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Abstract
Stevia rebaudiana Bertoni is a herbaceous perennial plant originating in the north-east of Paraguay. Its leaves con-
tain low-calorie sweetening agents that can be used as a natural alternative to artificial sweeteners. The leaves are
consumed in special human diets and for the treatment of various diseases. The aim of the present work is to study
water consumption, yield potential and quality characteristics of this species under different irrigation levels in south-
ern Italy. The field work was carried out in 2006-2007. Irrigation treatments consisted of a control (T100), irrigated
with 100% restitution of water consumption and two treatments that received a water depth of 33% (T33) and
66% (T66) of treatment T100. Watering volume was estimated to replenish the soil profile to field capacity for a
depth of 0.40 m. The crop was harvested twice a year, and agronomic performance as well as the major cation and
glycoside contents (stevioside and rebaudioside A) were evaluated. Overall, the crop coefficients were similar be-
tween the two years, although in each year the second growing period showed higher values due to the higher evap-
orative demand of this period. Interactions of years with irrigation treatments and harvest time were not significant
either for yield or yield components. In both cuts the T100 treatments achieved 40% higher leaf dry yield than T33,
while T66 showed intermediate values. The harvest index and water use efficiency showed no differences between
the two cuts for the same treatments, while the values of both indices decreased with the increase in irrigation
regime. Stevioside, rebaudioside A and cation content in the leaves were unaffected by irrigation regime. In order
to develop the field cultivation of this species, field experiments are required to prepare a cultivation protocol as
well as a genetic improvement program to develop varieties that better respond to the local environment.

Key-words: irrigation regime, water consumption, crop coefficient, water use efficiency, extract content, yield.

1. Introduction

Stevia rebaudiana Bertoni originated in the Rio
Monday valley, an area in north-eastern
Paraguay (Soejarto et al., 1982). In 1887 this
species was described by M.S. Bertoni who
named the plant Eupatorium rebaudianum in
memory of the Paraguayan chemist Rebaudi,
who was the first scientist to study its chemical
properties (Midmore and Rank, 2002; Brandle
et al., 1992; Andolfi et al., 2006). 
In its native area the leaves are traditional-

ly used as sweeteners by local Indians (Guaranì)
to sweeten infusions (mate) and other bever-
ages or unpalatable medicine (Midmore and
Rank, 2002). Although more than 150 species of
stevia are currently described, rebaudiana
Bertoni is the only one with significant sweet-
ening properties (Soejarto et al., 1982). The
species was imported into Europe in the 16th
century after the Spanish conquest of South
America, but the first studies started in the
United Kingdom in the mid 20th century.
To date, although its cultivation has spread
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to many countries such as Brazil, Korea, Mexi-
co, the United States, Indonesia, Tanzania and
Canada, stevia is mainly produced in China.
Sumida (1968) began studies aimed to introduce
this species into Japan, which has become its
largest market (Brandle et al., 1992).
Stevia rebaudiana Bert. (Fam. Asteraceae) in

its native area is a herbaceous polyannual plant,
while at higher latitudes its cultivation is annu-
al (Goettemoeller and Ching, 1999). Plants are
characterized by many branches and at full
growth it can reach 0.60-0.80 m high. The root
system is taproot in the first development phas-
es, then becoming a diffuse system since new ad-
ventitious roots start to grow from the collar
(Brandle et al., 1992; Andolfi et al., 2002). The
leaves are elliptic-lanceolate with dentate mar-
gins and short stems. The flowers are small (7-
15 mm), white and collected in small corymbs
of 2-6 florets. Seeds are contained in slender
achenes of about 3 mm length with about 20
persistent pappus bristles (Goettemoeller and
Ching, 1999; Brandle et al., 1992). 
The stevia is a short day species and its

growth starts to decrease below 20 °C (Brandle
et al., 1992) while, with a period of 16-h of light
the vegetative phase is longer and the level of
glycosides increases thanks to a longer accumu-
lation period (Midmore and Rank, 2002). 
The sweetness of stevia leaves is given by

