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A phenotypic evaluation of 89 potential pholog

salinity tolerant rice lines obtained from Introduction
hybridization of Malaysian elite rice variety
(MR 297) and salt tolerant varieties Pokkali
and Salinas 2 (NSIC Rc184) was carried out
according to chlorophyll index and plant
morphological traits. ANOVA test showed a
significant difference of chlorophyll index
among check varieties when grown under salt-
stressed treatment as compared to non-stressed
treatment. Further evaluation on chlorophyll
index among potential salinity tolerant rice
lines found that around 56 lines have higher
chlorophyll index compared to tolerant check
variety Pokkali ranged from 42.60 to 50.83
SPAD value. Cluster analysis on thirteen
selected lines discriminated the lines into two
groups according to tolerant and sensitive
check varieties. As conclusion, chlorophyli
index is one of indicators to determine the
inhibitory effect of salinity on photosynthetic
efficiency and could be used in identifying
potential salt tolerant lines along with other
plant morphological traits.

Changes in sea level and an increase in tidal
surges have led to saltwater intrusion into low-
lying coastal land as a consequence of climate
change. The sea level is projected to rise by
0.5 metres by 2100, causing 20% of rice-
growing area to be completely flooded
(Ghazali and Awang, 2018). Peninsular
Malaysia's northwestern coastline is among the
regions that most severely impacted by sea-
level rise (Ghazali and Awang, 2018). In 2016,
it was reported that seawater had entered the
rice fields near Kuala Kedah as a result of high
tides (Embun, 2016). This phenomenon
affected approximately 30 hectares of rice
production areas and yield losses up to 75%
(Sah et al., 2021). The seawater inundation on
the rice production area poses a risk where the
salinity stress interferes with the growth of rice
plants. Moreover, high salt level interferes
with photosynthesis, cell shrinkage, tissue
development and differentiation, nutritional
imbalance, and cell membrane damage (Hakim
et al., 2014).
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There are two major constraints when plant is
exposed to high salt; osmotic stress, which
compromises a plant’s ability to take up water
and ionic imbalance that result in excessive
accumulation of Na+ and Cl- in intracellular
compartments that are metabolically active
(Zhao et al., 2020). Salinity stress leads rice
plants to experience osmotic shock and the
subsequent induction of stomatal closure
(Hameed et al., 2021). This event is caused by
oxidative stress due to overproduction of
reactive oxygen species (ROS) as well as
depletion of K+ due to excessive accumulation
of Na+ in plant cells (Alscher et al., 1997; Zuo
et al., 2021). Furthermore, the changes in
structural and functional of chloroplasts
reduced photosynthesis efficiency and result in
declined photosynthetic rates, decreased
biomass production, and lower grain yield
(Yang et al., 2020; Zhang et al., 2020).
Measurement of chlorophyll content using soil
plant analysis development (SPAD) is widely
adopted. It is an alternative method based on
the reflectance and/or absorbance of radiation
by the intact leaf which provides a non-
destructive analysis for relative chlorophyll
content with rapid and accuracy (Ling et al.,
2011). In addition, this equipment is using two
light wavelength optical absorbance (650 and
940 nm) to generate relative ‘Chlorophyll
Index’ value but not measuring the absolute
chlorophyll content per mass of leaf tissue or
per unit leaf area (Cassol et al., 2008; Ling et
al., 2011).

There are several indicators to select salinity
tolerant rice using morphological and
physiological parameters (Krishnamurthy et
al., 2016). Salt affected rice plants show
symptoms such as white tips of the affected
leaves, seedling’s growth retardation, low tiller
numbers and even plant death in serious cases
(Coca et al.,, 2023). Method for evaluating
morphological parameters involves applying
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salt to rice at various growth stages and
observing the damage symptoms such as leaf
chlorosis, necrosis and spikelet sterility
(Abdullah et al., 2001; Hannachi et al., 2022).
Furthermore, physiological parameters
examine the metabolite changes and
physiological mechanisms involved in plants’
ability to deal with excessive salts (Qin et al.,
2020). Breeding for local salt tolerance rice
varieties is essential not only for improving
yield production in saline soil areas, but also
for good adaptability and meeting consumer
preferences in terms of grain quality. Hence,
this study was carried out to evaluate the effect
of salt stress on chlorophyll content in
breeding lines obtained from hybridization of
local elite rice variety (MR 297) and salt
tolerant varieties (Pokkali and Salinas 2 (NSIC
Rc184)) and selection of tolerant rice lines.

