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MORPHOLOGICAL AND PHYSIOLOGICAL CHARACTERISTICS
OF STEVIA REBAUDIANA BERTONI STEM CUTTINGS UNDER
3-INDOLEACETIC ACID (IAA) TREATMENT
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Stevia rebaudiana is a high-value crop because of its metabolites, such as steviol glycosides. However, it only produces a few
seeds, resulting in low productivity. Therefore, an appropriate propagation method is required to enhance its productivity.
This study aimed to assess stevia’s morphological and physiological characteristics upon treatment with three doses of Indo-
le-3-acetic acid (IAA) [mg/L] through stem-cutting propagation. The cuttings were treated with [AA at 0, 20, 40 and 60 mg/L
by dipping them in the IAA solution for 1 minute, then planting in growth media (garden soil, organic compost and coco peat
with a ratio of 2:1:1) and keeping them in the greenhouse. The survival percentage, root length and number, plant height,
leaf number, total chlorophylls, and stomata length and number were assessed in the 3™ week. The application of 40 mg/L
IAA resulted in a significant improvement in all parameters. However, IAA treatment also causes stomata abnormalities. This
result suggested that stem cutting and IAA treatment significantly contribute to stevia propagation.
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Stevia rebaudiana is a perennial plant belonging
to the Asteraceae family. It originated in South Amer-
ica, particularly in Brazil and Paraguay (Peteliuk et
al. 2021). Currently, stevia is cultivated in many re-
gions, including Asia, Europe and North America
(Lemus-Mondaca et al. 2012). The leaf mainly pro-
duces a sweet taste, as it contains more than 30 dif-

ferent steviol glycosides (SGs) (Peteliuk et al. 2021),
including stevioside, rebaudioside A, rebaudioside C,
and glucoside A. Steviosides are 300 times sweeter
than sucrose or can sugar (Jahan ef al. 2014). In ad-
dition, stevia leaf also contains volatile oil compo-
nents, sterols, triterpenes, flavonoids, coumarins, and
non-glycosidic diterpenes (Gauchan et al. 2014).
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In many countries, stevia is used as a sugar sub-
stitute in the food and beverage industry; for ex-
ample, the cola company manufactures beverages
containing stevia-based sugar (Peteliuk et al. 2021).
Moreover, stevia is utilized in medicine because it
has anti-microbial, anti-inflammatory, antioxidant,
anti-carcinogenic, anti-hypertensive, anti-hyper-
glycaemic, anti-diarrheal, anti-tumour, and anti-di-
abetic potentials (Ghose et al. 2022). These bene-
fits contribute to an increasing demand over time,
prompting the high cultivation of stevia (Samuel et
al. 2018). In Bandung, West Java, Indonesia, since
2010, a group of farmers have cultivated about 2
hectares and produced 500-600 kg of stevia leaves
every two weeks after 40 days of planting. Howev-
er, the production is still insufficient (Supyandi et
al. 2018).

Despite that, propagation of this crop is challeng-
ing (Smitha & Umesha 2012), especially through
its seeds. Unlike cuttings and in vitro culture, seed
germination is more difficult because of the infer-
tile seed (Singh et al. 2017) and small endosperm
(Yadav et al. 2011). This results in heterogeneous
plants with various sweetness levels and composi-
tions (Kovylyaeva et al. 2007). Therefore, stem cut-
ting or cutting propagation is preferentially used be-
cause it produces homogeneous plants. The growth
of cuttings is influenced by many factors, including
parental plant vigour, age, woodiness, cutting loca-
tion, growth regulator, environment, nutrients, and
genetic factors (Singh et al. 2015). Growth reg-
ulators significantly determine plant growth and
development (Satpal et al. 2014). Among all the
auxin types, a previous study reported that [AA
particularly promotes the rooting of cuttings (Seran
& Umadevi 2011). Therefore, we urge to evaluate
the influence of IAA on the morpho-physiological
characteristic of stevia stem cuttings and plant pro-
ductivity. Different concentrations of IAA were ap-
plied to the stem cuttings to understand that idea,
and several growth parameters were observed from
the stem cuttings.

MATERIAL AND METHODS

Stevia plants were collected from Pandesari Vil-
lage, Pujon District, Malang, East Java Province,

Indonesia. The stem-cutting method follows a pre-
vious study by Khalil et al. (2014). Cuttings were
planted in November because it was the most suit-
able month for stem-cutting survival. The stem was
cut from the upper part, measuring 13—14 cm, cov-
ering the leaf buds and excluding the lateral shoot.

