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Abstract:  12 

Stevia rebaudiana (Bertoni) is a perennial crop from north Paraguay (humid subtropical 13 

climate), belonging to the Asteraceae family. Stevia is an emerging crop in Europe (mild 14 

climate), cultivated for its steviol glycosides (SG), natural sweeteners that are 300 times 15 

sweeter than sucrose which is the main agronomical and industrial interest of stevia. Recent 16 

studies showed that it is possible to cultivate stevia in mild climates as a perennial and 17 

economically viable crop. However, lack of knowledge on cropping system specific to 18 

perennial plants, the duration of cultivation, the overwintering and the impact of first-year 19 

crop establishment act as a disincentive to crop expansion. Harvest management through the 20 

impact of harvesting in the first year of establishment was investigated for agronomic traits 21 

over three years of production- for 15 stevia genotypes cultivated in the south-west of France. 22 

Two harvest modalities were compared: 2H when the plant is not harvested in the first year of 23 
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establishment and 3H when the plant is harvested in the first year. The genotypes performance 24 

was assessed based on: regrowth rate after winter, SG yield (g/plant) through its two 25 

components of SG content (%w/w) and dry leaf biomass (g/plant), and the SG profile. Two 26 

cumulative variables, cumulated SG yield and cumulated dry leaf biomass, were also added to 27 

the study to obtain an overview of genotype performance during cultivation time and in both 28 

harvest modalities. The tested genotypes showed a wide range of response for overwintering, 29 

but with a significant decrease of 30% survival rate for plants harvested in first year (3H). SG 30 

yield and dry leaf biomass results presented high variability among the different genotypes. 31 

These traits were also significantly impacted by the harvest modality, and a decrease in SG 32 

yield and dry leaf biomass was identified for plants harvested in first year (3H). No clear 33 

tendency was revealed for SG content or SG profile. Cumulative variables confirmed previous 34 

results showing a better SG yield and leaf biomass production for plants non-harvested during 35 

the first year (2H), at crop-life scale. Our results, on a wide range of genotypes, shed light on 36 

the agronomic management of Stevia rebaudiana in temperate conditions. They suggest the 37 

interest of a first year without harvest, allowing a better establishment of the crop, a better 38 

overwintering and a better cumulative yield. 39 

Key words: stevia, overwintering, steviol glycosides yield, harvest management, crop 40 

establishment 41 

Abbreviations: SG: steviol glycosides; SGDD: Sum of Growing Degree Days; ST: 42 

stevioside; RebA: rebaudioside A; RebC: rebaudioside C; DulA: dulcoside A; RebF: 43 

rebaudioside F; Rub: rubudioside; RebD: rebaudioside D; RebM: rebaudioside M; RebB: 44 

Rebaudioside B; SB: steviolbioside 45 

46 
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1. Introduction  47 

Stevia rebaudiana Bertoni, a native plant from Paraguay, is a perennial Asteraceae whose 48 

leaves are traditionally used by the Guarani Indians as a natural sweetener (Soejarto et al., 49 

1983). The sweet taste comes from steviol glycosides (SG), that accumulate in the leaves 50 

(Angelini et al., 2018). Stevioside (ST) was the first SG identified and are 250 to 300 times 51 

sweeter than sucrose (Bridel and Lavieille, 1931). Others SG more recently identified, 52 

presenting a sweetening power varying from 50 up to 400 sweeter than sucrose (Ceunen and 53 

Geuns, 2013a; Chaturvedula et al., 2011; Chaturvedula and Meneni, 2017; Ibrahim et al., 54 

2016; Mao et al., 2017; Perera et al., 2019, 2017; Prakash et al., 2014; Prakash and 55 

Chaturvedula, 2014). These glycosylated diterpenes compounds have been consumed in 56 

Japan as a natural alternative to synthetic sweeteners since the 1970s. More recently, western 57 

consumers have also begun using these natural sweeteners, as illustrated by the increase in 58 

product launches, with more than 14,000 food products now sweetened with stevia, on the 59 

market (Mintel Global New Products Database, 2017). This industrial sector requires a large 60 

supply of stevia leaves. Today, China is the main stevia leaf supplier (Gantait et al., 2018), 61 

accounting for 80% of global production in 2016, corresponding to 50,000 – 60,000 tons of 62 

dry leaves a year (Sun, 2016). However production is growing in many other parts of the 63 

world, including Europe.  64 

For 15 years now, numerous experiments have been carried out in Europe with the aim of 65 

validating the crop’s establishment and implementing improvement strategies. European 66 

experiments in Portugal (Coelho et al., 2019; Lankes and Grosser, 2015; Reis et al., 2015), 67 

Germany (Lankes and Zabala, 2011; Munz et al., 2018; Woelwer-Rieck et al., 2010), 68 

Denmark (Grevsen et al., 2015), Italy (Andolfi et al., 2006; Tavarini and Angelini, 2013), 69 

Greece (Zachokostas, 2016), Spain (Labrador et al., 2014), Switzerland (Vouillamoz et al., 70 

2016), France (Barbet-Massin, 2015; Hastoy et al., 2019), Poland (Libik-Konieczny et al., 71 
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2018), Hungary (Takács-Hájos et al., 2019), Bulgaria (Denev et al., 2017), have confirmed 72 

the possibility of Stevia rebaudiana cultivation as a perennial plant in mild climate conditions 73 

(Andolfi et al., 2006), with sufficient yield to make the production economically viable 74 

(Ferrazzano et al., 2016).  75 

S. rebaudiana’s yield can be characterized through different key indicators: total SG yield, 76 

expressed in kg/ha and t/ha for agronomic production, SG yield, expressed in g/plant for 77 

research purposes and SG profile. Total SG yield (kg/ha or t/ha) and SG yield (g/plant) are 78 

defined by two measures: the dry leaf biomass, weighted per plant for SG yield (g/plant) or 79 

weighted per hectare for total SG yield (kg/ha or t/ha), and leaf SG content (%w/w dry 80 

leaves). Those variables were measured on fifteen stevia gentoypes cultivated in an 81 

experimental field for two years in southwestern France (Hastoy, 2018). In the conditions of 82 

Hastoy’s study the total leaf SG content explains 20% of SG yield variance whereas dry leaf 83 

biomass explains 75% of SG yield variance.  84 

Stevia’s SG profiles are characterized by the diversity of SG present in its leaves and the 85 

proportion of each SG from total SG. So far, 46 SG have been identified in Stevia rebaudiana 86 

(Ceunen and Geuns, 2013a; Chaturvedula and Meneni, 2017; Ibrahim et al., 2016; Mao et al., 87 

