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Abstract

Two field experiments were carried out in Giza Agricultural
Station — Agricultural Research Center during the two successive
seasons 2001/2002 and 2002/2003 to study the effect of propagation
method (seed, tissue culture and root cuttings), nitrogen fertilization
(0, 20 and 40 kg N/fed/cut) and their interaction on Stevia rebaudiana
yield and quality. Seeds of stevia variety Spanti imported from Spain
and locally regenerated vegetatively were used to produce plantlets,
root cuttings and shoot apex tissue culture. Results showed that tissue
culture and root cuttings propagated plants were significantly taller
than seed propagated plants. Tissue culture and root cutting
propagation methods exceeded seed propagated plants in No. of
branches / plant in first, second and fifth cuts. Root cutting propagated
plants gave the maximum values of leaves fresh weight (2.7, 3.12,
1.55 and 1.58 t/fed for the first, second, third and fourth cuts,
respectively). Plants propagated through root cuttings exceeded plants
propagated by seed and tissue culture in stevioside % in all cutting
dates giving maximum value of 24.16% in the first season and
21.14% in the second season in the 5% cut respectively. Application of
40kg Nffed/cut gave significant maximum values of plant height in
three cuts (54.06, 54.33 and 53.07cm. for first, second and fifth cuts,
respectively). Nitrogen fertilization affected all cuts for the No. of
branches/plant and the application of either 20 or 40 kg N/fed/cut
significantly exceeded 0 kg N/ffed/cut. Application of 40 kg N/fed/cut
gave maximum values of fresh leaves weight in all cutting dates (2.27,
2.86, 1.56, 1.56 and 3.37 t/fed respectively), meanwhile dry leaves
weight yield gave (0.87, 0.96, 0.52, 0.52 and 1.13 t/fed. respectively).
Application of 20 and 40 kg N/fed/cut exceeded Okg N/fedfcut in
stevioside % in both seasons. Application of 40 kg N/fed/cut for stevia
plants propagated by root cutting produced maximum vyield of dry
leaves weights of 1.06, 1.13 and 0.54 tffed. for first, second and
fourth cuts, respectively. Therefore, total stevioside yield reached its
maximum value {96243 kg/fed/year) when root cutting propagation
method and application of 40 kg N/fed/cut were used.
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INTRODUCTION

The worldwide demand for high potency sweeteners is expected to
increase especially with the new practice of blending different sweeteners, as
well as the demand of alternatives is expected to increase. The sweet herb of
Paraguay, stevia is an herb with incredible sweetening power. Its ability to
sweeten is approximately 300 times that of sugar. Typically, it has a mild
Licorice-like taste and is completely natural in its biochemical profile. What
makes stevia so intriguing is that unlike other natural sweetening agents, it is
completely calorie-free, never initiates a rise in blood sugar, and does not
provide suitable media for microorganisms like bacterias and yeasts. Stevia
plant was introduced to Egypt in 1990. Stevia has a long history of use as a
natural sweetener and medicinal aid. It is heat stable, non-caloric and can be
used by diabetics. Today, because the demand for stevia is escalating,
researchers and chemists are working to provide even better stevia
supplements and may even end up teeming with governmental agencies to
introduce stevia as economic crop in Egypt.

Linear and significant increase in fresh and dry leaves weights, fresh
and dry yield of stem, growth of new tiller and lateral branches, fresh yield and
stevioside content were associated with increasing nitrogen rates up to 30
kg/fed/cut (Allam et a/, 2001). High number of shoots could be cbtained by
repeating the cycle of stem tip propagation. These shoots could be rooted and
the regenerated plants could be transplanted to soil. (Tamura et al, 1984).
Plants produced from seeds were less productive in the first year than those
from cuttings. Both types of propagation (cuttings or seeds) could be used for
growing Stevia rebaudiana, Bertoni. for obtaining stevioside for practical use
even in the climatic conditions of the Central Europe {(Nepovim et af, 1998).
Stevia had been successfully taken to locations of wide range of climatic
conditions around the world and apparently grown successfully, although often
by using vegetative propagation methods and seedling establishment in a
greenhouse before planting in the field (Midmore and Rank 2002). Stevia
vegetative growth is reduced when temperatures are below 20 degrees and

when day length is less than 12 hours.Increasing day length to 16 hours and
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increasing light intensity can increase vegetative growth and stevioside levels
(Yermakov and Kochetav, 1996).

Although stevia may be the most remarkable sweetener in the world, yet its
recognition in Egypt remains relatively low, so the present work was carried out to
investigate the effect of different propagation methods (seed, root division and tissue
culture), nitrogen fertilizer rates and their interaction on stevia plant productivity and
quality.

MATERIALS AND METHODS

Two factorial experiments were conducted during the two successive
seasons 2001/2002 and 2002/2003 (plant crop / plantation of first year) in the
Agricultural Research Center Experimental Station — Giza - Egypt to evaluate
the effect of different stevia plant propagation methods, nitrogen fertilizer rates
and their interaction on stevia plant yield and quality. Other cultural practices
such as hoeing, irrigation....etc. were maintained at levels to assure optimum
production. Physical and chemical properties of experimental soil are shown in
Table 1.

