
Research Article
Salinity Stress Response of Rice (Oryza sativa L. cv. Luem Pua)
Calli and Seedlings

WorasitikulyaTaratima ,1TitiratChomarsa ,1 andPitakpongManeerattanarungroj 2

1Department of Biology, Faculty of Science, Khon Kaen University, Khon Kaen 40002, �ailand
2Faculty of Veterinary Medicine, Khon Kaen University, Khon Kaen 40002, �ailand

Correspondence should be addressed to Worasitikulya Taratima; worasitikulya@gmail.com

Received 14 March 2022; Revised 4 May 2022; Accepted 15 June 2022; Published 11 July 2022

Academic Editor: Zeng Yei Hseu

Copyright © 2022Worasitikulya Taratima et al.�is is an open access article distributed under theCreative CommonsAttribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Soil salinity limits plant growth and production. �is research investigated a suitable medium for callus induction and plantlet
regeneration in the Luem Pua rice cultivar. �e e�ect of salt stress on seedling growth was determined using in vitro culture and
soil conditions. An e�cient protocol for callus induction has been developed by culture sterilized seeds on the Murashige and
Skoog (MS, 1962) medium containing 0.5mg/l benzyladenine (BA) with 1mg/l 2,4-dichlorophenoxyacetic acid (2,4-D) that
resulted in a 100% callus induction. Plantlet regeneration percentage of 49% was recorded on the MS medium containing 4mg/l
BA with 0.5mg/l 1-naphthaleneacetic acid (NAA) after 4 weeks. For salt stress investigation, the calli were treated on an induction
medium containing various concentrations of NaCl (0, 50, 100, 150, and 200mM), while two-week-old rice seedlings were planted
in soil and treated with the same concentration of NaCl for 4 weeks. In vitro culture revealed that callus survival percentage
decreased when NaCl concentration increased, similar to soil culture. Seedling growth under salinity treatment also decreased
when NaCl concentration increased, while other physiological parameters such as total chlorophyll, chlorophyll a, chlorophyll b,
green intensity, and chlorophyll �uorescence under light conditions increased under salinity stress. �ese changes de�ne the
growth and physiological salinity tolerance characteristics of Luem Pua rice calli and seedlings. �ey can be utilized as a baseline
for demand-driven in vitro rice propagation, providing useful information that can be combined with other agronomic features in
rice development or breeding programs to improve the �exibility of abiotic stress-tolerant cultivars.

1. Introduction

Rice (Oryza sativa L.) is the staple food formore than 50%of the
global population [1], especially in Asia [2]. Rice cultivation in
�ailand, Indonesia, Myanmar, and Japan totals 30%, while
China, India, and Pakistan produce 30%, 21%, and 18% of total
world output [3–5]. In dry and semiarid areas, soil salinity is the
major environmental constraint limiting plant productivity [6].
Salinity stress, as an important abiotic element, inhibits growth
for most plant species [7]. When the electric conductivity (EC)
reaches 4 dSm−1, the soil is deemed saline (equivalent to 40mM
NaCl), and osmotic pressure of around 0.2MPa is generated,
signi�cantly lowering the yields of most crops [8]. In sensitive
species, salt stress inhibits growth and development by reducing
leaf area, photosynthesis, respiration rate, protein synthesis,
nitrogen �xation, yield, and biomass [9–14].

Rice is considered a glycophytic plant [15], and the most
susceptible to salinity among cereal crops. Some rice varieties
can tolerate salinity at 3 dS m−1. At a salinity of 3.5 dS m−1,
rice yield decreased by 10%, while at 7.2 dS m−1, rice yield
decreased by 50% [2]. Salt stress has a negative impact on rice
development and yield, which varies according to develop-
mental stages, stress severity level and duration, and variety
[16]. Salt stress reduced germination percentage, germination
speed, and energy for germination, leading to decreased shoot
length, root length, and dry weight in all rice varieties [9]. Rice
seedling growth was also inhibited under salinity stress in a
physiological and biochemical study [17].

Luem Pua glutinous rice is the staple diet of Hmong Hill
tribes in Northern �ailand. �is upland area rice is con-
sidered to be a drought-tolerant variety. Luem Pua rice is
very popular in �ailand due to its high nutritional value,
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including proteins, vitamins B1 and 2, vitamin E, gamma-
oryzanol, fatty acids, anthocyanins, omega 3, 6, and 9, zinc,
iron, manganese, ascorbic acid, and calcium [18]. Starch
products from Luem Pua rice undergo nonenzymatic di-
gestion and can be absorbed within the human small in-
testine, showing dietary fiber properties. +is product is also
effective in reducing the size of fat cells in the abdomen,
preventing pathology development of the intrathoracic aorta
and reducing aorta thickness [19]. Moreover, the delicious
taste and the unique variety name have made this rice
popular and widely consumed. In +ai, “Luem Pua” means
forgetting husband, and maybe wives forget their husbands
for a moment while eating this delicious rice. Luem Pua rice
has economic potential as a healthy, alternative rice variety,
but rice growth and yield are affected by saline soil that is
ubiquitous throughout the country, including northeast,
central, and coastal areas.

