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Abstract

Stevia rebaudiana Bertoni, a non caloric natural sweetner is currently the
available substitute to sugar. It is a genus of about 150 species of herbs and
shrubs, a compositae and native to Paraguay. However, stevia is a short day
plant with almost a constant day length < 12 hours in Malaysia stevia gener-
ated to flower early. Therefore, the aim of the study was to investigate the ef-
fect of different day length on Stevia rebaudiana genotypes in Malaysia. The
experiment was undertaken during December 2016 to April 2017 in the Fa-
culty of Design and Architecture, Universiti Putra Malaysia, Serdang, Selan-
gor, Malaysia. Eight stevia genotypes namely (CHV1, Morita2, MS012, MS012
(4x), SA18, TPU, and hybrids IITUM-F1 and UiTM-H2) were evaluated for the
agronomic traits under two conditions: sun light (<12 hours) and simulated
light (>14 hours) using a factorial experiment. The agronomic performance of
Stevia rebaudiana was significantly in long day length (>14 hours) environ-
ment comparing with short day length (<12 hours) environment. Stevia plants
under sun light start to flower after seven weeks, from the other hand stevia
plants under simulated light did not flower. All stevia genotypes showed a
high performance under long day length (>14 hours) environments.
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1. Introduction

Stevia rebaudiana Bertoni is a perennial herb containing natural sweetening
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compounds which are 230 times sweeter than sucrose with no calorific value. It
was first discovered by a Swiss botanist, Moises Santiago Bertoni and this plant
has been exploited ever since. Stevia belongs to Asteraceae family. According to
Soejarto, et al. [1] Stevia rebaudiana Bertoni was confirmed to give the sweetest
essence than 240 stevia species. It is a good supply of carbohydrate, protein,
crude fiber and minerals [2]. The sweetness of stevia comes from compounds
known as diterpene glycosides. Among 10 sweet glycosides in stevia, but barely
two are important, namely stevioside and rebaudioside A [3]. However, stumpy
and rough seed germination (due to its small seed size) and slow establishment
of seedlings deserve its propagation during vegetative means [4]. Micro-cutting
is able to promote rooting development for stevia cutting with the presence of
mist-chamber propagation box [5]. Stevia substance is maximum immediately
before flowering. Flowering is generated by short day length. With almost a con-
stant day length of <12 hours widespread throughout the year in Malaysia, ste-
via plants are triggered to flower early, roughly 6 weeks following planting
from stem cuttings, usually before being able to gather maximum biomass [6].
Therefore, stevia plants show of very short vegetative period, resulting in low
leaf yield and as a result low content of sweetening compounds. For producing
or selecting stevia varieties which may be appropriate under tropical situation,
the first step is to study the agronomic performance among the available ge-
notypes under two conditions sun light (normal condition) with day length of
<12 hours and extended light (stimulated condition) with day length >14
hours. Stevia has the potential to become a wide-ranging alternate for sugar for
the Malaysian population, its products for certain local market specially for
medical value are even more promising because there are lots of diabetic pa-
tients in the country so its benefit for them. However, Malaysia still lacks of
suitable varieties and production technologies, while some suitable stevia va-
rieties have been successfully developed in few countries like Japan and India.
Therefore there is need to carry out appropriate research and development
program in order to develop suitable local varieties. The aim of the research
therefore to evaluate the agronomic traits among available Stevia rebaudiana
genotypes in Malaysia under two conditions sun light and simulated light

(Figure 1 and Figure 2).

2. Materials and Methods

2.1. Experimental Site

The study was conducted from December 2016 to April 2017, at Faculty of De-
sign and Architecture, Universiti Putra Malaysia, Serdang, Selangor, Malaysia.
The experiments were carried out in two different places, in open sunlight and
in extended light >14 hours.

2.2. Experimental Design

The study was accomplished in Randomized Complete Block Design (RCBD)
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Figure 1. Accession CHV1 under two conditions. (A) Sun light:
flowered after 49 days; (B) Extended light: no flowering after 134
days.
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MS012 CHV1 4X MORITA2 sa18 H2 F1 Tpy
Simulated light
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MS012 CHV1 4X MORITA2 SA18 H2 F1 TpPU
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Figure 2. Stevia rebaudiana Bertoni leaves under two conditions.

with three replications. Each block consisted of 48 plots, where each 6 plots

represented by one accession.