Table 1. Physical and chemical properties of the experimental soil

Sand % 12.16
Silt % 48.85
Clay % 38.99

Soil texture Silt clay loam
PH 8.10
E.C. {(mmohs/m3) 2.65
CaC03 % 1.81
Available N (ppm) 11.00
Available P (ppm) 9.12
Available K {ppm} 35.86

The experimental treatments:
A- Nitrogen fertilizer rates:

0 kg / fed. / cut.

20 kg / fed. / cut,

40 kg / fed. / cut.
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These rates were added after each cut at two equal doses. The first
dose was added before the first irrigation come after cut and the second dose
was added before the next irrigation. Meanwhile, these rates were added in two
equal doses in the beginning of the growth season before the first and second
irrigation. Nitrogen was added as urea fertilizer (46.5 % nitrogen).

B- Propagation method:

Three propagation methods were used in this study (root division, tissue
culture, and seeds) during both experimental seasons (2001/2002and
2002/2003).

1- Root division (root cuttings).

Plants of one-year-old were taken out from the soil, where roots were
separated, cleaned and divided each into three parts and replanted in field at
the same day.

2- Tissue culture:

Plants were propagated in the Agricultural Genetic Engineering Research
Institute (AGERI-ARC) through shoot apex culture technique (Tamura ef
al.,1984). Clonal propagation of Stevia rebaudiana, Bertoni. was achieved by
culturing stem-tips with a few leaf primordia on an agar medium supplemented
with a high concentration (10 mg/litre) of kinetin. High numbers of shoots could
be obtained by repeating the cycle of muitiple-shoot formation from a single
stem-tip. Rooting of in vitro-derived shoots was made following subculture into
auxin-containing MS medium. The composition of the basal medium used
through this study containing MS salts in addition to the following ingredients,
100 mg/l myo-inosital, 3% sucrose, 1 mi MS vitamin mixture and 2 g/! phytagel,
supplemented with 0.01 mg/l IBA and 10 mg/l GA; . Adaptation and
acclimatization of Stevia rebaudiana, Bertoni. were carried out in the
conventional greenhouse facilities. Plantlets (7-10 cm hight) obtained by in vitro
tegniqgue were washed under running tap water and soaked in fungicide
solution {2 g/i of Beniate) for 20 minutes. Plantlets were cultured in plastic pots
(15 cm in diameter) contained various mixtures of beat moss and sand. To keep
constant high humidity (up to 90%) the pots were covered with polyethylene
bags, which gradually removed within one week, plantlets were transplanted in

the open field after adaptaﬁon in the greenhouse,
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3- Seeds.

Seeds of stevia variety Spanti imported from Spain and locally
regenerated vegetatively (l1g. of seeds contained 1640 seeds of 5%
germination} were obtained from Sugar Crops Research Institute (SI) and
preserved in the refrigerator at 5 C° then it was planted in the glasshouse in
January 15™ in fine clay soil covered with thin layer of soil. Plantlets were
transplanted into open field 75 days later.

All propagated plants of the three different methods discribed previously
were transplanted at 1% of April in both seasons (2001/2002 and 2002/2003) on
rows.Plot area was 10.5m’ (6 ridges, 3.5m long and 50cm apart), spacing
between hills was 30cm to reach a population of 28000 plants per feddan
(4200m?).

Five harvests were taken per year starting 90 days after planting, where,
cutting date, plant age, season and day length during each cut are presented in
(Table 2). Cutting was carried out at 10 ¢m above scil surface on mentioned dates.

Table 2. Cutting date, plant age, season and day lengh for each of the five
cuts for each year (200172002 and 2002/2003)

Cut No. Cutting date Plant age Season Day length
*1st July 1% 90 days Summer 13.53
*nd October 1% 180 days Autumn 11.44
%31 December 1% 240 days Autumn 10.19
*xqlh February 1% 300 days Winter 10.58
*5th April 1% 360 days Spring 12.11

*Cuts of vegetative parts (stem + leaves) whereas, growth/regrowth occurred
during warm season and day length > or = 11 hours,

**Cuts of vegetative parts (stem + leaves) whereas, growth occurred during
low temperature season and day length <11 hours.

Parameters determined

The whole plot was harvested each cut and the following parameters were

determined:

1- Plant height (cm).

2- No. of branches/plant.
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3- Percentage of flowering plants.
A plant was considered as a flowering plant if it had one flowering
branch.
4- Leaves fresh weight (t.\fed.).
5- Leaves dry weight (ton/fed/cut).
Collected leaves were air dried in shade under natural conditions,
6-Accumulated leaves dry weight (ton/fed/year).

