 3. Percentage distribution of biomass components (d.m.).

Year Floral Spike (%) Leaves (%) Stems (%)
2009 35 ** 23 ** 42 **
2010 43 ** 20 ** 37 **

** = significant at p < 0.01.

Average plant height (Table 2) was found to be below 150 cm in both years. Branch number, stem
number per plant, and ISS floral spike length were higher in the less rainy year. Floral spike yields
were higher in 2009 (2.84 Mg ha™!) than in 2010 (1.60 Mg ha~!) with a difference of 1.24 Mg ha™l.
Essential oil content in percentage terms was slightly higher in 2010, while in terms of EO yield, it was
found to be 9.10 kg ha™! higher in 2009 (23.51 kg ha~!) (Table 4).

Table 4. Year averages for floral spike and EO yields.

Year Spike Yield (Mg ha~1) Essential Oil Content (% v/w)  Essential Oil Yield (kg ha=1)
2009 2.84 ** 0.92 ** 23.50
2010 1.60 ** 1.00 ** 14.40 ™

** = significant at p < 0.01.

Relative to the 2 types of floral spike (ISP and ISS), average ISS spike lengths ranged between
46.41 cm in 2009 and 50.76 cm in 2010, while ISP spike lengths were found to be around 58 cm in both
years Furthermore, they showed significant differences over the two years, highlighting a greater oil
percentage content in 2010 (Table 5).

Table 5. Average annual production parameters—floral spike principal stem (ISP) and secondary stem (ISS).

Year ISP Spike Length (cm)  Essential Oil Yield % ISP ISS Spike Length (cm) EO % Yield ISS
2009 57.83 ** 0.81** 46.41 ** 0.98 **
2010 58.36 ** 0.88 ** 50.76 ** 1.12**

** = significant at p < 0.01.

Between the accessions (Table 6), SS4 (3.21 Mg ha~1), SS7 (2.60 Mg ha™1), SS9 (2.52 Mg ha 1)
and AF2 (2.53 Mg ha~!) were of high interest regarding to the floral spike yield. These accessions
also recorded the higher values of the number of stems, number of branches, and ISS spike length.
PR5 (1.52 Mg ha™!) and AF8 (1.63 Mg ha™!) were, instead, the less productive accessions. The highest
oil percentage values were obtained by AF8 (1.36%), AF3 (1.28%) and AF2 (1.25%), while the lowest
values of oil percentage were found in the SS accessions and, in particular, in SS7 (0.65%). The higher
oil yield values were recorded by AF2 (28.05 Mg ha~!) and AF3 (25.10 Mg ha™!) with respect to other
accessions. AF8 had the highest oil percentage value in the ISS (1.68%), while PR4 obtained the highest
oil percentage value in the ISP (1.12%).
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Table 6. Mean values of biometric and production parameters of the accessions over the years.

Accession SY EOP EOY PH PFW PDW FSDW LDW SDW NB NS SL
554 321a 0.71 f 18.41 bc 145.05b 1189.79d 423.92b 163.09 a 80.28 b 180.54 b 4.38 bc 13.52b 48.45c
557 2.60 ab 0.65¢g 1471 ¢ 13791 e 953.09 g 32045 e 127.65b 5749 e 13531 ¢ 3.85cd 13.75b 43.58 f
559 2.52 abc 0.69 fg 14.85 ¢ 143.02 ¢ 1198.35 ¢ 323.82 ¢ 123.70d 71.86 ¢ 128.27 e 4.63b 14.53 a 46.27d
PR1 2.13 bed 0.77 e 13.95 ¢ 148.12 a 976.27 e 25424 ¢ 105.82 f 59.28 d 89.14 ¢ 4.38 bc 8.02e 53.77 a
PR5 1.52d 0.4d 1255 ¢ 132.31 f 579.311 174.38 i 78.38 i 2798 g 65.52 1 3.88 bed 9.64d 4518 e
PR4 1.83 cd 1.00 ¢ 15.65 ¢ 139.12d 750.98 h 21491 h 90.87 g 40.31 £ 83.74h 3.38d 11.77 ¢ 5049 b
AF2 2.53 abc 1.25b 28.05a 143.51 ¢ 1523.66 a 429.85a 125.85 ¢ 119.10 a 18491 a 6.00 a 11.66 ¢ 409 ¢g
AF3 2.24 bed 1.28b 25.1ab 139.60d 1217.88 b 32243 d 111.93 e 80.08 b 130.42d 3.75cd 13.89 ab 43.56 f
AF8 1.63d 136a 19.45 bc 13052 g 955.51 f 259.25 f 83.45h 7248 ¢ 103.32 f 4.13 bed 14.11 ab 4154 ¢