2017; Perera et al., 2017). However, in most studies the number of SG analyzed is limited by 88 

analytical capacities, ten of these SG are often used to characterize SG profile accumulated in 89 

highest content in stevia leaves : stevioside (ST), rebaudioside A (RebA), rebaudioside M 90 

(RebM), rebaudioside D (RebD), rebaudioside C (RebC), dulcoside A (DulA), rebaudioside F 91 

(RebF), rubudioside (Rub), rebaudioside B (RebB) and steviolbioside (SB), such as in Barbet-92 

Massin et al., (2016) and Hastoy et al., (2019) studies. Among these ten, the two SG 93 

accumulated in higher quantities in leaves are ST and RebA (Ceunen and Geuns, 2013b). 94 

Each SG has a specific flavour: RebA, RebM and RebD have a sweet taste while ST, RebC 95 

and DulA elicit a bitter aftertaste (Hellfritsch et al., 2012).  96 
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SG yield and SG profile are significantly dependent on the genotype cultivated (Hastoy et al., 97 

2019; Parris et al., 2016). However, while the SG profiles are relatively stable per genotype 98 

with respect to production years and environment (Barbet-Massin et al., 2016; Hastoy, 2018), 99 

SG yield is not, and is particularly susceptible to environmental and growing conditions. This 100 

interplay is all the more important as S. rebaudiana is a perennial plant. 101 

Stevia leaf biomass production, a key yield variability factor, can vary according to 102 

environmental conditions such as climate, cropping system, years of production, genetic 103 

diversity, and interaction with environmental factors. The trait presents high variability, and 104 

ranges from 37.6 to 190 g dry matter/plant in temperate climates depending on the genotype 105 

(Barbet-Massin et al., 2015). Foliar biomass production can be considered a key driver of 106 

growth in improving stevia yield.  107 

Total leaf SG content depends on the genotypes’ interaction with environmental factors. In 108 

the literature, a wide range of SG content has been described from 4.6 to 27.3 %w/w dry leaves 109 

according to genotype and environment (Barbet-Massin et al., 2016; Montoro et al., 2013). 110 

SG content increases significantly with years of production (Barbet-Massin, 2015; Hastoy, 111 

2018).   112 

Among the various environmental factors that can play a key role in stevia performance, 113 

response to water availability and nutrients has been widely described (Angelini et al., 2018; 114 

Barbet-Massin et al., 2015; Lavini et al., 2008; Pordel et al., 2015). S. rebaudiana also 115 

responds sharply to photoperiod variations. A short photoperiod with 12h of light, leads to 116 

early flowering (Ceunen and Geuns, 2013b; Metivier and Viana, 1979). However a long-day 117 

photoperiod, with 16h of light, increases the SG content in leaves up to 30%, as it contributes 118 

to extending vegetative growth and increases biomass yield (Ceunen and Geuns, 2013b). In 119 

temperate growing conditions, flowering occurs at the beginning of autumn as the day length 120 

declines. Vegetative phenological stages of stevia are characterized by an increase in SG 121 
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content, reaching a maximum at flower budding stage (Barbet-Massin, 2015; Ceunen and 122 

Geuns, 2013b) followed by a decrease in SG content after the beginning of flowering (Barbet-123 

Massin et al., 2016). Another study, investigating the kinetics of SG accumulation on five 124 

stevia genotypes during vegetative growth, shows that maximum SG content was reached a 125 

month before the stage previously identified (Hastoy, 2018). These studies have improved the 126 

definition of the harvest period for this species grown in mild climate conditions.  127 

Stevia yield, especially biomass production is also influenced by traits specific to perennial 128 

crops such as first-year crop establishment, age of the stevia plant on the field and 129 

overwintering. Plantation time in temperate climate conditions is between March and May as 130 

there is less risk of frost than in winter (Angelini et al., 2018; Serfaty et al., 2013). The 131 

harvested stevia plants’ age impacts biomass production, with a major increase in yield from 132 

the first to the fifth year of cultivation (Andolfi et al., 2006). Under mild climate conditions, 133 

the number of potential harvests per year was tested, with the result that a single harvest at the 134 

end of cultivation time leads to a higher yield than two or three harvests performed over the 135 

same cultivation time (Moraes et al., 2013; Serfaty et al., 2013). In a context of agronomic 136 

production in southwestern France, farmers generally harvest stevia in the first year of 137 

production up until the time of reduced yield.  138 

To cultivate stevia as a perennial crop under temperate conditions, we need to take 139 

susceptibility to overwintering into account. This is linked to stevia resistance to low 140 

temperatures and is studied through stevia post-winter regrowth rate. The crop can bear a 141 

temperature range from 0-2°C to 35°C (Sumida, 1980), but is susceptible to winter frost, with 142 

leaf injury below 0°C (Moraes et al., 2013). For stevia to survive low winter temperatures, a 143 

plastic or straw mulch provides a solution, making it possible to cultivate the plant as a 144 

perennial crop (Moraes et al., 2013). However, in Germany, winter temperatures are too low 145 

for a satisfactory post-winter regrowth rate (Lankes and Zabala, 2011).  146 



7 

 

Overall, most European environments and climate conditions suit stevia cultivation as a 147 

perennial crop, but its cropping system in such conditions has still not yet been fully 148 

elucidating. In Europe, studies investigated stevia production as perennial, it was either 149 

harvested in the first or the second year of production, but no study to date has investigated 150 

the impact of a first year harvest on stevia establishment, biomass production, SG content and 151 

yield over several years of production. However, in perennial crops, the impact of harvesting 152 

during crop establishment is known to potentially reduce future yield (Leyshon and Campbell, 153 

1992; Strik and Buller, 2005).  154 

The goal of this study is to investigate stevia harvest management in temperate conditions. 155 

Most studies on stevia have been conducted with a very limited number of genotypes, often 156 

misidentified, with generic names such as “Rebaudiana”, “Sugar Love”, “AX” and “Candy” 157 

(Libik-Konieczny et al., 2018; Munz et al., 2018; Parris et al., 2016). Our study was 158 

conducted on 15 genotypes of various origins that were listed and genetically characterized 159 

(Cosson et al., 2019). The impact of harvesting in the first year of production on agronomic 160 

traits over three years of production in south-west France was evaluated for these 15 stevia 161 

genotypes. Genotype performances is assessed based on usual stevia production agronomic 162 

traits: regrowth rate, SG yield through its two components, SG content and leaf biomass, and 163 

SG profile. Cumulative variables such as SG cumulated yield and cumulated dry leaf biomass 164 

have also been measured as indicators to study the impact of a first-year harvest on stevia 165 

genotype performance during cultivation.  166 

167 
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 168 

2. Material & methods  169 

2.1. Plant material:  170 

Fifteen genotypes were selected from the INRAE collection to be planted in the field trial 171 

