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Abstract: Stevia rebaudiana Bertoni belongs to Asteraceae family that leaves 200-300 times sweeter than sugar. Low seed fertility is one of the most important

problems in Stevia production. So, Plant tissue culture is an efficient method for mass propagation of Stevia. In this research, we studied the effect of various
concentrations of nitrogen on some morphological traits of stevia under in vitro conditions. We used axillary nodes as explants and they were cultured on Murashige
and Skoog (MS) medium containing inorganic nitrogen sources i.e. NH,NO,(0, 825 and 1650 mg/I), KNO,(0, 950 and 1900 mg/1) were observed. The cultures were
kept for 4 weeks at a temperature of 25+2°C with a photoperiod of 16/8 hour low light/dark each day. Maximum shoot length (89.33 mm), dry weight of plants
(0.10 mg) and leaf fresh weight (0.42 mg) was observed on MS medium with 1650 mg/l NH,NO, and 950 mg/l KNO,. Minimum shoot length (6.13 mm), root
length (6.60 mm), leaf number (4.26), leaf dry weight (0.01 mg), leaf fresh weight (0.05 mg), total dry and fresh weight (0.02 and 0.15 mg) and growth rate was
observed on a MS medium without nitrogen sources. Moreover, presence of nitrogen sources increases both shooting and rooting in Stevia rebaudiana Bertoni.

((ey words: Stevia rebaudiana Bertoni; Nitrogen sources; KNO,, NH NO,; Morphology; In vitro propagation.
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Introduction enough seed. Some researcher has reported self- incom-
patibility as main reason. The stem cutting technique

Stevia rebaudiana Bertoni belongs to the Asteraceae for stevia propagation has some restrictions such as low
family, which is more than 230 shrub and sub-shrub number of new plants and destruction of the donor plant
plants (1-3). (11, 12).

Stevia is a native of the semi-humid subtropical re- Overall, plant cell and tissue culture is the best way
gions of Paraguay and Brazil. Although Stevia has been to overcome these problems, in addition there is the
used in Asia and Europe for centuries, but nowadays it possibility to produce a large number of plants in short
cultivated as a suitable crop in many countries such as period (5, 10, 13-17).

Korea, Mexico, United States, Tanzania and Canada (4, Plant nutrients are separated into primary and se-
5). condary nutrients. Primary nutrients involve nitrogen,

S. rebaudiana synthesizes more than 30 steviol gly- phosphorous and potassium, which regularly exist in
cosides in different concentrations such as rebaudioside fertilizers, affects plant growth by complementing plant
A,B,C,D, E, F, M, stevioside, steviolbioside, dulcoside nutrients, which allows plants to grow faster and better.
A and dulcoside C. There are reports that indicate Ste- Plants use primary nutrients in large quantities as they
vioside is a more high expression in the leaves of Stevia. grow. Secondary nutrients such as calcium, magnesium
Stevioside and rebaudioside A are two major sweetest and sulfur are also used deeply by plants, but they are
glycosides in stevia (6, 7). generally present in the soil (1, 18).

Steviol glycosides are about 200-300 times swee- Nitrogen is so essential because it is a main compo-
ter than sugar with zero calorie contributing to several nent of chlorophyll, the compound by which plants use
medicinal properties such as anti-hyperglycemic, anti- sunlight energy to produce sugars from water and car-
microbial, anti-hypertensive, anti-oxidant and anti-can- bon dioxide. Furthermore nitrogen is the most important
cerous and etc(8, 9). component of amino acids, the building blocks of pro-

Extract of the stevia used to be as sweetening agents, teins. In addition to nitrogen is a component of energy-
taste modifiers, and alternative sweeteners in the food transfer compounds, like ATP (adenosine triphosphate).
industry. The powdered form stevia leaves can be added Lastly, nitrogen is a major element of nucleic acids such
to drinks, ice cream, dairy products, table-top swee- as DNA. As a result without nitrogen, there would be no
teners, etc. that controls both hypoglycemic and body life as we know it (19).
weight reducing effect (10). Generally researchers use MS (20) medium for mi-

Stevia propagated by seed or stem cutting. But the cropropagation of Stevia rebaudiana in which inorganic
main problem is that Stevia has produce low seed ferti- nitrogen sources of NH4*-N and NO3 -N and NH4":
lity. So far, researcher do not know failing to produced NO3-=1:2 are used (1).

107



F. Akbari et al.

The purpose of this study was to investigate the ef-
fect of nitrogen on some morphological characteristics
of Stevia at in vitro condition.