Leves dry weight (ton/fed/cut) of the five cuts/season were summed to

determine total yield of dry leaves.
7- Stevioside%

Stevioside standard determination was carried out according to
Nishiyama et a/. (1992) using HPLC. Pure stevioside powder was obtained from
N. U. Natural Inc., USA as a standard. Stevioside extraction from leaves was
carried out by soaking lgram of dry leaves in 1.0 liter water at 85 C for 30
minutes. The resulting liquid fraction was separated by Buchner filtration and
the residue was washed with an additional volume of hot water (50 ml). The
aqueous solution was concentrated by lyophyilization (Edwards Model Ef03,
England) to 50 ml and defatted by ethyl acetate then extracted with isobutyle
alcohol (150 ml}. The aqueous phase was discarded and the organic solution
was evaporated by rotary evaporator (Type 349 , James Jobling and Co. Ltd.,
England) at 70 C until drying. The dried extract was dissolved in hot methanol
(100 ml) and kept over night to crystallize . The crystals were separated by
filtration and re-dissolved again in boiling methano! (50 ml). This solution was
clarified with active charcoal (B.D.H. Laboratory Chemicals Division. Poole,
England) and left to recrystallize. The procedure was repeated three times until
the formation of colorless crystals were obtained. An isocratic mobile phase
with 30% H;O/methanol (50:50) and 70% acetonitrile was utilized. The flow
rate was set at 1 mL/min, the quantity of'injected sample was 20 mL, the drift
tube temperature was 90°C and the flow of nebulising gas was 2.20 SLPM.

8- Stevioside yield (kg/fed/cut).

Stevioside yield (kg/fed/cut.) was calculated by multiplying dry leaves

yield of each cut by stevioside percentage determined for the same cut,
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9- Total stevioside yield (kg/year).

Stevioside yield (kg/year) was calculated by summing the stevioside yield
(kg/fed/cut) of the five cuts taken each season.
Statistical analysis

A spiit plot design with 3 replications was used where propagation method
was put in the main plots and nitrogen rates were distributed randomiy in the sub-
plots. Data were exposed to statistical analysis. Since there was homogeneity
between both seasons of plant crop, a combined data analysis was made (Snedecor
and Cochran, 1969). For means comparison, LSD values were calculated at 5% level
of significance following the method of Gomez and Gomez (1984).

RESULTS AND DISCUSSION
1- Plant height

Propagation method significantly affected plant height only in the
second, fourth and fifth cuts. Plant length of tissue culture and root cutting
propagation methods were significantly taller than those of seed propagation
method, meanwhile, there was no significant difference between tissue culture
and root cutting propagation methods, Table 3. The rapid growth rate of root
cutting tissue culture propagation methods especially in the early days of
planting where tiny poorly germinated seed takes more time to establish
seediing and consequently vegetative growth might led to such result. Several
researchers concluded the same result among whom, Molinas, (1988) and
Lester, (1999) who showed that there was an advantage of using root cuttings
and tissue cuiture propagation methods for stevia plantation lies in quick
growing and fast entering into yield phase.

Nitrogen fertilization had significant effects on first, second and fifth
cuts {warm and long day iength season cuts), where plants supplied by 40 kg
N/fed/cut exceeded those of 0 and 20 kg N/fed/cut. This result indicates the
distinguished effect of nitrogen fertilization on meristemic activity and cell
elongation which reflected in plant height. Meanwhile, this effect did not exist
during iow temperature season since plant growth was reduced. The same
result was obtained by Chalapathi et a/ (1999). A significant effect of the
interaction is obvious only during the third and the fifth cuts. In the third cut,
maximum value of plant height was cbtained from tissue culture propagated
plants received 0 or 20 kg N/fed/cut being 26.34 and 26.31 cm, respectively,
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while in the fifth cut maximum value of plant height was obtained from root
cutting propagated plants received 20 or 40 kg N/fed/cut. Cuts taken from
growth/regrowth of low temperature and less day length season (< 12 h.)
(third and fourth cuts) had a very slow growth rate giving short plants (25.30
and 21.07 cm respectively). While first, second and fifth cuts {warm season
cuts) showed rapid growth rate giving taller plants (52.45, 52.66 and 52.15 cm
respectively). These data are in accordance with those obtained by Yermakov
and Kochetov, (1996} who found that stevia vegetative growth is reduced when
teperatures are helow 20 degrees and day length less than 12 hours,
2- Number of branches /plant

Results showed significant effect of propagation method on stevia
number of branches/plant at 80, 180 and 360 days from planting (first, second
and fifth cuts), while it had no significant effect in the other two cuts (ie, 240
and 300 days from planting). However, tissue culture and root cutting
propagated plants exceeded propagation by seed giving No. of branches of
16.77, 18.72 and 21.16 and 16.08, 17.38, and 20.06 for root cutting and tissue
culture propagation methods determined at 1%, 2! and 5" cuts, respectively.
Tissue culture and root cuttings propagated plants showed rapid branching if
compared with remarkably slow growth of seedlings produced by tiny seeds
causing such plants to perform less and slow branching capabilities. Similar
results were obtained by Brandle ef a/ (2000) and Midmore and Rank (2002),
who showed that since germination rates were poor and seedlings were very
slow to establish, it is best to use vegetative transplanting for stevia plantation.
For all cutting dates, the application of 40 kg N/fed/cut gave maximum values
of number of branches/plant being 14.51, 17.23 , 14.32 , 14,22, 21.61 for 94,
180, 240, 300 and 360 days from planting respectively. However, no significant
difference was detected between application of 20 and 40 kg N/fed/cut for all
cuts except for the third and fifth cuts. Previously it was found linear and
significant increase in growth of new tillers associated with the increase in
nitrogen rates up to 30 kg/fed/cut (Chalapathi, 1997 and Allam et a/, 2001).