(Table 1). The genotypes, which originally come from Argentina, Paraguay, Spain and Israel, 172 

were obtained from different providers: EUSTAS gene bank (Hortilab, Telgte, Germany), 173 

SteviaStore (Paraguay) and Oviatis’ collection (Lacaussade, France). 174 

2.2. Experimental design:  175 

Each genotype was produced as a clone through in vitro cuttings from the parental plant of 176 

each genetic resource. In vitro cuttings were produced and grown under regulated greenhouse 177 

conditions for seven weeks (22°C – 18°C). Acclimatization begun with 10 days with saturated 178 

hygrometry level, followed by two weeks of gradual aeration. Cuttings from 10 to 15 cm high 179 

(3 to 5 nodes) were transplanted into a Jiffy®7 pellet (42 mm diameter, Jiffy, France). The 180 

plantlets were planted on a private farm in Liposhtey (44°17’56.9’’N 0°53’14.7’’W). 181 

Plantation was performed at the end of June 2016 with plantlets aged 7 weeks old after 182 

acclimatization. The planting process and the conditions were previously described in Hastoy 183 

et al., (2019).  184 

The field trial consisted of 4 randomized complete blocks design (RCBD). Each block was 185 

composed of 3 rows. In a block, plant spacing was 33 cm x 60 cm. Distance between two 186 

successive blocks was 1 m. The field trial density was 3.75 plants / m². The fifteen genotypes 187 

were planted in each block. It consisted of 21 clones per genotype (7 plants x 3 rows). 64 188 

clones per genotypes were planted in total. 189 

Each winter, all the plants were cut down at 5 cm above the soil in December and covered 190 

with a wintering veil (30 g/m²). In 2017 and 2018, this crop protection was removed in 191 
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March. In summer, irrigation of 1 L/h per drip was applied to each plant for 1 hour every day, 192 

while in autumn the water supply was limited to 30 minutes. Irrigation was the same over the 193 

3 years of the study. The drop-by-drop irrigation system was used for fertilization in July 194 

2017 with a supply of NovaTec® Solub 14-8-30 (Compo Expert), at 40 kg nitrate/ha, and in 195 

July 2018 a solution of UNIVERSOL® Blue 18-11-18-2,5 (N, P, K, MgO) (ICL Specialty 196 

Fertilizers) was applied. Weeds were removed by hand at the plant collar. In order to control 197 

Septoria Leaf Spot disease in 2016, 2017 and 2018, Score® 250EC or Ortiva®25SC 198 

fungicides (Syngenta) at 0.5 L/ha were applied 3 times (May, July, August). Harvesting was 199 

in September at phenological stage 50, corresponding to the emergence of inflorescence (Le 200 

Bihan et al., 2020). Every genotype was harvested at this phenological stage, corresponding to 201 

different date in September according to phenological precocity.  202 

2.3. Measured plant traits   203 

32 plants were selected per genotype, equally distributed in the four blocks, corresponding to 204 

8 plants per genotype per block. In the first year of production on September 23, 2016, 20 205 

clones were harvested from 32 per genotype. These plants come under the “Harvested in the 206 

first, second and third year of production” modality, hereafter called the 3H modality (Figure 207 

1). The plants of the 3H modality were all located in the middle of the block side-by-side. Of 208 

the rest of the plants, 12 clones from 32 per genotype were cut down in December 2016. 209 

These plants are considered as the “Harvested in the second and third years of production” 210 

modality, hereafter called the 2H modality (Figure 1). The plants of the 2H modality were 211 

separated from 3H modality plants by border plants, not harvested in second and third years 212 

of production. In December 2016, plants of the 3H modality were cut back, in order to install 213 

the wintering veil on the all experimental field. 214 

Genotype performance was studied over three years of production. For each year, plant 215 

regrowth was recorded for two months after the first signs of regrowth, generally occurring in 216 
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March. This involved scoring the presence (1) or the absence (0) of each plant planted in 217 

2016.  218 

To evaluate the stevia plant performance at harvest stage, dry leaf biomass (g/plant) and SG 219 

content (%w/w) were measured, providing the plant SG yield calculation according to the 220 

formula:  221 

  222 

The sampling procedure to measure dry leaf biomass (g/plant) was similar to the protocol 223 

described by Hastoy et al,. 2019. Briefly, the whole plant was cut at 10 cm above the ground 224 

to collect aerial biomass. Plant samplings were dried at 40°C for 60 hours in a heat chamber 225 

(UF750 MEMMERT). The leaves were separated from the stems in order to weight the dry 226 

leaf biomass separately from the dry stem biomass.  227 

The SG extraction and quantification protocol was developed by Hastoy et al., (2019). In a 228 

few words, SG extraction is performed on 20 mg of dried leaves mixed in 2 mL of ultra-pure 229 

water. Samples were maintained at 80°C for 2h in water bath (Isotemp, GPD10, Fischer 230 

Scientific). 5µL of supernatant is filtered through a 0.45 µm pore size filter (Agilent), and 231 

injected for quantification into a C18 column (Agilent) with the guard column on a Reverse 232 

Phase High Performance Liquid Chromatography (RP-HPLC) system. SG elution and 233 

detection were identical to the one described in Hastoy et al., (2019), parameters of the 234 

quantification are presented Table A.1. This method detects 10 SG: RebD, RebM, ST, RebA, 235 

RebC, RebF, DulA, Rub, RebB, SB. The results were expressed as content per unit of dry leaf 236 

biomass (%w/wdryleaf) for each SG and total SG, and as a proportion (%) of the content of each 237 

SG to total SG content. 238 

To calculate total SG yield (kg/ha) corresponding to field production, the plant SG yield 239 

(g/plant) was multiplied by genotype density. The use of density takes the changes due to 240 
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winter plant losses into account in both harvest modalities and for each genotype. This means 241 

that the total SG yield (kg/ha) will be measured by the post-winter regrowth rate. 242 

 243 

Cumulated dry leaf biomass and cumulated total SG yield were also calculated to compare 244 

them for both harvest modalities. The mean per block was calculated for each genotype per 245 

harvest condition. 2016, 2017 and 2018 values were then calculated to obtain the final 246 

cumulated yield value.  247 

2.4. Evaluation of environmental parameters  248 

The environmental parameters recorded in this study are daily temperature, maximum and 249 

minimum value, and daily rainfall. These data were collected from plantation time in the first 250 

year of production until the end of the experiment using AquaFox Sentek equipment 251 

(Agralis). Temperature statements were used to calculate daily GDD (Growing Degree Day). 252 

