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Abstract. Sunaryo W, Widoretno W, Nurhasanah, Sudarsono. 2016. Drought tolerance selection of soybean lines generated from
somatic embryogenesis using osmotic stress simulation of polyethylene glycol (PEG). Nusantara Bioscience 8: 45-54. Somaclonal
variation is an alternative source to create genetic variability including generating a novel character like drought tolerance. The objective
of this research was to select the drought-tolerant lines derived from somatic embryogenesis (somaclones) of 4 soybean genotypes using
drought stress simulated by Polyethylene Glycol (PEG). Soybean seeds (R1 generation) generated from 37 somaclones (Ro generation)
were grown on semi-hydroponic system using Greenleaf as supporting medium. The seedlings were watered with half strength of liquid
Murishage and Skoog nutrient. The PEG solution treatment of either 0% or 15% (PEG: w/v = -0.41 Mpa osmotic potential) was applied
in the MS solution, from the seedlings of 14 days old until harvesting period. The vegetative growth, intensity of leaf firing, plant
biomass, and drought sensitivity index variables were observed during the PEG application. The same procedure was applied to the
seeds, propagated conventionally, from the same genotypes as controls. The results showed that somatic embryogenesis had altered the
drought sensitivity of soybean genotypes under drought stress simulated by PEG. Interestingly, the different drought tolerance level was
shown by the R1 plants. Some lines were increased and the other lines were decreased compared to the control genotypes. From a total

of 185 R1 plants, 4 plants increased their tolerance against drought stress and grouped as tolerant genotype.
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INTRODUCTION

Drought stress is one of the main obstacles in soybean
production in many countries including Indonesia. Drought
stress caused a decrease 50% of the total yield of soybean
production (Frederick et al. 2001). The significant decrease
of about 24-50 % was reported from the greenhouse and
field studies at different locations and times (Sadeghipour
and Abbasi 2012). In Indonesia, particularly in the areas
that have limited water supply from both natural and/or
technical drought stress led to a noticeable yield loss in
soybean production. These areas are widespread
throughout Sumatra, Java, Sulawesi and Kalimantan
islands. In addition, the climate change that has altered the
rainfall and other climate factors cause the deficiency and
reduction of groundwater and water supply, which
significantly influence soybean production. Among various
biotic and abiotic stresses exposing its growth, water
supply shortage is the biggest cause of the decline in the
soybean production (Frederick and Hesketh 1993).
Therefore, the development of soybean varieties tolerant to
drought stress is one of the most important breeding
programs (Tuinstra et al. 1998).

Various attempts have been conducted to create
drought-tolerant lines such as using conventional breeding
programs by crossing the commercial soybean variety with

exotic soybean germplasm to increase genetic diversity.
However, these efforts often run into problems due to the
limitation of drought-tolerant soybean germplasm and the
unavailability of effective selection methods for drought
tolerance. Most selection methods for drought tolerance are
performed in the field/soil with or without irrigation
(Sakardiva and Yadav 1994), and/or used the pots to
simulate drought conditions (Laohasiriwong 1986;
Harnowo 1992; Hamim 1995; Cellier et al. 1998). Using
these methods, the homogeneity of drought stress pressure
cannot be controlled, and the stress level is difficult to
measure. Therefore the possibility to get a false result is
very high.

The selection method for drought tolerance character
with a better level of homogeneity can be performed by
using an osmotic solution of polyethylene glycol (PEG) to
simulate drought stress condition. PEG has an ability to
control the water potential reduction homogeneously linear
to soil water potential (Michel and Kauffmann 1973). The
use of PEG solution with various concentrations of 5, 10,
15 and 20% for soybean drought tolerance selection at
vegetative growth has been studied by Sunaryo et al.
(2005). The PEG concentrations of 5, 10 or 15 % can
effectively differentiate the drought tolerance of soybean
genotypes similarly with the field experiment result. On the
other hand, the PEG concentration at 20 % caused early
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plant death because of dramatic leaf firing led to the failure
of leaf photosynthesis. PEG was also effective as a
selective agent of soybean drought tolerance at germination
stage showed by the ability of PEG to classify genotypes
based on drought tolerance/sensitivity (Widoretno et al.
2002).

Somaclonal variation, genetic variation resulted from
tissue or cell culture, is an alternative source of new genetic
diversity that is very useful for plant breeding programs
including generating a novel character like drought
tolerance. The initial work of somaclonal variation was
reported by Larkin and Scowcroft (1981). After that, many
researchers reported the successful efforts to screen and
select new useful characters from somaclonal variation in
several crops (Kumar 1985; Koornef 1991; Griga et al.
1995; Ignacimuthu et al. 1997; Kuksova et al. 1997). The
breeding programs using somaclonal variation have been
extensively reported to create new varieties resistant to
herbicide and plant diseases, resistant to extremely abiotic
stresses, and to create new varieties with improved plant
quality and yield (Ignacimuthu et al. 1997).