The cuttings were treated with IAA (Sigma-Al-
drich, Co) to induce rooting. The basal end of the
cuttings (approximately 3.0 cm) was dipped in solu-
tions containing different concentrations of 1AA,
including 20, 40 and 60 mg/L, for 1 min. Mean-
while, the control cuttings were dipped in water.
The treatments were conducted late in the evening.
After treatment, four cuttings were planted as deep
as 5—7 cm in each polybag containing a soil mix-
ture (consisting of garden soil, organic compost and
coco peat with a ratio of 2:1:1). Cuttings were kept
in the greenhouse and watered twice a day.

Cuttings were assessed after three weeks. The
parameters measurement includes survival percent-
age, root length [cm], root number, plant height
[em], leaves number, chlorophyll content [mg/L],
and stomata (stomata number, length and abnormal-
ities). Stem cutting with a root length of 1 cm or
longer was considered rooted.

Total chlorophyll content was measured accord-
ing to Latifa et al. (2019) using a spectrophotometer
UV-Vis. Approximately 0.1 grams of leaf samples
were ground using mortar and pestle and homoge-
nized in 15 mL of 80% Acetone. Subsequently, the
homogenized sample was filtered using filter paper
and transferred into a test tube. Absorbance at A663
and A645 was measured to count the samples’ chlo-
rophyll a, b and total chlorophylls, and 80% acetone
was as a blank. Total chlorophyll was calculated as
follows = (8.02 x 1663) + (20.2 x L645).

The stomatal observation was done using two
types of microscopes, microscope CX21 OLYM-
PUS and optilab for stomatal number and abnormal-
ities with a magnification of 1,000x, and Scanning
Electron Microscope (SEM) INSPECT S50 for sto-
matal length with a magnification of 10,000x.

The statistical was a randomized block design
method with One-Way ANOVA using IBM SPSS
v.25. The data were obtained from 6 replicates with
four cuttings for each. The significance of differ-
ences among treatments was further evaluated us-
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ing Duncan’s Multiple Range Test (DMRT) with
a p<0.05. The results were expressed as mean + SD.

RESULTS

The results showed that the survival percentage
of stem cuttings treated with various plant growth
regulator concentrations was higher than stem cut-
ting without plant growth regulator treatment (con-
trol). While control resulted in a 50% survival per-
centage, each concentration of IAA exhibited a 70 %
survival percentage (Figure 1).

Root development on stem cuttings varied
among treatments depending on the plant growth
regulator concentration. Figure 2 and Table 1 show
that [AA concentration significantly influences root
development. Interestingly, 40 mg/L IAA exhibited
the longest root and the highest root number, 1.3-
fold and 2.3-fold, better than the control. In contrast,
60 mg/L TAA resulted in the shortest roots and the
lowest root number. Meanwhile, 20 mg/L IAA pos-
sessed a moderate root length and number. The re-
sult showed that 40 mg/L [AA was most appropriate
for promoting root development since it influenced
the highest plant height and leaf number. The lowest
plant height and leaf number were observed from
the cuttings treated under 20 mg/L IAA (Figure 3
and Table 1).

As chlorophyll metabolism is regulated by aux-
in, various concentrations of [A A significantly affect
the chlorophyll content. The result in parallel also
showed that the highest chlorophyll @, b, and total
was obtained from cuttings treated with 40 mg/L
IAA. The lowest chlorophyll content was found in
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Figure 1. Effect of Indole acetic acid (IAA) on survival per-
centage of stevia stem cuttings. The letters (a, b, ¢, d) indi-
cate the significant difference in value (P < 0.05).

Figure 2. Phenotype of stevia root after IAA treatment for
three weeks. (A) control plant; (B-D) stevia treated with 20,
40 and 60 mg/L IAA, respectively. [AA — see Figure 1.

untreated cuttings. Compared to untreated cuttings,
chlorophyll content significantly increased by 1.6-
fold and decreased by 1.4-fold when treated with 40
and 60 mg/L IAA, respectively (Table 2).

The upper part of the leaf (adaxial) contains a
sinuous epidermis wall with less than five stoma-
ta [units/mm?]. In contrast, the lower part (abaxi-

Table 1

Effect of IAA on the morphological characteristic of stevia stem cuttings

Concentration of IAA Parameters
[mg/L] Root length [cm] Root number Plant height [cm] Leaf number
0 11.6+0.7° 4.8+2.7% 14.0+1.5° 9.0+0.9
20 9.4+0.7° 6.7£1.2° 13.6+0.9° 11.7+1.7°
40 14.8+1.7¢ 10.8+1.6° 16.9+£0.9° 182+ 1.8°
60 5.9+2.6 4.0+2.4° 14.6+1.6 12.0 +1.4°

Note: the letters (a, b, ¢, d) indicate the significant difference in value (P<0.05). IAA — see Figure 1.
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Table 2

Effect of IAA on the total chlorophylls of stevia stem cutting

Concentration of IAA [mg/L] Chlorophyll a
Control 8.50¢
20 9.77¢
40 15.13¢
60 11.29°

Chlorophyll b Total chlorophylls
8.50¢ 16.99¢
9.61¢ 19.37¢
15.43¢ 30.56®
11.07° 22.35°

Note: the letters (a, b, ¢, d) indicate the significant difference in value (P<0.05). IAA — see Figure 1.