Calculations began from regrowth time (achieved at 50% of regrowth of the plants at crop 253 

level), corresponding to 26 March 2017 and 16 April 2018. In 2016, it was calculated from 254 

plantation time, in other words, 24 June. 255 

GDD was calculated daily according to the equation and first method presented by McMaster 256 

and Wilhelm, 1997: 257 

 258 

With Tmax = Daily maximum air temperature 259 

Tmin = Daily minimum air temperature  260 

Tbase = Temperature below which vegetative growth is considered to stop. For stevia, we 261 

used 10°C as the Tbase according to Guerrero et al., (2015) and Munz et al., (2018). 262 
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To obtain SGDD (Sum Growing Degree Day), everyday GDDs were cumulated from the 50% 263 

regrowth day until harvest time.  264 

2.5. Statistical analysis : 265 

Statistical analysis was performed with R software version 1.1.463.0 (R Core Team, 2018).  266 

Outliers were deleted from the complete final dataframe, using the “car” package (Fox and 267 

Weisberg, 2011). 268 

Regrowth rate trait was analyzed through a generalized linear model, performing via the 269 

“glm” function from the “stats” package: 270 

(1)  271 

With y= regrowth scoring; A = genotype factor; B = first year harvest factor; C = block 272 

random factor  273 

Mixed linear models were performed on quantitative variables, performing by “lmer” function 274 

from the “lme4” package (Bates et al., 2014): 275 

(2)  276 

With y= quantitative variable studied; A = genotype fixed factor; B = first year harvest fixed 277 

factor; C = year fixed factor; D = block random factor 278 

Variance analysis of Type II were performed on mixed linear models and generalized linear 279 

models using the “car” package, “Anova” function (Fox and Weisberg, 2011). 280 

Marginal means and standard error on linear models with the “emmeans” function were 281 

calculated from the “emmeans” package (Russel, 2018). This package was also used to 282 

calculate significant differences between genotypes and first year harvest modality with 283 

Tuckey’s Honestly Significant Difference (HSD) test on marginal means. A heatmap on 284 
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evaluated traits was created on the standardized marginal means with the “heatmap.2” 285 

function from the “gplots” package (Warnes et al., 2016).  286 

Graphics were created using the “ggplot2” package (Wickham et al., 2016).287 
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3. Results 288 

3.1. Temperature accumulation is similar between the 3 years of monitoring according to 289 

the SGDD 290 

Sum of Growing Degree Day (SGDD) expresses the accumulated thermal time received by 291 

plants during growing time. SGDD appeared to be lower in 2016 compared to 2017 and 2018, 292 

as it was calculated from plantation time (Figure 2A). The regrowth date was earlier in 2017, 293 

on 26 March, compared to 2018, on16 April, explaining the SGDD difference between the 294 

second and third year of production.  295 

Linear regressions performed on SGDD evolution of each year for the study provided a 296 

comparison of SGDD evolution (Figure 2B). Monthly SGDD evolution follows the same 297 

regression slopes between years. This result was validated with the calculation of the 298 

regression slopes’ director coefficient, which was not significantly different between years 299 

(Table A3). The increase in temperature during crop growth is similar each year, while 300 

significant differences can be shown between months and years (Figure A1 and Table A2). 301 

An SGDD calculation was also performed from the beginning of March, independent of the 302 

stevia regrowth rate, as represented in Figure A3. In this Figure, the 2016 and 2018 curves are 303 

very similar, while the 2017 curve presents a slightly higher increase. The difference between 304 

the 2016 and 2018 curves and the 2017 curve starts in March, indicating that the temperature 305 

was warmer at the beginning of 2017.  306 

For rainfall, minimum rainfall occurred in April 2018, with just 8.2 mm, while maximum 307 

rainfall occured in January 2018, at 156.4 mm (Figure A2). A variance analysis enabled us to 308 

observe a major monthly effect (Table A2). However, as the crop was irrigated, we decided 309 

not to focus on this record.310 
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3.2. Regrowth rate is significantly impacted by harvest modality  311 

Regrowth rates (%) were recorded in the 2nd and 3rd year of production for 15 genetic 312 

resources of S. rebaudiana in order to show whether harvesting modalities (3H or 2H) and 313 

genotypes have an impact on winter survival capacity over 3 years (Figure 3).  314 

The regrowth rate trait presents high variability among genotypes from 0% for the 315 

“Cult33_FRA” genotype to 100% for the “Cult51_FRA” genotype in the third year at 3H 316 

modality. Whatever the 2H or 3H modality, major plant loss occurred during the 2016-2017 317 

winter. For 3H modality, 144 plants died from a total of 300, while a less significant decrease 318 

was observed during the 2017-2018 winter, with 33 plants dying from a total of 156 plants 319 

(Figure 3). For the 2H modality, 26 from a total of 180 plants died in winter 2016-2017, and 320 

14 from a total of 154 plants died in winter 2017-2018.  321 

Overall, the regrowth rate at 3H modality was lower than the regrowth rate at 2H modality, 322 

which represents a difference of 30% of the total planted population in 2018. At 2H modality, 323 

the lowest regrowth rate group ranged from 23 to 60.9% of planted stevia, while the highest 324 

regrowth rate group ranged from 85 to 99%. At 3H modality, the group with the lowest 325 

regrowth rate of 0% to 25% comprised of the four genotypes already found at 2H modality 326 

plus “Cult29_FRA”, “Cult12_CAN”, and “Cult31_FRA”, while the group with the highest 327 

regrowth rate ranging from 60 to 100% comprised of “Cult76_GER”, “Cult37_FRA”, 328 

“Cult103_SPA”, “Cult32_FRA”, and “Cult51_FRA” also included at 2H modality. These 329 

groups were confirmed by multiple comparison analyses (Table A4). For most genotypes, the 330 

same trend was observed with respect to harvest modality, where a genotype showing a low 331 

regrowth rate at 3H modality also showed a low regrowth rate at 2H modality, and 332 

respectively. A variance analysis between harvest modalities and genotypes reveals a 333 

significant harvest modality effect for most of the genotypes and a significant interaction 334 

between genotypes and the harvest modality factor for the trait regrowth rate (Table A4), 335 
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confirming the previous observations. Furthermore, some genotypes (“Cult29_FRA”, 336 

“Cult31_FRA”, “Cult102_SPA”) present a high regrowth rate decrease between 2H modality 337 

and 3H modality, indicating that a first-year harvest strongly impacts their ability to regrow 338 

after the winter. However, three exceptions were identified: the “Cult37_FRA”, 339 