Accession ISPL ISPEOP ISSL ISSEOP
554 59.01d 0.53 f 52.81a 0.87d
557 55.75 f 0.6le 5254 a 0.69 f
559 60.11c¢ 0.61le 51.64b 0.77 e
PR1 65.13 a 0.78d 4312 ¢ 0.75e
PR5 58.12e 1.05b 50.19 ¢ 0.83d

5PR4 61.75b 112a 49.10d 0.88d
AF2 53.88 g 0.88 c 458 f 1.61b
AF3 56.38 f 1.02b 45.25 f 153 ¢
AF8 53.21h 1.03b 46.84 € 1.68 a

SY = spike yield; EOP = essential oil percentage; EOY = essential oil yield; PH = plant height; PFW = plant fresh weight; PDW = plant dry weight; FSDW = floral spike dry weight;
LDW = leaf dry weight; SDW = stem dry weight; NB = no. branches; NS = no. stems; SL = spike length; ISPL = ISPL spike length; ISPEOP = ISP essential oil percentage content; ISSL = ISS

spike length; ISSEOP = ISS essential oil percentage content. Means followed by the same letter are not significantly different for p < 0.05 according to Test of Tukey.
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Considering the results of accessions in the study, during the years 2009 and 2010 (Table 7a,b),
the best production results for 2009 were found in the Agrigento accessions (SS), followed by those of
Messina (AF).

The best accessions, as regards inflorescence yields, were found to be S54 and SS7 with 4.81 and
4.20 Mg ha™!, respectively. Worthy of note among the Messina accessions was AF2 which, compared
to other accessions from the same area, produced higher yields of 3.41 Mg ha~!. This value was
the minimum yield obtained by the Agrigento accession SS9 and above the average for the field
(2.84 Mg ha™1). Regarding the Palermo (PR) accessions, with the exception of PR4 with a yield of
2.43 Mg ha™!, the remaining accessions produced inflorescence yields of approx. 1.50 Mg ha~!, thus
appearing the least productive of the accessions.

The greatest plant height was obtained by S54 (151.50 cm), higher than all the others in that year.
This was followed by PR4 (142.00 cm) and SS9 (141.52 cm), while the shortest plant size was that of
PR5 and AF3 at a height of below 130 cm. Relating to the fresh and dry weight of the plants, it is worth
noting that all of the Palermo accessions (PR) were found to be well below the average for the field
(2.84 Mg ha™1), together with AF8 from Messina, albeit to a far lesser extent. The number of branches,
number of stems and secondary floral spike length were found to be higher in the SS and AF accessions,
in particular in the more productive accessions. S54 (12.01) and SS7 (12.51) were of interest regarding
the number of branches, AF2 (4.52) regarding the number of stems and, concerning the secondary
floral spike length (ISS), accession S54 (60.06) was worthy of note. Average floral spike length together
with that of the ISP was greater in the SS and PR accessions, with PR4 obtaining the greatest values.

The highest percentage content in oil was found in the AF accessions followed by those
from Palermo and the lowest content was found in the SS accessions SS. In terms of oil yields,
however, the most productive were the Messina accessions (AF2 38.41 kg ha™!), followed by the
Agrigento accessions.

In the second year, there was a fall in production which altered the ranking of the accessions based
on results in the study. More specifically, in 2010, similar to the first year, the Messina accessions were
ranked as the most productive. The Palermo accessions, in contrast to the previous year, were also
ranked at the top of the list. The above-mentioned areas of provenance were found to perform better
than the Agrigento accessions not only in terms of average inflorescence yields but of all the other
parameters examined. However, if we look at the Agrigento data more closely, regarding inflorescence
yields, we can see that two of the three accessions, S54 and SS9, produced values equal to the average
for the field (1.60 Mg ha™!), only SS7 producing far lower yields (1.00 Mg ha™!). The AF accessions
were ranked second. Of the three accessions, AF2 (1.61 Mg ha~!) and AF3 (1.83 Mg ha~!) produced
inflorescence yields which were respectively equal or slightly higher than the average for the fields,
while AF8 (1.41 Mg ha~!) was a little lower. Accession PR1 bolstered the results for the PR accessions
with inflorescence yields of 2.81 Mg ha™!; 1.20 Mg ha™! higher than the average for the field. In contrast,
the other Palermo accession, PR4 and PR5 produced yields slightly below the average for the field.