Figure 3. Morphological appearance of stevia under [AA
treatments. (A) control plant; (B-D) stevia treated with 20,
40 and 60 mg/L TAA, respectively. IAA — see Figure 1.

al) contains sinuous walls and a stroke cuticle with
more than 15 stomata [units/mm?] under the treat-
ment of 40 mg/L IAA, which is 3-fold higher than
the control (without treatment). However, adding
20 and 60 mg/L TAA showed almost no effect on
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the stomata number and significantly no difference
from the control (Figure 4A). Stevia is of anisocytic
stomata type, where the guard cell is surrounded by
three unequal-neighbouring cells of different sizes.
The results indicated a non-significant difference
in the stomata length between 40 and 60 mg/L IAA
but a significant difference compared to 20 mg/L
IAA and control (Figure 4B). The longest stomata
length was observed from the abaxial part of the ste-
via leaves treated with 40 mg/L (Figure 5), followed
by 60 and 20 mg/L IAA. Moreover, the microscopic
observation showed that the stevia’s stomata type is
kidney-shaped guard cells with an outer ledge over
the stomatal pore and external periclinal cell walls
(Figure 6 and 7A), but abnormal stomata were found
in the cuttings treated with 60 mg/L IAA (Figure
7B). The abnormal stomata were composed of pro-
truded periclinal cell walls, resulting in the deforma-
tion of guard cells. The highest number of stomata
was obtained at 40 mg/L IAA, while the smallest
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Figure 4. Effects of IAA on stomata number (A) and length (B) on stevia stem cutting. The letters (a, b, c, d) indicate the significant

difference in value (P<0.05). IAA — see Figure 1.
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Figure 5. Stomatal appearance observed using a Scanning Electron Microscope (SEM) with a magnification of 10,000x. (A)
Stomata of the untreated plant (control); (B) Stomata of stevia treated with 40 mg/L TAA. IAA — see Figure 1.

= ] E
Figure 7. Stomatal appearance observed using a light microscope with a magnification of 1,000%. (A) Normal stomata of untreated
plant (Control); (B) Abnormal stomata of stevia treated with 60 mg/L IAA. IAA — see Figure 1.

number was 60 mg/L TAA. The number of stomata DISCUSSION
on the abaxial side was higher than on the adaxial
side for all IAA concentrations, including control. Taking all the data together, we suggest that [AA

is involved in a few metabolic pathways of stevia,

190



Agriculture (Polnohospodarstvo), 69, 2023 (4): 186 — 193

improving stevia growth and development. The
main pre-requisite of successful stem cutting is the
ability of the plant to form a new root system (Hart-
mann et al. 1997). The survival rate of stem cuttings
depends on various factors such as age, location of
stem cuttings, environment, growth regulator, nutri-
ents, and genetic factors (Yoon et al. 2021). Among
them, the growth regulator is an important factor in
the growth and development of stem cuttings (Ser-
an & Umadevi 2011). One of the most well-known
growth regulators is auxin or IAA, which is import-
ant for stimulating root growth (Ogunyale et al.
2014). Our result showed that IAA treatments for
three weeks resulted in a 70% stevia survival rate.
Align with this result, a previous study by Khalil e?
al. (2014) reported that stevia stem cuttings dipped
in 500 and 1,000 mg/L IBA for 90 days showed a
survival percentage of up to 11.1 and 33.3%, respec-
tively. Meanwhile, the survival percentage of stevia
treated with 500 and 1,000 mg/L NAA was 2.66%
and 22.2%.

In this study, the survival percentages of treat-
ed plants were higher than those of control plants.
The high survival percentage might be attributed to
the fact that auxin induces hydrolysis and mobili-
zation of nutritional factors to the application site,
thereby promoting root initiation in stem cutting
(Nanda et al. 1970). Auxin promotes starch break-
down into soluble sugar bulk, which is transported
quickly to the cutting base for root regeneration (Li
et al. 2009). This root primordium acts as a met-
abolic sink, drawing on the nutritional reserves of
the cutting for their growth and development (Das
et al. 1997). Upon formation, the root starts absorb-
ing water and nutrients for plant survival (Pooja &
Sadatulla 2022).

Besides, the high survival percentage is also af-
fected by the stevia part chosen as the cutting stem,
which is the top part (Aini et al. 2010). The top
stem has high auxin content and rapid stem tissue
regeneration. Thus, the ability to form new roots and
shoots is high in parallel.