The benefit of somaclonal variation for soybean
improvement program has been reported in several studies.
Gray et al. (1986) obtained resistant callus against stem
brown spot disease. Song et al. (1994) was successful to
generate plants resistant to leaf brown spot disease.
Werather and Freytag (1991) generated 10 soybean plants
resistant to herbicide Atrazine. Plants resistant to kanamycin
and hygromycin antibiotics were also successfully
generated by Hinchee et al. (1988) and Finer and
McMullen (1991), respectively. Recently, the field
experiment to evaluate the in vitro selected lines of
soybean using PEG had been performed (Widoretno et al.
2012) and 10 variants had the potential to be developed as
drought resistant genotypes.

In this paper, the study of drought tolerance selection of
somaclonal regenerants at first generation (R1) using PEG
selection method was reported.

MATERIALS AND METHODS

Plant materials

Three elite soybean genotypes, B 3731, MLG 2999,
MSC 8606 and one superior variety, Tidar, were used in
this study. From previous study B 3731 and MLG 2999
were known as drought tolerant genotypes, on the other
hand, MSC 8606 was classified as a sensitive genotype
(Sopandie et al. 1996). As many as 185 R generation seeds
of the four genotypes were used for drought tolerance
selection, consisted of 44, 50, 63 and 28 seeds of B 3731,
MLG 2999, Tidar and MSC 8606, respectively. Those R;
generation seeds were the selfed seeds produced from
somatic embryogenesis plants (Somaclones/R, generation)
of 11 somaclones B 3731, 11 somaclones MLG 2999, 9
somaclones Tidar and 6 somaclones MSC 8606. As a
control, seeds derived from conventional propagation
(selfed seeds) of the four soybean genotypes were used.
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The somaclones (Rogeneration) development and R
generation seeds production

The somaclones were generated by secondary somatic
embryogenesis. Immature cotyledons were used as explant
and inoculated in solid MS (Murishage and Skoog 1962)
medium modified with B5 vitamin and amino acid addition
and supplemented with 40 mg/L 2,4 Dichlorophenoxacetic
acid (2,4 D) to initiate primary somatic embryos. The
primary somatic embryos were subsequently transferred to
secondary somatic embryo initiation medium composed of
the modified MS solid medium containing 10 mg/L 2, 4 D
and 10 mg/L Naphthalene Acetic Acid (NAA) 30 g/L
sucrose. To initiate germination, the secondary somatic
embryos were transferred to MS solid medium containing
30 g/L sucrose and 2 g/L charcoal. The survive seedlings
indicated by green color, root axis and cotyledon (not a
horn shape cotyledon) emergence were transferred to
elongation and growth medium composed of %2 MS solid
medium containing 2 mg/L GA3, 4 mg/L BAP, B5
vitamins and 20 g/L sucrose. To trigger the shoot and root
emergence the seedlings were retransferred to the solid MS
medium containing charcoal. The seedlings having shoot
and root were transferred to acclimatization medium
consisted of coconut and rice husk for three days in in vitro
culture chamber and one week in greenhouse. After around
ten days in the acclimatization stage, the plants were grown
in soil in greenhouse until the Ry generation seeds were
harvested.

Experimental condition and PEG application

Experiments were carried out in semi-hydroponic
growing media containing the mixture of coconut and rice
husk with a ratio of 3: 1. Seeds were grown in wrapped
plastic pots (30 cm height and 10 cm diameter), to prevent
sunlight exposing the root. Each pot was sown with 2 seeds
and after one week the plants were selected and left for one
plant per pot. The pots were placed in greenhouse with full
sunlight.

The plants were watered using liquid ¥2 MS nutrient
(Murishage and Skoog 1962) solution every 2 days (50 ml
per pot). The solutions were combined with PEG solution
treatments and the volumes were increased to 100 ml after
the plants have three trifoliate leaves (£ 14 days after
planting). The treatments were liquid Y% MS nutrient
solution without PEG as control, and the same liquid
containing 15% PEG 6000 (equivalent to -0.41 MPa) for
drought tolerance selection. The application of PEG was
terminated after the plants were 28 days old. Plants were
controlled from pests and diseases, and maintained until the
end of observation (36 days after sowing).

Data collection and analysis

Plant variables such as plant height, number of nodes,
number of trifoliate leaves, and the intensity of leaf firing
were observed at 18, 24, 30, and 36 days after sowing. At
the 36 days after sowing, the entire plants were harvested.
The measurement of root length, root dry weight, shoot dry
weight, total plant weight (biomass), and the ratio of root
dry weight/shoot dry weight was carried out. The intensity
of leaf firing was calculated based on leaf symptoms
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(Figure 1). The formula used to determine the intensity of
leaf firing was adapted from the formula proposed by
Natawigena (1985):

nxV
P= L x100%
ZxN

Where:

P = Intensity of leaf firing (%)

n = Number of trifoliar leaves for each category of
symptoms.