2.3. Soil Mixture

The experimental soil was mixed with loam, sand and coco husk. The propor-
tion of the mixture was done at the ratio of 1:3:3 which represent a portion of
soil, three portions of sand and three portions of coco husk. All portions were
mixed by using soil mixer. The soil mixture was filled to the brim into “8 x 8”

size polybags.

2.4. Collection of Stevia Accessions

Stevia accessions were collected from three resources namely Universiti teknolo-
gi Mara (UiTM), International Islamic Universiti Malaysia (IIUM), and Univer-
siti Putra Malaysia (UPM).
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Six stevia accessions and two hybrids were collected (Figure 3). The stevia ac-
cessions were placed under rain shelter located at Field 2, Universiti Putra Ma-
laysia, Serdang, Selangor. Each accession exhibited diverse ranges of morpho-

logical characteristics.

2.5. Propagation of Stevia Collection

2.5.1. Micro-Cutting

All stevia accessions were propagated through stem micro-cutting. Stem cutting
propagation allow multiplication of stevia accessions and maintaining the ge-
netic duplication of each accession. The stem was cut and collected from the
terminal part of the shoot. The stem was cut at about 4 cm or two nodes apart.
In order to induce root formation, rooting powder containing indole-3-butyric
acid (IBA) was used at approximately 1.5 cm deep and stem was dipped into it.
Application of IBA was reported to be efficient in improving and stimulating

adventitious roots formation [7].

2.5.2. Propagation Box

The stems were placed in the propagation box or mist-chamber box. The propa-
gation box consisted of two layers of media which were perlite on the top and
clay ball at the bottom as invented by Yahya, A., Nor’ain, A. R. and Ab Kahar, S.
[8]. The mist provide appropriate environment for cutting to develop and pro-
mote root formation. Water was poured into media until the perlite was totally
soaked. The stem cutting was placed into the media and left until it started to
produce roots in two weeks. When the rooting was complete then the plants
were transferred into the polybags (Figure 4). For this study, 40 plants were

propagated for each stevia accession.

2.5.3. Acclimatization of Stevia Cutting
In providing an appropriate condition for adaptation or hardening of the young

h

Figure 3. Eight stevia genotypes collected from three resources (A) UiTM, (B) UPM and
(C) ITUM.
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Figure 4. Steps for propagation of Stevia rebaudiana genotypes.

plants, shade was installed. Fifty percent of shade was placed as a cover on the
top of propagation site. The shade was fixed to the young plants to avoid direct
sunlight and avoiding desiccation.

2.6. Evaluation Agronomic Performance of Selected Stevia
Accessions

In this study, the eight accessions were placed in the field to observe and eva-
luate the performance of each accession. For this assessment study, simulated
light was set up to evaluate the growth performance of collected stevia acces-
sions. For simulated light, standard white light was used in this experiment. The
bolds were hung onto of the plants and each accession was placed under them.
The light was deal with an automatic timer to extend the light for an hour before
7 am and for an hour after 7 pm. This was provided >14 hours of required day
light to the stevia accessions. In the case of normal sunlight, the stevia accessions

were placed under normal condition without any light exposure.

2.7. Agronomical Traits

2.7.1. Plant Height (cm)
Plant height was measured in each treatment from the medium level (base of the

plant) until the tip of the plant using a steel meter ruler.

2.7.2. Stem Diameter (mm)
Plant stem diameter was measured using digital vernier caliper at 1 cm above the

base of the plant.

2.7.3. Number of Leaves (per Plant)
The number of leaves was determined by counting all leaves in plant including

small leaves.

2.7.4. Leaf Ratio
The length and breadth of leaf were measured using a steel meter ruler and ratio

was calculated by length/breadth.

2.7.5. Number of Branches (per Plant)
The number of branches was determined by counting all the branches per plant.

2.7.6. Days to Flowering
It was measured by counting the days from the day first until the plant began to

flowering.
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2.7.7.Fresh and Dry Weight (g)

The fresh weight of the plant was determined by using sensitive weighing bal-
ance (model A&D Co. Ltd. model FX-1200i Japan). After taking the fresh
weight, each plant was placed in envelope and dried in the oven at 50°C for 48

hours until a constant weight was gained for the dry weight determination.