Once again, PR1 obtained the highest plant fresh weight (1346.88 g) and dry weight (318.72 g),
in addition to the highest inflorescence dry weight (139.64 g) and leaf dry weight (80.56 g). The greatest
plant size was also obtained by PR1 (159.75 cm), statistically different from all the other plants. PR1 was
followed by AF3 (152 cm) and AF2 (150.5 cm), while AF8 produced the smallest size plant (129.75 cm).
In 2010, the greatest number of branches, number of stems, and floral spike lengths were obtained from
the most productive accessions in the various areas. Regarding the number of branches, AF8 (19.75),
AF3 (18.77) and SS9 (19.55) were worthy of note, as was AF2 (7.52) concerning the number of stems.
The greatest main floral spike (ISP) and secondary spike (ISS) lengths were obtained from the Palermo
accession PR1 at 72.75 cm and 57.40 cm, respectively. Concerning the percentage content of oil, in the
second year, a general increase in production was evident in all of the accessions belonging to the
Messina group and the Agrigento group, whereas a slight decrease was recorded in the remaining
accessions; the ranking list remained unchanged, however, compared to the previous year.
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Table 7. (a) Mean values of biometric and productive parameters of clary sage accessions during 2009 and 2010. (b) Mean values of biometric and productive

parameters of clary sage accessions during 2009 and 2010.

(a)

2009
Accession SY EOP EOY PH PFW PDW FSDW LDW SDW NB NS SL
554 481a 0.58 c 24.81 bc 151.50 a 1604.85 ¢ 653.01 a 24451 a 126.51 282.01a 12.01a 3.51bc 54.48 b
SS7 420 ab 0.61c 23.10 bc 140.75 ¢ 132731 e 526.25c 207.25Db 91.01f 228.01c 1251 a 2.95 bed 51.13d
559 3.42b 0.62c¢ 18.81 bed 141.52 be 1623.20 b 462.75d 167.25d 110.25d 185.25d 9.53b 3.25bc 5294 c
PR1 140 c 0.86 b 10.81d 136.50 d 605.67 h 189.751 72.011 38.01h 79.75h 375¢g 2.02d 52.74 c
PR5 1.61c 0.89b 12.71 cs 124.51 £ 555.56 i 198.51 h 82.25h 37.51h 78.75h 6.75 £ 3.52 bc 4595 e
PR4 2.43 bc 091b 19.52 be 142.00 b 828.08 g 28525 ¢g 11525 f 5025 ¢ 11975 ¢ 9.75bc 2.02d 58.69 a
AF2 3.41b 126 a 3841 a 136.51d 173432 a 622.51b 173.75 ¢ 178.75a 270.01b 8.02d 452a 4291 f
AF3 2.63 be 1.25a 29.11 ab 127.25 £ 1386.63 d 414.75e 128.75 e 118.75 ¢ 167.25e 9.01 bed 2.75cd 4262 f
AF8 1.82¢ 1.30a 21.10 bed 13125 1048.13 f 356.01 £ 9525 ¢ 107.01e 153.75 £ 8.25d 325¢ 42.67 £
2010
Accession SY EOP EOY PH PFW PDW FSDW LDW SDW NB NS SL
554 1.62 ab 0.84d 12.01 ab 139.01e 77475 194.81d 81.67 ¢ 34.06 e 79.07d 15.03 ¢ 525cd 4242 c
SS7 1.02 be 0.69e 6.32b 13501 ¢g 578.881 114.64 1 48.04 1 2398 g 42621 15.01 cd 475d 36.03 g
SS9 1.62 ab 0.76 de 10.91 ab 144.51d 773.51 £ 184.89 80.14d 3347 e 7128 e 19.55a 6.04 c 39.60 df
PR1 281a 0.68 de 17.11 ab 159.75 a 1346.88 a 318.72 a 139.64 a 80.56 a 98.52b 1225 e 6.75 ab 54.80 a
PR5 1.40b 0.99 ¢ 12.40 ab 140.02 e 603.06 h 150.25 ¢ 74.51 f 18.46 h 57.29 f 1253 e 425d 4441Db
5PR4 1.22b 1.09b 11.81 ab 136.25 £ 673.88 g 144.47 h 66.48 h 30.37 £ 47.72h 13.78 d 475d 4228 c
AF2 1.61 ab 123 a 17.72 ab 150.51 ¢ 1313.02b 237.21b 7794 e 59.44b 99.82 a 15.32 be 7.52a 38.95d
AF3 1.83 ab 131a 2110 a 152.01b 1049.13 ¢ 230.11c 95.11b 4140 c 93.59 ¢ 18.77 a 475d 4452 Db
AF8 141b 141a 17.82 ab 129.75h 862.88 d 162.51 £ 71.65 g 3796 d 5289 g 19.75a 5.02cd 40.40 £
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Table 7. Cont.
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(b)
2009
Accession ISPL ISPEOP ISSL ISSEOP
S54 64.25b 051b 60.06 a 0.65 ¢
SS7 60.25 ¢ 0.54b 58.17 b 0.68 ¢
SS9 63.75b 0.53b 51.78 ¢ 0.71c
PR1 57.52d 092a 28.83 h 0.79b
PR5 53.75 e 094 a 44.38 f 0.83b
PR4 66.25 a 098 a 45.33 ef 0.83b
AF2 5275 e 092 a 4592 ¢ 159 a
AF3 50.55 f 0.96 a 35.69 g 153 a
AF8 51.57 f 0.99 a 4754 d 1.61a
2010
Accession ISPL ISPEOP ISSL ISSEOP
S54 53.75d 0.56 e 45.54 f 1.09g
SS7 51.25e 0.67d 46.92 ¢ 0.71f
SS9 56.25 ¢ 0.68d 51.52d 0.84e
PR1 72.75 a 0.64 de 57.42 a 0.72 f
PR5 62.25b 1.15b 56.01 b 0.83 e
PR4 57.25 ¢ 1.25a 52.86 ¢ 0.94d
AF2 55.07 d 0.83 ¢ 45.68 efg 1.63b
AF3 62.25b 1.08 b 54.81b 153 ¢
AF8 54.54 d 1.07b 46.13 efg 1.76 a