Biotechnological approaches, particularly tissue culture, are
now used to attain higher rice quality and yield. In vitro
propagation in terms of callus culture and adventitious shoot
formation is an important tool and fundamental procedure for
other advanced biotechnological techniques [20], including
crop improvement and preservation aspects [21]. In plant tissue
culture, the effects of plant growth regulators (PGRs) have been
extensively studied [22–24]. Callus initiation and plant regen-
eration influenced by PGRs can swiftly produce a large number
of plants [23]. During somatic embryogenesis, PGRs play an
important role in cell division and differentiation [22], with
embryogenic calli required for successful regeneration [23].
Auxins cause embryogenic and organogenic differentiation,
cytodifferentiation, and cell division in tissue culture [24].
Among PGRs, the auxin 2,4-D (dichlorophenoxyacetic acid) is
well-known for helping to accelerate the proliferation and
expansion of embryogenic calli [25]. Many modifications in
both type and concentration of PGRs have been evaluated. For
rice callus induction, 2,4-D alone or merged with other PGRs
such as 1-naphthalene acetic acid (NAA) [26, 27] or kinetin [28]
successfully generated calli from seed, while other substances
such as casein hydrolysate, proline [22], and coconut water [29]
have also been applied for rice callus induction. Natural auxins,
including indole-3-acetic acid (IAA), indole-3-butyric acid
(IBA), and 1-naphthaleneacetic acid (NAA), primarily interact
with cytokinin to promote shoot proliferation and root for-
mation [24].+e interaction of auxin and cytokinin is critical for
plant development, and these hormones are routinely used to
modulate differentiation in explants in vitro plant tissue culture
[30]. Numerous reports have been published detailing the
combination of auxins and cytokinins in plant tissue culture
techniques. Naphthalene acetic acid (NAA) and benzyladenine
(BA) have often been used for new plantlet regeneration from
rice calli [27, 31, 32]. However, factors such as genotype, type,
and concentration of PGRs, physiological and developmental
stage of explant, carbon source, medium, and desiccation
condition are also considered important parameters affecting
new plantlet regeneration from rice calli [24, 27].

Studying physiological reactions at the cellular level is
the primary prerequisite before developing a salt-resistant
line to overcome the adverse effects of soil salinity, one of the
most obstructive influences on crop yield [32]. Callus

induction, plantlet regeneration, and the in vitro selection of
salinity-tolerant Luem Pua rice calli have not yet been in-
vestigated. +erefore, here comparative stress resistance was
evaluated for cellular tissue (callus) and the organism
(seedling) response was observed with salinity assessment of
Luem Pua rice growth was conducted under both in vitro
and ex vitro propagation. Findings provide important in-
formation for rice cultivation under different salt concen-
tration levels, while basic knowledge from this report can be
applied for future rice breeding programs.

2. Materials and Methods

2.1. Callus Induction. Dehusked seeds were surface sterilized
with 70% ethanol for 1min before shaking for 30min with 20%
(v/v) sodium hypochlorite (Clorox) mixed with 2–3 drops of
tween 20 and thenwashed three timeswith sterile distilled water

+e sterilized seeds were cultured on MS medium with
various concentrations of plant growth regulators (PGRs) as
2,4-dichlorophenoxyacetic acid (2,4-D) (0, 1, 1.5, 2 and 2.5mg/
l) and benzyladenine (BA) (0, 0.1, and 0.5mg/l) for 3 weeks.+e
cultures were exposed to a light flux density of 40μmolm−2 s−1
(16/8h light/dark) under 25±2°C. Each treatment comprised
five replicates, with five calli cultivated in each replicate. Calli
derived from the seeds were used as explants in the in vitro
salinity stress experiment. Callus induction percentage, survival
percentage, callus size, fresh weight, and dry weight were
recorded. Callus induction percentage was calculated as follows:

callus induction percentage

�
final number of seeds with induced calli

initial number of seeds
× 100.

