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Abstract
Studies were conducted to evaluate upland (UR) and lowland (LR) types of rice for their salt tolerance potential at early
seedling stage under controlled laboratory conditions. The treatment of salinity (100 mM NaCl) along with non saline
control was imposed for the period of two weeks. Shoot and root growth of all genotypes reduced with varying intensity
under salinity. All UR types were more sensitive except UR-74 and UR-60 and exhibited comparatively less reduction in
growth. These studies have revealed significant differential responses of UR and LR at physiological level. LR types of rice
were remarkably different from UR types in their shoot sodium concentrations. LR types have exhibited comparatively low
concentration of sodium and also found distinctly different in their proline production. Tolerant LR types have exhibited less
relative increase in Na and better K: Na ratio in their shoot. Significant positive correlation (r = 0.93) was observed between
sodium and proline concentrations in shoot. While, significant negative correlation (r = - 0.84) was observed between
sodium and potassium sodium ratios in shoot. Tolerant varieties of both types of rice exhibited more sucrose and total
soluble sugars under salinity stress indicating its protective role. These findings suggest that LR types of rice have better
capability for selective uptake and osmotic adjustment in comparison to UR types under salinity stress.
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Introduction
Abiotic stresses like salinity and drought are the main
obstacles for crop productivity worldwide and will remain
to be a great challenge in future for enhacing crop
productivity especially of salt sensitive crops like rice.
According to an estimate in Pakistan crop yield losses due
to salinity are 20% (Rehman et al., 2005; Ashraf et al.,
2008). Irrigated rice is one of the most important cereal
crops in Pakistan, covers an area of 2.57 mha. and produce
6.2 mt (Anon., 2013). Salt sensitivity of rice is a major
constrain for rice production. In Pakistan, rice is grown
over an area of about one million hectare of salt affected
land (Qureshi et al., 1991) causes 50% reduction in crop
yield (Nishimura et al., 2011; Hakim et al., 2014). In future
this problem will further aggravate especially in the
absence of good quality water, will impose severe impact
on rice productivity.
Salinity affects rice plants at all stages of development
with varying degree. In spite of its sensitivity rice is
considered most suitable crop for saline soils due to its
higher range of inter and intra varietal variability for salt
tolerance (Mishra et al., 2001; Kanawapee et al., 2011;
Zhang et al., 2013). Success in rice genetic improvement is
mainly based on appropriate evaluation and use of genetic
diversity. Tremendous ‘hidden’ diversity for biotic and
abiotic stresses in the primary gene pool of rice has been
reported earlier (Ali et al., 2006) and there is a need to
exploit this useful genetic variation for the development of
salt tolerant varieties through genetic manipultions (Nejad
et al., 2008).
The upland rice (UR) a rich source of biodiversity is
of key importance worldwide grown on substantial part of
the agricultural land (Zhang et al., 2013). A vast number
of studies have been reported for its ability to tolerate
water stress (Lian et al., 2006; Naz et al., 2006; Wang et

al., 2007; Sandhu et al., 2012; Yaqoob et al., 2012; Sabar
& arif, 2014) but very few work on salt tolerance of UR
types have been reported so far (Haq et al., 2009 and Chaum et al., 2010). Polymorphism studies for Adh and Ldh
revealed that upland rice (UR) group may have special
physiological pathways to adapt diverse environments
(Chen et al., 2003). Physiological traits at component
level are the genetic basis of salt tolerance. Therefore
understanding of physiological responses and their
relationship with genotypes exhibiting differential
tolerance under salinity stress would have an impact on
selection of physiologically distinct genotypes in true
sense. The study was conducted to compare variability
among upland and lowland types of rice for their growth
and physiological responses at early seedling stage under
salt stress.
Materials and Methods
Five upland (UR no.46, 19, 74, 60 and 62) and four
lowland (IR-8, IR-8 202/E, IR-8 154/N and Shua-92)
rice genotypes were obtained from IRRI, Philippines and
NIA, Tandojam.
Seeds were sterilized with 1.5% sodium
hypochlorite for twenty minutes and were germinated on
nylon net fitted in glass bowls(size:8cm Ø and 7cm
height-) containing Yoshida culture solution(Yoshida et
al., 1976).The planted bowls were kept in controlled
incubator in dark, maintained at temperature 30/28°C
day and night temperature. After germination seedlings
were exposed to 16 hrs photoperiod (fluorescent light,
22Wm-2 for day and 8 hr night. The exposure of salinity
treatment 100 mM NaCl corresponding to EC 10.32
dS/m of culture solution was given to seedlings (two leaf
stage) along with non saline control for the period of one
week. The EC and pH at 5 was maintained throughout
the experimental period.
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The observation on growth parameters (fresh weights
of shoot and root) were recorded. Shoots were analyzed
for sodium and potassium (Flowers & Yeo. 1981), proline
(Bates et al., 1973) and sucrose and total soluble sugars
(Riazi et al., 1985). Data were statistically analyzed for
ANOVA and Tukey HSD test was applied for comparison
between treatment means using MSTAT-C.
Results and Discussion
The data for shoot fresh weight of all these rice
genotypes have shown variable reduction under salinity
(100 mM NaCl). Among LR types the least relative
reduction was observed in IR-8 202/E (11%) while
highest in IR-8 154/N (42%).Whereas, among UR types,
UR-74 and UR-60 have shown comparatively less
reduction (20%). The highest reduction (36.5%) was