“Cult51_FRA” and “Cult103_SPA” genotypes presented a regrowth rate that was not 340 

significantly different in either modality.  341 

342 
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3.3.SG content and dry leaf biomass are differentially impacted by harvest modality in the 343 

third year of production  344 

To evaluate the most productive harvest management in stevia, dry leaf biomass (g/plant) and 345 

leaf SG content (%w/w) was followed during a 3-year period in order to measure plant SG 346 

yield (g/plant).   347 

Depending on the harvest modality (2H or 3H), plant SG yield (g/plant) of the 15 genotypes is 348 

presented in Figure 4 for the third year of production, except for four genotypes 349 

(“Cult33_FRA”, “Cult75_GER”, “Cult12_CAN” and “Cult29_FRA”) which presented a very 350 

high mortality rate making it impossible to evaluate them. For most genotypes, higher plant 351 

SG yield was observed for the 2H modality compared with the 3H modality, with a significant 352 

plant SG yield decrease for some genotypes (“Cult102_SPA”, “Cult35_FRA”). However, 353 

contrasting groups can be identified for both harvest modalities. “Cult103_SPA” and 354 

“Cult36_FRA” are high SG producers in both modalities, while some other genotypes are 355 

specific to each modality, such as “Cult102_SPA” for the 2H modality and “Cult37_FRA” for 356 

the 3H modality. The genotypes with the lower plant SG yield are “Cult51_FRA” and 357 

“Cult32_FRA” in both modalities. 358 

For dry leaf biomass traits, extreme behaviours were identified among our tested genotypes, 359 

showing a wide variability range (Figure A4.A). Globally, genotypes at 2H modality 360 

produced more leaf biomass than genotypes at 3H modality. In the third year of production, 361 

2H and 3H modalities both beget some of the best leaf biomass producers (“Cult103_SPA”, 362 

“Cult31_FRA”, “Cult36_FRA”) while some genotypes pertain to the 2H modality, or only to 363 

the 3H modality as shown on the heatmap (Figure 5). Regarding the poorest leaf biomass 364 

producers among the genotypes tested, each modality shows different genotypes apart from 365 

“Cult51_FRA” which is common to the 2H modality and the 3H modality (Figure 5). Only 366 
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“Cult102_SPA” and “Cult35_FRA” have completely different performances, depending on 367 

whether they were harvested in the first year of production or not.  368 

On the other hand, the SG content trait (%w/w) does not show significant variability 369 

compared to previously presented traits (Figure A4.B). The higher SG accumulators at 3H 370 

modality are the same at 2H modality, apart from“Cult35_FRA” (Figure 5). Genotypes with 371 

low SG content (%w/w) are “Cult63_GER”, “Cult31_FRA” and “Cult51_FRA” in both 372 

modalities with “Cult32_FRA” and “Cult33_FRA” at 3H and 2H modality, respectively. 373 

However, the observation of this trait does not indicate a clear trend in harvest modality, and 374 

most genotypes have a similar SG content in both modalities. Some exceptions were 375 

identified however: “Cult102_SPA”, “Cult36_FRA”, “Cult35_FRA” and “Cult51_FRA” 376 

presented a clearly higher SG content (%w/w) at 2H modality (Figure A4.B).  377 

Therefore, classification of the fifteen genotypes performed with the heatmap (Figure 5) 378 

reveals three groups. Group 1 includes genotypes with higher SG yield and regrowth rate 379 

performances than the agronomic performances of the rest of the evaluated genotypes, as 380 

shown through the predominance of a warm color. Group 2 includes genotypes with 381 

performances close to the mean performances of the evaluated genotypes. Finally, group 3 382 

includes genotypes displaying the lowest performances among this genetic collection, 383 

identified on the heatmap by the cold color. 384 
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3.4. Dry leaf biomass is impacted by harvest modality over the three years of production 385 

Production traits, according to the harvest modality, are presented in Figure 6. 386 

For most genotypes tested, plant SG yield is lower at 3H than at 2H. Most low performance 387 

genotypes at 2H are identified in 3H as well, and respectively for high performance 388 

genotypes. However, for a few genotypes, such as “Cult102_SPA” (Figure 6 – A,B), the 3H 389 

modality appears to have considerable impact showing as significant decrease in plant SG 390 

yield compared to the 2H modality. A significant effect of genotypes was found, with 391 

variance analysis appearing to be the most important effect, followed closely by the harvest 392 

modality effect (Table A5). 393 

An increase in plant SG yield was also observed between the year of production, whatever the 394 

harvest condition considered (Figure 6 – A,B). Indeed, a significant year effect was found in 395 

variance analysis, but this effect explains variability less than genotype or harvest modality 396 

(Table A5).  397 

Plant SG yield ranges from 2.9 g/plant for the “Cult63_GER” genotype at 3H modality in the 398 

second year of production, to 16.7 g/plant for the “Cult102_SPA” genotype at 2H modality in 399 

the third year of production. Maximum plant SG yield is five times higher than minimum 400 

plant SG yield (Figure 6 – A,B).  401 

Based on plant SG yield results over the 3-year period, the genotypes studied can be classified 402 

in different pool of genotypes. The first pool consists of genotypes that are ill-adapted to 403 

temperate production conditions as their regrowth rate is equal to zero at 3H condition 404 

(“Cult33_FRA”, “Cult75_GER”, “Cult12_CAN” and “Cult29_FRA”). The second pool of 405 

genotypes (“Cult51_FRA”, “Cult32_FRA”, “Cult63_GER”, “Cult37_FRA” and 406 

“Cult31_FRA”) are adapted to both harvest modalities, and no plant SG yield difference is 407 

observed between the 3H and 2H modalities. The last pool presents a higher plant SG yield at 408 
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2H than at 3H (“Cult34_FRA”, “Cult35_FRA”, “Cult76_GER”, “Cult103_SPA”, 409 

“Cult36_FRA” and “Cult102_SPA”). These genotypes give a better performance in 2H 410 

condition.  411 

Dry leaf biomass also presents high variability. It varies between 11 g/plant for the 412 

“Cult34_FRA” genotype in the second year of production for the 3H modality to 124.7 413 

g/plant in the third year of production for the “Cult29_FRA” genotype (Figure 6 – C,D). For 414 

most genotypes, a dry leaf weight increase was measured between the year of production, the 415 

older the plant is, the more leaf biomass it produces. Significant effects of years, harvest 416 

modality and genotype on dry leaf weight were detected by variance analyses (Table A5). 417 

The variability of SG content (%w/w) among tested genotypes is also critical. The lowest SG 418 

content was 4.5%w/w for the “Cult63_FRA” genotype in the second year of production at 2H 419 

modality, while the maximum content reached 18%w/w for the “Cult102_SPA” genotype in 420 

the second year of production for 3H modality (Figure 6 – E,F). For most genotypes, a year 421 

effect is observed. At 2H modality, there is a global SG content increase between the second 422 

and third year with the exception of the “Cult102_SPA”, “Cult36_FRA” and “Cult35_FRA” 423 

genotypes, while there is no clear trend for SG content variation for 3H (Figure 6 – E,F). 424 