SY = spike yield; EOP = essential oil percentage; EOY = essential oil yield; PH = plant height; PFW = plant fresh weight; PDW = plant dry weight; FSDW = floral spike. dry weight;
LDW = leaf dry weight; SDW = stem dry weight; NB = no. branches; NS = no. stems; SL = spike length. Means followed by the same letter are not significantly different for p < 0.05
according to Test of Tukey. ISPL = ISPL spike length; ISPEOP = ISP essential oil percentage content; ISSL = ISS spike length; ISSEOP = ISS essential oil percentage content. Means followed
by the same letter are not significantly different for p < 0.05 according to Test of Tukey.
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In addition to the AF accessions, having a range between 1.23% (AF2) and 1.42% (AFS),
other productive accessions were PR4 (1.10%), PR5 (0.99%) and S54 (0.83%). In terms of oil yield,
however, the most productive accessions were those belonging to the Messina group (17.70-21.10 kg
ha™1) followed by PR1 (17.10 kg ha™!). The lowest values were, instead, achieved by S57 (6.80 kg ha™1).
Furthermore, values slightly higher than 10 kg ha=! were found in other accessions.

Of interest here are average EO yields of the Agrigento accessions. EO yields in 2009 were
22.20 kg ha™!, decreasing to approx. 10.00 kg ha~! the following year. This year witnessed a general fall
in accession production. The Palermo accessions, however, maintained average EO yields of approx.
14.00 kg ha™! during both years, due to the production performance of PR4 in 2009 and PR1 in 2010.
The above-mentioned variations, as is generally known, can be attributed to several factors, including
environmental and genetic differences.

3.3. Correlation Matrix

Correlation analysis (Table 8) for both years showed a positive and highly significant correlation
between floral spike yields and parameters linked to vigor and plant development, such as height, fresh
weight and dry weight of the plant and components (inflorescences, leaves, and stems). In addition to
these clear relationships, however, several rather different relationships were observed over the two
years which are worthy of note.

In 2009, spike yield was positively affected by ISS spike length (r = 0.80) and branch number
(r = 0.84). Furthermore, branch number was positively correlated with most of the parameters in the
study (some with statistical significance). In 2010, however, branch number was inversely correlated,
although not markedly, with all biometric and production parameters (except for EO%). In the same
year, a positive correlation was found between floral spike yield and ISP spike length (r = 0.85),
floral spike length (r = 0.88) and ISS spike length (r = 0.52).
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Table 8. Correlation matrix of the main biometric and production parameters.
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2009

Characters SY EOP EOY PH PFW PDW FSDW LDW SDW NB NS SL ISPL ISSL
SY -0.512 0.535 0.735*  0.807 ** 0.910 ** 0.998 **  0.600*  0.904 **  0.843 ** 0.398 0.259 0.464 0.800 **
EOP -0.234 0.424 —-0.654 —-0.057 -0.152 —-0.493 0.298 -0.143 —-0.407 0.192 -0.759*  -—0.801**  -0.523

EOY 0.545 0.673 * 0.121 0.792 * 0.787 * 0.545 0.912**  0.786 * 0.412 0.616 -0.433 -0.267 0.253

PH 0.838 **  —-0.205 0.507 0.453 0.572 0.731 * 0.222 0.583 0.556 -0.043 0.736 * 0.830 ** 0.596

PFW 0.788 * 0.174 0.749 * 0.803 * 0.936 **  0.812** 0.915**  0.912 ** 0.604 0.596 —-0.148 0.092 0.536
PDW 0.951 **  -0.078 0.663 0.899 **  0.918 ** 0.924* 0.871** 0997 **  0.702 * 0.630 -0.073 0.154 0.681 *
2010 FSDW 0.993 **  -0.187 0.576 0.825**  0.745*  0.935 ** 0.622 0.919 **  0.827 ** 0.432 0.299 0.436 0.802 **

