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USING INVITRO CULTURE METHOD

Bui Thi Cuc?!, Dong Huy Gioi?, Bui Thi Thu Huong?”*
vietnam National University of Forestry
2\/ietnam National University of Agriculture

SUMMARY

BC15 rice is a pure quality rice variety, capable of adapting to large ecological ranges, therefore chosen by
farmers to cultivate on large areas. Because global warming and climate change have greatly affected the water
source for irrigation, so the rice yield is significantly reduced. This study was conducted to evaluate the drought
tolerance of the BC15 variety in vitro culture system to get more information about the characteristics of the
BC15 variety when selecting production areas. The object of the study was to determine the most suitable
artificial drought conditions for BC15 rice seedlings in vitro. The result shows that in the MS1/2 medium
supplemented with PEG with osmatic potential -4 bar; or the MS1/2 supplemented with 7% Saccharose; or the
MS1/2 added 3% Mannitol or MS1/2 added 4% Sorbitol, shoots of the rice can be survival. Under these artificial
drought conditions caused by Saccharose, Mannitol, Sorbitol, Mannitol expressed the strongest effect on rice
sprouts in vitro. Just adding 3% Mannitol to the medium, the root length and shoot height were significantly
reduced compared with the control, followed by Sorbitol and finally Saccharose, significantly on the roots and
shoots of the seedlings. The results of this study will support necessary information about the suitable
environment to evaluate the drought tolerance of rice in vitro and the basic source for in vivo assessment.
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1. INTRODUCTION

Rice (Oryza Sativa L.) is the main food
source for more than half of the world's
population. In Vietnam, rice is an agricultural
crop that plays an important role in the national
economy. Rice farming in Vietnam dates back
to ancient times and is a center of diversity in
rice cultivation today. With an annual planting
area of about 7.4 million hectares, mainly
concentrated in the two regions of the Mekong
River Delta (3.8 million hectares) and the Red
River Delta (1.2 million hectares) (Nguyen Van
Luat, 2009).

BC15 is a pure rice variety selected and bred
by the Center for Agriculture and Fisheries
Extension of Thai Binh province, selected and
domesticated by Thai Binh Seed Joint Stock
Company; officially recognized by the Ministry
of Agriculture and Rural Development since
December 2008. This rice variety was
discovered and selected from a natural mutation
of IR17494. BC15 is a short-term rice variety
(equivalent to rice variety Q5), with stable
purity, high vyield, strong tillering, fairly
resistance to leaf blight, dry blight, resistance to
planthoppers, wide adaptability, especially rice
in and thick sticky rice.

With the current situation of water scarcity in
agricultural cultivation. Simultaneously with the
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complicated terrain conditions in our country,
three-quarters of the territory is mountainous,
the terrain is divided and the climate is
complicated, along with climate change, the
rainfall is unevenly distributed. Therefore,
drought can occur at any time, in any region of
the year, so it is necessary to select and breed
drought-resistant rice varieties. At present,
BC15 variety has become the mainstay variety
of many localities across the country, so
assessing the drought tolerance of BC15 variety
is necessary, especially during the very
sensitive period of rice plants to drought, which
is germination and drought. seedling. Therefore,
we performed this study to evaluate the drought
tolerance of BC15 in an in vitro culture system
to understand the growth of rice sprouts under
artificial drought conditions and the choice of a
suitable medium for research on drought
tolerance of rice.
2. RESEARCH METHODOLOGY
2.1. Material

BC15 rice variety supported by Thai Binh
Seed Corporation.
2.2. Research Methods
2.2.1. the basis culture mediums

The suitable culture medium for in vitro
growth of rice sprouts is MS1/2 medium (with
micromineral contents reduced by 1/2) + 30g/I
Saccharose + 8g/l Agar (Nguyen Thi Luong,
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2013; Hoang Thi Ngoc Phuc, 2013). The
culture mediums were adjusted to pH 5.8,
autoclaved at 121°C, 1 atm, then poured into
bags. Culture conditions were 25 + 2°C, with
2000 £ 200 lux.

2.2.2. Methods of sample preparation and
sterilization

Sample preparation The rice grains were
dehulled, then the seeds were selected and the
embryos were still intact, free from fungal and
bacterial diseases. They were disinfected with
10% sodium hypochlorite (NaCIO) in a sterile
incubator.

2.2.3. Experimental methods

Evaluation of the growth ability of BC15 rice
sprouts in the MS1/2 medium supplemented
with PEG with different concentrations.