V = Category score of symptom (0, 1, 2, 3, 4, 5) (Figure
1

N = Total number of trifoliar leaves observed in a plant.

Z = The highest score of symptoms (5)

To determine the sensitivity of a genotype against
drought stress the formula proposed by Fischer and Maurer
(1978) was used:

SEAIAD)
(1= Xp/X)

Note:
S = Drought sensitivity index

SCORE 0 SCORE 1

SCORE 4

SCORE 3

Yp = Mean value of a genotype grown under stress.

Y = Mean value of a genotype grown in normal
condition (control).

Xp = Mean value of all genotypes was grown under
stress.

X = Mean value of all genotypes in normal condition
(control).

The genotype response was grouped based on the value
of drought sensitivity index which categorized as a tolerant
if S < 0.5, Mildly tolerant if 0.5 < S < 1.0 and sensitive if S
>1.0.

RESULTS AND DISCUSSION

General growth response

Several negative effects of drought stress were observed
on the vegetative growth of soybean from both somatic
embryogeneses (Ri1  generation) and conventional
propagation (Figure 2-6). The vegetative growth of plants
derived from tissue culture (R; generation plants) was not
better than the conventional propagation (control) plants
against drought stress in genotype B 3731, observed from
plant height, number of leaves and number of nodes,
although the intensity of leaf firing in the control plant was

SCORE 2

SCORE 5

Figure 1. Drought tolerance scoring based on intensity of leaf firing (Sunaryo et al. 2005)
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higher (£80%) than in the Ri generation plants (£70%)
(Figure 2). In addition, the reduction of the root length, root
dry weight, shoot dry weight, plant biomass and root/shoot
dry weight ratio was more drastic in the R; generation
plants than those of the control plants (Figure 6). A
different result was showed by MLG 2999 genotype to
respond to the drought stress. The plants derived from
tissue culture (R1 generation plants) grew faster and more
tolerant against drought stress than control plants as
showed by all variables observed (Figure 3 and 6). On the
other hand, response of the R; generation plants against
drought stress was almost the same with the control plant in
‘Tidar' genotype. It was observed from plant height,
number of leaves and number of nodes, and the leaf firing
intensity of the R: generation plants was higher (100%)
than that of the control plant (x90%) (Figure 4). The same
results could be observed from the root length, root dry
weight, shoot dry weight, total dry weight, and root/shoot
dry weight ratio characters, in which the plants derived
from tissue culture showed significant reduction compared
to the control plants (Figure 6). This indicates that in
genotype ‘Tidar', the plants derived from tissue culture (R
generation) was more sensitive against drought stress than
those of conventionally propagated plants (control). In
MSC 8606 genotype, the vegetative growth of the R;
generation plants was a bit better than the control plants,
noticed from the plant height, number of leaves, and
number of nodes, although the leaf firing intensity of those
plants were the same (100%) (Figure 5). The root dry
weight, shoot dry weight, and the total dry weight (plant
biomass) of the R1 generation plants were more decreased
than the control plants (Figure 6), showing that plants
derived from tissue culture tend to be more sensitive
against drought stress rather than those of from
conventional propagation.

Drought sensitivity index of the tissue culture vs
conventionally generated plants

Drought sensitivity index value (S) (Fischer and Maurer
et al. 1978) was used to determine and group the drought
sensitivity of the plants. Based on the mean of S value from
different plant variables, genotypes B3731 and MLG 2999
(conventionally propagated/control plants) were grouped in
the mildly tolerant genotypes which had 0.86 and 0.90 S
value, respectively (Table 1). On the other hand, Tidar and
MSC 8606 were grouped to the sensitive genotypes with
the S value of 1.12 and 1.01, respectively. The plants
generated from somatic embryogenesis (R: generation)
showed a different response. The B 3731 plants generated
from somatic embryogenesis (SC. B3731) were grouped as
sensitive genotype. The drought sensitivity of SC. MLG
2999 and SC. MSC 8606 were not altered, the same from
the conventionally propagated plants. Interestingly, the
drought sensitivity of SC. Tidar was increased to a mildly
tolerant (S value = 0.99) (Table 1).

Drought sensitivity of the R1 generation plants based on
the somaclones genotype (Ro generation)

Since the drought sensitivity index as shown in Table 1
was calculated from the mean value of the R; generation
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plants, the S value of the R; generation was calculated
based on its Ro genotype or the somaclones source, to
represent the drought sensitivity index value individually
(Tables 2 and 3). These were to investigate whether the
genetic variations in tissue culture could be genetically
inherited to the progeny. The only S values of the Intensity
of Leaf Firing (ILF) and Plant Biomass (PB) variables were
used in this research since the indication of drought
sensitivity index showed by these characters was similar to
the mean of S values presented in Table 1. In addition, the
intensity of leaf firing and plant biomass variables was
suggested to show the strongest indication for the drought
sensitivity index calculation (Sunaryo et al. 2005).