LDW 0.861 **  —0.054 0.586 0.778*  0.946 **  0.929 **  0.823 ** 0.862 ** 0.395 0.736 * —0.442 -0.299 0.364
SDW 0.768 * 0.042 0.678*  0.883 ** 0.882** (0.909**  0.748 * 0.799 * 0.695 * 0.629 -0.070 0.150 0.685 *
NB -0.212 0.452 0.273 —-0.266 -0.028 —-0.146 -0.220 —-0.168 -0.012 0.197 0.252 0.454 0.861 **

NS 0.556 -0.124 0.315 0.634 0.815**  0.707 * 0.481 0.811**  0.713 * —-0.054 -0.556 -0.344 0.433

SL 0.884 **  —0.204 0.448 0.661 0.518 0.57 * 0.921 ** 0.641 0.503 —-0.452 0.197 0.956 ** 0.244

ISPL 0.854 **  —-0.174 0.467 0.741 * 0.530 0.737*  0.889 ** 0.615 0.507 -0.411 0.207 0.954 ** 0.476

ISSL 0.520 -0.185 0.216 0.531 0.128 0.366 0.586 0.193 0.185 -0.351 -0.149 0.740 * 0.859 **

SY = spike yield; EOP = essential oil percentage; EOY = essential oil yield; PH = plant height; PFW = plant fresh weight; PDW = plant dry weight; FSDW = floral spike dry weight;
LDW = leaf dry weight; SDW = stem dry weight; NB = no. branches; NS = no. stems; SL = spike length; ISPL = ISP spike length; ISSL = ISS spike length. **: correlation is significant at the
0.01 level. *: correlation is significant at the 0.05 level.
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3.4. PCA Analysis

PCA analysis was carried out to provide an overall assessment of the accessions over the 2 years
and showed that the 2 biggest principal components accounted for 71.00% of total variability, rising to
over 86.00% with the 3rd component (Table 9). For analytical purposes, however, only the first two
were considered of interest.

Table 9. Variance in principal components and cumulative contribution to total variation.

PC1 PC2 PC3
Eigenvalues 6891 3030 2171
% Variance 49,218 21,642 15,505
% Cumulative variance 49,218 70,860 86,365

In Table 10, it is clear that the biggest principal component (PC1), accounting for 49.20%,
was strongly and directly correlated with as many as 7 characteristics out of the 14. In particular,
it is associated with floral spike yield, essential oil yield, fresh and dry weight of the plant, and the dry
weight of the inflorescences, leaves, and stems.

Table 10. Factor weights of properties on the two PC.

PC1 PC2

Spike yield 0.972 0.110
Essential oil percentage —-0.278 —-0.519
Essential oil yield 0.781 -0.390

Plant height 0.313 0.822
Plant fresh weight 0.879 -0.023
Plant dry weight 0.977 -0.153

Floral spike dry weight 0.973 0.104
Leaf dry weight 0.873 —-0.356
Stem dry weight 0.955 —-0.203

No. branches —0.354 0.527

No. stems -0.295 0.491

Spike length 0.591 0.290

ISP spike length 0.380 0.766

ISS spike length 0.329 0.727

The second component, accounting for 22.00% of total variation, is strongly linked to the biometric
characteristics, such as plant size, main floral spike length (ISP) and secondary floral spike length (ISS).
Less marked, however, was the correlation found with two other biometric properties: branch no. and
stem no., and inversely correlated, with the same intensity, with % content of EO. Figure 4 shows a
loading plot of the factor weights pertaining to the main two principal components.

From Figure 5, which projects the distribution and clustering of the accessions on the plot for the
two principal components, statistical data can be extracted.
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Figure 4. Loading plot of the factor weights pertaining to the main two Principal Component. In the
graph, black points refer to clary sage accessions cultivated in the first year while red points refer to
accessions cultivated in the second year.

Companent 1

Compoment 1

Figure 5. Clustering of the accessions on the score plot for the main two principal components. In the
graph, black points refer to clary sage accessions cultivated in the first year while red points refer to
accessions cultivated in the second year.

In general, allocation of the accessions led to the identification of 2 clusters which corresponded
to the two years. To the right of the origin are the accessions grown during the first year and to the
left those grown during the second year. Hence, variations along PC1 can represent environmental
variability during the two test years. Characteristics linked to this variability are those which are
most affected by the factor “year”. However, several heterogeneities emerge which can be attributed
to the Palermo accessions. More specifically, PR1 from 2010, allocated in the upper right quadrant,
and PR1 and PR5 from 2009, in the lower left quadrant, diverge from this trend. Cluster analysis
carried out led to the creation of 4 main groups: 3 for the first year and 1 for the second year. Relative
to the first year (2009), each of the 3 main groups was formed by accessions from the same area of
provenance. The exception to this concerned the Agrigento accessions, which also included the Palermo
accession PR1 from 2010. These Agrigento accessions, however, when associated with the various
production parameters, formed a subgroup which is in the upper right quadrant. This is an area
which corresponds to high values for the first principal component; accession S54 being of particular