Interaction between propagation method and nitrogen fertilization
{Table 4) showed a significant effect on number of branches/plant only in the
first two cutting dates (90 and 180 days from planting), maximum values were

obtained from plants propagated by root cuttings and received 40 kg N/fed/cut
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{19.31 and 21.26 branches/plant respectively). This resuit may be due to rapid
and early formation of root system which promoted piant capability to absorb
nutrients especially nitrogen, hence, such circumstances enhance vegetative
growth including branching which increased number of branches/plant. Number
of branches/plant fiuctuated depending upon cutting date (Table 4). However,
number of branches/plant increased in the first two cuttings being 13.30 and
16.58 branches/ plant of first and second cuts, respectively. Then it was
decreased in the following two cuttings {cuts of plant growth/regrowth during
low temperature and short day length season) being 13.18 and 13.35
respectively. In the last cut, number of branches /plapt was increased again
because of the suitable warm weather of the spring induced branching {Table
2). These data are in great accordance with those obtained by Allam et s/
(2001) who found that vegetative traits and vield of stevia were affected by
environmental conditions since growth of stevia greatly influenced by
temperature and day length.

3- Flowering plants percentage

Propagation method affected flowering plants percentage in the first cut
only where root cutting propagation method exceeded both seed and tissue
culture propagation methods being 56.25%, while differences between root
cuttings and tissue culture propagation methods did not reach the significant
level of second, third and fourth cuts where ali plants flowered (100.00 %),
hence, environmental conditions during such period of the year affect flowering
behaviour. Results in Table {5) show that flowering percentage in first and fifth
cuts was affected by nitrogen fertilization. In the first cut, flowering percentage
of plants applied either 20 or 40 kg N/fed/cut exceeded that of 0 kg nitrogen
being 46.48 and 46.89%, respectively with no significant difference between
both of them. The same trend was obtained in the fifth cut, whereas, maximum
value of flowering plants percentage was obtained from stevia plants received
40 kg N/fed/cut (26.95%). Increasing flowering plants % by increasing nitrogen
fertilization may be due to the favourable endogenous balance of nutrients
realized by nitrogen fertilization. However, such effect was not detected in the
other three cuts since all plants tended to flower as a result of short days
conditions (Table 1). These results are in accordance with those obtained by
Slamet and Taharat, (1988), who found that urea treatment did not affect the
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time of flowering of stevia plant. Resuits could not reveal any significant effect
of the interaction between propagation methods and nitrogen fertilizer level on
stevia flowering plants percentage (Table 5), meaning that both studied factors
act independently.

4- Leaves fresh weight

Propagation method affected significantly the yield of fresh leaves in all
cutting dates except the last cut Table 6, where, root cutting propagated plants
exceeded both seed and tissue culture propagated plants in weight of frésh
leaves, and gave mean values of 2.75, 3.12, 1.55, and 1.58 t/fed for first,
second, third and fourth cuts, respectively. This result may be due to the
basically higher capability of root cutting propagated plants to enhance
vegetative growth/regrowth, such circumstances gave an opportunity to have
more branching Table 4 and more growth rate, moreover, due to the basically
higher weight of root cutting propagated plants which gave more branching,
such differences among the three propagation methods were not obvious by the
end of the season. Data in Table (6) indicate significant effect of N fertilization
level on stevia fresh leaves weight in all cuts. Nitrogen fertilization level of 40
kg Nffed/cut gave maximum values of fresh leaves weight in all cutting dates
being 2.27, 2.86, 1.56, 1.56 and 3.37 ton/fed/cut respectively in the respective
five cuts. This result is in accordance with those obtained by Utumi et a/. (1999)
and Allam et al. (2001). Results showed significant effect of the interaction
between propagation method and nitrogen fertilization on stevia fresh leaves
weight in the first, second and fourth cuts only, whereas, root cutting
propagated plants and application of 40 kg N/fed/cut significantly exceeded
other treatments in fresh leaves weight giving maximum values of 3.12, 3.40
and 1.62 tonffed in the first, second and fourth cuts respectively.
Growth/regrowth of stevia plant during the warm season (first and second cuts)
showed higher values of fresh leaves weight (2.03 and 2.73 ton/fed
respectively) exceeding values of low temperature season, (third and fourth
cuts) (1.53 and 1.51 ton/fed, respectively). Meanwhile, spring cut had the
greatest value of fresh leaves weight {3.29 ton/fed), these differences indicate
the effect of the weather on leaf production and growth rate. This result is in
accordance with those obtained by Allam ef a/ (2001).
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5- Leaves dry weight