3. Statistical Analysis

Statistical analyses were conducted based on the eight parameters using SAS ver-
sion 9.4, through analysis of Variance (two-way ANOVA) factorial experiment
separately for all agronomic characteristics. Prior to data analysis, all variables
were subjected to normality test. Mean comparison was done using Duncan test
for each agronomic characteristics separately at 0.05 level. Furthermore, multiple
regression analyses were conducted to test the effects on agronomical characte-
ristics. As, regression analysis is one of the most commonly used methods in ex-
ploring predictor variables, thus all variables were predicted through using mul-
tiple regression model which consisted of five predicting variables such as height
(1), number of branches (y,), stem girth (y;), number of leaves (y,) and leaf ratio

(xs)- Based on these factors the prediction equation was given as:

}; = ﬂo +ﬂ11’1 +ﬂ27(2 +ﬂ3l3 +ﬂ47(4 +ﬂ57(5

where;
Y = Fresh weight.
i = height.

X, = number of branches.
X = stem girth.

Y. = number of leaves.

X = leaf ratio.

&= random error.

4. Result and Discussion

Evaluation of the Agronomic Performance

The results of agronomic performance under two conditions (Ze. sun light and
extended light) for all accessions showed that the all agronomic characteristics
were increased under extended light. These results showed that all accessions
went to flowering stage almost after seven weeks under sun light meanwhile only
three accessions such as H2, MS012 and SA18 entered to flowering stage under
extended light, whereas the time to flowering for these accessions were almost 20
weeks. Comparing the plant height under these two conditions indicated that all
over ally accessions under extended light had more vegetative growth and there-
fore the plant height was almost three times higher more than plants kept under
sun light. The number of leaves among plants under extended light also in-
creased (86%) as compared to plants kept under sunlight. The stem girth and
number of branches were increased with 179% and 9% respectively. However,
the fresh weight increased with 728%. The highest difference of 918% was ob-
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served in dry weight for plants which were kept under extended light as com-
pared to accessions kept under sun light. It could be increased due to long pe-
riod of vegetative growth (Table 1).

To evaluate the effect of accession and light condition on agronomic characte-
ristics, data were analyzed based on two-way ANOVA (factorial experiment) for
all agronomic characteristics. All the agronomic characteristics were normally
distributed and the results showed the both factors accession and light condition
and their interaction between these factors was highly significant (p < 0.05) on
plant height. For the number of branches the results showed that there was
higher significant for the accession and the interaction between accessions and
light. Meanwhile, for the stem girth it was higher significant for the two factors
accessions and light and it showed significant with the interaction between light
and accession. On the other hand replications, accession, light and interaction
between light and accessions for the number of leaves were higher significant.
The results for the leaf ratio showed that there were higher significant deferens
between the accessions and it was significant different for the interaction be-
tween accession and light. However, the results of fresh and dry weight showed
higher significance for accession, light and the interaction between light and ac-
cession.

However, the days to flowering was analyzed only for the sun light due to the
constant value under extended light. The results in regard to number of days to
flower between accessions were found with non-significant (p > 0.05) difference.
Meanwhile, the coefficient of variance for all agronomic characteristics ranged
between 3.14 to 30.6 which was in acceptable range (Table 2).

All the parameters were correlated to know the relationship between all se-
lected parameters and stevia accessions. The Pearson correlation coefficient be-
tween plant height and stem girth was strongly positive and showed significant
relationship (r = 0.891, p < 0.01) as given in (Table 3). The relationship between
plant height and number of leaves was positively moderate and significant (r =
0.570, p < 0.01). The relation between the plant height with fresh weight, dry

weight and days to flowering showed strongly positive correlated (r = 0.928,

Table 1. Percent increase of agronomic performance of stevia accessions under >14 hours

of day length.
Parameters Sun light Extended light %
Days to flowering 7 weeks . No flowering -
(except in H2, MS012 and SA18)

Height 19.05 69.96 267%
No. of leaves 93.44 174.25 86%
Stem girth 2.49 6.95 179%

No. of branches 4 4.38 9%
Fresh weight 2.74 22.67 728%
Dry weight 0.88 8.96 918%
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Table 2. Analysis of variance for the effect of day length on agronomic performance in Stevia rebaudiana Bertoni.

