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Abstract
The sweetener compounds in Stevia, steviol glycosides (SG), are mainly found
in the leaves. The SG content depends on the plant’s growth stage and is
usually highest just before flowering. In temperate areas, Stevia is a polyannual crop (5 - 7 years) with a vegetative period lasting from April-May until
October, during which time the crop can be harvested two or three times. This
research focuses on the need for knowledge about Stevia’s response to temperate climates in Southern Europe. Two field assays were established from June
to October 2013 at two sites in Navarra (Spain). The biomass and content of
the two major SG, stevioside (ST) and rebaudioside A (RA), were measured
using High Performance Liquid Chromatography (HPLC) in 66 cloned plants,
at different developmental stages. Although the results from the two sites
showed different SG leaf content dynamics during the plant growth, the optimum harvest date at both sites coincided with the bud-flowering stage at the
beginning of September (around 96 days after planting), when a ST yield of 27
g·m−2 was reached. These results show Stevia’s potential as a commercial crop
for stevioside production in northern Spain.
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1. Introduction
The number of people suffering cardiovascular diseases, diabetes, hypercholesterolemia and obesity has increased globally [1]. For this reason, the demand for
non-caloric sweeteners has increased while sugar consumption has decreased
[2]. In this context Stevia plays an important role. Besides being a natural sweetener, stevia leaf extracts have other interesting properties, including decreasing
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blood pressure, improving digestion and gastrointestinal function and protecting against dental caries [3] [4] [5] [6].
Since ancient times, Stevia has been used in its native area, Paraguay, from
where it has been introduced into Asia and North America, and more recently
into Europe. Nowadays China is the main producer and Japan the main consumer [7]. Stevia is a relatively new crop, still under domestication, although
much work has been done on variety selection, particularly in China, Korea and
India.
The European Commission approved the use of SG as a food additive (E-960)
in 2011 (Commission Regulation EU No 1131/2011). As this new market opened
up, the demand for Stevia increased and its introduction into Europe as a crop
was encouraged, especially in the Mediterranean region. In Spain, the area dedicated to Stevia cultivation is estimated to be around 70 - 80 ha.
Among the steviol glycosides (SG), stevioside (ST) and rebaudioside A (RA)
are present in the highest concentrations [8]. In the biosynthetic pathways for
the main SGs, ST is a direct precursor to RA [9]. ST represents between 60% 70% of the total SGs and is 300 times sweeter than sucrose, with a slight licorice
flavor and a bitter aftertaste [10]. In contrast, RA lacks the bitter aftertaste and is
the sweetest SGs, being from 250 up to 400 times sweeter than sucrose [10]. SGs
are mainly found in the leaves, with higher levels in younger than older leaves
[8] [11] [12] [13], with less in shoots, roots, flowers and seeds [14]. For this reason, the leaves are used for obtaining SG extracts, while shoots are discarded because of the difficulty of extracting SGs from lignified shoots.
SG yield per dried leaf varies from 5% to 22% [15] and SG content depends on
plant variety or population [9] [16], propagation methods [17], growing conditions, photoperiod [9] [18], agronomic practices [19] [20] [21] [22], plant age or
ontogenetic phase [13] [16] [23].
Stevia is a short-day species with a critical photoperiod of 13 to 14 hours
needed to induce flowering [3]. In general, SG content is highest just before flowering, during the flower bud formation phase [24], making this the optimum
time for harvesting [25]. After this phase, photoassimilates are allocated to reproductive organs and SG content tends to either stagnate [26] [27] or decrease
[28]. Temperate areas, with long summer days (more than 13 - 14 hours of sunlight), provide the ideal conditions for obtaining high yields of SG [8]. A longer
vegetative period before flowering and harvest promotes higher leaf biomass
production and a higher SG yield.
In various temperate areas, the cultivation of Stevia is long-term (5 - 7 years)
and the vegetative period lasts from April-May to October. During winter,
above-ground parts of the plant remain inactive, and new stems sprout from the
buried rhizome the next spring. In these areas with a temperate climate, Stevia
can be harvested two or three times per year [29]. At higher latitudes, with cooler weather, the crop is harvested once a year.
This research focuses on the need for knowledge about Stevia’s response to
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temperate climates in Southern Europe. Specifically, we elucidate fluctuations in
biomass production and SG content per plant during the various developmental
stages of a crop cycle at two different sites in northern Spain.