Rice seeds inoculated on MS % medium
supplemented with 30g/l Saccharose and 8g/l
Agar added PEG with different concentrations
which created different osmotic potentials such
as 0 (distilled water), -2, -4, -6 bar,
corresponding to PEG content as 0 g/l; 119.6
g/l; 1784 g/l and 2237 g/l PEG,
respectively. Each recipe was a culture of 15
seeds, repeated 3 times.

The osmotic potential by PEG-6000 was
calculated according to the following formula
(Burlyn E et al., 1973).

¥.=-(1.18 x 10%) C - (1.18 x 10+)C=+ (2.67
x10+) CT + (8.39 x 107) C:T

In which, C is the concentration of PEG-
6000 in 1 little of H2O; T is the temperature of
the germination medium.

Evaluation of the growth ability of BC15
rice sprouts in the mediums supplemented with
Saccharose, Mannitol, Sorbitol with different
concentrations.

Rice seeds inoculated on the MS1/2 medium
added 8g/l agar with different saccharose
concentrations of 0%, 1%; 2%; 3%; 4%; 5%;
6%; 7%, or mannitol with concentrations of
0%; 1%:; 2%; 3%:; 4% and sorbitol with
concentrations of 0%; 1%; 2%; 3%; 4%. Each
recipe was a culture of 15 seeds, repeated 3
times.

2.2.4. Analyze and process data

a) Root lenght (average) =

Y. root length / ¥, number of root

It was measured
experimental plants.

b) Shoot length (average) =

Y. shoot length / ¥, number of shoot (Cm)

It was measured from base to shoot tip of
experimental plants.

c) Germination rate =

Y. number of gerninated seed /Y, number of cultured seed (%).

It was calculated when the experimental
plants have sprouts and roots about 1mm long.

The data were processed and analyzed by
Microsoft Excel 2010 and IRRISTAT 5.0
statistical software.
3. RESULTS AND DISCUSSION
3.1. Evaluation of the growth of BC15 rice
sprouts in medium supplemented with PEG
with different concentrations

After culturing rice variety BC15 on the
MS1/2 media supplemented with different
PEG. The results are presented in Table 1.

(cm).
root-to-root tip of

Table 1. Growth of BC15 rice sprouts after 7 days of culture in MS1/2 medium
with different concentrations of PEG

PEG-6000 Osmot_lc Germination  Root length  Shoot height
Formular @) potential rate (%) (cm) (cm)
g (bar)

CT1 0 0 100 3.65+0.07 2 7.70£0.20 2
CT2 119.6 -2 93.33 3.00+0.04%®  7.09+0.02°
CT3 178.4 -4 66.67 2.64+0.02°  4.50+0.09 ¢
CT4 223.7 -6 46.67 1.86 +0.03° 3.23+0.07 ¢

LSD 0.05 0.9 0.25

CV (%) 1.6 2.2

MS1/2 environment (Murashige and Skoog, 1962)
The letters a, b, c... in the same column represent a significant difference with o = 0.05.
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The figure from Table 1 shows that the
smaller the osmotic potential was, the harder it
was for the seeds to get water from the
environment, thus, the germination rate of seeds
also decreased. Germination rate decreased
from 100% in the control formula (O bar) to
93.33% (-2 bar); 66.67% (-4 bar) and less than
50% when the osmotic potential was -6 bar.

After 7 days of culture, the root length and
shoot height were different between the
experimental treatments. At the osmolarity of -
2 bar (119.6 g/l PEG) there was no difference

with the control formula. The root length and
shoot height of BC15 seedlings decreased
gradually at -4 bar and the lowest at -6 bar (the
average root length was only 1.86 cm and the
average shoot height was 3.23 cm. This result
shows that BC15 has good drought tolerance,
consistent with the study of Vu Ngoc Thang et
al. (2011) on mung beans at -6 bar, the
germination rate of green beans decreased
sharply, the root length was less than 3cm and
the sprout length was less than 0.5 cm.

Figure 1. BC15 rice sprouts in vitro after 7 days of culture on MS1/2 medium supplemented
with PEG with different concentrations
(A, B, C, D- rice sprouts at osmotic potentials 0, -2, -4, -6 (bar), respectively)

3.2. Evaluation of growth of BC15 rice
sprouts in the medium supplemented with
Saccharose, mannitol, and sorbitol with
different concentrations

Evaluation of growth of BC15 seedlings on
the MS1/2 mediums supplemented with
Saccharose, Mannitol and Sorbitol with
different concentrations, the results are
presented in Table 2.