different diterpenoid steviol-glycosides (Bon-
darev et al., 2003/2004). The two sweetest gly-
cosides are stevioside (4-13% of leaf dry weight)
and rebaudioside A (2-4% of leaf dry weight),
while concentration of rebaudioside C and dul-
coside A are about 1-2% and 0.3%, respective-
ly (Andolfi et al., 2006; Midmore and Rank,
2002). The highest total content of these com-
pounds is present in the leaves, while in flowers
and stems such content is 7-8 and 12-13 fold
lower, respectively. In seeds the amount of the
glycosides was 2-2.5 times lower than in flow-
ers, whereas the lowest content is in the roots
(0.1% of root dry matter). Of the two major
compounds the stevioside is prevalent in flow-
ers and seeds, while in stems and roots the pro-
portion between stevioside and rebaudioside A
is equal. The glycoside proportion and quantity
in leaves is not stable, depending on plant age
and on the development phase. Indeed, in young
leaves the glycoside content is higher than in
mature leaves (Goettemoeller and Ching, 1999;

Bondarev et al., 2003/04; Zaidan et al., 1980).
Stevioside makes up most of the sweetener

(60-70% of the total) and is reported as being
110-270 times sweeter than sugar. This com-
pound is also responsible for the astringent taste
(liquorice taste). Rebaudioside A represents 30-
40% of total sweetener and has the sweetest
taste, estimated to be 180-400 times sweeter
than sugar with no after-taste. Hence the re-
baudioside A / stevioside ratio may give a qual-
itative measure of sweetness. 
The leaves also contain other minor glyco-

sides, including flavonoid glycosides, coumarins,
cinnamic acids, phenylpropanoids and some es-
sential oils, but at 30-80 times sweeter than sug-
ar they are in fact less sweet (Midmore and
Rank, 2002).
The plant leaves can be used in different

forms as fresh, dry, in powder or liquid concen-
trated. Furthermore, many industrial extractions
and purification techniques are available.
Stevia glycosides have no calories and can

be used similarly to artificial sweeteners like as-
partame. In addition, the sweetener products of
stevia are also stable at temperatures up to 200
°C, are acid-stable and do not ferment, making
them suitable for a wide range of food products
including baked/cooked foods. 
Besides its sweetening properties, stevia can

be used for its hypotensive regulation and
antiglycemic activity to treat several diseases,
and is thus appropriate in a diabetic diet (Jeppe-
sen et al., 2000). In addition, stevia inhibits bac-
teria reproduction so it has beneficial effect in
dental cavities (Midmore and Rank, 2002); ste-
via extracts also contribute to improve digestion
and gastrointestinal functions (Kinghorn and
Soejarto, 1991), while other medical properties
are also recognized (Oliveira-Filho et al., 1986;
Akashi and Yokoyama, 1975).
Water consumption of this species has been

reported for controlled environments or in na-
tive areas, although no data are available for
southern Italy. Andolfi et al. (2006), reported a
poly-annual experiment on agronomic adapt-
ability of this crop in a central-north area of
Italy. The authors concluded that although ste-
via responded well to the pedo-climatic envi-
ronment, crop water requirements and water
consumption were not studied. However, the
same authors hypothesized that the crop, with a
complete restitution of water requirements,
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could achieve more than one harvest per year. 
The aim of the present work is to assess

changes induced by different irrigation levels on
yield potential, water consumption and quality
characteristics of this species grown in the open
field in southern Italy.

2. Materials and methods

The field trial was conducted in 2006 and 2007
at the CNR – Institute for Agricultural and For-
est Mediterranean Systems (ISAFoM) research
station located in the Volturno river plain
(14°50’ E, 40°07’ N; 25 m above sea level), an
irrigated area of southern Italy (Tab. 1).
Experimentation involved one genotype of