2. Material and Methods
2.1. Study Sites
Field assays were carried out from June to October 2016 at two sites in Navarra,
Spain: San Adrián (42˚33'N, 1˚93'E, 318 m asl, mean annual precipitation 503
mm, mean annual temperature 16.5˚C) and Puente la Reina (42˚67'N, 1˚81'E,
344 m asl, mean annual precipitation 605 mm and mean annual temperature
13˚C). The steppe climate of San Adrián is characteristic of the central Ebro
Valley, and is classified as dry cold steppe or dry Mediterranean (Bsk in the
Köppen climate classification). Puente la Reina has a Mediterranean climate
with warm, summers (Csb in the Köppen climate classification). Table 1
presents climate data (mean temperatures and precipitation) for the two sites
during the field assay period. Soils from both sites show similar characteristics:
both are classified as sandy-loam with a basic pH and similar N content, although the soil in San Adrián has more P and K content than that of Puente la
Reina (Table 2).
Table 1. Total cumulative precipitation (TCP), mean maximum temperature (Mmax.)
and mean minimum temperature (Mmin.) from June to September 2013 at the two assay
sites (source: http://meteo.navarra.es/climatologia/zona_media.cfm).
San Adrián
2013

Puente la Reina

June

July

August

Sept.

June

July

August

Sept.

TCP (L·m )

4.04

2.33

0.50

0.50

34.70

14.50

32.1

32.1

Mmax. (˚C)

31.95

29.53

26.25

26.25

30.35

28.05

23.93

23.93

Mmin. (˚C)

15.91

14.47

11.95

11.95

18.40

17.34

14.26

14.26

−2

Table 2. Physical and chemical parameters of the soil at the study.
Soil parameters

San Adrián

Puente la Reina

pH (1:2.5 V/V)

8

8.2

C:N

10.6

12.5

Organic matter (%)

2.59

3.03

0.14

0.14

Kjeldahl nitrogen (%)
Olsen phosphorus (mg P kg )

41

26

Extractable potassium (mg K kg−1)

589

482

Extractable magnesium (mg Mg kg−1)

158

130

Coarse sand (0.2 - 2.0 mm) (%)

8

15.7

Fine sand (0.02 - 0.2 mm) (%)

61.4

40.8

Silt (0.002 - 0.02 mm) (%)

18.3

26.8

Clay (<0.002) (%)

12.4

16.7

Soil texture

SANDY LOAM

SANDY LOAM

−1
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2.2. Plant Material and Experimental Design
For the assays were used in vitro plant clones, obtained from a single previously-selected plant. On June 5th, at each site, 10 cm-tall specimens of Stevia were
manually planted in one row using a planting pattern of 40 × 35 cm. Black padding was installed to minimize weed growth. Nitrogen, phosphorus and potassium were supplied three times through fertigation (COMPO, 7% N, 5% P2O5,
6% K2O, and microelements).
Every two weeks, four plants were cut five cm above soil level and the shoots
and leaves were separated. A subsample of fresh leaves from each plant was used
to measure SG content and the rest of the sample was air dried, being turned
over every two days. Both the fresh and dried biomass of the shoots and leaves
were recorded.
In total, 66 plants (32 in San Adrián and 34 in Puente la Reina) were analyzed
over 9 sampling dates corresponding to different developmental stages, from
early vegetative growth (V3) to the crop flowering stage (R2) (Table 3). The description of plant developmental stages followed Carneiro [30]. The vegetative
stages sampled corresponded to: V3, plants with just one main stem and axillary
branches with internodes of less than 2 cm in length; V4, plants with more than
one stem and axillary branches with internodes of more than 2 cm in length; and
late-V4, plants with more than one stem and axillary branches more than 15 cm
in length (this stage occurs just before the differentiation of flower buds). The
reproductive stages corresponded to: R1, the branch apex has already differentiated into flower buds; and R2, the flowers are in anthesis, the time of flowering
to pollination. Plant developmental stages, sampling dates and day length for
both sites are shown in Table 3. The transition from one developmental stage to
the next lasts a few days.
Table 3. Mean daylight hours for two-week periods from June till September 2013 at San
Adrián (42˚33'N, 1˚93'E) and Puente la Reina (42˚67'N, 1˚81'E). Harvest day and plant
growth stage are also shown.
San Adrián
Daylight
(hrs: min)