Table 2 demonstrates that after 3 days of
culture, there was a slight difference between
the mediums with different concentrations of
Saccharose in which the root length and the
shoots of rice sprouts grew strongly, quickly.
Root length parameter was different among the
mediums  supplemented  with  different
concentrations of saccharose (2% to 7%)
compared with that of the control and the
mediums  supplemented with 0%, 1%
Saccharose. The root length increased when

adding over 2% Saccharose, and the highest in
the medium added 3% Saccharose, reached
3.76+0.02 cm. Similarly, shoot height in the
medium with 3 or 4% Saccharose was highest,
around 3.8 cm. It decreased gradually as the
concentration of Saccharose was over 5%, and
especially most pronounced in the medium with
7% Saccharose, with 0.78 cm only.

After 7 days of culture, the shoot height
changed significantly. There was a difference in
root length parameters in the mediums. When
adding 2% and 3% Saccharose to the medium,
there was the highest point in shoots' root
length, about 4.8 cm. When the concentration of
Saccharose increased from 4% to 7%, the root
length decreased gradually. In the medium of
7% Saccharose, the decrease in root length was
most pronounced. The shoot height of shoots
was also not the same in the mediums. In the
mediums with concentrations of 1%, 2%, or 3%
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of Saccharose, there was no obvious difference,
and all made the highest, over 9 cm. When the
concentration of Saccharose increased above

4%, the shoot height decreased gradually, and
in the medium with 7% Saccharose, the shoot
height decreased significantly, 3.19 cm only.

Table 2. Growth of BC15 rice sprouts after 3.7 days of culture in MS1/2 medium
with different concentrations of Saccharose, Mannitol and Sorbitol

Root Length(cm) Bud length(cm)

Formular Chemical Concentration  Germination
(%) rate (%) After 3days  After 7 days After 3 days After 7 days
CT1 0 100 1.36£005"  3.65:0.07  0.98£0.02 °C 7.70£0.20 €
CT2 1 100 1.36£0.041 401007  121+0.07°BC  9.11+0.06 *A
CT3 Saccharose 2 100 1.95:0.05%  4.84+0.02%A  1.63+0.02°CBC  9.11+0.09 *A
CT4 0] 3 100 3.76£0.02%A  4.88£0.06%A  3.80£0.07 % 9.22+0.03
CT5 4 100 350+0.02%8  4.46+0.03%  3.74%0.09 A 8.47+0.01 '8
CT6 5 100 2.76+0.06°C  4.03+010C  1.83+0.03%8 7.06+0.02 %
CT7 6 93.33 260001  4.02+0.02<C  1.79+0.03 8 6.24+0.15 ¢
CTs 7 73.33 17380226 3.19+0.03°  0.78+0.08 3.96+0.06
LSD 0.05 (I) 0.16 0.11 0.97 0.18
CV % (I) 338 15 2.8 13
CT9 0 100 1.36:0.04® 3650052  0.98+0.01°C 7.70£0.03
CT10 Mannitol 1 100 1.78+0.05%  2.98+0.13%F  1.40+0.01 *8C 7.62+0.14 %
CT11 b 2 93.33 1.81$0.04° 2810120  0.91+0.04bC 6.51+0.05 b
CT12 3 66.67 156£0.07°H 240014 0.86+0.02C 3.59+0.18 M
CT13 4 44.44 0.75:0.03%€  1.3620.07¢  0.56£0.02 1.530.07 N
LSD 0.05 (1) 0.8 0.8 0.25 0.21
CV% (1) 2.9 37 1.4 2.1
CT14 100 1.36:0.02°  3.65:0.04%°  0.98+0.08 7.70£0.01 C
CT15 S‘z:tl’li)to' 100 2.24+0.07%  3.2020.05%  2.17+0.03 % 6.83+0.15 b
CT16 2 93.33 1.99+0.03F  2.40£0.04°¢  161+0.02%8C  6.3620.12 C
CT17 3 66.67 153:0.01H  2.35+0.06°¢  1.10+0.055C 5.62+0.02 4
CT18 4 60 1.36£0.01" 171200294  0.88+0.01°<C 3.7740.07 ¢
LSD 0.05 (1) 0.79 0.11 053 0.26
CV % (111 25 2.1 2.1 2.3
LSD 0.05 0.11 0.2 0.68 0.12
CV % 35 18 2.7 2.2

The letters a, b, c... in the same column represent the significant difference of each group of formula 1 (CT1,
CT2...CT8), group of formula 1l (CT9, CT10...CT13), group of formula |11 (CT14, CT5... CT18) with oo = 0.05.

The letters A, B, C... in the same column represent the significant difference of the same chemical group
with o. = 0.05.