Stevia rebaudiana Bert. Plants were propagated
by cuttings in a private nursery from mother
plants originating from Paraguay. Healthy and
homogeneous rooted cuttings were delivered by
the producer in   90 mm pots at the four-leaf
stage. The crop was transplanted on 20 April
2006 at a density of 5 plants m-2 (0.6 m row spac-
ing). The conventionally tilled 15 m2 plots (3 by
5 m) received an application of 150, 120 and 100
kg ha-1 of N, P and K respectively in both years.
The N amount was divided into two equal parts
supplied at planting and after the first cutting
in both experimental years, whereas P and K
were distributed at planting and before crop re-
sumption in the second year. 
Before planting, soil treatment with oxamyl

was applied to control nematodes and ground
insects. Weeds were successfully controlled with
inter-row cultivation throughout the growing cy-

cle. At planting and seven days after planting,
plots were equally irrigated to guarantee uni-
form plant development. Thereafter irrigation
level differentiation started. 
Treatments consisted of three irrigation

regimes in a randomized complete block design
with three replicates. Three water regimes were
tested: the control (T100), which received the
100% of the soil water consumption and two
deficit irrigation treatments that received a wa-
ter depth of 66% (T66) and 33% (T33) of treat-
ment T100. The irrigation water was distributed
weekly using a localized system with on-line
drip nozzles delivering 4 L h-1 set in a line along
the rows at a distance of 0.15 m from the plants.
Watering volume was estimated to replenish the
soil profile to field capacity to a depth of 0.40
m. Crop evapotranspiration (ETc) was estimat-
ed using the soil water balance method and soil
water content was gravimetrically measured for
a soil layer of 0-0.60 m with 0.20 m increments.
To compute the crop water budget, soil water
content of each treatment was monitored before
and 24-h after each watering and at the begin-
ning and end of growing season. During the
crop cycle rainfall exceeding 5 mm within a 24-
h period was considered to be significant in the
water balance and calculated in the soil water
budget under the hypothesis of negligible sur-
face runoff and deep drainage. 
The plants of the whole plots were harvest-

ed manually twice a year, leaving 0.08-0.01 m
stem height from the collar (Megeji et al., 2005):
at DOY 204 and 269 in 2006 and at DOY 210
and 267 in 2007. Each harvest was made at the
beginning of flowering. At each cut, leaf area
was measured by averaging 2 plants of each el-
ementary plot using a video camera system
(Delta – T Image Analysis System Mod. DIAS
II, Cambridge, UK) and, on 25 plants per plot,
height, fresh weight and dry mass accumulation
(stems and leaves) was determined by drying
samples in an oven at 60 °C. 
Samples for analytical determination (glyco-

sides and cations) were taken from two har-
vested plants of each elementary plot at harvest.
Stevioside and rebaudioside A content were de-
termined on samples taken from all leaves and
stems, dried and ground separately from the two
plants. The data represent the overall glycoside
content of the two parts of the whole plant.
Analysis of glycoside content was performed on
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Table 1. Main soil characteristics of the experimental site.

Physical
Classification (a) Mollic Haplaquet
Texture Sandy Clay
Field Capacity (b) 32.22
Wilting point (b) 22.11
Bulk density (t m-1) 1.36

Chemical
pH 7.18
Active CaCO3 (g kg

-1) 5.1
Organic Matter (g kg-1) 13.1
Total N (g kg-1) (c) 0.18
Exchangeable K (meq 100 g-1) 0.35
(a) Soil survey Staff.
(b) Percentage of oven-dried weight.
(c) Kjeldahl method.



1 g dry samples placed in 250-mL Erlenmeyer
flasks and extracted by shaking for 30 min with
100 mL of EtOH 70% (w/w) in a 70 °C water
bath. After cooling, a 10-mL aliquot was filtered
with filter paper and syringe filter (nylon 0.45
μm). Then 10 μL were analyzed by HPLC (Var-
ian 9010 with Perkin Elmer LC 90 bio with a SU-
PELCOSIL LC-NH2 – 5 μm; 25 x 4.6 cm col-
umn). To optimize the separation of stevioside
and rebaudioside A, an isocratic elution with ace-
tonitrile/water 87:13, (v/v) for 10 minutes with a
flow rate of 2 mL min-1; wavelength of UV de-
tector (210 nm) was adopted. The compounds in
each sample were identified by comparing their
retention times with those of the standards (ste-
vioside from Extrasynthese, France; rebaudioside
A from Wako Chemicals GmbH, Germany) and
quantified by calibration curves (0 to 2000 mg/L).
The results are reported as percent of dry
weight content (Kolb et al., 2001).
Moreover, the main elements (Fe, Mn, Cr,