Agronomy 2020, 10, 1114 15 of 21

note. PR4, belonging to the other main group from the first year, is located in the same quadrant,
though slightly more to the left. PR4, in contrast to other accessions from the same area (PR1 and PR5)
managed to ensure a positive production outcome, although in a somewhat more contained manner.
PR1 and PR5 formed a subgroup in the lower left quadrant in an area with negative values from both
PC2 and PC1. The remaining group from this year, the Messina accessions (AF), are all located in the
lower right quadrant, thus possessing negative values from the second principal component. As this is
strongly correlated with plant height, ISP lengths and ISS length directly, and moderately correlated
with percentage content of EO inversely, these accessions are small in size with a short floral spike
but have a high % content of EO. Accession AF3 and, in particular, AF8 (lying near the axis of the
second principal component) are more defined by PC2 compared to AF2. This latter is separate from
the first two, forming a separate subgroup. In 2010, cluster analysis highlighted one main group with
2 subgroups: 1 of which containing 70.00% of the accessions and the other subgroup containing only
AF3 and AF2. These latter were located to the left of the origin, and, therefore, with negative PC1 values.
In general, relating to 2010, a more uniform distribution is apparent from the new positions occupied
by the accessions, except for PR1. The position of this latter, as previously mentioned, is peculiar, given
its position in a cluster located in the upper right quadrant and, thus, far from the main distribution for
that year. For most of the accessions, small variations in position concern those along the PC1 axis,
except for SS7. This accession was most affected, in production terms, by the environment. However,
greater variations were found along the PC2 axis; in particular, in the area with high values concerning
morphological characteristics. Several accessions, although occupying similar positions along the PC1
axis, obtained different yields and were mainly defined by those parameters directly linked to PC2.
This was also true of accession AF8. Although it located in the lower left quadrant (the only accession
in the subgroup located below PC1), it was the one with a greater percentage content in EO, as this
parameter was inversely correlated with PC2. Nearer to the origin but positioned in the upper left
quadrant, are AF2 and AF3. In this subgroup, AF3, which lies above AF2 along the PC2 axis, obtained
production values which were even higher than the average for the field.

3.5. Essential Oil Composition

GC-MS analysis of the essential oil from the clary sage accessions, grouped by area of provenance,
led to the identification of 76 chemical compounds, representing 98.00% of the chemical profile (Table 11).

Table 11. Chemical compound main classes of clary sage essential oil.

ISP ISS
Ss PR AF Ss PR AF
Class/Compound m sd m sd m sd m sd m sd m sd
Monoterpene 514 057 516 012 442 106 520 011 606 069 530 024
hydrocarbons
Oxygenated 7787 530 7935 213 6730 1145 7922 388 7810 258 7854 3.33
monoterpenes
Sesquiterpenes 1118 390 1127 154 1661 592 970 212 1077 188 1094 2.09
Diterpenes 406 120 332 040 923 534 390 100 387 120 381  1.00

m = mean; sd = standard deviation.

The most abundant class was that of oxygenated monoterpenes (67-79.00%), followed by
sesquiterpenes at levels above 10.00%. Monoterpenes, hydrocarbons, and diterpenes remained below
10.00%. The compounds linalyl acetate and linalool, in a ratio of 2:1, accounted for approx. 60.00% of the
total, with «-terpineol as the third most abundant component (Table 12). This pattern was found to be
common to all the samples tested, including those on the SP and the SS floral spike, and was also reflected
in the profile of the minor components. The chemical composition of the two types of inflorescence did
not show intraspecific chemical differences, and the content of the principal components was highly
uniform. The accessions in the study are of chemotype “linalyl acetate” (range 36.00-43.00%).
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Table 12. Chemical composition of clary sage essential oils.