Variance analysis validates these observations, showing a significant and major effect of 425 

harvest modality on SG content (%w/w) as well as year of production and genotype effects 426 

(Table A5).   427 

No impact of harvest treatment was observed in the first year of production on SG 428 

composition between tested genotypes and years (Table A6). 429 
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3.5.Negative impact on yield for the 3H modality until 3 years after plantation revealed by 430 

cumulated yield 431 

Total SG yield (kg/ha), corresponding to field production, is obtained by multiplying plant SG 432 

yield (g/plant) by genotype density, which takes into account winter losses for each genotype 433 

and first-year harvest conditions (Table A7).  434 

Comparing the different genotypes, the variability range of cumulative SG yield (230 kg/ha to 435 

1039 kg/ha) is very large, as observed in the individual year study but with an increase in the 436 

variability range caused by density balancing. At 2H modality, cumulated total SG yield 437 

ranged from 242 kg/ha for “Cult12_CAN” to 1039 kg/ha for “Cult29_FRA”, whereas at 3H 438 

modality, cumulated SG yield variability started at 230 kg/ha for “Cult12_CAN” and ended at 439 

602 kg/ha for “Cult103_SPA” (Figure 7 – A). A significant effect of harvest modality on this 440 

trait is shown in Table A8. Cumulated dry leaf yield ranged from 2482 kg/ha for 441 

“Cult12_CAN” to 7591 kg/ha for “Cult29_FRA” at 2H modality, while it ranged from 1940 442 

kg/ha for “Cult75_GER” to 5486 kg/ha for “Cult103_SPA” at 3H modality (Figure 7 – B). 443 

Therefore, a significant effect of harvest modality on dry leaf biomass was also validated 444 

(Table A8). 445 

Multiple comparison analyses allowed us to determine some significant differences for 446 

harvest modality among the genotypes studied. This can be observed a few genotypes that are 447 

the best SG producers, namely “Cult31_FRA”, “Cult102_SPA”, “Cult103_SPA” and 448 

“Cult29_FRA”, which all have a better SG yield at 2H condition than at 3H. These genotypes 449 

are characterized by a high regrowth rate at 2H but not at 3H, which could explain the 450 

significant difference. For cumulated dry leaf weight, we observed the same situation for the 451 

same genotypes with the exception of “Cult37_FRA” genotype which has a better cumulated 452 

dry leaf weight at 3H modality. This genotype regrowth was not impacted by first-year 453 

harvest modality, explaining why the cumulated yield over three years is higher than in two 454 
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years of production. For some other genotypes, gaps between the modalities can be visually 455 

identified, but are not confirmed by statistical analyses. For eleven genotypes, cumulated 456 

yield at the 3H modality is lower than at the 2H modality. This allows us to consider each 457 

genotype for its economic potential and performance as summarized in Figure 8. 458 

 459 

460 
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4. Discussion 461 

Under mild weather conditions, as observed in Europe, stevia cultivation as perennial crop is 462 

submitted to specific constraints. Indeed, cultivation over several years is possible if the crop 463 

can tolerate low winter temperatures that are less frequently encountered in its native 464 

environment in Paraguay (Soejarto, 2002). Moreover, little is known about stevia behaviour 465 

under temperate conditions, and nothing is known about favorable cropping system. This 466 

study therefore examined, the impact on the main yield-related traits of a harvest in the first 467 

year of production, evaluated through fifteen genotypes planted in southwest France over 468 

three years. 469 

The fifteen genotypes tested in our study belong to the 145 genotypes, including cultivars and 470 

landraces studied for their genetic diversity in Cosson et al., (2019). The 15 genotypes belong 471 

to one of the 3 genetic clusters defined in this study. As shown in the 2019 study, these 3 472 

genetic clusters each reveal a very high variability in the SG composition and content trait. 473 

This is also observed in our harvest management study. For each of the genetic clusters, a 474 

very high variability of response is also observed for traits related to post-winter regrowth, 475 

leaf biomass, SG content and SG yield.  476 

In addition to genetic diversity, as we can conclude from our results, the year of cultivation is 477 

a key factor that can explain the variability of SG yield. In both harvest modalities, an 478 

increase over time in SG yield (g/plant) and leaf biomass is observed between the years of 479 

production. This finding is supported by previous studies (Andolfi et al., 2006). In the latter 480 

study, stevia biomass production from two genotypes over 8 years in Italy showed an increase 481 

in leaf biomass and SG yield up to 5 or 6 years. For the SG content trait, no clear trend was 482 

identified for genotypes tested. In a previous study performed over two years (Barbet-Massin 483 

et al., 2016), SG content (%w/w) in stevia leaves increased with one additional year of 484 

production. In our study, the stability of SG profiles and content was confirmed. The increase 485 
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in SG yield (g/plant) observed over the years of production is mainly linked to the increase in 486 

biomass production. This result confirms the importance of foliar biomass in SG yield, as the 487 

variability of foliar biomass explains up to 75% of SG yield in stevia.  488 

A wide range of regrowth rates is also observed, with winter tolerant genotypes presenting a 489 

regrowth rate ranging from 85% to 99% in the third year of production, to more susceptible 490 

ones presenting a regrowth rate from 0 to 25% in the third year of production. However, cold 491 

tolerant genotypes at 3H modality had a lower regrowth rate compared to the 2H modality. A 492 

few studies in the literature have presented findings on the regrowth trait. A 17% regrowth 493 

rate on a Criola population of 96 individuals, without winter coverage was observed by 494 

Barbet-Massin et al., (2016). An evaluation of winter hardiness was performed on stevia 495 

plants from Ritchers Herbs (Canada) by Moraes et al., (2013) without showing any effect. A 496 

Chinese study, conducted in the Hebei region (northeastern China), indicated a regrowth rate 497 

of 80% in field conditions with a mulch during the winter period, without specifying the 498 

genotypes evaluated (Qingfu and Aihua, 1998).  499 

The wide variability between genotypes is also observed in yield component traits. In 500 

particular, significant differences are observed for the fifteen genotypes with respect to SG 501 

yield components between the harvest modalities. In the same year, leaf biomass yield and SG 502 

yield (g/plant) are higher at 2H treatment. This is particularly visible in the third year of 503 

production with a SG yield significantly higher in 2H treatment compared to 3H treatment. It 504 

is possible to link plant loss due to winter hardiness with climate between the first and the 505 

second year. Indeed, temperatures were colder in the first winter (December 2016 and January 506 

2017) compared to the following winter (Figure A1) and could explain the plant loss rate. 507 