Mg, Na, Ca, K) of dried leaves were determined
by inductively coupled plasma atomic emission
spectrometry (ICP-AES). Leaf samples (0.5 g)
were digested with 6 mL of nitric acid 67% (p/v,
Suprapur-Merck), 0.2 mL of hydrofluoric acid
40% (p/v, Suprapur-Merck) and 2 mL H2O2
30% (p/v, Suprapur-Merck) in a microwave di-
gestion system (Milestone MLS-1200 Mega). In
order to gauge the effectiveness of the digestion
procedure, Polish Certified Reference Material
for multielement trace analysis (Oriental To-
bacco Leaves CTA-OTL-1) was used, prepared
from ICHTJ (Instytut Chemii i Techniki Ja -
drowej). Digestion was made by adopting the
optimized parameters (temperature and pow-
er/time steps) suggested by Bettinelli et al.
(1996). The decomposed samples were diluted
to obtain a final volume of 25 mL. Standard so-
lutions were used for ICP-AES calibration. 
Data were analyzed by the analysis of vari-

ance (ANOVA) using the SAS (SAS Institute
inc., Cary, N.C.) statistical package, and means
were compared using Least Significant Differ-
ence (LSD) at 0.05 level.

3. Results and discussion

3.1 Climatic conditions and water consumption

Environmental conditions were typical of a sub-
humid Mediterranean area (736 mm precipita-

tion – 32-year mean) with scarce precipitation
during the summer which did not balance the
high summer reference evapotranspiration
(ET0). Mean daily air temperature increases
from 10 – to 12 °C in April to 24 to 25 °C at
the end of July, and then decreases to 18 °C in
September, while global radiation and vapor
pressure deficit (VPD) peaked in July. ET0, cal-
culated using the Hargreaves-Samani model, is
about 1132 mm a year (32-year mean) and in-
creases from about 3 mm d-1 in April to about
6 mm d-1 in July, and then starts to decrease
from the beginning of August (Fig. 1). In June
and July the maximum air temperature of both
years was generally higher than the polyannual
mean value while, in the same period, the min-
imum temperature was near the 32-year mean.
In the first year rainfall amounted to 56.2 mm
in the first decade of June and than little rain-
fall was monitored until the end of the crop
growing season with the exception of a 127.4
mm event in the second decade of September.
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Figure 1. Time course of some climatic parameters in the
two experimental years (’06-’07) compared with 32-yr
means. Min. and max air temperature are 10-d mean; rain-
fall is 10-d sum; ET0, estimated according to the Hargreaves-
Samani model, is 10-d mean.



The latter was not accounted for in the water
budget since it occurred after the second har-
vest. The second year was drier than the first,
since the only useful (> 5 mm within 24-h) rain
was monitored at crop resumption, while no
precipitation occurred from mid June to the be-
ginning of September.
Climatic conditions, as expected, influenced

seasonal irrigation amounts in both years. How-
ever, in the second year irrigation volumes were
28 mm higher than in 2006 (522 mm in 2006 vs.
550 mm in 2007) in the most irrigated treatment
(Tab. 2), while for the other two treatments dif-
ferences were less evident due to the reduction
in the irrigation regime. Water consumption
(Tab. 2) was divided into two growing periods:
1) from the beginning of the irrigation to the
first harvest, 2) from the first harvest to the last
watering. The first growing period was the same
in terms of days between the two years, but the
second was shorter in 2007, since the high tem-
perature peaks recorded in August probably
contributed to shortening the period of growth. 
Whole-season water consumption (Tab. 2)

reflected the behavior of seasonal water vol-
umes and differences, among the years, were
negligible. Indeed, treatments T100, T66 and T33
in the second year consumed only 16.9, 5.3 and
23.5 mm, respectively, more than the same treat-
ments in the first year. According to seasonal
water supply, T66 and T33 consumed about 30
and 70% less water than the control (T100). 
The crop coefficient (kc) values, calculated

as the ratio between daily water consumption
and mean reference ET, were generally similar
between the two years. Within the two growing
periods kc values of treatments T100 and T66
showed an increase in the second period, while
this behavior was detected only in the first year

for treatment T33. This tendency was due to the
high evaporative demand in the period that oc-
curred from the first to the second harvest. 
The kc of treatment T100 were similar to

those reported by Gonzales (2000, cited by
Fronza and Folegatti 2003) for the native envi-
ronment of the species, while the values were
slightly lower than those reported by Fronza
and Folegatti (2003) in an experiment carried
out using a lysimeter.