Materials and methods

Early generation of breeding lines consists of
89 progenies (Fs and BC;F3) were obtained
from hybridization of local elite rice variety
MR 297 with two salt tolerant varieties,
Pokkali and NSIC Rc184 (Salinas 2) (Table 1).
The breeding lines were evaluated under salt
stress condition (electrical conductivity of 6
dS/m) along with sensitive check (IR29) and
its parental varieties according to Singh (2006)
with slight modifications. The salt stress was
given at 21 days after sowing and prolonged
until harvest during Main Season 2021/2022
(October 2021 - March 2022) in plant house,
MARDI Seberang Perai Research Station,
Penang, Malaysia (5.5407°N, 100.4695°E). In
order to study the effect of salt stress on rice
plant, selected check and parental varieties
were grown under non-stressed condition (T1)
and salt-stressed condition (T2) using
randomized complete block design (RCBD) in
three  replications.  Standard  agronomic
practices with total fertilizer of 104.30 N:41.70
P,05:61.50 K0 (Kg/ha) were applied.
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Table 1: List of genotypes tested

No. Line/Variety | Types Crossing Generation | No. of
lines
1 5745 Breeding line | Pokkali x MR 297 Fs 4
2 5746 Breeding line | Pokkali x MR 297 Fs 4
3 5747 Breeding line | Pokkali x MR 297 Fs 4
4 5755 Breeding line | Pokkali x MR 297 Fs 4
5 5757 Breeding line | Pokkali x MR 297 Fs 4
6 SL002 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) Fs 1
7 SL006 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) Fs 4
8 SL007 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) Fs 4
9 SLO08 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) Fs 3
10 SL010 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) Fs 4
11 SLO11 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) Fs 1
12 SLO17 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) Fs 2
13 SL021 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) Fs 4
14 SL023 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) Fs 4
15 SL024 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) Fs 1
16 SL026 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) Fs 2
17 SL028 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) Fs 1
18 SL029 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) Fs 2
19 SL030 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) Fs 1
20 SL031 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) Fs 1
21 SL034 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) Fs 3
22 SL036 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) Fs 4
23 SL037 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) Fs 3
24 SL040 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) Fs 2
25 SL090 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) BCiF3 4
26 SL095 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) BCiF3 4
27 SL100 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) BCiF3 2
28 SL101 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) BCiF3 2
29 SL102 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) BCiF3 3
30 SL104 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) BCiF3 4
31 SL105 Breeding line | MR 297 x NSIC Rc184 (Salinas 2) BCiF3 3
Total 89
32 Sensitive check
IR29 (IRRI)
Pokkali Tolerant check (donor parent)
33 :
(India)
Salinas2 Tolerant check (donor parent)
(NSIC
34 Rc184)
(Philippines)
35 MR 297 Local check variety (recurrent parent)
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Data collection and statictical analysis

Chlorophyll index was measured using Soil
Plant Analysis Development (SPAD) (SPAD
502 Plus, Konica-Minolta, Japan) during late
vegetative stage. Plant morphological traits
such as plant height and panicle length were
observed during maturation stage (IRRI,
2013). In addition, survival ratio was
calculated according to the number of survival
plants until harvest over the treated plants in
each line (Singh, 2006). Data of chlorophyll
index for the check and parental varieties were
subjected to analysis of variance (ANOVA)
with the genotypes and treatments as factors
which performed using RStudio (version
4.2.1). This analysis was carried out to
determine the effect of salinity stress on the
chlorophyll index. Further data visualization of
chlorophyll index distribution on check and
parental varieties was performed using boxplot
analysis. Moreover, least significant difference
(LSD) test of chlorophyll index was performed
on all breeding lines along with the check and
parental varieties for mean separation.
Additionally, the chlorophyll index value
combined with plant morphological traits data
of thirteen selected tolerant lines that survived
until maturation stage were subjected to cluster
analysis to identify the potential tolerant lines
for selection purpose and will be evaluated for
the next generation.