In short, on the MS1/2 medium
supplemented with 3% Saccharose, seedling
developed best, and MS1/2 medium
supplemented with 7% Saccharose, seedling

developed slowest. This result was similar to the
study of Nguyen Thi Luong (2013) who
announced that in the MS1/2 medium
supplemented with 3% Saccharose, Oryza
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Sativa L sprouts grew best after 7 days, the root
length was 7.362£0.02 cm and shoot height was
14.67+0.03 cm.

The growth of BC15 rice sprouts in the
medium supplemented with Mannitol with
different concentrations is shown in Table 2. It
is shown that, after 3 days of culture, the root
length and shoot height grew fast as well. The
root length did not have much difference
compared with the control when adding
Mannitol concentration from 1% to 3%. Only
when increasing the concentration of Mannitol
to 4%, this difference was significant. When the
concentration of mannitol increased above 2%,
the root length started to decrease, meanwhile,
the shoot height was different between MS1/2
medium supplemented with 1% Mannitol
compared to the control, but as concentration
increased over 2%, shoot height decreased.

After 7 days of culture, root growth slowed
down, shoot height grew fast, and became strong.
Root length was different between the shoots in
MS1/2 medium supplemented with Mannitol
and compared with the control, no Mannitol at al.
When increasing the concentration of Mannitol,
the root length also decreased. Meanwhile, it was
significant to add more than 2% of Mannitol for
shoots to have a different growth. The higher the
mannitol concentration was, the shorter the shoot
height was.

The medium supplemented with Mannitol
3% showed the most observable effects. This
result was completely consistent with the
research results of Nguyen Thi Luong (2013).

Table 2 also illustrates the growth of BC15
rice sprouts in the medium supplemented with
Sorbitol with different concentrations. It can be
seen that after 3 days of culture, the root length
and the shoot height were also affected by the
different ~ concentrations  of  Sorbitol.
Specifically, the root length of BC15 rice
sprouts in MS1/2 medium supplemented with
Sorbitol at 1 to 3% ( around 2 cm) was
significantly different from that of the control,

1.36 cm. However, in the medium with 4 mg/I
Sorbitol, the root length was 1.36 cm also. In
terms of shoot height, the medium of 1 mg/l
Sorbitol made up the highest, 2.17 cm and the
lowest referred to the shoots cultured in the
medium with 4 mg/I Sorbitol.

After 7 days of culturing, it was evident that
the medium with 1 to 4% Sorbitol inhibited the
root length and shoot height. The higher the
sorbitol concentration was, the shorter the root
length and shoot height were. The medium
supplemented with Sorbitol 4% showed the
most negative effect, the shoot height and root
length were a half compared to the figure of the
control.

In general, all their mediums supplemented
with Saccharose, Mannitol, Sorbitol affected
the growth of BC15 rice shoots.

After 3 days of culturing, in the mediums of
3% Saccharose, the root length and shoot height
of BC15 seedlings was the highest, 3.76 cm, and
3.8 cm, respectively. However, the lengthening
of roots was inhibited in the medium with
Mannitol and Sorbitol. In the mediums with 4%
Mannitol or 4% Sorbitol, the root length was
0.75 cm and 1.36 cm, respectively, and the
shoot height of shoots in the former was 0.56
cm and in the latter was 0.88 cm.

After 7 days of culturing BC15 rice seeds,
the data shows the obvious effects of three kinds
of sugar which made artificial drought
conditions on BC15 shoots in vitro. Especially,
in the medium supplemented with 7%
Saccharose, 4% Mannitol, or 4% Sorbitol, rice
sprouts grew badly. In the medium
supplemented with 7% Saccharose, although
root length was a little smaller than that of the
control, seedling rice grew as half as the control
as shoot height of them was 3.96£0.06 cm,
while the control was 7.7£0.2 cm. Then, the
medium supplemented with 4% Sorbitol
express the inhibition to root length and shoot
height with 1.71+0.02 cm, and 3.77£0.07 cm,
respectively which were around as half as the
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control, the figure of root and shoot were  shoot height was 1.53+0.07 cm, which was
3.65+£0.04 cm and 7.7£0.01 cm. Finally, in the  evident of the strong inhibition of Mannitol on
medium supplemented with 4% Mannitol, root  BC15 seedling.

length was reported was 1.36+0.07 cm and

Figure 2. BC15 rice sprouts in vitro after 3 days of culture on MS1/2 medium supplemented
with different concentrations of Saccharose

Figure 3. BC15 rice sprouts in vitro after 3 days of culture on MS1/2 medium supplemented
with mannitol with different concentrations

Figure 4. In vitro BC15 rice sprouts after 3 days of culture on MS1/2 medium supplemented
with Sorbitol with different concentrations
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Figure 5. BC15 rice sprouts in vitro after 7 days of culture on MS1/2 medium supplemented
with different concentrations of Saccharose