(1)

Each survived callus was checked using the 2,3,5-tri-
phenyl tetrazolium chloride (TTC) assay according to Towill
and Mazur [33], while the response sample was defined as a
callus that was still alive and growing or expanding in re-
sponse to the culture medium. Following Rohmah and
Taratima [34], the survival and response percentages were
calculated as follows:

survivalpercentage�
finalnumberof survivedcalli

initialnumberof calli
×100,

(2)

responsepercentage�
finalnumberof responsecalli

initialnumberof calli
×100.

(3)

2.2. PlantletRegeneration. Calli at the same size of 5mmwere
cultured on ms medium containing 0, 1, 2, 3, 4, and 5mg/l BA
in combination with 0 and 0.5mg/l naphthaleneacetic acid
(NAA) at 25± 2°C with a 16/8 h light/dark cycle under
40μmolm−2 s−1 light intensity. Each treatment comprised 10
replicates, with three calli cultivated in each replicate. Re-
generation percentage, green spot number per callus, shoot
and root number per callus, and survival percentage were
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investigated after 4 months of culture. +e regeneration
percentage was calculated as follows:

regeneration percentage

�
final number of regenerated calli

initial number of calli
× 100.

(4)

2.3. Salinity Stress under In Vitro Propagation. Similar sized
calli of 5mm were used as explants. +e calli were treated on
anMSmedium containing various concentrations of NaCl (0,
50, 100, 150, and 200mM) and incubated at 25± 2°C with a
16/8 h light/dark cycle under 40μmolm−2 s−1 light intensity
for 4 weeks. +e survival rate was determined using the TTC
assay and the green spot number per callus was recorded.

2.4. Seedling Salinity Stress Treatment. Luem Pua rice seeds
were germinated in a Petri dish on filter paper soaked with
sterile distilled water for 72 h before transferring into pots
(17 cm in diameter).

Each pot was filled with two kilograms of semiloamy clay
soil, mixed with peat moss in a 2 :1 ratio by volume, with

four seedlings per pot, and cultivated for 2 weeks. Fourteen-
day-old seedlings were used as explants in the salinity stress
experiments. Aliquots of 100ml of NaCl solution at con-
centrations of 0, 50, 100, 150, and 200mMwere used instead
of water every day for 4 weeks. Each treatment was repeated
using five replicates with three pots in each replicate.

2.5. Growth Performance and Physiological Characteristics.
After 4 weeks of seedling salinity treatment, survival rate,
plant height, clump no/seedling, leaf number, leaf width, leaf
length, green intensity in terms of SPAD unit, chlorophyll a
content, chlorophyll b content, total chlorophyll content,
chlorophyll fluorescence in light condition (Fv/Fm), and
chlorophyll fluorescence in dark condition (Fv’/Fm’) were
investigated.

Seedling height reduction percentage (SHR%) was cal-
culated according to Islam and Karim [35] as equation (5).
+e plant height of the control was used as the baseline or
denominator to compare the reduced heights of treated
seedlings.

SHR% �
(plant height at control level − plant height at saline condition)

plant height at saline condition
× 100. (5)

+e sample was defined as alive when having a green
clump and more than two green leaves, while a white or
yellow clump with less than two green leaves was identified
as a dead plant. +e green intensity was recorded using a
Chlorophyll Meter (Konica Minolta SPAD-502 Plus), with
three areas measured as leaf base, mid leaf, and leaf apex.

Chlorophyll a, chlorophyll b, and total chlorophyll
contents were determined. A sample of 0.1 g of mature leaves
was ground using a mortar before dissolution in 5ml of 80%
acetone. Another 20ml of 80% acetone was added once all of
the green material had dissolved. +e supernatant was de-
tected using a spectrophotometer (Spectronic 20) tomeasure
absorbance at 645 and 663 nm with 80% acetone as a blank.
Chlorophyll content was calculated according to Arnon [36]
as the following equations:

totalchlorophyll
mg

gtissue
  �[20.2(A645) +8.02(A663)]

×
V

(1000 × W)
.

(6)

chlorophylla
mg

gtissue
�[12.7(A663) −2.69(A645)]

×
V

(1000× W)
.

(7)

chlorophyllb
mg

gtissue
�[22.9(A645) −4.68(A663)]

×
V

(1000× W)
.

(8)

Here, V is the total volume of solution (ml) and W is the
weight of leaves (g).

Chlorophyll fluorescence in terms of light condition (Fv/
Fm units) and dark-adapted leaves (30min dark) (Fv’/Fm’
units) was assessed on mature leaves by a Chlorophyll
Fluorometer Handy PEA [37]. All treatments were con-
ducted for four replicates.