However, annual climate variability does not explain differences between the two harvest 508 

modalities. Indeed, harvesting in the first year of production had a significant impact on the 509 

plants’ capacity to support winter temperatures for most of the genotypes tested, leading to a 510 
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decrease in the regrowth rate in the 2nd and 3rd year of production compared to plants not 511 

harvested in the first year (Figure 3).  512 

One explanation could be linked to stevia’s capacity to build up the dormancy period. In 513 

general, plants can adapt their physiology by endodormancy before winter when the 514 

photoperiod and temperatures decrease (Lang et al., 1987). These plants are characterized by 515 

arresteed bud development, as well as an increase in ABA and ethylene leading to plant 516 

senescence (Fedoroff, 2002). In winter, plants that are in ecodormancy display growth 517 

inhibition through temporary unfavorable environmental conditions (Horvath et al., 2003). 518 

For perennials, like stevia, which do not retain the aerial part of the plant in winter, storage 519 

molecules can be relocated in the roots. These molecules vary depending on the plant: e.g., 520 

sucrose, amino acids, soluble proteins (Volenec et al., 1996) with increasing content as 521 

temperatures decrease (Shen et al., 2017). To date, no study has fully defined the nature of the 522 

storage molecules in stevia. In stevia, SG are accumulated in leaves with up to 12% of the 523 

DW in leaves and up to 0.25% in roots (Ceunen and Geuns, 2013b). The physiological role of 524 

SG production in plants is still under discussion. However their role as storage for SG 525 

molecules has been investigated in earlier research (Bondarev et al., 2003; Ceunen and Geuns, 526 

2013c; De Guzman et al., 2018). The hypothesis of a short-term storage molecule seems 527 

unlikely. Indeed, SG content remains stable both day and night while sucrose and glucose 528 

fluctuated (Ceunen and Geuns, 2013c; De Guzman, 2010). However, SG may act as long-529 

term storage molecules and seem to be involved in flowering and seed ripening, with a 530 

decrease of up to 35% in SG content in leaves, but an increase in roots at flower budding from 531 

0.05 to 0.35% w/w (Ceunen and Geuns, 2013b). In the first year of production in our study, 532 

flowering only occurs at 2H modality, probably leading to higher SG content in roots.  533 

 534 
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Therefore, the post-winter regrowth rate of stevia could depend on the mobilization of storage 535 

molecules from the roots to the newly formed shoots as in all perennial plants (Cooke et al., 536 

2012). In alfalfa, the genetic resources accumulating more vegetative storage proteins in the 537 

roots have enhanced winter hardiness (Cunningham et al., 2001). These storage components 538 

can also be used by plants for regrowth after harvest (Hendershot and Volenec, 1993). Even a 539 

partial harvest can impact the sink/source relationship in plants. Indeed, in forage plants, a 540 

defoliation event modifies the plant’s carbon allocation, which is driven to the leaves rather 541 

than the roots in order to reestablish leaf biomass (Cullen et al., 2006). In a study on the 542 

blueberry, Strik and Buller, (2005), identified a negative impact of harvesting during 543 

establishment on the following year’s production compared to no harvest modality, leading to 544 

a reduction in vegetative growth, aerial and root biomass production, as well as a decrease in 545 

fruit yield the following year (from between 19% and 44% depending on the genotypes). 546 

Identically, for asparagus (Wilson et al., 1999), a harvest performed just before winter led to a 547 

decrease in yield the following years, with fewer and lighter of spears. This seems due to the 548 

low amount of stored soluble carbohydrate.  549 

At 3H modality, following the first year harvest, stevia carbon fixation is limited by the small 550 

remaining canopy and the small amount of fixed carbon is devoted to new shoot development, 551 

with no possibility of reallocating carbon to the roots. On the other hand, the 2H modality 552 

plants can pursue photosynthesis activity and the accumulation of storage molecules in roots 553 

until canopy senescence in late fall. 3H modality plants should present a lower storage 554 

molecule content in the roots than 2H modality plants, leading to higher winter mortality.  555 

In mild growth conditions, this crop may need a complete first year of production to generate 556 

a fully functional plant ready to face winter conditions. To our knowledge, no study to date 557 

has looked at stevia’s establishment duration or conditions. Our findings suggest that a four-558 

month establishment duration (from June to September) is too short for some stevia 559 
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genotypes. A precocious harvest could create stress in the potential non-mature plant, leading 560 

to lower tolerance to cold winter temperatures. A precocious harvest could also prevent 561 

regular stevia root development and impact the roots’ resistance to frost tolerance. In plants, 562 

fine roots are less tolerant than lignified roots (Ambroise et al., 2020). Stevia roots are 563 

described as fibrous, filiform and perennial by Angelini et al., (2018) with a dense root system 564 

remaining in the superficial soil layers. Another study showed that at regrowth time, shoots 565 

appear on the previous year’s stems where roots are attached (Moraes et al., 2013). The root 566 

architecture of the different genotypes and the capacity to survive through winter could 567 

explain the difference in regrowth rates observed between our two harvest modalities. Root 568 

architecture and its role in maintaining culture overtime are still largely unknown in stevia. 569 

To evaluate the most productive itinerary, cumulated SG yield (kg/ha) offers an interesting 570 

study avenue. It allows us to compare production in both treatments over three years of 571 

production. This variable provides information closely linked to the agronomic and economic 572 

point of view. The evaluation of this trait clearly allows us to conclude that for most of the 573 

genotypes studied, a harvest in the first year has a negative impact that is not compensated in 574 

the following production years. Harvesting in the first year of production, which is the year of 575 

the crop’s establishment, has a negative consequence on plant yield performance in the 576 

following years.  577 

 578 

5. Conclusion  579 

The results obtained in the field conditions evaluation of two cropping systems for fifteen 580 

stevia genotypes over a three-year period show that harvesting in the first year of production 581 

negatively impacted genotype performances. Our study indicates that the regrowth rate, plant 582 

SG yield and leaf biomass yield decrease in the situation of harvesting in the first year of 583 
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production for most of the genotypes evaluated. No pronounced tendency was observed for 584 

SG content. This study allowed us to identify the genotypes adapted to the southwestern 585 

environment in France, namely, “Cult103_SPA” and “Cult36_FRA” which present the best 586 