3.2 Vegetative development and yield 

As three- and two-way interactions of years
with irrigation levels and harvest time were not
significant for yield and vegetative parameters,
the mean of yearly values for each of the two har-
vests and irrigation levels are discussed (Fig. 2). 
The plants of the second cut were signifi-

cantly higher than those of the same treatments
of the first (Fig. 2a). In each harvest a signifi-
cant increase in plant height with the rise in ir-
rigation was recorded. The maximum height of
0.56 m was obtained by treatment T100 in the
second growth period. This was slightly higher
than the data reported by Megeji et al. (2005)
who measured an average plant height of 0.45
m in an experiment conducted in India at an al-
titude of 1300 m above sea level.
Leaf area index (LAI) data showed the same

trend as plant height (Fig. 2b). The maximum
LAI (4) was detected in the more irrigated
treatment. Fronza and Folegatti (2003) mea-
sured values of 4.83 in well-watered plants
grown in a lysimeter. Plant and leaf dry weight
showed higher values at the second cut (Fig. 2c
and 2d). In both cuts the most irrigated treat-
ment (T100) obtained the highest dry matter
production in terms of leaves and total dry mat-
ter accumulation. Differences among irrigation
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Table 2. Irrigation volume, seasonal water volume, water consumption, ETo (Hargreaves-Samani model) and computed kc
for the whole irrigation season (Irr. season) and for the two growing periods of each experimental year.

Period Irrigation volume Water volume Water consumption kc
T100 T66 T33 T100 T66 T33 T100 T66 T33 ETo T100 T66 T33

DOY mm
Irr. season ’06 522 344 172 603 426 254 606 417 229 5.26 0.97 0.67 0.37
141-204 280 185 93 312 217 124 310 200 114 5.82 0.85 0.55 0.31
204-262 241 159 80 291 209 130 296 217 114 4.70 1.08 0.80 0.42

Irr. season ’07 550 363 182 615 428 247 623 423 252 5.32 1.02 0.67 0.39
142-210 299 197 99 354 252 154 350 260 168 5.74 0.90 0.67 0.43
210-259 251 166 83 261 176 93 273 163 84 4.9 1.14 0.68 0.35



treatments were always significant in the second
growth period, while in the two deficit irrigation
treatments of the first period, little improve-
ment of T66 over T33 was observed. This was
due to the high soil water content of the first

growing periods of both years caused by early
spring precipitation, which caused the lack of
differences between the two treatments. The
higher biomass yield in the second growth pe-
riod was due to the better conditions in terms
of temperature during that period and to the ef-
fect of previous irrigation treatments. Therefore
the most watered plants at the beginning of the
second period already presented a higher num-
ber of secondary stems and probably a more de-
veloped root system. 
Dry leaf yield per hectare obtained as a year-

ly average was 4.6, 3.9 and 3.3 t ha-1 for treat-
ments T100, T66 and T33, respectively. Yield was
higher than the data reported by Megeji et al.
(2005) who recorded a leaf dry weight of 1.8 t
ha-1 for the September harvest followed by 1.4
t ha-1 harvested in January. 
Andolfi et al. (2006) found that the highest

quantity of leaf dry matter produced was ap-
proximately 3.6 t ha-1 for the most productive
genotype in the first year; it remained nearly the
same in the second year, and then increased un-
til the 6th year reaching a peak of 6.1 t ha-1. The
same authors in another two-year field experi-
ment tested the possibility of performing two
cuts per year in relation to two propagation
methods (cutting and micropropagation). Re-
sults showed that yield was higher for both
treatments in the case of the two cuts. In plants
grown in microlysimeters, Fronza and Folegatti
(2003) obtained a leaf yield of 4.4 t ha-1 in a sin-
gle harvest made at the 80th day after sprouting.
The harvest index (HI), calculated as the ra-