Results and discussion

Effect of salt stress on chlorophyll index in
check and parental varieties is presented.
Analysis of variance showed a significant
difference of chlorophyll index among check
and parental varieties grown under non-
stressed and salt-stressed (6 ds/m) treatments
(Table 2). Chlorophyll in plant cells normally
degraded when grown under salt stress
(Nounjan et al., 2020). According to Islam et
al., (2019) and Hameed (2021), salt stress
causes structural changes of chloroplast from
oval to slightly round in affected rice plant.
Besides that, salt stress also causes various
chlorophyll content decline, destruction of
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photosynthetic membrane system (Gill and
Tuteja, 2010; Biswas et al., 2021). Generally,
the classification of soil salinity based on the
electrical conductivity (EC) started with non-
saline category (<1 dS/m), followed by very
slightly saline (1-2 dS/m), slightly saline (4-8
dS/m), moderately saline (8-16 dS/m), and
strongly saline (>16 dS/m) (Schoeneberger et
al., 2012). However, rice’s EC threshold value
only around 3 ds/m and it is considered as very
sensitive cereal crop compared to other cereal
crops such as wheat and barley with EC
threshold value of 5.9 ds/m and 8.0 ds/m,
respectively (Munns and Tester, 2008; Grieve
et al., 2012). Boxplot and LSD test results
showed the significant impact of salt stress on
chlorophyll index on tested varieties (Fig. 1).
In non-stressed condition, MR 297 showed the
highest chlorophyll content with 43.02 SPAD
value, followed by Salinas 2 (42.53), Pokkali
(42.50) and IR29 (41.57) (Table 3). The
chlorophyll index on tested varieties exhibits a
significant decreasing trend when the salt
stress was imposed except for tolerant check
varieties Pokkali and Salinas 2 with SPAD
value of 42.31 and 41.14, respectively. Salt-
sensitive and salt-tolerant rice plants have
different abilities to cope with excessive salt
present in plant cells (Munns and Tester, 2008;
Zhao et al., 2020). A study conducted by
Bissah et al., (2020) used FL478 as salt
tolerant check but found that the variety
showed a moderately susceptible to salt stress.
Other study conducted by Li et al., (2017)
reported salt tolerant rice Dongdao-4 exhibits
higher leaf chlorophyll content as well as
higher photosynthesis rate compared to salt
sensitive rice Jigeng-88 wunder salt stress
treatment. According to Kibria et al., (2017),
increase in salt stress at 40 and 60 mM NaCl
reduced both chlorophyll a and chlorophyll b
content. Additionally, chlorophyll content was
significantly reduced due to the denaturing of
the native structure of membranes or
increasing their permeability regardless of the
varieties when subjected to salt stress at
different durations (Ghosh et al., 2011).
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Table 2: ANOVA table of check and parental varieties under normal condition and salt stressed

at 6 ds/m

Source df Sum Sq Mean Sq F value Pr (>F)
Variety 3 747.32 249,11%** 20.3681 2.25e-05***
Treatment 1 816.76 816.76*** 66.7828 1.07e-06***
Replication 2 50.60 25.30™ 2.0685 0.16
Variety x

Treatment 3 711.05 237.02*%** 19.3796 2.97e-05***
Residuals 14 171.22 12.23

*Significance. codes: 0 “***> 0.001 “**> 0.01 ‘**, 0.05 ‘*’, not significant ‘™",

Fig 1: Boxplot of chlorphyll index distribution of check and parental varieties grown under non-
stressed treatment (T1) and salt-stressed treatment (T2). Bars with different alphabets are
significantly different from each other (LSD; p < 0.05)

Chloraphyl Index (SPAD valse]