2.6. Electrical Conductivity (ECe). Soil electrical conductivity
was measured following Rayment and Higginson [38]. Every
week throughout the NaCl treatments, 3 g of soil samples
was collected, placed in 15ml of deionized water, and
allowed to settle for 24 h. Electrical conductivity was mea-
sured using a PL-700 Series Bench Top Meter (Gondo: PL-
700PC (S)).

2.7. Data Analysis. A completely randomized design (crd)
was utilized in each treatment for at least three replicates.
One-way analysis of variance (one-way ANOVA) was used
to examine statistical analysis, while the post hoc test
(Duncan’s test) was used to compare analyses of mean values
at a 95% confidence level. Correlation coefficients between
intriguing pairs of growth features at phenotypic levels were
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used to study growth performance relationships based on
Searle [39] and Singh et al. [40] as follows:

phenotypiccorrelationcoefficients(rp) �
cov.XP(p)

������������
var.Xp.var.Yp

 .

(9)

Here, cov.XY (p) is the phenotypic covariance between
characteristics X and Y, and var.X (p) and var.Y (p) are the
variances in phenotypic levels of characteristics X and Y,
respectively. +e SPSS program was used to examine the
data.

3. Results and Discussion

3.1. Callus Induction and Plantlet Regeneration. Light yellow
to white calli were formed after 3 weeks of induction on MS
medium supplemented with all concentrations of 2,4-D
(Table 1 and Figure 1). Seed cultures on a medium without
2,4-D showed seed germination and shoot and root de-
velopment. Survival percentages of all treatments were not
significantly different except for 0.5mg/l BA with 1.5 and
2.5mg/l 2,4-D treatments. +e highest callus formation
percentage (100%) was found in the treatment of 0.5mg/l BA
with 1mg/l 2,4-D, while 1mg/l 2,4-D treatment exhibited
the highest fresh weight (54.52mg) and callus length
(6.29mm). Treatment of 0.1mg/l BA with 2.5mg/l 2,4-D
showed the highest callus width at 4.70mm, with the highest
dry weight (17.12mg) recorded for the 0.5mg/l BA with
2mg/l 2,4-D treatment (Table 1).

Survival percentages and average root numbers per
callus of all treatments were not significantly different. All
treatments stimulated shoot regeneration from the callus,
except for the medium without BA and NAA (Table 2 and
Figure 2). Green spot formation was initiated after 2 weeks of
culture before developing into new shoots and roots (Fig-
ure 3). Some areas of the callus changed from yellow to dark
brown after 3-4 weeks of culture. Highest regeneration
percentage (49.99%), green spot number per callus (8.7) and
shoot number per callus (3.9) were recorded onMSmedium
containing 4mg/l BA with 0.5mg/l NAA (Table 2).

MS medium supplemented with all concentrations of
2,4-D promoted calli formation in Luem Pua rice seed.
Previous studies also concurred that appropriate 2,4-D
concentration promoted callus formation by encouraging
embryogenic capability on the scutellar cells, resulting in
proliferation and expansion of rice embryogenic calli
[41–44]. New plantlets from calli of Luem Pua rice were
regenerated after culture on MS medium with BA and NAA.
New adventitious shoots were generated from the calli
surfaces. +is result also concurred with many previous
reports that BA and NAA can be used for plantlet regen-
eration from rice callus [43, 45, 46]. However, shoot for-
mation in our experiment was more dominant than root
formation for high BA :NAA ratios. BA is a plant growth
regulator of the cytokinin group, which plays an important
role in promoting cell division, abatement of apical domi-
nance, and adventitious shooting [47]. In the presence of
auxin, cytokines typically stop rooting because cell division

speeds up and impedes differentiation [48]. However, a
combination of auxin and various types of cytokinins may be
suitable for higher adventitious shoot formation than using
only one type of cytokinin. In Topa rice, using 0.5mg/l NAA
in combination with 3mg/l BA and 0.5mg/l kinetin gave
regeneration percentage of 80% [49]. Optimal conditions for
callus induction and regeneration of Luem Pua rice in this
study were MS medium containing 0.5mg/l BA with 1mg/l
2,4-D and MS medium containing 4mg/l BA with 0.5mg/l
NAA. However, the success of callus induction or plantlet
regeneration depends on many other factors, including type,
concentration, and ratio of exogenous plant growth regu-
lators, explant characteristics, and preculture conditions
[48, 50].

3.2. In Vitro Salinity Treatment. All calli showed normal
growth during the first week after initiating treatment. After
2 weeks of culture, browning areas formed on all calli, in-
cluding the control (Figure 4(a)). No regeneration signal was
found in this experiment. +e survival rate decreased when
NaCl concentrations increased. +e highest survival per-
centage was observed in the control group (86.66%), fol-
lowed by the 50mM NaCl treatment (76.66%), with no
significant difference (Table 3). After 4 weeks of culture,
small amounts of green spots formed on the control calli.