Source d.f Height (cm)
Rep 2 5.35
Accession 7 526.47**
Light 1 61,184.76**
Accession*light 7 229.06%*
Coefficient of 9.09

Variation

No. branches Stem girth No. leaves  Leaf ratio I_JICSh .Dry Days ‘to
(mm) weight (g)  weight (g)  flowering
0.51 0.41 331.49** 0.24 14.16 5.38 6.75
170.08** 4.73%* 25,093.84** 2.06%* 168.38** 27.09*%* 47.81
2.85 474.20%* 153,899.20** 0.56 9432.38** 1554.04** -
5.10%* 1.84* 14,720.51** 0.70* 140.91** 23.76** -
21 15.52 3.14 17.6 23.39 30.64 25.36

*Significance at p < 0.05, **Significance at p < 0.01.

Table 3. Correlation matrix between agronomic characteristics of stevia accessions.

HEIGHT  NO.BRANCHES STEM NO. LEAVES FRESH DRY WEIGHT DAYS TO LEAF
’ GIRTH ’ WEIGHT FLOWERING RATIO
HEIGHT 1
NO. BRANCHES 0.049 1
STEM GIRTH 0.891** —-0.045 1
NO. LEAVES 0.570** 0.540** 0.509** 1
FRESH WEIGHT 0.928** 0.023 0.892** 0.585** 1
DRY WEIGHT 0.913** 0.037 0.885** 0.610** 0.989** 1
DATE TO
0.937** 0.066 0.913** 0.595** 0.864** 0.847** 1
FLOWERING
LEAF RATIO 0.153 0.545** 0.046 0.476** 0.129 0.125 0.163 1

**Correlation is significant at the p < 0.01 level.

0.913 and 0.937 at p< 0.01).

The relationship for the number of branches was positive moderate and sig-
nificant (p < 0.05) with number of leaves (r = 0.540) and leaf ratio (r = 0.545).
The correlation coefficient for the stem girth showed a positive moderate and
significant (p < 0.05) with the number of leaves (r = 0.509), strongly significant
with the fresh weight (r = 0.829) and dry weight (r = 0.885) at p < 0.01. The rela-
tionship between stem girth and days to flowering was strongly correlated with
significant difference (r = 0.913, p < 0.01). Besides, the relationship for the
number of leaves was moderate significant difference (p < 0.01) with the fresh
weight, days to flowering and leaf ratio (r = 0.585, r = 0.595, r = 0.476). The rela-
tionship between number of leaves and dry weight was strongly correlated (r =
0.610) and showed a significant impact (p < 0.01). Meanwhile, for the fresh
weight it showed a strong significant relationship with the days to flowering (r =
0.864, p < 0.01) and it showed a very strong significant relationship with the dry
weight too (r = 0.989, p < 0.01). In last, the strong significant correlation coeffi-
cient was between the dry weight and the days to flowering (r = 0.847) at p <
0.01.
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Moreover, the results regarding multiple regression analyses were displayed a
significant values for predictors of fresh weight as dependent variables under sun
light and extended light conditions. The standardized regression coefficient (Be-
ta) was used to assess the effect of each agronomical characteristic (number of
leaves, height, stem girth, number of branches and leaf ratio) to the prediction of
fresh weight. Standardized beta coefficient () means that the values for each of
the independent variables have been converted to the same scale so that com-
parisons can be made between them. Because of the common unit of the mea-
surement, it could be possible to define which predictor was most influential.
Each standardized beta coefficient (f) value could differ from —1.00 to +1.00 and
it was calculated for each predictor variable.