Treatment

Legend:

o T2

Effect of salt stress on chlorophyll index in
breeding rice lines

The Chlorophyll index among breeding lines
grown under salt-stressed treatment showed a
significant variation and ranked together with
check and parental varieties (Table 3). Results
showed 56 lines exhibit higher chlorophyll
index compared to salt-stressed tolerant check
variety Pokkali ranged from 42.60 to 50.83
SPAD wvalue. Line SL095 1 showed the
highest chlorophyll index with 50.83 SPAD
value (Fig. 2), followed by SL100 1,
SL030_1, SLO017_4, SL031 1, 5745 2, and
5746_4 with SPAD value of 48.37, 48.23,
48.03, 47.73, 47.67 and 47.53, respectively. In
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contrast, line SL036_1 showed the lowest
chlorophyll index with 1.50 SPAD value,
followed by SL021_4, SL040_1, SL023_3 and
SL040_2 with SPAD value of 1.6, 2.77, 3.17
and 15, respectively. These low chlorophyll
content lines have no significant difference
with sensitive check variety and may indicate
the salt-sensitive trait. According to Kaur et
al., (2016), the study of the chlorophyll
content in sensitive and tolerant varieties can
gain physiological explanation on how plants
adapt to salinity stress. Reduction of
chlorophyll content was more exhibited in
sensitive genotype as compared to tolerant
genotype (Kibria et al., 2017; Riaz et al.,
2019).
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Another study on salt-sensitive rice carrying
glutathione peroxidase gene (GPX3) showed
significant damage of photosystem Il activity
and deterioration of chlorophyll content when
grown under salt-stressed (Paiva et al., 2019).
In addition, high amount of Na+ and CI-
presence in plant cell damage the chlorophyll

by impeding the photosystem Il main electron
transport (PSII) (Hussain et al. 2018). Hence,
chlorophyll content is considered as one of the
most important trait during breeding selection
despite primary traits such as yield
components.

Table 3: Chlorophyll index of potential breeding lines evaluated under salt-stressed (T2) and
compared with check varieties that were grown under non-stressed condition (T1) and salt-

stressed condition (T2)

SPAD SPAD
Line/Variety | Value Line/Variety SPAD Value Line/Variety | Value
SL095 1 50.83? 5747 3 44.67%° SL008 1 41.17%¢
SL100 1 48.37% 5745 3 44 57%C Salinas 2_ T2 | 41.14%<
SL030 1 48.23® 5745 4 44 57%¢ 5746 2 41.07%%
SL017 4 48.03® 5745 1 44.40%¢ SL102 1 40.63%%
SL031 1 47.73® SL006 1 44.40%¢ SL026 2 40.30%
5745 2 47.67% 5746 3 44.27% SL090 3 40.30%
5746 4 47 53® 5757 2 44.27%¢ SL010 2 40.23%
5757 3 47.20%°¢ SL101 1 44,03%¢ SL036 4 39.60%cde
SL095 3 46.90%° SL104 2 44.00%° SL034 1 39,1 730cde
SL095 2 46.70%¢ 5747 2 43.97%° SL010 4 38.0720ce
SL037 2 46.37%¢ SL002_1 43.87%° SL029 1 38.03%cde
5747 1 46.10™¢ SL104 1 43.80%° SL023 1 36.27%0c
SL010 3 45.83%¢ SL006_4 43.77%C SL037 1 35,3720cdef
5755 4 45.83%¢ SL090 2 43.70%° SL036_3 34.70cdef
SL100 2 45.80%° SL007 2 43.70%° SL036 2 34.00%0cdef
SL008 2 45.70%¢ SL007 1 43.60%° SL023 4 33.900cdef
5746 1 45.60™° 5755 2 43.33%° SL024 1 32.6720cdef
SL095 4 45,60%° SL010 1 43.30%° SL017 2 32,37°cdef
SL101 2 45.60%° 5755 1 43.23%¢ SL090 4 32.332cdef
SL006 2 45,37%¢ SL008 4 43,03%° SL021 2 32.072cdef
SL104 4 45,33%¢ MR 297 T1 43,02%¢ SL021 1 29,7700
5747 4 45,23%¢ SL034 2 42.80%° SL037 3 29, 370cdef
SL104 3 45,20%°¢ 5755 3 42.70%¢ SLO11 2 28.830cdef
SL105 4 45,17%°¢ 5757 1 42.60%° SL021 3 26,2300
SL102 2 45,17%°¢ Salinas 2_T1 42 53%¢ MR 297 T2 | 20.54%
5757 4 45,10%° Pokkali_T1 42 .50%° IR29 T2 18.95°1
SL026 1 45,10%° Pokkali_T?2 42.31%¢ SL040 2 15.00
SL102_3 45,03%¢ SL007 4 42.20%¢ SL023 3 3.179
SL105 3 45,03%° SL034 3 41.93%¢ SL040 1 2.779
SL023 2 44,93%¢ SL029 2 41.77%¢ SL021 4 1.60°
SL105 1 44,87%° SL028 1 41.73%¢ SL036_1 1.50°
SL007 3 44,77%°¢ SL090 1 41.63%° Mean 40.01
SL006 3 44,73%¢ IR29 T1 41.57%¢ CV 14.25