Survival rates of all treated calli were determined using the
TTC assay. +is assay measures the degree of respiration in
samples using the enzymatic activity of living plant cells.
Colorless TTC is converted to red triphenylformazan by
active dehydrogenases in mitochondria [33, 51]. +erefore,
living tissue tested under the TTC assay showed red compared
to colorless living tissue without TTC assay (Figure 4(b)).

+e survival rate of treated calli decreased at high NaCl
concentrations, with no green spots or adventitious shoots
found. +is result differed from studies of IR64 rice [52] and
Samba Mahsuri rice [53], where salinity-treated calli of both
cultivars showed regeneration performance after treatment
with 50mM NaCl and 75 and 100mM NaCl in IR64 rice.
Luem Pua rice is considered to be a drought tolerance variety;
however, our results suggested that this variety may not be
tolerant to salinity stress, especially in in vitro treatment. In
vitro systems provide essential tools for stress evaluations,
allowing researchers to better understand halophyte plant salt
tolerance mechanisms at the cellular or organized tissue level
[54]. +ese studies can also provide information on growth
potential and physiological and biochemical responses to
NaCl stress at various tissue levels [55]. +erefore, rice callus
culture and shoot regeneration responses to salt stress are
critical factors in improving rice salt tolerance [56]. Nu-
merous reports about callogenesis and adventitious shoot
regeneration of Indica rice have been published, but this
investigation focused on the diverse rice cultivar Luem Pua,
with an in vitro evaluation of calli under various salinity levels.

3.3. Seedling Salinity Treatment. Survival percentage and
other growth performance parameters of treated seedlings
decreased compared to the control. However, after 4 weeks
of treatment, Luem Pua rice seedlings showed tolerance to
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high salinity levels, with survival percentages of 50 and
100mM NaCl not significantly different from the control
group (Table 4). Seedlings subjected to 200mM NaCl
treatment all died during the third week after treatment
(Figure 5 and Table 4). Clump numbers per seedling for all
treatments decreased compared to the control, while plant
height of 100 and 150mM NaCl treatments were signifi-
cantly lower than 50mM NaCl treatment and the control.
Only the 50mM NaCl treatment exhibited a negative
seedling height reduction percentage (SHR%) (−0.01).

Leaf number per seedling, leaf width, and length of
treated plants decreased compared to the control, but the

green intensity in terms of SPAD unit of 50 and 100mM
NaCl was higher than the control. For chlorophyll content
measurement, total chlorophyll, chlorophyll a, and chlo-
rophyll b of 50, 100, and 150mM NaCl treatments were also
higher than the control. +e highest chlorophyll b was
obtained in the 50mM NaCl treatment (1.02mg). Chloro-
phyll fluorescence values under dark conditions of all
treatments were not significantly different from the control,
while chlorophyll fluorescence under light-adapted condi-
tions for all treatments was significantly higher than the
control (Table 4). +e overall growth of NaCl-treated
seedlings was not higher than the control, but physiological
parameters such as green intensity and chlorophyll content
showed improvements.

Correlation analyses of growth and physiological traits of
treated plants were investigated. Survival rate was highly
significantly correlated with plant height, clump number per
seedling, leaf number, leaf width, and leaf length (P< 0.001).
Growth performance in terms of plant height, clump
number per seedling, leaf number, leaf width, and leaf length
positively correlated with each other, while physiological
characteristics such as chlorophyll a, chlorophyll b, and total
chlorophyll—clump number—negatively correlated with
some growth characteristics (Figure 6).

After 4 weeks of salinity treatment, Luem Pua rice
seedling growth under salinity level at 1.5 dS m−1 decreased
(data not shown). +is result differed from the rice berry
cultivar, where growth increased when exposed to salinity at
sodium chloride concentrations up to 8 dS m−1 [57]. In-
creasing concentrations of NaCl decreased plant height, leaf
number, leaf width, and leaf length of Luem Pua rice in this
study. In other crops such as maize and spinach, growth
characteristics such as growth rate, plant height, leaf
number, and leaf size were inversely related to NaCl con-
centration [58]. Salinity stress causes ion toxicity or oxi-
dative stress, imbalance of osmotic stress, stress damage, and

Table 1: Induction performance and characteristics of calli derived from Luem Pua rice seeds after culture on MS medium supplemented
with various concentrations of 2,4-D (dichlorophenoxyacetic acid) and BA (benzylaminopurine) for three weeks.