DOI: 10.4236/ajps.2018.94068

Puente la Reina

Plant growth
stage

Daylight
(hrs: min)

Plant growth
stage

June 1st-15th

15:10

15:13

June 16th-30th

15:16

15:18

July 1st-15th

15:06

V3

15:08

V3

July 16th-31st

14:43

V4

14:45

V3, V4

August 1st-15th

14:10

V4

14:12

V4, late-V4

August 16th-31st

13:31

V4, late-v4

13:32

Sept. 1st-15th

12:49

Late-V4, R1

12:50

Late-V4, R1

Sept. 16th-30th

12:07

R1

12:07

R1
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2.3. Extraction and Analyses of SG
SGs were extracted three times from fresh leaves (0.50 g), each time using 7 mL
of ultrapure water. Extractions were performed at room temperature, shaking
for 35 m at 300 rpm in an orbital shaker. The extracts were centrifuged at 4500
rpm for 12 m and the supernatant of the three extracts was then pooled and
mixed, and brought to a final volume of 50 ml. Finally, the extracts were purified
by filtering through a 0.45 µm filter. 20 µL aliquots of extract were injected into a
High Performance Liquid Chromatography (HPLC) system coupled with an ultraviolet detector. A Waters Atlantis T3 5 µm column (4.6 × 150 mm) was utilized and the HPLC operating conditions used were as follows: isocratic mobile
phase acetonitrile: water (70/30) and a flow of 0.5 mL·min−1. The ultraviolet detector was set to monitor at 205 nm. Retention time was 15:05 min for RA and
15:96 for ST. Pure RA (97.5%) was used as standard. Calibration curves were
obtained from standard solutions (10 - 500 ppm) for RA. Previous tests showed
that the relationship between the response factor of RA and ST was statistically
equal to one, and therefore ST was also quantified using the calibration curve of
RA.

2.4. Data Analysis
Scatterplots of dry leaf biomass, leaf-to-stem ratio, ST and RA versus time after
planting were performed and a polynomial surface for each site was fitted using
local polynomial regression fitting with the loess function from the statistical
software R [31].

3. Results
Leaf biomass increased with time at both sites but peaked at different dates
(Figure 1(a)). The plants in San Adrián presented greater leaf biomass and earlier than those at Puente la Reina. In San Adrián, leaf biomass reached a peak
(63.3 g/plant) 96 days after planting, between the end of the late-V4 and early R1
stages (grey square point in Figure 1(a)). In Puente la Reina, the highest yield
(53.6 g/plant) was reached 102 days after planting, at the R1 stage (black square
point in Figure 1(a)). The leaf to stem ratio decreased throughout the plant
growth cycle, from 4.5 down to 0.5 at both sites (Figure 1(b)).
The dynamic of ST percentage in leaves throughout plant development differed between the two sites (Figure 1(c)). In San Adrián, the ST percentage
reached a peak (6.22%) in the late-V4 stage, 87 days after planting (grey square
point in Figure 1(c)). In Puente la Reina, the ST percentage increased with time
and was its highest (8.67%) in the R2 stage, 120 days after planting (black square
point in Figure 1(c)). Taking into account biomass production, total ST leaf
content per plant peaked in San Adrián (3.72 g/plant) at the end of the late-V4
stage, 92 days after planting (grey square point in Figure 1(d)), whereas the peak
in Puente la Reina (4.03 g/plant) was reached in the R1 stage, 108 days after
planting (black square point in Figure 1(d)).
DOI: 10.4236/ajps.2018.94068
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Figure 1. Dynamics of dry leaf biomass (g), leaf-to-stem ratio (L:S), percentage of stevioside in leaves (ST(%)), total ST
content per plant (g/planta), percentage of rebaudioside A (RA (%)) and total RA content per planta (g/planta), at both
sites, San Adrián (grey triangles) and Puente la Reina (black circles). Local polynomial regression fitting curves are
represented with a grey dashed line for San Adrián data and a black solid line for Puente la Reina data. Standard error is
represented as a light grey shaded area. The maximum predicted values are marked with rectangles (grey for San
Adrián and black for Puente la Reina). Vertical dotted lines separate developmental stages. The transition between
stages can last for a few days.