The mean of S value among the Ri generation
genotypes was Vvaried, showing a different drought
sensitivity of the R; plants derived from different
somaclones (Ro genotypes) (Table 2). From 11 somaclones
of B 3731 genotype, 8 somaclones were grouped into
mildly tolerant and 3 somaclones represented a sensitive
genotype. In MLG 2999, 5 somaclones were mildly
tolerant and 6 somaclones were grouped as sensitive
genotypes. There were 5 from a total of 9 somaclones of
Tidar genotype showed a strong indication as mildly
tolerant genotype. All somaclones derived from MSC 8606
genotype were classified into sensitive genotypes.

Drought sensitivity of individual R1 generation plants
The observation of S value of individual Ry plants
showed an interesting phenomenon of somaclonal variation
in soybean (data not shown). Tolerant genotypes that were
not found in the control plants have appeared in the
individual R; generation plants. One R: generation plant
from somaclone A.5.8.- line (SC. B 3711 genotype) and
three from SC. MLG 2999 genotype, each from somaclone
D.2.2.-, D.4.4.-, and D.4.8.- were grouped as tolerant
genotypes (Table 3), whereas none of the somaclones/Ro
generation genotypes showed by the average S value of Ry
generation plants (Table 2) exhibited a tolerant genotype.
Sixteen individual Ri generation plants were mildly
tolerant genotypes against drought stress in “Tidar”,
although their somaclones/Ro generation genotypes
(B.4.1.1.,B.4.2.-, B.4.3.-, B.5.5.1) showed by the average S

Table 1. The S (Drought Sensitive Index) value based on
vegetative growth variables of Ri generation plants (SC)
compared to control plants (C) against drought stress simulated by
PEG

Genotype PH NN LN ILF RDWSDW pg Mean

Value
B 3731 (C) 081 0.80 0.79 0.77 0.95 0.93 094 0.86
SC. B 3731 094 1.06 1.03 0.85 1.12 0.97 1.00 1.00
MLG 2999 (C) 1.11 0.73 1.00 052 0.88 1.06 0.98 0.90
SC.MLG 2999 0.83 0.91 0.88 0.98 1.07 0.94 0.95 0.94
Tidar (C) 1.08 1.12 1.12 1.46 0.95 1.05 1.04 1.12
SC. Tidar 1.16 1.03 1.03 0.97 0.80 0.97 0.96 0.9
MSC 8606 (C) 1.11 1.00 1.00 1.03 0.86 1.04 1.02 1.01
SC.MSC 8606 0.82 1.12 1.12 1.41 0.85 1.12 1.09 1.08

Note: PH (Plant Height), NN (Number of Nodes), LN (Leaf
Number), ILF (Intensity of Leaf Firing), RDW (Root Dry
Weight), SDW (Shoot Dry Weight), and PB (Plant Biomass).
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Table 2. The mean of S (Drought Sensitive Index) value based on
Intensity of Leaf Firing (ILF) and Plant Biomass (PB) variables of
the Rigenotypes grouped by the somaclones source (Ro generation)

Mean

Genotype ILF PB value Phenotype

B 3731 (C) 0.77 0.94 0.86 Mildly tolerant
SC.B 3731

A53.1 0.93 1.11 1.02 Sensitive
AbL.7.- 0.40 1.21 0.81 Mildly tolerant
A5.8.- 0.74 0.85 0.80 Mildly tolerant
A5.9.- 0.91 0.97 0.94 Mildly tolerant
A5.11.- 0.67 0.96 0.82 Mildly tolerant
A6.15.- 0.86 0.97 0.92 Mildly tolerant
A.6.20.3 0.96 0.87 0.92 Mildly tolerant
A.6.29.- 1.21 1.06 1.14 Sensitive
A6.31.1 1.08 1.00 1.04 Sensitive
A.6.32.- 1.02 0.94 0.98 Mildly tolerant
A.6.34.- 0.57 1.05 0.81 Mildly tolerant
MLG 2999 (C) 0.52 0.98 0.75 Mildly tolerant
SC. MLG 2999

D.2.21 0.63 1.10 0.87 Mildly tolerant
D.2.2.2 0.59 0.75 0.67 Mildly tolerant
D.2.23 0.33 0.71 0.52 Mildly tolerant
D.4.4.- 0.25 0.95 0.60 Mildly tolerant
D.4.6.- 1.30 1.06 1.18 Sensitive
D.4.7.- 0.67 1.12 0.90 Mildly tolerant
D.4.8.- 1.73 0.78 1.26 Sensitive
D.4.9.- 1.67 0.97 1.32 Sensitive
D.4.13.1 1.12 1.00 1.06 Sensitive
D.4.14.- 0.88 1.13 1.01 Sensitive
D.4.18.- 1.06 0.94 1.00 Sensitive
Tidar (C) 1,46 0,98 1,22 Sensitive