observed in UR-19 (Fig. 1a). The root growth of all these
genotypes was comparatively less affected than shoot
growth. Least effects were observed in Shua-92 and IR-8
202/E (LR type) While, among UR types, UR-46
exhibited comparatively less effects (Fig. 1b). Growth
reduction under salinity is a general phenomena reported
in many crop including rice (Habib et al., 2010; Kanwal
et al., 2013; Habib & Ashraf, 2014). The reduction in
growth may be attributed to both ionic and osmotic
effects of high salt concentration that disturbs metabolism
and cause reduction in plant growth and development
(Nishimura et al., 2011; Shereen et al., 2011). The
variability in salt tolerance potential might be due to
differential capacity of genotypes for selective uptake of
toxic ions mainly sodium and chloride and its limited
transportation to photosynthetic organs (Munns & Tester,
2008; Jampeetong & Brix, 2009; Khan et al., 2013).

Fig. 1. Growth performance (Shoot and root Fresh weight) of LR and UR types of rice under salinity stress.
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Plants exposed to salinity stress exhibits complex
physiological, biochemical and molecular responses to
overcome osmotic and ionic stress caused by high
salinity. This is usually accomplished by uptake of
inorganic ions as well as the accumulation of compatible
solutes. Inorganic ions are sequestered in the vacuoles
(Yeo, 1998), while organic solutes are compartmentalized
in the cytoplasm to balance the low osmotic potential in
the vacuole (Rontein et al., 2002). However, salt stress
responses and tolerance vary between species dependent
on inherent differential ability to cope with high salt
concentration in the growing medium (Munns & Tester,
2008; Jampeetong & Brix, 2009).
Data of shoot sodium concentrations and relative
increase under salinity stress in comparison to their
respective non-saline controls have shown that generally
LR types exhibited comparatively less increase in shoot
sodium concentrations than UR types (Fig. 2a). However
variability within two rice types was observed. Among
LR and UR types IR-8 154/N (LR type) and UR-19 have
shown highest relative increase. The genotypes IR-8
202/E, Shua- 92 and IR-8 (LR types) were found
significantly different in their low shoot sodium
concentrations. These genotypes also exhibited less
relative increase (4 times) in sodium under salinity. While
all UR type genotypes exhibited more increase (≥ 6 times)
in shoot sodium (Fig. 2a). Excess Na+ in plant cells
directly damage membrane systems and organelles,
resulting in plant growth reduction and abnormal
development prior to plant death (Siringam et al., 2011).
Generally salt tolerant varieties of rice maintain low shoot
sodium concentrations than salt sensitive therefore the
trait of low sodium in leaves could be used in breeding for
salt tolerance (Joseph et al., 2010)
A drastic reduction in K concentration and K: Na ratio
was observed under salinity with varying intensities among
genotypes (Fig. 2b & 2c). Comparatively more reduction
was observed in UR types than LR types. Among LR types
least reduction in K was observed in IR-8 202/E. A
significant negative correlation was observed between
shoot sodium and K concentration and K: Na ratio (Table
1). The increase in Na+ while decrease in K+ and K: Na
ratio in plant tissues have already been reported in a
number of crop plants such as in okra (Habib et al., 2012),
eggplant (Abbas et al., 2010), rice (Habib et al., 2013) and
wheat (Kanwal et al., 2013; Khan et al., 2014). NaCl
induced decrease in K: Na ratio could affect vital metabolic
processes and activity of ROS scavenging system (Munns
& Tester, 2008; Shereen et al., 2011). Thus balanced
K+/Na+ ratio plays a key role in maintaining physiological
processes such as stomatal regulation, cell osmoregulation,
and turgor maintenance, which further helps in normal
functioning of photosynthetic process and protein synthesis
(Shabala et al., 2003). Maintenance of higher K: Na ratio
and low concentration of sodium in plant tissues have been
regarded as an important factor contributes in salt tolerance
ability of crop plants (Zheng et al., 2009).
The data of proline contents in shoot (µg/g F.wt)
have shown significant increase in all genotypes (2-17
times increase) under salinity. The proline accumulation
was comparatively higher in LR types (Fig. 3a). The
highest increase was observed in IR-8 154/N (17 times)
while least in Shua-92 (5 times). Among the UR types
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relatively higher increase was observed in UR-46 and