Materials and Methods

Plant material

The explants (stem nodal segments) were collected
from in vitro propagation of Stevia rebaudiana Bertoni
shoots at the plant tissue culture Laboratory, Zagros
Bioidea Co. Razi University, Kermanshah, Iran. At first
the explants were washed in running tap water for 15
minutes for surface-sterilization. Then put in Ethanol
(70%) for 1 min, next those mercuric chlorides (0.2%)
for 120 s were used. Finally, the explants were washed
with sterilized double distilled water. Every part of this
process was done under the laminar air flow (6, 21).

Culture conditions

MS medium (20) with 3% sucrose (Merck) supple-
mented with various concentrations of NH,NO, (0, 825
and 1650 mg/l) and KNO, (0, 950 and 1900 mg/l) was
used throughout the study. The pH of the nutrient me-
dium was adjusted to 5.7-5.8 using a pH meter. Before
autoclaving, 0.8% agar was added to medium for gel-
ling it and then autoclaved at 121°C for 20 min.

The sterilized auxiliary nodes were put on MS me-
dium with different concentrations of NH,NO, (0, 825
and 1650 mg/l) and KNO, (0, 950 and 1900 mg/l).
MS medium without NH,NO, and KNO, was used as
a control. All the cultures were incubated at 25 + 2°C
under 16 h light and 8 h dark photoperiod provided by
cool white fluorescent tubes with 3000 lux intensity and
relative humidity 72 to 75%.

The calculated characters such as leaf number,
leaf dry weight, leaf fresh weight, total dry and fresh
weight, root length and growth rate (shoot length after 4
weeks/28 days) were documented after 28 days.

Statistical analysis

In this research, each treatment contained 3 repli-
cations and in each replication 5 explants were used.
The data were measured after 28 days of culture. Data
were analyzed by SAS (version 9.1) and Excel (2013)
software. Mean values were compared according to
least significant differences test (LSD) at (P< 0.05 and
0.01).

Results and Discussion

The analysis of variance indicated that different
concentration of NH,NO, and KNO, on stevia rebau-
diana Bertoni, show significantly on all studied traits at
1% level. The significance levels for measured charac-

ters for example shoot and root length (mm), leaf dry
and fresh weight (mg), leaf number, total dry and fresh
weight (mg) and growth rate are shown in (Table 1).

Effect of different concentrations of NHNO, and
KNO,on shoot length of Stevia

The effect of different concentrations of NH,NO,
and KNO, on some morphological traits of stevia has
been shown in Figure 1. Results showed that adding
NH,NO, and KNO, to the medium, increased notably,
shoot length, internode length and growth rate (shoot
length after 28 days) were obviously increased (Fig. 2A,
2G).

Maximum growth rate (2.997 mm/d) was obtained
in MS medium with 1650 mg/Il NH,NO, and 1900 mg/1
KNO, and minimum growth rate (0.006 mm/d) was
obtained in MS medium without nitrogen sources. But
plants in treatment 3 to 9 were not significantly different
for this character (Table 2).

The maximum shoots production was observed in
the MS medium with 1650 mg/l NH,NO, and 950 mg/1
KNO, (89.330 mm) after 28 days of cultivation and
minimum shoot length (6.133 mm) was observed on a
MS medium without nitrogen sources. But plants in 3
to 9 treatments are not significantly different about this
character (Table 2).

Effect of different concentrations of NHNO, and
KNO, on root length of Stevia

Maximum root length (25.130 mm) was observed on
MS medium with 825 mg/l NH,NO, and 950 mg/l KNO-
,but minimum root length (6.66 mm) was observed on
MS medium without nitrogen sources. Also there were
not significantly differences between 3, 5, 6, 7, 8 and 9
treatments and between 1, 2 and 4 treatment about this
character (Table 2).

Effect of different concentrations of NHNO, and
KNO,on fresh and dry weight of Stevia

Maximum total fresh weight (1.432 g) was obser-
ved on MS medium with 1650 mg/l NH NO, and 950
mg/l KNO, (89.330 mm) following to 28 days of culti-
vation and minimum total fresh weight (0.156 g) was
observed on MS medium free of nitrogen sources. Also
there were not significantly difference between 3, 5 and
9 treatments about this trait (Table 2).