SC. Tidar

B.4.1.1 0.58 0.99 0.79 Mildly tolerant
B.4.12 0.70 0.99 0.85 Mildly tolerant
B.4.1.1 1.06 0.96 1.01 Sensitive
B.4.2.- 1.62 0.99 1.31 Sensitive
B.4.3.- 1.00 0.99 1.00 Sensitive
B.5.5.1 1.34 0.97 1.16 Sensitive
B.5.5.2 0.86 0.97 0.92 Mildly tolerant
B.5.6.- 0.85 0.83 0.84 Mildly tolerant
B.5.7.- 0.76 0.97 0.87 Mildly tolerant
MSC 8606 (C) 1.03 1.02 1.03 Sensitive

SC. MSC 8606

C4.1.- 1.78 1.10 1.44 Sensitive
C4.2.- 2.01 1.12 1.57 Sensitive
C4.4.- 1.75 1.12 1.44 Sensitive
C.55.- 0.96 1.11 1.04 Sensitive
C.5.6.- 0.85 1.16 1.01 Sensitive
CA5.7.- 1.37 0.92 1.15 Sensitive

Note: ILF (Intensity of Leaf Firing) and PB (Plant Biomass)

value of Ri generation plants were sensitive genotypes
(Table 2-3). Other interesting data were showed by
individual R: generation plants derived from MSC 8606
genotype. The control plants, as well as somaclone
genotype plants, were grouped as sensitive genotype.
Nevertheless, around 17 % (5 from a total of 28) of the Ry
individual plants were mildly tolerant genotypes.

Table 3. Drought Sensitivity of individual R1 plants based on the
Intensity of Leaf Firing (ILF) and Plant Biomass (PB) variables.

Drought sensitivity of individual R1

Genotype Number plants

of plants Tolerant Mildly Sensitive

tolerant

SC. B 3731
A5.3.1 4 0 0 4
A5.7.- 2 0 0 2
A5.8.- 3 1 : !
A5.9.- 4 0 : 2
A5.11.- 4 0 3 !
A6.15.- 4 0 : 2
A6.203 4 0 2 2
A6.29.- 4 0 2 2
A6.31.1 4 0 2 2
A6.32- 4 0 2 2
A6.34.- 7 0 2 >
Subtotal 44 1 18 25
SC. MLG 2999
D221 4 0 1 3
D.2.2.2 4 0 3 L
D.2.23 4 1 3 0
D.4.4.- 4 1 1 2
D.4.6.- 6 0 1 °
D.4.7.- 4 0 0 4
D48 6 1 4 !
D.4.9.- 4 0 2 2
D.4.13.1 4 0 2 2
D.4.14.- 4 0 0 4
D.4.18.- 6 0 5 !
Subtotal 50 3 22 25
SC. Tidar
B.411 6 0 3 3
B.4.12 8 0 6 2
B.4.11 8 0 4 4
B.4.2.- 6 0 3 8
B.4.3.- 8 0 4 4
B.5.5.1 8 0 5 3
B.5.5.2 8 0 5 3
B.5.6.- 8 0 ! !
B.5.7.- 3 0 2 !
Subtotal 63 0 39 24
SC. MSC 8606
CA4l- 3 0 1 2
C42.- 4 0 0 4
C.4.4.- 6 0 0 6
C5.5.- 7 0 1 6
C5.6.- 4 0 L 3
C5.7.- 4 0 2 2
Subtotal 28 0 > 23
Total 185 4 84 97
Discussion

Drought stress simulated by PEG (15%) had a negative
effect on the vegetative growth of all soybean genotypes
tested. The vegetative growth of genotypes derived from
both somatic embryogenesis (Ri generation) and from
conventional propagation was inhibited. Drought stress
caused stunted phenotype, reduced the number of
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100
90
80
70
60
50
40
30
20
10

Plant Height (cm)

=
N

5 == LG 2999 0%

1 el MLG 2999 15%

e SC.MLG 2999 0%

e SC. MLG 2999
15%

18 24 30 36

Observation time (davs after nlanting)

==
o R

st LG 2999 0%

©

I el LG 2999 15%

e SC. MLG 2999 0%

e SC. MLG 2999

Number of Nodes

15%

O R NWREWNMO N 0

18 24 30 36
Observation Time (days after planting)

=
N

=
=

=
o

T

/i T ——MLG 2999 0%

el LG 2999 15%

e SC. MLG 2999 0%

Number of Trifoliar Leaves

e 5 C. MLG 2999

15%

S RENWLRGMON®WO
|

18 24 30 36
Observation Time (days after planting)

100

%=1
(=]

0
(=]