Figure 6. BC15 rice sprouts in vitro after 7 days of culture on MS1/2 medium supplemented
with mannitol with different concentrations

Figure 7. BC15 rice sprouts in vitro after 7 days of culture on MS1/2 medium supplemented
with Sorbitol with different concentrations

4. CONCLUDE

Studying the drought tolerance of BC15 rice
variety in vitro, there are some following
conclusions:

1. That the artificial drought conditions can
be used for examination of drought tolerance of
BS15 rice variety was the MS1/2 supplemented

with PEG. The higher the PEG concentration
was, the lower the growth of rice sprouts was.
At the osmotic potential -4 bar, the decrease in
root length and shoot height was the most
observed, shoot height was 4.5£0.09 cm and
root length was 2.64 +0.02 cm

2. Under artificial drought conditions, the
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MS1/2 supplemented with Saccharose, rice
sprouts grow best when the concentration of
Saccharose was 3% in which the root length was
4.88+0.06 cm, and shoot height was 9.22+0.03
cm. After 7 days, the medium with Saccharose
of 7%, the decrease in shoot height and root
length was most pronounced, with root length
of 3.194£0.03 cm and shoot height of 3.96+0.06
cm.

3. MS1/2 supplemented with Mannitol made
artificial drought conditions for the growth of
the rice sprouts in vitro. Mannitol 3% caused the
most obvious drought expression, with the
shoot being 3.59+0.18 cm in height and the root
of 2.4+0.14 cm in length after 7 days of
culturing.

4. The higher the concentration of Sorbitol in
the MS1/2 affected the growth of rice sprouts
was as well. 4% Sorbitol in the culturing
medium inhibited the growth of seeding rice
with 3.77£0.07 cm shoot height and 1.71+0.02
cm root length.

5. All Saccharose, Mannitol, and Sorbitol
can be artificial drought conditions to examine
rice sprouts which made them all grow and
develop poorly. Mannitol sugar caused the
strongest effect on rice sprouts, just adding 3%
Mannitol to the medium, the root length and
shoot height decreased sharply, followed by 4%
Sorbitol and finally 7% Saccharose.
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PANH GIA KHA NANG CHIU HAN IN VITRO CUA GIONG LUA BC15

Bui Thi Cucl, Péng Huy Giéi2, Bli Thi Thu Huong?”
YTriomg Pai hoc Lam nghiép
Hoc vién NOng nghiép Viét Nam

TOM TAT
Gibng lua BC15 la giéng lua thuan chét lugng, c6 kha nang thich nghi vai nhiéu ving sinh thai va duoc nguoi
dan lya chon canh tac véi dién tich Ion. Do thuc trang trai d¢at nong 1én, khi hau bi bién d6i anh huong Ién dén
nguon nudc tudi nén nang sut lGa bi giam dang ké. Nghién ctru nay duoc thuc hién nham danh gia kha ning
chiu han ciia gidng BC15 trong hé thng nudi cay invitro dé c6 thém théng tin vé dic diém cua giong BC15 khi
lya chon viing san xuat. Két qua nghién ciru 1a da xac dinh duoc cac diéu kién han nhan tao thich hop cho cay
mam lta BC15 trong diéu kién nudi cdy invitro, d6 1a moi truong MS1/2 bo sung PEG véi thé tham thau -4 bar,
MS1/2 bb sung 7% Saccharose, MS1/2 bb sung 3% Mannitol va MS1/2 bd sung 4% Sorbitol. Trong diéu kién
han nhén tao gay ra boi Saccharose, Mannitol, Sorbitol, thi dudng Mannitol gay ra tac dong manh nht trén cay
mam lda. Chi can b6 sung Mannitol 3% vao mdi trudng thi chiéu dai ré va chiéu dai choi da giam manh so Vi
dbi ching, tiép dén l1a Sorbitol va cudi cung la Saccharose, phai bo sung Saccharose 7% vao méi trudng thi méi
gdy tac dong rd rét 1én r& va chdi cua cdy mam so véi ddi ching. Két qua nghién ciru nay s& bé sung théng tin vé
mai truong dé danh gia kha nang chiu han cua cay lua bang nudi ciy in vitro va phuc vu danh gia ngoai dong

ruoéng.
Tu khoa: BC15, chiu han, in vitro, IUa, Oryza Sativa L.
Received : 22/10/2021

Revised : 25/11/2021

Accepted : 08/12/2021

JOURNAL OF FORESTRY SCIENCE AND TECHNOLOGY NO. 12 (2021)