SG yield in both cropping systems. This information could be directly integrated into a 587 

breeding program. In the future, it would be interesting to perform further investigations on 588 

the long-term impact on stevia yield of an early harvest, such as 6 to 7 years. It would also be 589 

very interesting to study the impact of a partial harvest of the upper third of the crop, allowing 590 

both an income for the producer and the maintenance of the reserve capacity for the plant 591 

before winter. This study highlighted the lack of knowledges on the stevia root development 592 

mechanisms and stevia overwintering strategies in temperate conditions. Indeed, studies on 593 

the development of roots after plantation, the sink-source relationships between aerial and 594 

ground biomass during the life cycle of stevia, and the nature of stevia storage molecules 595 

would help to understand the tendencies observed between the two harvest modalities. More 596 

broadly, this study provides information on possible cropping system strategies for the 597 

development of stevia production in mild climate zones.  598 

 599 

600 
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Tables: 611 

Table 1: List of the 15 genetic resources of Stevia rebaudiana in field conditions in the south-612 

western of France (Cosson et al., 2019) 613 

 614 

 615 

Name Providers Country 

Cult75_GER EUSTAS gene bank Germany 

Cult76_GER EUSTAS gene bank Germany 

Cult63_GER EUSTAS gene bank Germany 

Cult33_FRA Oviatis France 
Cult34_FRA Oviatis France 
Cult102_SPA Oviatis France 
Cult103_SPA Oviatis France 
Cutl35_FRA Oviatis France 
Cult29_FRA Oviatis France 
Cult12_CAN Oviatis France 
Cult36_FRA Oviatis France 
Cult37_FRA Oviatis France 
Cult31_FRA Oviatis France 
Cult32_FRA Oviatis France 
Cult51_FRA Stevia store Paraguay 

 616 

 617 

 618 

 619 

 620 

 621 
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Figure captions: 622 

Figure 1: Experimental design performed in a field trial in Liposthey (40). For every 15 623 

genotypes planted in the field trial, 20 plants were harvested in the first, second and third 624 

years of production and correspond to the 3H modality, and 12 plants were cut down in 625 

December 2016 and harvested in the second and third years of production, corresponding to 626 

the 2H modality.  627 

 628 

Figure 2: Evolution of Sum of Growing Degree Days (SGDD) for three years of production 629 

2016, 2018 and 2017 in the experimental field in Liposthey (40). (A), SGDD was calculated 630 

from the plantation date for 2016 and from the regrowth point for 2017 and 2018. (B) 631 

represents linear regression between SGDD and Julian days. 632 

 633 

Figure 3: Regrowth rate (%) in the 2nd and 3rd year of production for 15 genetic resources of S. 634 

rebaudiana planted in the experimental field located in Liposthey (40), south-west France, 635 

depending on the harvest modality in the first year of production (harvested or not harvested). 636 

The results show the regrowth rate measured on July 11, 2017 and June 6, 2018. Genetic 637 

resources are classified according to the regrowth rate in the first-year harvest modality. The 638 

results of the Tuckey HSD test for a specific genotype according to its regrowth rate in both 639 

modalities are shown by the asterisk next to the genotype’s names. Genotypes represented 640 

with an asterisk have significantly different regrowth rate according to the harvesting 641 

modality, p=0.05. 642 

 643 
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Figure 4: Representation of SG yield (g/plant) for 15 genetic resources of Stevia rebaudiana 644 

planted in a field trial in Liposthey (40), south-west France, for the third year of production 645 

according to the harvest modality. The 3H modality corresponds to plants harvested in the 646 

first, second and third years of production, while the 2H modality corresponds to plants 647 

harvested only in the second and third year of production. The barplots represent the Least-648 

Squares Mean of 4 randomized blocks, corresponding to a total of 3 to 20 plants per genetic 649 

resource, with standard deviation.  650 

Figure 5: Classification of 15 S. rebaudiana genetic resources according to the stevia 651 

production traits: SG yield components and winter survival rate, according to the harvest 652 

modality. Heatmap was built based on a standardized matrix calculated on marginal means of 653 

the third-year of measure. For each variable in column, the color gradient represents the result 654 

for genetic resources in row: the cold colors (green and blue) indicates the lowest 655 

performances compared to the rest of genotypes while the warm color (orange and red) 656 

represents the highest performances compared to the rest of genotypes. 3H modality 657 

corresponds to plants harvested in first, second and third years of production while 2H 658 

modality corresponds to plants harvested only in the second and third year of production. 659 

 660 

Figure 6: Representation of yield components of S. rebaudiana : SG yield (A-B), dry leaf 661 

biomass (C – D), SG content (E – F) of genetic resources planted in a field trial in Liposthey 662 

(40), south-west France, for three years of production according to the harvest modality. The 663 

3H modality corresponds to plants harvested in the first, second and third years of production, 664 

while the 2H modality corresponds to plants harvested only in the second and third year of 665 

production. The barplots represent the Least-Squares Mean of 4 randomized blocks, 666 

corresponding to a total of 3 to 20 plants per genetic resource, with standard deviation.  667 
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 668 

Figure 7: Representation of Stevia rebaudiana cumulated yield components over three years 669 

of production: SG yield (A), dry leaf biomass (B) of genetic resources planted in a field trial 670 

in Liposthey (40), south-west France, according to the harvest modality. The 3H modality 671 

corresponds to plants harvested in the first, second and third years of production, while the 2H 672 

modality corresponds to plants harvested only in the second and third year of production. The 673 

barplots represent the Least-Squares Mean of 4 randomized blocks, corresponding to a total of 674 

3 to 20 plants per genetic resource, with standard deviation. The results of multiple 675 

comparisons by Tukey’s Honestly Significantly Difference are indicated by an asterisk, which 676 

shows a significant difference at p = 0.05 level. 677 

 678 

Figure 8: Classification of 15 S. rebaudiana genetic resources on their cumulated SG yield 679 

(kg/ha) according to the harvest modality.  680 

3H modality corresponds to plants harvested in the first, second and third years of production 681 

while 2H modality corresponds to plants harvested only in the second and third year of 682 

production. 683 

For each variable in column, the color gradient represents the result for genetic resources in 684 

row: the green color indicates a lower performances compared to the other modality, while the 685 

red color represents a higher performance compared to the other modality. The color orange 686 

indicates that genotype performance is similar in both harvesting modality. 687 

688 
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Tables: 

Table 1: List of the 15 genetic resources of Stevia rebaudiana in field conditions in the south-

western of France (Cosson et al., 2019) 

 

 

Name Providers Country 

Cult75_GER EUSTAS gene bank Germany 

Cult76_GER EUSTAS gene bank Germany 

Cult63_GER EUSTAS gene bank Germany 

Cult33_FRA Oviatis France 
Cult34_FRA Oviatis France 
Cult102_SPA Oviatis France 
Cult103_SPA Oviatis France 
Cutl35_FRA Oviatis France 
Cult29_FRA Oviatis France 
Cult12_CAN Oviatis France 
Cult36_FRA Oviatis France 
Cult37_FRA Oviatis France 
Cult31_FRA Oviatis France 
Cult32_FRA Oviatis France 
Cult51_FRA Stevia store Paraguay 

 

 