N
o o
|

et LG 2999 0%

=il MLG 2999 15%

PN W s
o © oo
T N

e SC.MLG 2999
0%

e S C. MLG 2999
15%

Intensity of Leaf Firing (%)
(%]
(=]

o

18 24 30 36

Observation time (days after planting)

Figure 3. Vegetative growth response of soybean genotype "MLG 2999” derived from somatic embryogenesis and conventional
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Figure 4. Vegetative growth response of soybean genotype “Tidar” derived from somatic embryogenesis and conventional propagation

under drought stress simulated by PEG at different time of observation.
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trifoliar leaves and nodes, and increased the intensity of
leaf firing (Figure 2, 3, 4 and 5). The drought stress
condition also reduced root length, root dry weight, shoot
dry weight, plant biomass, but it increased the ratio
root/shoot dry weight (Figure 6). Plant exposed by drought
stress shows an increase of its root/shoot dry weight as a
response to reduce water loss and maintain water uptake
through an extensive root system (Turner et al. 2001).

The same indication was also found in the previous
studies showing that drought stress simulated by PEG
inhibited the vegetative growth (Widoretno et al. 2002,
2003a; Sunaryo et al. 2005). However, in this study PEG
application at 15 % caused decreased root length, whereas
in the previous studies the opposite effect was observed.
Negative effects caused by drought stress indicate that
drought stress simulated by PEG has the same effect from
the real drought stress in field/soil condition. Several
studies conducted in the field were reported to have the
same effect on soybean growth and yields (Harnowo 1992;
Hamim 1995). Jones (1992) reported that drought stress
exposed at the vegetative growth phase resulted in the
inhibited plant growth, decreased cell division and
elongation. Therefore plants were stunted and increased
their root growth as well as root/shoot ratio. The increased
root biomass, length, density, and depth was a
morphological plant character as a drought avoidance
mechanism (Subbarao et al. 1995). Plants also improve

their root structure such as deep and thick root system to
extract water from considerable depths (Kavar et al. 2007).
The different responses of plants due to the drought stress
simulated by PEG were observed in tobacco, grass, rice,
chili, and (Krishnasany and lIrulappan 1993; Mullayhey et
al. 1996; Perez-Molphe-Balch et al. 1996; Komori et al.
2000). The negative effect of PEG is tightly associated with
its ability to dissolve in and bind water molecule resulting
in the decrease of water potential and amount required for
plant growth (Steuer et al. 1981). Water has an important
function as basic material of photosynthesis reaction
resulting carbohydrates needed for plant cell division and
elongation (Salisbury and Ross 1985). According to
drought sensitivity index, to determine the sensitivity of a
genotype against drought stress, response of the plants
derived from tissue culture against drought stress might be
different from the conventionally propagated plants. B
3731was grouped into moderate tolerance genotype, but its
embryo somatic derived plants were sensitive. In contrary
to that, Tidar which was included into sensitive genotype,
its embryo somatic derived plants were grouped into
moderate tolerance genotype against drought stress (Table
1). These findings indicate that tissue culture via somatic
embryogenesis could create genetic alteration especially in
the response against drought stress. The alteration might be
an increase or decrease of drought sensitivity.
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In addition, the drought sensitivity among the Ri
generation genotypes which were grouped based on their
original somaclones or Ro generation genotypes varied
(Table 2), meaning that the R plants derived from different
somaclones have different genetic variability. Each
somaclone has different genetic change potencies resulted
in somaclonal variation. Somaclonal variation has been
reported affected by various factors such as genotype,
culture condition and environment, plant growth regulator,
explant sources, callus period, and length of culture in vitro
culture duration (Evans et al. 1986; Koornef 1991;
Ignacimuthu 1997). Genotype plays an important role in
inducing genetic variation during tissue culture, as it
influences the frequency plant regeneration and somaclonal
variation.

Somaclonal variation in soybean was reported for
various qualitative and quantitative traits (Ranch et al.
1985; Barwale and Widholm 1987 and 1990; Hildebrand et
al. 1989; Stephens et al. 1991; Shoemaker et al. 1991). The
tissue culture might alter the genetic constitution of plants
via chromosome doubling and alteration, gene mutation
and cytoplasm changes (Kumar 1985). The other possible
mechanism of genetic change is the chromosome mutation,
transposon element activation, DNA methylation, gene
amplification and deletion and chromosome cross over
during mitosis (Koornef 1991).

In this experiment, the genetic variations among
individual Ry generation plants that did not appear in the Ro
generation genotype were found (Table 3). The genetic
variation occurring during tissue culture process would
exist in the Roregenerant plants and might be inherited in
the next generation (R1 generation). The genetic changes in
Ri1 generation seeds are a result of segregation process
during meiosis and assorted independently in the self-
fertilization and could potentially undergo phenotypic
changes. The inherited traits could be selected for the
specific characters useful for plant breeding program like
drought tolerance. Each R: generation plant will have
different genetic potential (Koornef 1991). If the genetic
change is a dominant trait, it will immediately appear in the
regenerants. Conversely, if the altered gene is recessive
then the changes will appear in the next generation.