PGRs
% survival % callus induction

Growth performance

BA (mg/l) 2,4-D (mg/l) Callus fresh weight
(mg)

Callus dry weight
(mg)

Callus
width (mm)

Callus
length (mm)

0 0 100± 0.00a 0± 0.00c 0.00± 0.00b 0.00± 0.00b 0.00± 0.00c 0.00± 0.00c
0 1 100± 0.00a 65± 15.00bc 54.52± 5.37a 11.36± 1.64ab 4.27± 0.35a 6.29± 0.32ab
0 1.5 100± 0.00a 70± 5.00bc 47.94± 7.41a 11.02± 0.98ab 4.09± 0.41ab 5.59± 0.41bc
0 2 95± 5.00 ab 65± 10.00bc 14.18± 3.00c 8.44± 1.04b 3.75± 0.35ab 4.79± 0.50bc
0 2.5 100± 0.00a 45± 9.35c 10.32± 1.12c 6.00± 0.39b 3.06± 0.19b 4.48± 0.26bc
0.1 0 90± 6.12b 0± 0.00c 0.00± 0.00c 0.00± 0.00b 0.00± 0.00c 0.00± 0.00c
0.1 1 100± 0.00a 75± 11.18bc 37.46± 6.47ab 12.54± 1.76ab 4.07± 0.34ab 4.94± 0.27bc
0.1 1.5 100± 0.00a 80± 9.35bc 27.02± 4.60ab 11.30± 1.16ab 3.74± 0.20ab 4.30± 0.47c
0.1 2 95± 5.00 ab 70± 5.00bc 33.68± 6.54ab 12.24± 1.77ab 3.84± 0.36ab 5.61± 0.58bc
0.1 2.5 100± 0.00a 70± 9.35bc 42.42± 4.09a 12.06± 0.66ab 4.70± 0.24a 5.62± 0.53bc
0.5 0 100± 0.00a 0± 0.00c 0.00± 0.00c 0.00± 0.00b 0.00± 0.00c 0.00± 0.00c
0.5 1 100± 0.00a 100± 0.00ab 23.00± 4.73ab 13.76± 1.08ab 3.91± 0.36ab 4.73± 0.49bc
0.5 1.5 90± 6.12b 60± 12.74bc 27.94± 4.06ab 16.06± 1.81a 3.90± 0.37ab 5.12± 0.21bc
0.5 2 100± 0.00a 65± 10.00bc 43.62± 5.23a 17.12± 1.40a 4.62± 0.23a 5.50± 0.39bc
0.5 2.5 90± 6.12b 65± 10.00bc 28.38± 7.20ab 12.64± 1.95ab 4.01± 0.38ab 4.16± 0.28c

Mean± SE, n� 25. Values followed by different superscripts in the same column are significantly different according to ANOVA and Duncan’s Multiple
Range Test (P< 0.05).

1 cm

0 1 1.5 2 2.5mg/l 2, 4-D

0

0.1

0.2
mg/l

BA

Figure 1: Callus observations of Luem Pua seed cultures on MS
medium containing various concentrations of BA and 2,4-D for
three weeks.
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Table 2: Regeneration performance of Luem Pua calli after treatment with various concentrations of BA and NAA for four weeks.

MS
% survival % regeneration Green spot number/callus Shoot number/callus Root number/callus

BA (mg/l) NAA (mg/l)
0 0 100± 0.00a 0.00± 0.00b 0.00± 0.00b 0.00± 0.00b 0.00± 0.00c
1 0.5 100± 0.00a 9.99± 5.09b 0.00± 0.00b 0.43± 0.24b 0.00± 0.00c
2 0.5 100± 0.00a 13.33± 5.44b 4.20± 2.67ab 1.40± 0.67b 0.13± 0.08a
3 0.5 100± 0.00a 3.33± 0.33b 0.13± 0.13b 0.06± 0.06b 0.00± 0.00c
4 0.5 100± 0.00a 49.99± 11.38a 8.70± 4.37a 3.93± 1.17a 0.06± 0.04b
5 0.5 100± 0.00a 19.99± 5.44ab 4.63± 2.43ab 2.43± 1.23ab 0.00± 0.00c

Mean± SE, n� 30. Values followed by di�erent superscripts in the same column are signi�cantly di�erent according to ANOVA and Duncan’s Multiple
Range Test (P< 0.05).

0 mg/l BA
0 mg/l NAA

1 mg/l BA
0.5 mg/l NAA

2 mg/l BA
0.5 mg/l NAA

3 mg/l BA
0.5mg/l NAA

4 mg/l BA
0.5 mg/l NAA

5 mg/l BA
0.5 mg/l NAA

1 cm 

Figure 2: Callus features after culture onMSmedium containing various BA and NAA concentrations for four weeks, 0.5mg/l NAAwith 2,
4, and 5mg/l BA exhibited green spot formation (arrows).