UR-19. Significant positive correlation (r = 0.93) was
observed between proline and sodium concentrations in
shoot (Table 1). The response of genotypes IR-8 154/N
was distinct in high sodium and high proline production
with relatively less growth under salinity. The genotype
IR-8 202/E exhibited comparatively less sodium and
proline production with less reduction in growth found
tolerant. While among UR type UR-46 and UR-19 were
contrasting in their sodium uptake pattern. The trend of
proline production was not in similar as was observed in
LR types (low sodium and low proline). Proline
overproduction under different stresses have been
extensively studied and generally considered as a
compatible solute that confers stress tolerance by
contributing in osmotic adjustment, membrane and
protein protection against reactive oxygen species
(Mudgal et al., 2010; Joseph et al., 2015). However
various contradictory differential responses of salt
sensitive and salt tolerant rice genotypes related to proline
production have reported. Increase proline synthesis was
either positively correlated with salt tolerance (Kumar et
al., 2010; Deivanai et al., 2011; Kumar et al., 2013;
Kumar et al., 2015 and Wutipraditkul et al., 2015).While
Bagdi and Shaw, 2012 suggested that intensive
accumulation of proline was a symptom of salt injury and
a consequence of proteolysis and inversely correlated
with salt tolerance. Recently some other studies have also
reported higher accumulation of proline and sodium in
salt sensitive rice cvs. (Demiral & Turkan, 2005;
Theerakulpisut et al., 2005; Kanawapee et al., 2011;
Kong-ngern et al., 2012 and Lv, et al., 2015) indicating
that increase accumulation of proline in shoot is a general
indicator for responses to salt stress.
Sucrose and total soluble sugars were increased in most
of the genotypes subjected to salt stress. Both (UR and LR)
types of rice have shown no pronounce difference in total
soluble sugars and sucrose. There was a general increase in
genotypes having good growth (tolerant). The highest
increase was observed in Shua-92 followed by IR-8 and IR-8
202/E. The IR-8 154/N (sensitive) has shown decrease in
sucrose concentrations under salinity. While among UR type
highest increase was observed in UR-62 followed by UR-74
and UR- 46. The genotypes UR-19 showing sensitivity in
growth has exhibited comparatively less increase in sucrose
(Fig. 3b & 3c). Increased accumulation of sugars may be due
to increase activity of sucrose phosphate synthase or
decrease activity of acid invertase (responsible for hydrolysis
of sucrose into simpler sugars so that starch may synthesize)
may cause reduction in partitioning of sugars into starch
ultimately results in metabolic alteration in expression in
RUBISCO, feedback inhibition of carbon metabolism and
reduced photosynthesis. Accumulation of sucrose and total
soluble sugars may play an important role as energy
resource, osmoregulation, signal transducion (Siringam et
al., 2012) and also in detoxification as a chelating agent to
bound Na+ with starch granules (Kanai et al., 2007) under
salt stress. In the present study higher increase of sugars in
genotypes showing comparatively good growth under stress
indicates its protective role in osmotic adjustment
mechanism. These findings corroborate with the findings of
Boriboonkaset et al., 2013 for two contrasting rice genotypes
with respect to salt tolerance.
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Fig. 2. Ions accumulation in UR and LR types of rice.
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Fig. 3. Solutes accumulation in UR and LR types of rice under salinity stress.
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Table 1. Correlation between different solutes accumulation in rice.
Parameters

Na

K

K

-0.65**

K/Na

-0.84**

0.93**

K/Na

Proline

Proline

0.93**

-0.64**

-0.81**

Sucrose

0.08 NS

-0.52 *

-0.42 *

-0.05 NS

Tot. Sol. Sugars

0.51*

-0.75**

-0.74 **

0.37 NS

Sucrose

0.74 **

** = Significant @1% prob., * = Significant @ 5% prob., NS = non-significant

Conclusions
Based on the findings of present study, we conclude
that generally LR types have better capability for selective
uptake and osmotic adjustment in comparison to UR types
under salinity stress conditions. However, variability for
physiological traits related to salt tolerance exists within
UR and LR types of rice genotypes needs further
exploration. Among all tested genotypes IR-8 -202/E was
found tolerant. Low Na concentration in leaf and higher
value of K: Na ratio may be used as selection criteria.
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