tio of dry leaf yield to the total cumulative dry
biomass at harvest, showed no differences be-
tween the two cuts for the same irrigation treat-
ments (Fig. 3a). In each harvest period HI de-
creased with the increase in irrigation regime.
Differences were significant between T33 and
T66, while treatment T100 showed a non-signif-
icant increase as compared with T66. The results
showed that dry leaf yield decreased with re-
spect to the whole plant biomass produced with
the increase in irrigation volume. 
Water use efficiency (WUE), calculated as

the ratio of dry biomass accumulated and wa-
ter consumption, decreased when the irrigation
amount increased, showing the same behaviour
reported for HI (Fig. 3b). 
The diterpenic glycoside content of Stevia re-

baudiana Bert. showed a greater concentration
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Figure 2. Mean height (a), leaf area index (LAI) (b), plant
dry weight (c) and leaf dry weight (d) for each harvest and
irrigation treatment (T33,T66 and T100) for the two exper-
imental years. The Least Significant Difference (LSD) of the
harvest x treatment interaction at the 0.05 probability lev-
el is also reported.



of stevioside than that of rebaudioside-A in
leaves and stems (Tab. 3). As reported by many
authors (i.e. Bondarev et al., 2003/2004), in the
present experiment the greatest content of
sweetener substances was found in the leaves.
Statistical analysis showed no significant inter-
actions as well as the main effects determined
by irrigation regimes, time of harvest and years,
proving that genetic factors controlled these
quality characteristics. This behaviour could be
explained since samples were taken in the same
plant phenological phase in both years at each
harvest time. Given the lack of difference in the

glycoside content, the production of sweeteners
increased according to the increase in dry leaf
yield with irrigation levels. Overall, glycoside to-
tal yield for each year was higher in treatment
T100 (0.26 and 0.38 t ha-1 of rebaudioside A and
stevioside, respectively), while T66 and T33
showed a rebaudioside production of 0.22 and
0.19 t ha-1 and a stevioside production of 0.33
and 0.28, respectively.
The glycoside contents of the present exper-

iment are in agreement with those reported by
Midmore and Rank (2002) in the native area of
the species and with those reported in other en-
vironments. Fronza and Folegatti (2003) record-
ed a value of 6.49% for stevioside content in a
crop grown in a microlysimeter. Megeji et al.
(2005) found a stevioside content in the leaves
ranging from 3.17 to 9.94% and from 1.54 to
3.85% in stems, while no information was re-
ported on rebaudioside A. Starrat et al. (2002)
analysed stevia samples from different world
cultivation areas showing data of stevioside con-
tent ranging between 4 and 20% on leaf dry
weight basis, depending on the cultivar and
growing conditions. Kovylyaeva et al. (2007) and
Makapugay et al. (1984) reported levels of ste-
vioside ranging from a minimum of 4.6% (w/w
of dried leaf) in Paraguay to a maximum of
15.5% in Viet Nam, while rebaudioside A
ranged from 0.3% in Canada to 3.8% in Viet
Nam and Paraguay.
Irrigation levels and the timing of harvest

did not influence the main cation content of the
dried leaves (Tab. 3). The values are similar to
those reported by Tadhani and Subhash (2006),
highlighting the important characteristics of ste-
via for human health. High concentrations of
nutritionally important potassium calcium, mag-
nesium and sodium were found in the leaves.
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Figure 3. Mean harvest index (HI) (a) and water use effi-
ciency (WUE) (b) for each harvest and irrigation treatment
(T33, T66 and T100) for the two experimental years. The
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ported.

Table 3. Main glycoside content in leaf and stem extracts.
Standard deviation is reported in brackets.

Stevioside Rebaudioside A
% (w/w) % (w/w)

Leaves 8.36 (± 0.53) 5.72 (± 0.27)
Stems 0.48 (± 0.02) 0.36 (± 0.01)

Table 4. Elements content in dried leaf extract. Standard
deviation is reported in brackets.

Elements Concentrations 

ppm
Cobalt 0.028 (± 0.004)
Manganese 3.22 (± 0.095)
Iron 307 (± 2.00)
Chromium 1.66 (± 0.066)
Magnesium 4568 (± 84.0)
Sodium 1516 (± 51.4)
Calcium 13457 (± 885)
Potassium 22058 (± 760)



as a genetic improvement program to develop
varieties that better respond to local environ-
ments.
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