Results Table 7 indicate the significant effect of propagation method on
leaves dry weight in all cuts except the last cut. Root cutting propagated plants
significantly exceeded hoth seed and tissue culture propagated plants in dry
leaves weight {0.94, 1.04 and 0.53 in the first, second and fourth cuts,
respectively). While in the third cut both tissue culture and root cutting
propagated plants gave the same value of dry leaves weight {0.52 ton/fed) but
significantly exceeded seed propagated plants. The superiority of root cutting
propagated plants in dry leaves weight may be due to its more growth rate and
larger root system after transplanting. This result is in the same line with those
obtained by Brandle et a/ (2000} and Midmore and Rank, (2002). In all cutting
dates, application of 40 kg N/fed/cut gave maximum values of leaves dry
weight being 0.78, 0,96, 0.52, 0.52 and 1.13 ton/fed respectively for the
respective five cuts. This result indicates the considrable effect of nitrogen
fertilization on capacity of holding leaves since such application (40 kg
N/fed/cut) increased branching, enhanced meristimic activities and accumulated
more dry matter in leaves. Several researchers found that rates near to 40 kg
N/fed/cut were the best for maximum stevia yield, among whom, Utumi et al
(1999), Chalapathi ef 2/,(1999) and Allam et al (2001).

Results showed significant effect of the interaction between
propagation method and nitrogen fertilization on stevia dry leaves weight in
first, second and fourth cuts where root cutting propagated plants received 40
kg N/fed/cut gave maximum values of dry leaves weight being 1.06, 1.13 and
0.54 ton/fed in the first, second and fourth cuts, respectively while no
significant effect of the interaction could be detected on this trait during third
and fifth cuts. This result shows that increasing in fertilization level to 40 kg
N/fed/cut was more effective on root cutting propagated plants in the first,
second and fourth cuts than other methods. It is obvious that there is
difference between warm and low temperature seasons cuts where third and
fourth cuts gave the lowest yield of dry leaves weight (0.51 ton/fed) while
maximum dry leaves yield (1.10 ton/fed) was obtained from (spring cut) last
cut (Table 7). This result shows the difference between dry leaves yield of
warm and low temperature seasons cuts, also the increase in dry leaves yield

towards the end of the first year cut.
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6- Accumulated leaves dry weight

The maximum dry leaves yield/year was superior in response of using
root cutting propagation method (4.12 ton/fed) while maximum dry leaves
yield/year was obtained by applying 40 kg N/fed/cut (3.91 ton/fed). However,
no significant effect of the interaction between propagation method and
nitrogen fertilization was found (Table 7).

7- Stevioside percentage

Stevioside percentage of plants propagated through root cuttings
exceeded the other two propagation methods (seed and tissue cuiture) in
stevioside % with all cutting dates giving 22.13, 23.05, 16.35, 16.40 and 24.16
% in the first season and 21.12, 22.25, 16.42, 16.21 and 24.17 % in the second
season, respectively during the five respective cuts Table 8. Remarkably
biomass produced by root cutting propagated plants Table 4 and 5 may be due
to the considrable photosynthates production including stevioside. Applying 40
kg N/ffed/cut gave maximum values of stevioside percentage in both seasons
(18.81, 20.45, 16.26, 16.23 and 22.71 % in the first season and 17.51, 19.79,
16.01, 15.92 and 22.44 % in the second season) in all cutting dates
respectively. Root cutting propagated plants received 40 kg N/fed/cut gave
maximum values of stevia stevioside % in all cuts (21.84, 23.29, 17.30, 16.88
and 24.60 % in the first season and 22.56, 23.70, 17.19, 16.99 and 24.74 % in
the second season, respectively for the respective five cuts). The response of
stevioside content to the increase of nitrogen application may be due to the
role of nitrogen in the induction of photosynthesis and therefore, stevioside
production, Differences among the five different cuts of the year meaning
change in stevioside content as a response to weather conditions (increase in
stevioside percentage with increasing temperature) is obvious (17.20, 19.22,
15.41, 15.50 and 21.85 % in the first season and 18.32, 19.78, 15.62, 15.80
and 21.95% in the second season, respectively).