Maximum total dry weight (0.105 g) was observed
on MS medium with 1650 mg/l NH,NO, and 950 mg/I
KNO, but minimum total dry weight (0.023 g) was ob-
served on MS medium without nitrogen sources. Also
there are not significantly different between 2, 3, 4, 5
and 9 treatments and between 6 and 8 treatments about
this trait (Table 2).

Maximum leaf fresh weight (0.428 g) was observed

Table 1. Mean squares for effect of different concentration of NH,NO, and KNO,on stevia rebaudiana Bertoni after 28 days
(where FW= total fresh weight; DW=total dry weight; LFW = leaves fresh weight; LDW = leaves dry weight; NL = number of
leaves; RL = root length; SL= shoot length; GR = Growth rate).

Mean Squares

Source df FW DW LFW LDW NL RL SL GR
Treat 8 0.400™  0.002"  0.033™ 0.001" 168.360™ 142.350™  2027.800™ 2.820™
Error 18 0.026 0.0003 0.003 0.0005 11.584 26.584 153.45 0.154
CV (%) 21.15 27.51 22.45 35.05 15.23 28.53 18.01 16.72
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Table 2. Mean comparison for effect of different concentrations of NH,NO, and KNO, on Stevia rebaudiana after 28 days of culture. MS culture

without NH,NO, and KNO,as a control. (Where FW=total fresh weight; DW = total dry weight; LFW =

leaves fresh weight; LDW = leaves dry

weight; NL=number of leaves; RL= root length; SL = shoot length; GR = growth rate). Mean values within a column with same letter are not
significantly different based on least significant difference (LSD) at p = 0.05.

Treatments (m(il; d) FW(g) DW(g) L(l; ;V LDW(g) RL (mm) (nSl;) NL

I 0mg/INHNO,+ 0mg/l KNO, 0.006¢ 0.156* 0.023¢ 0.056¢ 0.012* 6.600° 6.133¢ 4.267¢

2 825 mg/l NH,NO,+ Omg/l KNO, 1.647° 0.586¢ 0.053 0.221¢ 0.026* 11.130b 50.470°  17.670°
3 1650 mg/l NHNO,+ 0mg/l KNO, 2.380° 0.796% 0.074¢ 0.318° 0.045° 22.800° 69.80®  23.730°
4 0mg/INHNO,+ 950mg/l KNO, 2.680° 0.604¢ 0.047¢d 0.209¢ 0.018° 11.670 78.870*  21.870%®
5 825 mg/l NH,NO,+ 950mg/l KNO, 2.840° 0.912¢ 0.0630 0.272¢ 0.030° 25.130° 80.330*  25.330°
6 1650 mg/l NHNO,+ 950mg/l KNO, 2.930° 1.4322 0.105° 0.428° 0.041* 24.730° 89.330*  27.070°
7 0mg/INH,NO,+ 1900mg/l KNO, 2.837° 0.523¢ 0.044¢% 0.202¢ 0.039* 24.530° 83.200*  27.340°
8 825 mg/l NH,NO,+ 1900mg/l KNO, 2.747 1.099° 0.090%* 0.315° 0.040° 17.530% 78.730*  27.400°
9 1650 mg/l NH,NO,+ 1900mg/l KNO, 2.997 0.749+ 0.069 0.320% 0.082° 18.530° 82.260*  26.400°

Figure 1. Shoot proliferation from nodal explants on medium (MS
+ different concentration of NH,NO, and KNO,) after 28 days.
(Where, 1 = NH,NO, and KNO, free; 2 = 825 mg/l NHNO,; 3
= 1650 mg/l NH,NO,; 4 = 950 mg/IKNO,; 5=825 mg/l NH,NO,
+950 mg/l KNO,; 6= 1650 mg/l NH,NO, +950 mg/l KNO,; 7=
1900 mg/l KNO,; 8 = 825 mg/l NH,NO, + 1900 mg/l KNO_; 9 =
1650 mg/l NH,NO, +1900 mg/l KNO,).

on MS medium with 1650 mg/l NH NO, and 950 mg/1

KNO, but minimum leaf fresh weight (0.056 g) was

observed on MS medium without nitrogen sources.
Maximum leaf dry weight (0.082 g) was observed

on MS medium with 1650 mg/l NH,NO, and 1900 mg/1
KNO, and minimum leaf dry weight (0.012g) was ob-
served on MS medium without nitrogen sources (Table
2).

Furthermore Simple correlation coefficients among
all traits were estimated (Table 3).

This results show that, different concentration of
NH,NO, and KNO, effect on morphological and phy-
siological characteristics. These results are in agreement
with Aladakatti et al. (2012), Yadav et al. (2013), Kumar
et al. (2013), and Ibrahim et al. (2008).