REFERENCES

Barwale UB, Widholm JM. 1990. Soybean: Plant regeneration and
somaclonal variation. In: Bajaj YPS (eds). Biotechnology in
Agriculture and Forestry, Vol. 10, Legumes and Oilseed Crops I.
Springer-Verlag, Berlin.

Barwale UB, Widholm JM. 1987. Somaclonal variation in plant
regenerated from cultures of soybean. Plant Cell Rep 6: 365-368.
Cellier F, Conejero G, Breitler JC, Casse F. 1998. Molecular and
physiological responses to water deficit in drought-tolerance and

drought-sensitive lines of sunflower. Plant Physiol 116: 319-328.

Evans DA, Sharp WR, Ammirato PV. 1986. Somaclonal and
gametoclonal variation. Handbook of Plant Cell Culture. Vol. 4.
Macmillan Publishing Company, New York.

Finer JJ, McMullen MD. 1991. Transformation of soybean via particle
bombardment of embryogenic suspension culture tissue. In Vitro Cell
Dev Biol PI 27 (4): 175-182.

Fischer RA, Maurer R. 1978. Drought resistance in spring wheat cultivars.
1. grain yield response. Aust J Agic Res 29: 897-907.

Frederick JR, Camp CR, Bauer PJ. 2001. Drought-stress effects on branch
and main stem seed yield and yield components of determinate
soybean. Crop Sci 41 (3): 759-763.

Frederick JR, Hesketh JD. 1993. Genetic improvement in soybean:
Physiological attributes in genetic improvement of field crops. Slayer
GS (eds.). Marcel Dekker, Inc. New York.

Gray LE, Guan YQ, and Widholm JM. 1986. Reaction of soybean callus
to culture filtrates of Phyalophoragregata. Plant sci 47: 45-55.

Griga M, Stejskal J, Beber K. 1995. Analysis of tissue culture-derived
variation in pea Pisum sativum L. preliminary results. Euphytica 85:
335-339.

Hamim. 1995. Dought Tolerance of Soybean: Morphology and
Physiology Approach. [M.Sc.-Thesis]. Bogor Agricultural University,
Bogor. [Indonesian]

Harnowo. 1992. The Responses of Soybean Glycine max (L.) Merrill to
Drought Stress and Potassium Fertilizer at Reproductive Phase.
[M.Sc.-Thesis]. [M.Sc.-Thesis]. Bogor Agricultural University,
Bogor. [Indonesian]

Hildebrand DF, Adams TR, Dahmer ML, Williams EG, Collins GB. 1989.
Analysis of lipids composition and morphological characteristics in
soybean regenerants. PI Cell Rep 7: 701-703.

Hinchee MAW, Conner-Ward DV, Newell CA, McDonell RE, Sato SJ,
Gasser CS, Fischof DA, Fraley DB, Horch RB. 1988. Production of
transgenic soybean plants using Agrobacterium-mediated DNA
transfer. Biotechnology 6: 915-922.

Ignacimuthu S. 1997. Plant Biotechnology. Science Publisher, Inc., New
York.

Jones HG. 1992. Plants and microclimate. A quantitative approach to
environmental plant physiology, second edition. Cambridge
University Press, Cambridge.

Kavar T, Maras M, Kidric M, Sustar-Vozlic J, Meglic V. 2007.
Identification of genes involved in the response of leaves of
Phaseolus vulgaris to drought stress. Mol Breed 21: 159-172.

Komori T, Myers PN, Yamada S, Kubo T, Imaseki H. 2000. Comparative
study of the Nicotiana species with respect to water deficit tolerance
during early growth. Euphytica 116: 121-130.

Koornef M. 1991. Variation and mutant selection in plant cell and tissue
culture. In: Biotol Team (eds.) Biotechnological Innovations in Crop
Improvements. Open Universiteit, the Netherlands and Thames
Polytechnic, United Kingdom.

Krishnasany V, Irullapan I. 1993. Germination response to water stress in
the seeds of hot pepper and eggplant genotypes in proceedings:
Adaptation of food crops to temperature and water Stress. AVRDC,
Taipei.

Kuksova VB, Piven NM, Gleba YY. 1997. Somaclonal variation and in
vitro induced mutagenesis in grapevine. Pl Cell Tiss Org Cult 49: 17-
27.

Kumar A. 1985. Somaclonal variation. Cell and Molecular Genetic.
Department of Scottish Crop Research Institute, Inver Gowrie
Dundee, Canada.