8- Stevioside yield (kg/fed/cut)

During all five cuts, root cutting propagated plants exceeded both seed
and tissue culture propagated plants in stevioside yield. It is realized from the
first cut that seed propagated plants gave lowest {(33.45 kg) stevioside yield/fed
while tissue culture and root cutting propagated plants gave 169.46 and 203.28
kg stevioside/fed, respectively recording total yield of the five cuts of 504.37,
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768.62 and B73.85, respectively. Maximum value of stevioside vyield was
obtained from root cutting propagated plants in the fifth cut (263.39 kg
stevioside/fed). This result indicates that both tissue culture and root cutting
propagated plants had more stevioside assimilation and accumulation than seed
propagation method. Plants received 40 kg N/cut/fed exceeded control
treatment (0 kg N/cut/fed) Table (9), whereas, the lowest value of stevioside
yield was obtained from plants received 0 kg N/cut/fed in the third cut (74.30
kg stevioside/fed) and maximum value was obtained from plants received 40 kg
N/cut/fed in the fifth cut (255.10 kg stevioside/fed). The total yield of the five
cuts was superior with 40 kg/cut/fed followed by 20 and 0 kg N/cut/fed
(757.39, 709.33 and 636.969 kg stevioside/fed, respectively}. This result may
be due to the effect of nitrogen on promoting photosynthate assimilation and
hence yield of dry leaves and stevioside content. The values of the interaction
between propagation methods and N fertilization Table (9) greatly varied from
30.03 kg stevioside/fed {seed propagated plants received no nitrogen
fertilization in the first cut) to 278.77 kg stevioside/fed (root cutting propagated
plants received 40 kg N/cut/fed in the fifth cut). The differences among cuts
Table (9) were detectable between the warm season (first, second and fifth
cuts} and low temperature season (third and fourth cuts). The warm season
gave maximum yields (122.51, 177.00 and 240.85 kg stevioside/fed, for 1%, 2™
and 5" cuts respectively). This result shows the effect of changes in
temperatures around the year seascns on stevioside production due to the
higher photosynthesis and stevioside production under high temperatures since
stevia is a tropical plant that performs better under higher temperatures. From
the mentioned results, it can be conclude that root cutting propagated plants
with nitrogen fertilization of 40 kg/ fed/ cut may give maximum leaves yield and
stevioside content of stevia rebaudiana, Bertoni. under Egyptian conditions.

9- Total stevioside yield (kg/fed/year)

Root cuttings propagtion method significantly exceeded both seed and
tissue culture propagation method in total stevioside yield (873.85 kg/fed/year).
Meanwhile, 40 kg N/fed/cut was superior in total stevioside yield giving 757.39
kg stevioside/year. The total yield of the five cuts gave its maximum yield from
root cutting propagated plants received 40kg N/cut/fed (962.43
kgstevioside/fed) Table (9).
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Table (3) Effect of propagation method (M), nitrogen fertilization (N) and their
interaction on plant length (cm.) at different cuts (combined data

of two seasons).

Cutting age (days)
Treatment 90 (%) | 1802 | 240 (3™ | 300(4%) | 360 (37
P G Seed 51.79 50.60 24.46 20.78 4970
"]‘\’,i’e“t%:] (‘;’" Tissue Culture 52.23 5217 25.77 21.00 53.02
Root Cutting 53.32 5521 25.69 21.44 53.73
L.S.D 7 N.S 0.59 N.S 0.52 0.97
Nitrogen |- 0 51.08 51.30 258.29 20.44 50.25
(kg/fegd) 20 5221 52.36 25.64 21.47 52.51
40 © 54.06 54 33 24 98 21.31 53.70
L.S.D 2.08 1.67 N.S N.S 0.90
Interaction MxN
0 49 18 48 84 23.39 19.98 4937
Seed 20 51.88 50.27 24.70 21.19 49 48
40 54 31 52.69 25.30 21.18 50.26
. 0 50.57 51.35 2634 21.06 51.15
Tissue
Culture 20 52.00 51.12 2631 20.88 53.73
40 54.14 54.10 24 .66 21.05 54.20
Root 0 . 53.48 53.71 26.14 2028 50.22
Cuttin 20 - 52.76 55.69_ 25.92 22.34 | 54 30
& 40 53.73 56.23 25.00 21.70 56.65
L.S.D N.S N.S 1.76 N.S 1.55
Total Mean | 52.45 | 52.66 |~ 25.30 2107 | 5215




Table (4) Effect of propagation method (M), nitrogen fertilization (N) and their
interaction on number of branches / plant at different cuts
(combined data of two seasons).

ve 35 "3 'Y 'YILLY

e Cutting age (days)
reatment 90 (17) | 1802 | 240 3™ [ 300 4™ [ 360 (37
. T Seed 7.06 13.65 | 12.99 13.18 | 19.30
Cpeea 0" [issue Culture | 16,08 | 1738 | 13.07 | 1330 | 20.06
[ Root Cutting 16.77 18.72 13.49 1357 | 21.16
L.S.D 1.19 2.41 N.S N.S 0.90
Nitrosen 0 11.83 15.62 11.66 1235 | 19.05
k /ffd) 20 13.57 16.90 13.57 13.48 | 19.87
g 40 14.51 17.23 14.32 1422 | 2161
L.S.D 1.51 1.05 0.70 0.80 1.21
Interaction MxN
0 554 13.23 11.25 11.58 | 19.10
Seed 20 6.71 13.81 13.41 13.53 | 18.22
40 892 13.90 14.32 1442 | 20.60
Tissuc 0 15.78 17.17 1153 | 1213 | 1832
Culture 20 -~ 17.17_ | 1845 13.30 13.65 | 20.08
40 1529 16.53 14 39 1412 | 21.79
Root 0 1418 1647 | 1221 13.34 | 19.75
come [ 20 | lea | 1845 | 13.99 | 1325 | 2130
-utling 40 1931 2126 1426 1412 | 2243
LS.D 2.61 1.83 N.S N.S N.S
Total Mean | 13.30 16.58 13.18 13.35 | 20.18

G871




Table (5) Effect of propagation method (M), nitrogen fertilization (N) and
their interaction on flowering plants percentage at different cuts

(combined data of two seasons).