ISP ISS
Peak® RILit.® RIExp. ¢ Class/Compound SS PR AF SS PR AF
m sd m sd m sd m sd m sd m sd
Monoterpene
Hydrocarbons
6 991 994 3-Mircene 1.39 0.42 1.72 0.09 1.67 0.26 1.74 0.16 2.10 0.32 1.73 0.03
10 1050 1041 trans-Ocimene 1.07 0.25 1.35 0.08 1.28 0.10 1.33 0.07 1.59 0.09 1.32 0.04
Oxygenates
Monoterpenes
14 1097 1094 Linalool 21.42 3.50 23.79 0.37 24.40 3.24 23.43 1.22 27.31 2.63 23.59 1.92
22 1189 1200 a-terpineol 4.83 212 6.40 0.23 6.38 1.49 6.69 0.74 7.90 1.20 6.58 0.20
25 1130 1240 Nerol 1.07 0.36 1.27 0.04 1.23 0.23 1.32 0.10 1.52 0.21 1.28 0.01
26 1257 1271 Lynalin-acetate 35.80 478 42.46 2.63 40.85 211 41.71 1.30 35.46 2.18 42.42 2.79
34 1362 1369 Neryl acetate 1.43 0.33 1.62 0.09 1.53 0.18 1.66 0.11 1.81 0.18 1.56 0.08
36 1381 1389 Geranyl acetate 2.26 0.69 2.76 0.13 2.62 0.42 3.02 0.23 3.32 0.33 2.85 0.07
sesquiterpenes
41 1419 1432 b-caryophyllene 3.28 1.73 2.03 0.14 2.39 1.04 2.03 0.64 1.97 0.53 2.07 0.28
49 1485 1494 Germacrene D 5.08 1.09 4.55 0.91 3.95 1.41 3.76 0.49 4.42 0.90 3.27 0.92
50 1496 1499 Valencene 3.17 1.20 1.93 0.43 1.88 0.63 1.94 0.31 1.60 0.26 1.72 0.51
Diterpenes
76 2223 2168 Sclareol 7.76 448 2.71 0.34 3.29 0.95 3.25 0.96 3.15 1.07 3.14 0.87

m = mean; sd = standard deviation. ? the numbering refers to elution order, and values (relative peak area percent) represent averages of 3 determinations and standard deviation;
Literature Retention Index; ¢ Experimental Retention Index relative to standard mixture of n-alkanes on SPB-5 column.



Agronomy 2020, 10, 1114 17 of 21

4. Discussion

For cropping systems wishing to increase levels of diversification while ensuring low input,
wild species, including many medicinal and aromatic plants, are considered to be a strategic choice due
to their rusticity, adaptability, and sustainability, often expression of the combination of environment
and ecotype. However, compared to the great number of aromatic plants known to us, few are
cultivated [43]. To domesticate and ensure diffusion of wild species, it is necessary to understand how
they behave during cultivation, both in agronomic terms and in terms of quality [44]. As noted by
Mossi et al. [36]; there is a lack of information on clary sage regarding biometric and agronomic aspects,
in contrast to studies on other species of the genus Salvia, such as S. officinalis and Salvia triloba.

All the accessions grew in a regular although controlled manner, maintaining rosette stage.
During new growth stage, plant stems developed and flowering stage was reached the following year,
confirmation of their biennial habitus, as noted by other authors [6]. Averages obtained for the field
during the two years of tests showed far higher values in 2009 than in 2010 for the biometric and
production parameters being examined. Environmental factors undoubtedly played a key role in the
different production results. More specifically, the heterogeneous rainfall levels throughout the test
period were considered highly influential, with 2009 experiencing exceptionally high rainfall levels
and 2010 much lower and consistent with the test environment.

Considering fresh biomass inflorescence yields, results obtained in this test (regarding both
productive and less productive accessions) were consistent with those reported by Yessen et al. [8,37]
in tests carried out in India in a subtropical environment. Dry biomass yields, however, appeared
to be slightly lower than those reported in tests carried out in Brazil by Mossi et al. [36]. It is worth
noting that estimates of this parameter were made using a greater plant density per hectare compared
to this study, while production results per plant were similar. Considering the three classifications
(low, medium and high) determined by Yessen et al., [37] based on plant height, we can classify all of
the Sicilian accessions in the study as medium-sized (100-150 cm). This contrasts with other studies
carried out in Brazil, Spain, and Sicily, where plants of almost 1 m can be classified as small [6,36,38,45].
As regards no. of branches (9.17), fresh plant biomass production (1098 g) and dry plant biomass
production (361 g), results for 2009 were consistent with those found in Mossi et al. [36]. Results from
2010, albeit lower than the previous year, were, in some cases, far higher, than those obtained by other
researchers in Mediterranean environments. In the Aragona region in Spain, for example, Alquezar [38]
obtained a plant fresh weight in the first year of 201 g and 830 g in the second year. This latter was
similar to the weight obtained by us in the drier year. Once again in Sicily, Carrubba et al. [6], in highly
arid conditions, obtained very low values for plant dry weight (75.80 g), except for number of branches
(23 branches). In agreement with this, it is worth noting that in our study, as regards number of
branches, this parameter was higher in the year with lower rainfall, with nearly a two-fold increase
compared to the previous year (16 branches).

In addition to the above-mentioned agro-morphological parameters, the biometric and production
characteristics of the floral spike are of particular interest in the scientific literature [37] on medicinal
and aromatic plants. These characteristics are considered to be a reliable factor when selecting species
with a high EO content.