In this research, we observed that there are signifi-
cant differences among total fresh weight with leaf dry
weight (0.681"), so because of dried leaves of stevia are
used, total fresh weight is important for us (Table 3).

Yadav et al. (2013) were cultured the shoots of Stevia
rebaudiana on MS medium supplemented with various
concentrations and combinations of different auxins
a-NAA (1.0 and 2.0 mg/l) and IAA (0.5 - 5.0 mg/l) and
cytokinines, BAP (0.5-5.0 mg/l), kinetin (0.3-5.0 mg/1)
alone and in combination BAP (3.0-5.0 mg/l) and then
were inoculated aseptically on MS medium with NH-
,NO, and KNO,, Kinetin (1.0 mg/l) and BAP (5.0 mg/l)
for induction of shoots. Results showed that existence
of nitrogen sources increases both shooting and rooting
in stevia. However less concentration of NH NO, (14
N/1) is required as compared with KNO, (400 N/l) for
better induction and multiplication of shoot and root,
which is agreement with us (1).

Kumar et al. (2015) cultured in vitro shoots on MS

Table 3. Correlation coefficient among studied traits under overall treatments. (Where FW.=total fresh weight; DW. =total dry

weight; LFW.= leaves fresh weight; LDW.=

leaves dry weight; NL=number of leaves; RL=root length; SL.= shoot length; GR.=

growth rate).
Traits GR(mm/d) FW(g) DW(g) LFW(g) LDW(g) RL(mm) SL(mm) NL
GR 1
FwW 0.738™ 1
DW 0.521™ 0.734™ 1
LFW 0.692™ 0.829™ 0.681™
LDW 0.490™ 0.644™ 0.877" 0.632™ 1
RL 0.692™ 0.884™ 0.796™ 0.890™ 0.713,, 1
SL 0.733™ 0.832™ 0.709* 0.978" 0.637" 0.898™ 1
NL 0.464" 0.660™ 0.578" 0.636™ 0.584™ 0.603™ 0.601™ 1

**_Correlation is significant at the 0.01 level (2 tailed).
*_ Correlation is significant at the 0.05 level (2-tailed).
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Figure 2. Effect of different concentrations of NH 4NO3 and KNO,
on Stevia rebaudiana after 28 days of culture. In each of the gra-
phs, horizontal histogram indicating the trait numbers (Where, 1 =
NH,NO, and KNO, free; 2 =825 mg/I NH,NO; 3 = 1650 mg/l NH-
NO,; 4=950 mg/lKNO3, 5=825 mg/l NH4NO3 +950 mg/l KNO,;
6= 1650 mg/l NH,NO, +950 mg/l KNO,; 7= 1900 mg/l KNO,; 8
= 825 mg/l NH\NO, + 1900 mg/l KNO,; 9 = 1650 mg/l NH,NO,
+1900 mg/l KNO,), (A: Growth rate, B: Total fresh weight, C:
Total dry weight, D: Leaves fresh weight, E: Leaves dry weight, F:
Root length, G: Shoot length, H: Number of leaves)

medium fortified with BAP (5.0 mg/l) along with 2,4-D
(0.1 mg/1). After four weeks multiple shoots were trans-
ferred on modified MS medium having NH,NO, (14-
56 N mg/l), KNO, (100-400 N mg/I) with BAP (0.5-5.0
mg/1). After 12 weeks cultures result showed maximum
multiplication of shoots on MS medium with NH,NO,
(14 N mg/l), KNO, (400 N mg/l) with BAP (5.0 mg/l)
(2).

In 2012 Aladakatti et al. researched about the effect
of nitrogen, phosphorus and potassium levels on growth
and yield of stevia (Stevia rebaudiana Bertoni.). The
results show that nitrogen (400 kg ha! N2) recorded the
highest B:C (3.01) which was on par with nitrogen N2
i.e., 300 kg ha! (2.93), but significantly higher than N1
i.e., 200 kg ha' (2.66). Interactions of N, P and K were
not significant (22).

We concluded that MS medium with 1650 mg/l NH-
,NO, and 950 mg/l KNO, was the best medium to have
maximum total fresh and dry weight, leaf fresh and dry
weight and shoot length (Fig. 1 number 6). However
the plants in MS medium without nitrogen sources were
yellowish and they did not grow (Fig. 1 number 1). So
stevia need nitrogen sources for growing well.
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