Laohasiriwong S. 1986: Yield response of selected soybean cultivars to
water stress during different reproductive growth periods. Sulzberger
EW, Mclean BT (eds.). Soybean In Tropical and Subtropical
Cropping Systems; Symposium, Tsukuba, Japan, September 26-
October 1986. The Asian Vegetable Research and Development
Center, Shanhua, Taiwan.

Larkin PJ, Scowcroft WR. 1981. Somaclonal variation a novel source of
variability from cell cultures for plant improvement. Theor Appl
Genet 60: 197-214.

Michel BE, Kaufmann MR. 1973. The osmotic potential of polyethylene
glycol 6000. Plant Physiol 57: 914-916.

Mullayhey JJ, West SH, Cornell JA. 1996. Effect of simulated drought by
polyethylene glycol on Bahia grass germination. Seed Sci Tech 24:
219-224.

Murashige T, Skoog F. 1962. A revised media for media rapid growth and
bioassays with tobacco tissue cultures. Physiol Plant 15: 473-497.
Natawigena H. 1985. Pesticide and their Eses. CV. Armico, Bandung.

[Indonesian].

Perez-Molphe-Balch E, Gidekel M, Seguro-Nieto M, Herrera-Estrella L,
Ochoa-Alejo N. 1996. Effect of water stress on plant growth and roots
protein in three cultivars of rice Oryza sativa with different level of
drought tolerance. Physiologia Plantarum 96: 284-290.

Ranch JP, Oglesby L, Zielinski AC. 1985. Plant regeneration from
embryo-derived tissue cultures of soybean. In vitro Cell Dev Biol 21:
653-658.



54 NUSANTARA BIOSCIENCE

Sadeghipour O, Abbasi S. 2012. Soybean response to drought and seed
inoculation. World App Sci J 17 (1): 55-60.

Sakardiva HL, Yadav BS. 1994. Effect of water stress at different growth
phases of groundnut on yield and nutrient absorption. J Indian Soc
Soil Sci 42 (1): 147-149.

Salisbury FB, Ross CW. 1985. Plant Physiology. 3rd ed. Wadsworth
Publishing Company, Belmont, CA.

Shoemaker RC, Amberger LA, Palmer RG, Oglesby L, Ranch JP. 1991.
Effect of 2, 4 D concentration non somatic embryogenesis and
heritable variation in soybean Glycine max L. Merr. In vitro Cell Dev
Biol 27: 84-88.

Song HS, Lim SM, Widhlom JM.1994. Selection and regeneration of
soybean resistant to pathotoxic culture filtrates of Septoria glycine.
Phytopathology 84: 948-951.

Sopandie D, Hamim, Jusuf M, Heryani N. 1996. Water deficit tolerance of
soybean: Prolin and abscisic acid accumulation related to leaf osmotic
potential and adjustment. Bul Agron 24: 6-9.

Stephens PA, Nickel CD, Widholm JM .1991. Agronomic evaluation of
tissue culture-derived soybean plants. Theor Appl Genet 82: 633-635.

Steuer AA. 1981. Water potential of aqueous polyethylene glycol. Plant
Physiol 67: 64-67.

Subbarao GV, Johansen C, Slinkard AE, Rao RCN, Saxena NP, Chauhan
YS. 1995. Strategies and scope for improving drought resistance in
grain legumes. Crit Rev Plant Sci 14: 469-523.

8 (1): 45-54, May 2016

Sunaryo W, Widoretno W, Aswidinnoor H, Sudarsono. 2005.
Effectiveness of polyethylene glycol, PEG to characterize the soybean
genotype responses against drought stress. Frontier 19 (2): 29-35.

Tuinstra MR, Jeta GE, Goldbrough P. 1998. Evaluation of near-isogenic
sorghum lines contrasting for QTL markers associated with drought
tolerance. Crop Sci 38: 835-842.

Turner NC, Wright GC, Siddique KHM. 2001. Adaptation of grain
legumes (pulses) to water-limited environments. Adv Agron 71: 123-
231.

Widoretno W, Arumingtyas EL, Basuki N, Soegianto A. 2012. Drought
resistance selection on soybean somaclonal variants. J Basic Appl Sci
Res 2 (8): 7994-7997.

Widoretno W, Arumingtyas EL, Sudarsono. 2003b. In vitro methods for
inducing somatic embryos of soybean and plantlet regeneration.
Hayati 10 (1): 19-24.

Widoretno W, Guharja E, llyas S, Sudarsono. 2002. Effectiveness of
polyethylene glycol for evaluating response of soybean at germination
stage against drought stress. Hayati 9 (2): 33-36.

Widoretno W, Megia R, Sudarsono. 2003a. Responses of soybean somatic
embryos to polyethylene glycol and its uses for in vitro selection of
soybean against drought stress. Hayati 10 (4): 134-139.

Wrather JA, Freytag AH. 1991. Selection of atrazine tolerant soybean calli
and expression of that tolerance in regenerated plants. Pl Cell Rep 10:
44-47.