Furthermore, in this study, we considered it important to analyze the floral spike by distinguishing
between the main stem floral spike (ISP) and the floral spike of the secondary stem (ISS), an aspect not
discussed in the literature. Of interest is the fact that spike length was longer in the drier year and EO
was slightly higher in ISS compared to ISP. This would suggest the importance of bearing this peculiar
characteristic in mind in the selection of accessions for production purposes, above all in Mediterranean
areas. In the two years of tests, average ISP spike length did not vary and was relatively high. The great
variability found, above all in some of the accessions, in production and biometric parameters was
revealed by analysis of the principal components, with production parameters accounting for approx.
49.00% and biometric parameters 22.00% of the total variation.
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Oil percentage content in this study, over the two years, was reasonably high in all the accessions
(0.58-1.8%). Values for this parameter found in the literature are mostly much lower. Research carried
out in various regions in the north of Iran (0.31-0.65%) and in Leskovac, Serbia (0.78-0.83%) [31,46]
reported similar results to some of the values in this study. In this study, the accessions from Messina
obtained satisfactory results not only for the above-mentioned parameter, but also for EO yields per
hectare, as these accessions were also among the most productive accessions. In fact, the 3 Messina
accessions produced, on average, an EO yield of 19.00 kg ha~! in 2010, consistent with Mossi et al. [36].
In 2009, however, despite a lower percentage content of EO, the same accessions produced 29.50 kg ha™!
of EO, as the yield was obviously connected to spike yield. The above-mentioned variations,
as is generally known, can be attributed to several factors, among which the various environmental
and genetic differences.

As regards the chemical composition, there are various chemotypes known for clary sage. In this
study;, it is clear from the chemical analyses of the essential oils extracted from the inflorescences that
the accessions were chemotypes rich in linalyl acetate and linalool. This agrees with results from other
authors [1,6,14,34,37]. The chemical composition of the two inflorescence types, ISP and ISS, from the
three areas (an average of the 3 accessions from each area of provenance) did not show differences,
presenting a highly uniform content of principal components. Nevertheless, further research is needed
to increase knowledge of this, especially in relation to the geographic origin.

Furthermore, regarding the biometric characteristics, PCA also revealed distinctive features which
enabled a series of clustering. This clustering highlighted, in general, the effects of the different years
and the subdivision of the accessions, mainly based on ISP and ISS spike length. In 2009, abundant
rainfall led to improved biometric results and yields, allowing us to identify accessions with a tendency
towards medium high production levels. Furthermore, within the macro-groups, we were able to
identify subgroups linked to the area of provenance. The lower rainfall levels in 2010, although
consistent with the test environment, not only limited the biometric and production characteristics,
but also annulled the link to provenance, which, however, was evident in the first year. In this year,
accessions were found to be less evenly distributed along the PC axes compared to 2010 (mostly
concentrated along the PC2 axis). The accessions which maintained or exceeded averages for the field
were those accessions which modified their production parameters regarding the second principal
component, clearly actuating an adaptation strategy triggered by adverse environmental conditions.
Of the accessions, PR1 is worthy of note while SS7 showed poor results, despite being one of the best
performers in the more favorable year.

5. Conclusions

Results obtained in this study represent a valid contribution to the acquisition of knowledge of
the adaptability and production potential of a medicinal and aromatic species of interest to industry in
the Mediterranean area. The production levels obtained are interesting and promising, even though
variable over the two years. Most of the clary sage wild accessions showed a satisfactory production
response, reaching higher or around averages for the field in the two years. In general, the rainy
year led to more vigorous plants with a higher percentage incidence of stems and leaves, while in
2010, the plants were sparser and with a greater incidence of inflorescences compared to other plant
components. On this note, regarding to the determination of spike yield, analysis of variance and
multivariate analysis (PCA) highlighted the considerable importance of several biometric properties,
among which number of stems, number of branches and ISP spike length and, in particular, ISS spike
length. The accessions which maintained or exceeded the averages for the field, above all in the drier
year, were the ones with a longer ISS and ISP spike, demonstrating this as a production adaptation
strategy to adverse environmental conditions. From an agronomic point of view, PR1 was found to be
worth of note. Accessions SS7 and PR4 obtained interesting results only in the first year, as they were
found to be highly adversely affected by environmental conditions in the second year. The remaining
accessions; however, were consistent with the average for the field. Relative to the essential oil content,
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all the accessions produced high EO content; the Messina and Palermo accessions being of particular
note. The accessions with the best EO yield performance per hectare were the Messina accessions
in both years; the Agrigento accessions and PR1 in 2009; and PR1 in 2010. All the accessions in the
study were “linalyl acetate” chemotype (range 36.00—42.60%). The chemical composition did not vary
between the two types of inflorescence, ISP and ISS. The different biometric and production properties
of the accessions in the study could be of use for the selection of biotypes for future use. In conclusion,
the results show, in addition to good adaptability to the environment, good potential for introduction
into Mediterranean cropping systems, fostering the expansion of medicinal and aromatic crops.
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