1 mm

1 mm

(a)

1 mm

R Sh

(b)

Figure 3: Callus characteristics after culture on MS medium containing 4mg/l BA with 0.5mg/l NAA for four weeks. Green spot (arrows)
formation on callus (a) and adventitious shoot (Sh) and root (R) derived from callus (b).
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cell wall-limited extensibility, which all impact the growth
reduction of plants [59]. Soil electrical conductivity also
changed after sodium chloride treatment. Salinity levels in

soil may depend on other factors and some soil microor-
ganisms also play important roles in soil nutrition balance
[60]. High NaCl concentrations in our study did not a�ect
chlorophyll content and chlorophyll �uorescence in both
light- and dark-adapted conditions. �is result con�icted
with Hussain et al. [7], who found that salinity stress reduced
photosynthesis parameters in seedlings of Liangyoupeijiu
(LYP9) and Nipponbare (NPBA) rice. Salt stress in plants
induces free radical formation that destroys the photosyn-
thetic apparatus within the thylakoid membrane, causing
chlorophyll to become a colorless substance called chloro-
phyll bleaching [37]. Green intensity in terms of SPAD unit,
total chlorophyll, and chlorophyll a of treated seedlings was
higher than the control due to insu�cient watering per day
of the control approaching the tillering stage with higher
growth performance than the treatment. Dehydrated leaves

150 mM NaCl 200 mM NaCl

0 mM NaCl 50 mM NaCl

100 mM NaCl
1 cm 

(a)

Without TTC With TTC

1 mm

(b)

Figure 4: Callus features after culture onMSmedium supplemented with 0.5mg/l BA, 1mg/l NAA, and various concentrations of NaCl for
four weeks (a). Living tissue tested with TTC assay showed red compared to colorless living tissue without TTC assay (b).

Table 3: Survival percentage and green spot quantity of salinity-
treated calli after four weeks.

NaCl (mM) % survival Green spot number/callus
0 86.66± 10.18ab 0.46± 0.24a
50 76.66± 13.19ab 0.00± 0.00b
100 60.00± 16.32b 0.00± 0.00b
150 33.33± 14.90b 0.00± 0.00b
200 30.00± 15.27b 0.00± 0.00b

Mean± SE, n� 30. Values followed by di�erent superscripts in the same
column are signi�cantly di�erent according to ANOVA and Duncan’s
Multiple Range Test (P< 0.05).
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turned pale, and chlorophyll pigment decreased and a�ected
the photosynthesis pathway [61]. Chlorophyll �uorescence
measurements of the control and treatments in this study
were not signi�cantly di�erent. �ese values are used to
indicate photosystem II (PSII) e�ciency [62]. Salinity stress
had no e�ect on the e�ciency of PSII in Luem Pua rice. �is
result di�ered from sugarcane and cucumber studies, where
chlorophyll �uorescence under dark-adapted conditions
(Fv/Fm) decreased after salinity treatment resulting in

reduced light absorption e�ciency, while net photosynthetic
rate also reduced [63, 64]. Salinity tolerance cultivars adapt
under salt stress by decreasing electrolyte leakage rate,
malonaldehyde (MDA), and cumulative proline, which
helps to increase salinity tolerance.

Survival rates of NaCl-treated calli and seedlings de-
creased when NaCl concentrations increased. At high NaCl
concentration (200mM), no seedlings survived (Table 4),
while treated calli showed a 30% survival rate (Table 3). Calli

Table 4: Growth and physiological traits of Luem Pua rice seedling after salinity treatment for four weeks.

Characteristics
NaCl concentration (mM)