Cutting age (days) ]
Treatment 90 (17) [ 180 (2 | 240 (3% | 300 (@™ | 360 (3

p o | Seed 173996 | 10000 | 10000 | 100.00 | 2582

Mothod | Tissue Culture | "3983 | 100.00 | 100.00 | 10000 | 25.46

Root Cutting 56.25 100.00 | 100.00 | 100.00 | 2547

1.S.D 5.40 N.S N.S N.S N.S

Nitrogen 0 42.73 100.00 | 100.00 | 10000 | 2457
(kg/ffd) 20 46.48 100.00 | 100.00 | 100.00 | 2523 |

40 46.89 160.00 100.00 100.00 2695

L.S.D 3.08 N.S N.S N.S 1.65

Interaction MxN

0 39.45 100.00 | 100.00 | 100.00 | 23.97

Seed 20 39.08 100.00 | 100.00 | 100.00 | 25.66

40 40.46 100.00 | 100.00 | 10000 | 27.83

Tissue 0 37.94 100,00 | 100.00 | 100.00 | 25.24

Culture 20 40.43 100.00 | 10000 | 10000 | 2463

_’ 40 41.25 10000 | 100.00 | 100.00 | 26.51

Root 0 50.79 100.00 106.00 100.00 24 .50
Cutting - 20 59.01 10000 | 10000 | 10000 | 2540 |

i ng 40 58.95 100.00 100.00 100.00 26.51

L.S.D N.S N.S N.S N.S N.S

Total Mean | . 45.36 100.06 | 100.00 | 100.00 | 2558

9871
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Table (6) Effect of propagation method (M), nitrogen fertilization (N) and
their interaction on fresh leaves weight (t/f) in different cuts

(combined data of two seasons).

Cutting age (days)

Treatment 90 (1) | 18029 | 240 (3% | 300 &%) | 360 37
N 0.82 2.42 1.48 1.43 3.29
'I‘;;’:‘tﬁ(‘i““ Tissue Culture 2.53 2.65 1.56 1.53 3.32
Root Cutting 2.75 312 155 1.58 327

L.S.D 0.15 0.01 0.03 0.02 N.S

Nitrogen 0 1.77 2.59 1.50 1.46 3.20
(kg/ffd) 20 2.04 774 1.53 1.52 3.30
40 227 | 286 156 1.56. 337

L.S.D 0.11 0.07 0.02 0.02 0.05
Interaction MxN '
0 0.77 2.35 1.44 135 3.20

Seed 20 0.82 739 1.49 1.44 333
40 0.86 2.52 1.51 1.50 334

Tissue 0 2.05 260 | 155 1.49 326
Cultare 20 2.68 2.68 155 1.54 329
40 285 267 157 156 3.40

Root 0 2.50 282 1,51 1.54 316
Cuttin 20 2,63 3.06 | 1.54 157 |- 327
Hng 40 312 340 1,50 162 337
L.S.D 0.19 0.12 N.S 0.03 N.S

Total Mean | 2.03 2.73 1.53 1,51 3,29

Ve 39 '3 W 'VILLY

£8¢71



Table (7) Effect of propagation method (M), nitrogen fertilization (N} and their
interaction on dry leaves weight (t/f) at different cuts (combined data of both

88¢1
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seasons).
Cutting age (days)

Treatment 90 (1*) 180 2" | 240 (3§) 300 4™ T 360 (5™ | Total
b iog LSeed 0.28 0.80 0.50 0.48 1.10 3.16
r]ﬂ;’;ﬁ[‘i"“ Tissue Culture 0.86 0.89 0.52 051 1.11 3.89
Root Cutting 0.94 1.04 0.52 0.53 1.09 4.12
L.S.D 0.05 0.03 0.01 0.01 N.S 0.22
Nitrogen 0 0.60 0.86 0.50 0.50 1.07 3,53
(kg/fegd) 20 0.70 091 | 051 051 1.10 3.73
40 0.78 0.96 052 0.52 1.13 3.91
L.S.D 0.04 0.01 0.01 0.01 0.02 0.18