The results in (Table 4) revealed the regression analyses of fresh weight under
sun light and extended light. According to the regression model, the relationship
between predictor and dependent variable under sun light was not significant
(p > 0.137) and the regression value was R> = 0.163 that meant that all indepen-
dent variables explained 16.3% of variance in fresh weigh meanwhile the regres-
sion model under extended light was significant (p < 0.001) and the R* = 0.845
revealed that all independent variables explained 84.5% of variance in fresh
weigh. However, the results under extended light indicated that all independent
variables except number of branches and leaf ratio are statistically significant
different (p < 0.01) and the highest effect was observed in height (5 = 0.62) fol-
lowed by number of leaves (f =0.54) and the lowest effect was observed in stem
girth ($=0.51). All these three variables positively affected on fresh weight whe-
reas under sunlight condition none of these five factors showed a significant ef-

fect on fresh weight of stevia.

5. Discussion

Micro-cutting methods showed significant result in stevia propagation with the
application of rooting hormone and the propagation box invented by Yahya, A,
Nor’ain, A. R. and Ab Kahar, S. [8]. An increase in rooting and lowering the de-
crease in-rooting duration for the cutting were observed with the application of

micro-cutting. Previously, Osman, M., et al. [5] was concluded that micro-cutting

Table 4. Results of hierarchical regression analysis for stevia accessions.

Variables Extended light Sunlight
B* SE.B** Beta t value p value B* SE.B* Beta t value pvalue

(Constant) -18.17 3.43 - —5.29** <0.001 0.33 0.96 - 0.34 0.74

Height (X;) 0.17 0.03 0.62 5.89%* <0.001 -0.01 0.03 -0.05 -0.14 0.892

No. of branches (X,) -0.29 0.15 -0.38 -1.99 0.075 -0.03 0.04 -0.42 -0.81 0.435

Stem girth (X;) 1.52 0.35 0.51 4.39** 0.001 -0.06 0.29 -0.07 -0.19 0.85

No of .leaves (X,) 0.02 0.01 0.54 3,71 0.004 0.01 0.01 1.02 1.81 0.101

Leaf ratio (X;) 0.74 0.83 0.16 0.89 0.397 -0.06 0.36 -0.05 -0.15 0.881

*Unstandardized regression coefficient. **Standard error of regression coefficient.
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is able to promote rooting development for stevia cutting with the presence of
mist-chamber propagation box.

Through the trial conducted, under >14 hours extended day length showed
significant difference in term of stevia growth due to the long vegetative period
[6] and [9] Yadav, AK,, ef al stated that stevia growth is affected when stevia
started to produce flowers in which disrupted the growth, leaves production and
level of sweetness. Based on the result collected, under >14 hours extended day
length able to increase the number of day to flower in which help in term of ste-
via development compared to normal day length. Malaysian day length about 12
hours as reported by Kafle, G. G. [10] where exposure to more than 14 hours of
day length increased the chance of stevia flowering up to 80 percent as early as
after sixty day of exposure. This indicated that in order to avoid pre-mature flo-
wering and increased stevia growth, extended >14 hours day length is needed to
be introduced.

Based on the correlations results in Table 3, days to flower affect the growth
parameters of stevia accessions especially on plant height, fresh weight and dry
weight. According to previous study by Abdullateef, R. A. and Osman, M. B.
[11], stevia is a short day plant of approximately day length of 13 hours. The
statement supported Tan, S., et al [6] which stated that stevia in Malaysia de-
veloped pre-mature flower due to short of day length in Malaysia which hinder
the growth of stevia and limit the yields which also in agreement with finding by
Armizatul, S., ef al [12]. These indicate that the growth of stevia in Malaysia is
limited by the short day length which triggers early flowering.

6. Conclusions

Micro-cutting demonstrated effective method in propagating stevia accession
through cutting. By providing more conducive environment and application of
rooting hormone, number of cuttings for propagated stevia accessions can be
increased with higher survival rate.

The collected stevia accessions showed medium performance due to the
short-day length in Malaysia which is up to 12 and a half hours. Short day length
induced the formation of pre-mature or early flowering which inhibited stevia
growth and lowered the sweetness level in stevia. In this study, an exposure
to >14 hours of day length through simulated day length showed improved per-
formance where the application of >14 hours day length increased the growth
and inhibited early flowering of the experimental accessions. This indicates that
with the application of >14 hours of day length, it is able to induce the mass
production and delay flowering of stevia accessions. This helps in overcoming
the pre-mature or early flowering problem of stevia accessions propagated under

Malaysian climate.
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