0 50 100 150 200
% survival 100.00± 0.00a 100.00± 0.00a 71.42± 10.10ab 14.28± 0.00b 0.00± 0.00b
Plant height (cm) 50.48± 2.68a 51.03± 1.17a 41.83± 0.55ab 37.55± 1.99b —
SHR% 0 −0.01 0.21 0.34 —
Clump no./seedling 3.39± 0.08a 3.00± 0.29ab 1.66± 0.11b 1.75± 0.47b —
Leaf no./clump 3.57± 0.10a 2.89± 0.08a 2.31± 0.10b 2.00± 0.00b —
Leaf width (cm) 0.59± 0.01a 0.56± 0.01a 0.46± 0.02b 0.43± 0.01b —
Leaf length (cm) 25.67± 0.75a 24.71± 0.82a 21.24± 0.67ab 13.21± 0.64b —
SPAD unit 22.16± 0.71ab 26.99± 1.23a 25.41± 1.62a 19.22± 3.28b —
Chlorophyll a 1.44± 0.18b 2.02± 0.10a 1.77± 0.15b 1.78± 0.11b —
Chlorophyll b 0.65± 0.09b 1.02± 0.05a 0.78± 0.08b 0.82± 0.06ab —
Total chlorophyll 2.09 + 0.28b 3.04 + 0.15a 2.55 + 0.23ab 2.60 + 0.17ab —
Fv/Fm 0.82± 0.01a 0.83± 0.00a 0.81± 0.01a 0.82± 0.00a —
Fv’/Fm’ 0.68± 0.05b 0.79± 0.00a 0.76± 0.02a 0.74± 0.01a —
Mean± SE, n� 12. Values followed by di�erent superscripts in the same column are signi�cantly di�erent according to ANOVA and Duncan’s Multiple
Range Test (P< 0.05). Chlorophyll measurement unit is mg/g tissue; Fv/Fm� chlorophyll �uorescence under dark-adapted conditions; Fv’/Fm’� chlorophyll
�uorescence under light-adapted conditions.

0 50 100
NaCl

150 200mM

Figure 5: Luem Pua rice phenotypes after salinity treatment for four weeks.

PH CN LN LW LL SU Cha Chb TC Fv/Fm Fv′/Fm′

SR 0.812∗∗ 0.621∗∗ 0.798∗∗ 0.828∗∗ 0.910∗∗ 0.537∗ –0.133 –0.014 –0.091 0.089 0.002
PH 0.641∗ 0.731∗∗ 0.818∗∗ 0.843∗∗ 0.489 0.03 0 0.133 0.068 0.064 –0.203
CN 0.764∗∗ 0.778∗∗ 0.664∗ 0.321 –0.271 –0.125 –0.220 0.165 –0.212
LN 0.857∗∗ 0.807∗∗ 0.176 –0.381 –0.245 –0.335 0.27 0 –0.266
LW 0.807∗∗ 0.278 –0.280 –0.118 –0.223 0.023 –0.217
LL 0.434 –0.097 0.008 –0.059 –0.071 –0.165
SU 0.137 0.13 0 0.136 0.061 0.194
Cha 0.954∗∗ 0.994∗∗ –0.078 0.388
Chb 0.981∗∗ 0.023 0.459
TC –0.041 0.419

Fv/Fm 0.289
–1.0 –0.5 0.0 0.5 1.0

Figure 6: Heat maps explaining the phenotypic correlation coe�cient estimation of growth and physiological characteristics in Luem Pua
rice after NaCl treatment for four weeks. ∗Signi�cant correlation at P< 0.05; ∗∗signi�cant correlation at P< 0.001. SR� survival rate;
PH� plant height; CN� clump no./seedling; LN� leaf number; LW� leaf width; LL� leaf length; SU� SPAD unit; Cha� chlorophyll a;
Chb� chlorophyll b; TC� total chlorophyll; Fv/Fm� chlorophyll �uorescence in light condition; Fv’/Fm’� chlorophyll �uorescence in dark
condition.
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under high NaCl concentration displayed salinity stress
characteristics at cellular or tissue level, but this did not affect
salinity stress tolerance at the organism level as rice seedlings.
Calli are composed of unorganized tissue, consisting of un-
differentiated parenchymatous cells [65]. NaCl impacted the
regeneration performance of treated calli, but many paren-
chymal cells still survived, while seedlings, as organized tissue,
were strongly affected by salinity stress through both phys-
iological and molecular mechanisms such as ionic tolerance,
osmotic tolerance, and tissue tolerance [66, 67].

4. Conclusions

Embryogenic calli from Luem Pua rice seed were cultured on
MSmedium containing 0.5mg/l BAwith 1mg/l 2,4-D, while
MS medium containing 4mg/l BA with 0.5mg/l NAA was
suitable for new plantlet regeneration from calli surfaces.
+e calli were strongly affected by NaCl. Seedling growth
under salinity treatment decreased when NaCl increased,
while physiological parameters such as total chlorophyll,
chlorophyll a, chlorophyll b, green intensity, and chlorophyll
fluorescence under light conditions increased under salinity
stress. +is is the first report on in vitro propagation and
salinity treatment of Luem Pua rice calli and seedlings. +e
Luem Pua rice cultivar was found to be sensitive to salinity
stress but can grow under low or moderate salinity condi-
tions. Our findings can be utilized to rejuvenate Luem Pua
rice seeds, thereby improving the cultivar and also leading to
biotechnological development of new varieties by genetic
transformation, offering further research avenues on high-
yielding abiotic stress-resistant rice cultivars.
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