Means with the different letters indicate significant differences at p < 0.05 level according to LSD. T1=non-stressed

treatment, T2= stressed treatment (6 ds/m)
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Fig 2: Variation of leaves chlorophyll content among salt-tolerant and salt sensitive lines grown
under 6 ds/m salt concentration. a) tolerant line SL095_1 b) sensitive lines SL21_1 and SL23_1

Identified potential tolerant rice lines

Thirteen potential tolerant lines were selected
and cluster analysis was then performed based
on four traits (panicle length, culm height,
survival rate and chlorophyll content) (Fig. 3).
The result showed all genotypes tested were
clustered into two groups according to check
varieties where Group 1 is considered as salt
tolerant genotypes while Group 2 is considered
as salt sensitive genotypes. Group 1 consists of
lines 5746, 5745, SLO08, SL006, 5757 and
SL095 were categorized in the same group
with tolerant varieties Pokkali and Salinas 2.
Moreover, Group 2 consist of lines SL105,
5755, SL102, SL100, SL101, SL104 and 5747
were categorized in the same group with
sensitive variety IR29 and local check variety
MR297. Among the four traits studied,
survival rate become the most important
parameter to determine the grouping in the
cluster analysis. According to Munns (2002),
plants treated with high concentration of Na+
and CI- causes oldest leaf to show symptoms
of injury and eventually lead to complete death

46

in some cases if the salinity level is high
enough. This event is one of plant’s strategy to
save young growing meristematic tissues by
transporting toxic ions to the older leaves and
leaf sheaths since mature leaves have a larger
vacuole compared to young leaf cells (Singh,
2006; Reddy et al., 2017).

Various mechanisms are involved in salt-
tolerant plant response toward salt stress such
as salts transfer into vacuoles which allow
accumulation of salt within cytoplasm at fast
rate  without  compromising  important
metabolic functions (Munns, 1993; Rahman et
al., 2000; Munns and Tester, 2008). However,
the affected older leaves may enhance
premature senescence, and low photosynthesis
rate may inhibit the plant from producing
flowers and seeds (Munns, 2002). In addition,
salt tolerant varieties maintain significantly
lower salt concentration in the panicle and flag
leaves, hence selection of healthier flag leaf at
flowering could be used to screen for salt
tolerance at the reproductive stage (Singh,
2006; Hasanuzzaman et al., 2013).
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Fig 3: Cluster analysis of 13 potential lines along with the check varieties based on four traits
(panicle length, chloropyll content survival rate and culm height

Group |

Ciroup 2

Paricle Length

In conclusion, current study investigated the
effect of salt stress on the chlorophyll index of
selected Malaysian rice varieties and breeding
lines. The results demonstrated that salt stress
caused a significant decrease in chlorophyll
content of sensitive varieties such as MR 297
and IR29, while tolerant varieties such as
Pokkali and Salinas 2 maintained relatively
higher chlorophyll content. This study also
highlighted the development of salt-tolerant
rice varieties where several potential lines such
as SL095 1, SL100_1, SL030_1, SL017_4,
SLO031 1, 5745 2, and 5746_4 showed higher
chlorophyll index than the tolerant check
variety, indicating their potential for salt

il

Chiarophyll

Content
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Salt woleramt
genotypes

Salt
sensitive
genotypes

Cudm Haight

Survival Rate

tolerance. Further cluster analysis based on
multiple traits, including chlorophyll content,
panicle length, culm height, and survival rate,
allowed for the identification of salt tolerant
lines such as SL095, 5746, 5745, SL008S,
SL006 and 5757. These identified potential
tolerant lines will be further evaluated in next
generation for confirmation of the results. The
successful development of local salt tolerant
variety will not only contribute to maintaining
stable rice production in salt-affected areas but
also enhance the resilience of rice crops to
changing climatic conditions, particularly in
regions experiencing soil salinization.
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