The dynamic of RA percentage in leaves throughout plant development also
differed between the sites (Figure 1(e)). In San Adrián, the RA percentage was
highest (5.03%) between the end of the late-V4 stage and the beginning of R1, 97
days after planting (grey square point in Figure 1(e)). In Puente la Reina, the RA
percentage peaked (6.55%) in the V4 stage, 70 days after planting (black square
point in Figure 1(e)). Taking into account biomass production, total RA leaf
content per plant was at its highest level between the end of the late-V4 and beginning of the R1 stages at both sites. In San Adrián, RA content reached 3.12
g/plant 95 days after planting (grey square point in Figure 1(f)) and in Puente la
Reina, RA content reached 2.43 g/plant 97 days after planting (black square
point in Figure 1(f)).

4. Discussion
The observed decrease in leaf biomass during the reproductive stages (R1 and
DOI: 10.4236/ajps.2018.94068
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R2) was due to senescence and the dropping of basal leaves. Mean maximum
temperature (MMax) throughout the assay period was higher in San Adrián than
Puente la Reina (Table 1). Warmer temperatures could have facilitated earlier
and more luxuriant plant growth in the specimens in San Adrián than those in
Puente la Reina. Plant growth during summer may be affected by prolonged exposure to temperatures greater than 35˚C [32]; however, temperatures did not
get this high during the assay period.
A leaf to stem ratio decrease was observed throughout the plant growth cycle.
In the early stages, the stems were green and soft with a high water content and
leaf weight was greater than stem weight (L:S > 1). In later stages, the stems enlarged and lignified, and consequently their dry weight increased considerably.
This meant that stem weight was greater than leaf weight during the reproductive stages. Decreased leaf biomass in the later stages due to reproductive development has been observed previously [33]. Although a similar L:S pattern was
seen at both sites throughout the growth stages, L:S was greater in Puente la
Reina plants than in San Adrián plants during the vegetative stages. Similar studies in Israel also showed a decreased L:S ratio with time and a leaf biomass peak
in September [22].
In choosing the optimum time for harvest, the most important factors to consider are leaf yield and content of the main SGs. Other factors with commercial
implications could also play an important role. Previous studies have shown that
the stevioside content of inﬂorescences is very low [22], therefore, increasing the
proportion of leaves in the plant biomass to be processed increases the efficiency
of industrial processing and decreases its cost. The peaks of leaf biomass and ST
and RA percentages are more or less coincident in San Adrián whereas in Puente
la Reina they are out of sync: the ST peak occurs after the leaf biomass peak and
the RA peak occurs before. Thus, the optimum harvest time in San Adrián
would be around 96 days after planting when the plants are initiating their flowering stage, at the beginning of September (26.43 ST g·m−2 and 22.29 RA
g·m−2). In Puente la Reina, ST yield reached a peak in the middle of the reproductive stage R1 a few days after the RA peak. However, the curve of ST maximum yield is fairly plateau-shaped, so similar ST yields can be achieved earlier,
when the proportion of inflorescences versus leaves is lower. Therefore, the optimum time for harvesting in Puente la Reina would also coincide with the beginning of the flowering stage, at the start of September (27.36 g ST m−2 and
17.36 g RA m−2). The ST yields recorded at both sites are similar to those reported in other studies, between 23.5 and 30.9 g·m−2 in Israel [22], 28 and 34
g·m−2 in India [20], and 31.5 g·m−2 in Canada [25].

5. Conclusion
In conclusion, this paper addresses the viability of growing Stevia under the climatic conditions found in northern Spain. The results show that Stevia can be
successfully cultivated in this region, good glycoside yields are obtained under
DOI: 10.4236/ajps.2018.94068
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the long daylight conditions, and there is a long vegetative growth period (from
spring to late summer).
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