A high survival rate was also supported by other
factors, such as the season and the growth medium
(Kassahun & Mekonnen 2012). Khalil ez al. (2014)
reported that November, the rainy season is the best
month for stevia survival. During the rainy season,
the transpiration rate is low, which, in turn, pre-

vents water loss. Thus, the plants can survive longer
(Swarts et al. 2018).

Furthermore, plant growth regulators, especially
auxins, are indispensable for root formation (Kee-
ley et al. 2004). The root formation at the basal of
stem cuttings is an important component of devel-
opment that supports the survival and growth of
cuttings (Kaur et al. 2002). As shown in Table 1,
the highest root length and number was found in
stevia treated with 40 mg/L IAA. In line with this
result, a previous study by Khalil ez al. (2014) found
that 500 mg/L and 1,000 mg/L. NAA for 90 days
increase the root length. Additionally, Smitha and
Umesa (2012) demonstrated that the root number
was improved after adding 500 mg/L, 1,000 mg/L
and 2,000 mg/L IBA for 60 days. An increasing [AA
concentration rapidly promotes root emergence by
enhancing root formation compared to the control
(Khan et al. 2021). However, an excessive amount
of TAA decreases the root length and number. This
is because auxins degrade cuttings’ basal tissues,
interfere with plant hormonal balance, damage the
cells, and inhibit bud growth and shoot development
(Aghdaei et al. 2019). Moreover, auxins play essen-
tial functions in the acidification apoplast and the
activation of key wall-loosening proteins (Depuydt
et al. 2016).

The measurement of leaf number, plant height,
and chlorophyll content of S. rebaudiana treated
with several concentrations of exogenous auxin in-
dicate that different concentrations exhibit different
responses to plant growth. This study shows that the
plant growth regulator concentration significantly
affects plant growth. The highest plant height was
observed in S. rebaudiana treated with 40 mg/L
compared to all treatments, suggesting that 40 mg/L
is the best concentration for S. rebaudiana growth.
Consistent with these results, Leyser (2018) and
Zhao (2018) reported that IAA plays an important
role in elongating the hypocotyl, the epicotyl, and
the other organs responsible for plant height. More-
over, applying 40 mg/L TAA resulted in the highest
leaf number and higher chlorophyll content than
other treatments. This may indicate that more leaf
number relates to more chlorophyll and photosyn-
thesis rates. Reinhardt ez al. (2003) and Bayer et al.
(2009) demonstrated that leaf primordium initiation
is correlated with auxin accumulation resulting from
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PIN 1-mediated polar auxin transport, which in turn,
increases the leaf number (Wang & Guo 2015).
Modifying auxin concentration influences photo-
synthesis and respiration, influencing the cellular
energy budget for biosynthesis and proliferation
(Tivendale & Millar 2022).

Stomata serve central roles in plant development
by controlling carbon dioxide assimilation during
photosynthesis and regulating the turgor pressure
of the guard cell (Chen et al. 2022). Stomata can
be found on both leaf surfaces, abaxial and adaxial,
but the abaxial side has a higher number of stoma-
tal than the adaxial side. A low number of stomata
[<5 units/mm?] on the adaxial side is beneficial to
reduce transpiration. Our result revealed that stevia
treated with 40 mg/L IAA had the highest stoma-
ta number. These results were supported by Khud-
hur & Omer (2015), reporting that auxin can affect
stomatal characteristics, including stomata number
(adaxial and abaxial) and length in Dalbergia sis-
soo stems cuttings treated in 100, 300 and 500 mg/L
IAA. Auxin participates in leaf development by
coordinating asymmetrical cell differentiation and
division of the guard cell mother cell (GMC) and
two subsidiary mother cells (SMC) (Livanos et al.
2015). This indicated that increasing the division of
GMC can improve the stomata number.

The stevia plant has an anysocytic stomata type.
Stevia, treated with high IAA (60 mg/L IAA), exhib-
ited abnormal stomata with irregular shapes in the
mesophyll. Similarly, Xuan et al. (2011) reported
that Bougainvillea spectabilis Willd possessed ab-
normal anysocytic stomata. Abnormal stomata are
characterized by the irregular shape of epidermal
cells and the undulate pattern of anticlinal walls.
In contrast, kidney-shaped normal cells contain a
polygonal shape of epidermal cells and the straight
patterns of anticlinal walls.

CONCLUSIONS

This study suggested that an appropriate concen-
tration of IAA improves the growth and develop-
ment of S. rebaudiana Bertoni from stem cuttings.
Unlike 20 and 60 mg/L TAA, 40 mg/L TAA result-
ed in a promising growth phenotype: high surviv-

192

al percentage, long root, high plant, high root and
leaf number, high chlorophyll content, and stomata
length and number.
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