Interaction MxN
0 0.26 0.78 0.48 0.46 1.07 3.05
Seed 20 0.28 0.80 0.50 0.49 111 3.18
40 0.30 0.84 0.51 0.51 111 3.27
Ti 0 0.69 0.87 0.52 0.50 1.09 3.67
c.::f::e 20 091 0.89 052 0.51 110 | 3.93
40 0.97 0.92 0.53 0.52 1.13 4,07
Root 0 0.86 0.94 0.50 0.52 1.05 3.87
Cutting L 20 | 090 | 105 0.52 0.53 1.09 4.09
-utting 40 1.06 113 0.53 0.54 113 | 4.39
L.S.D 0.07 0.02 N.S 0.01 N.S N.S
Total Mean | 0.69 0.91 0.51 0.51 1.10 | 372




2iun tagustlib Jg 2aveal (ib 1 938109919q 9bizoivalz no (V) noitsailqqe nagonin bus (M) bodism noitsysqoiq 1o 12917 :(8) sldeT
(200292 £00S-S00L b SO0L-1006K)

Cuttim_%e {days)
Treatment Season 2001-2002 Season 2002-2003
90 (1") | 180 2% T 246 3" [ 300 (™) 360 5™ | 90 1™) 180 2™ | 240 3™ | 300 (4% | 360 3™ |

Propagation |23 1237 | 14.62 1501 [ 1564 | 1897 | 11.52 | 1438 | 1406 | 1465 | 1913
Method Tissue Culture 20.48 21.66 15.50 15.54 2271 18.93 20.77 15.76 15.65 2225
Root Cutting 22.13 23.05 16.35 16.40 24.16 21.12 22.25 16.42 16.21 2417

Nitrogen 0 17.42 18.76 14,79 15.24 21.23 16.66 18.20 14.93 15.07 2096
(ke/fed/cut) 20 [ 1874 | 2011 | 1581 [ 1594 | 2189 | 1743 | 1968 | 1530 | 1551 | 22.14
40 18.81 20.45 16.26 16.23 2271 17.51 19.79 16.01 15.92 22.44

Interaction MxN ,

0 i1.35 13.10 13.30 1421 17.93 11.75 13.07 13.60 1491 | 18.31

Seed 20 11.88 14.92 14.00 14.66 19.28 12.84 15.46 15.66 15.65 18.96
40 11.41 1511 14.87 15.08 20.17 12.57 15,32 15.78 15.83 19.65

Tissue 0 18.36 20.62 15.68 1532 | 21.65 19.43 21.22 15.24 15.36 2230
Culture o 20 19.15 20.73 B 15.73 15.83 22.53 20.73 21.43 15.45 [5.40 22.08
40 19.29 20.96 15.87 15.80 22.56 21.30 2234 | 15.80 15.86 23.75
Root 0 2025 | 20.89 1580 | 1570 | 2329 | 21,09 | 2199 | 1554 | 1544 | 23,08 ]
Cutting 20 2127 | 2338 16.17 | 1604 | 2462 | 2264 | 2345 | 1632 | 1677 | 24.65
40 21.84 23.29 17.30 16.88 24606 22.56 23,70 17.19 16.99 24.74

Mean | 17.20 19.22 15.41 15.50 | 21.85 18.32 19.78 15.62 15.80 21.95

1233 "3 'Y 'YILLY
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Table (9) Effect of propagation method (M), nitrogen fertilization (N) and their
interaction on stevioside yield (kg/fed.) at different cuts {combined data of

both seasons).

_ Cutting age /

Treatment 90 (1) | 180 (2% 2;?(3*%) 5 ((;?%sga“‘) 360 (5% | Total

Propagation Seed 3345 116.00 72.68 72.70 200.55 | 504.37

Method | Lissue Culture 169.46 188.81 81.28 79.54 249.53 | 768.62

| Root Cutting 203.28 235,56 85.20 86.42 26340 | 873.85

L.S.D 12.4 6.81 2.41 0.65 6.97 28.34

. 0 102.24 158.93 7430 75.78 22572 | 636,96
Nitrogen

(kg/fed) 20 126.60 181.08 79.33 80.20 242 17 | 709.33

40 141.65 193.15 83.90 83.59 255,10 | 787.39

L.S.D 8.80 2.55 1.23 0.38 4.36 17.52

Interaction MxN

0 30.03 102.06 64.56 66.98 103 88 | 4587.51

Seed 20 3461 121.52 74.15 74.26 212.23 | 516.77

40 3597 127.81 78.16 78.82 221.00 | 541.76

Tissue 0 130.38 182.00 80.39 76.70 23953 | 709.00

Culture 20 181.45 187.61 81.07 79.64 24536 | 775.13

40 196.86 199.18 83.93 82.32 261.65 | 823.94

Rost 0 177.76 201.54 78.35 80.96 24344 | 782,06

Cutting 20 19_7.60 245;86 84.47 86.95 268.52 | 883.40

40 23532 265 .49 91.40 91.45 278.77 | 962.43

L.S.D 15.30 4,41 2.13 1.0¢ 7.55 31.07

Total Mean | 122.51 177.00 79.13 79.82 240.85 | 699.29

06zT
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