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ABSTRACT

This study aimed to evaluate the differential morphological and physiological responses of local and exotic rice
varieties growing in arid and semi-arid climates under soil salinity stress. The experiment was laid out in a
Completely Randomized Design (CRD) with four replicates and conducted in a greenhouse under natural
conditions at the Department of Soil and Environmental Sciences (lath house), Faculty of Agriculture and
Environmental Sciences, MNS-University of Agriculture, Multan, Pakistan, during 2023. The pot experiment
involved two exotic rice varieties (BR-61 and BR-47) and one local variety (Al-Khalid), tested under two
salinity treatments: control (non-saline) and saline (EC = 10 dS m™). Data on various growth parameters - such
as shoot and root length, shoot and root fresh and dry weights, chlorophyll content, and ionic concentrations
(Caz', Na', and K") in leaf tissues - were collected and analyzed statistically using factorial CRD. The results
indicated that exposure to NaCl stress significantly reduced shoot and root growth while increasing Na*
concentration in the plants. Among the tested varieties, BR-61 exhibited the highest shoot and root dry weight
(8.0 g and 1.0 g, respectively), while BR-47 showed the lowest root dry weight (5.6 g and 0.6 g). The maximum
Na* concentration (348.7 ppm) in leaf sap was observed in Al-Khalid, which was approximately twice the
control, while the minimum (157.4 ppm) was found in BR-61. BR-61 also recorded the highest K* concentration
(77.1 ppm), while BR-47 had the lowest (62 ppm) under saline conditions. Based on the findings, the rice
varieties were classified into salt-tolerant (BR-61) and moderately tolerant (BR-47 and Al-Khalid) categories at
the 10 dS m™ NaCl level. These insights could be valuable in formulating strategies to enhance salinity stress
tolerance in rice varieties and optimize their physiological performance, particularly chlorophyll content, under
saline conditions.
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1. Introduction

Salt-affected agricultural lands are a major hurdle drawbacks of crop production in arid and semi-
in the way of sustainable agriculture as well as arid regions where the annual precipitation rate is
food production (Syed et al., 2020). Consequently, very low in comparison of higher evaporation
saline soils and Sodic soils are the serious rates and the main causes of this problem are
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severe climate events along with use of brackish
water for irrigation (Ahmad et al., 2013). About
955 Mha land around the globe is under salt stress
out of which Pakistan’s 6.68 Mha arable land is
affected with soil salinity (Khan, 1998). Pakistan
and other countries of the world are facing a
change in food security and an increased demand
of food for growing population. It has been
reported that Pakistan is facing 14% irrigated land
losses and 64% vyield losses due to soil salinity,
leaving behind only 23 Mha land suitable for
agricultural production (Irum and Ehetisham-ul-
Hag, 2017). Soil salinization has severely
damaged about 2.5 Mha of total irrigated land
area. Furthermore, it is also estimated that 4.5
Mha area of Pakistan out of its total geographical
area of 79.61 Mha is under the effect of soil
salinization (Aslam, 2016). Salinity is an abiotic
stress condition which hampers the proper growth
and production of plants (Parvaiz, 2014). Higher
the salinity more will be the Na* or CI" ions uptake
by the plant which results in injury, burning and
premature death of cells (Wahome et al., 2001).
Due to soil salinity seed germination, seedling
growth and crop growth has been affected
adversely and cause up to 70% vyield loss of
wheat, maize, barley and rice (Veatch-Blohm,
2007). Primarily, under salt stress water
deficiency, osmotic pressure, ion toxicity and
nutritional imbalance cause decreased growth rate.
Although, there is sufficient water available in the
soil but under salinity stress plant roots unable to
absorb water from the soil solution (Sakina et al.,
2016). All these effects of salinity on crop results
in imbalance of nutrients, membrane leakage,
inhibition of enzymatic activities, metabolic
malfunctioning and inhibition of growth
regulators and photosynthesis ultimately ends up
with plant demise (Hasanuzzaman et al., 2013).
Moreover, under high salinity stress, for the
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maintenance of water balance and protection of
cell structures, plants biosynthesize of osmo-
protectants and compatible solutes such as proline
and glycine betaine (Mittal et al., 2012) and to
counteract the oxidative stress due to ROS plants
increase the synthesis of antioxidant enzymes
(superoxide dismutase and catalase) and
compounds (Gupta and Huang, 2014).

Production of imperative crops like rice is
important to fulfill the food demand of the world
as rice is a cereal crop (Shah et al., 2020). It is a
crop that is widely consumed by global population
after wheat and maize as three of them are major
food crops of the world and proved to be a source
of calories for about 3.5 Billion people. It has
proved that a 100g of rice is a good source of
carbohydrates (78.2g), protein (6.8g) and energy
(345.0 Kcal) (Aykroyd et al., 1963). Rice is
generally sensitive to soil salinity with the
threshold level of 3.0 dSm™; however, it is
moderately tolerant to soil sodicity (ESP 20-40%)
(Maas and Hoffman, 1977). During vegetative
stage and then at reproductive stage rice show
sensitivity to salinity, while at germination stage it
shows resistance to salinity up to 16.3 dSm™ (Ali
et al., 2014). Despite its sensitivity to salinity rice
— wheat crop rotation is recommended during
reclamation because of its ability to grow well
under flooded conditions, and because the
standing water in rice fields can help leach salts
from the soil profile (Chand et al., 1978). A
considerable genetic variability has been observed
among and even within rice germplasm (Yeo and
Flowers, 1980) and this variation can be exploited
to select and develop salt tolerant rice varieties.
Multiple research studies have shown that the
intake and absorption of micro- and macro-
mineral nutrients change when plants are
subjected to high salinity levels, resulting in
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higher Na transport to the shoots and reduced
intake of K, Zn, and P (Razzaq et al., 2019).
Similarly, it has been noted that an excess of salt
leads to elevated reactive oxygen species (ROS)
levels, resulting in considerable harm and eventual
mortality in plants (Chawla et al., 2012). The
production and build-up of compatible solutes
such as proline, glycine betaine, trehalose, polyols
are necessary to counteract the osmotic pressure
caused by high salinity (Chen and Murata, 2002).
The production of these compatible solutes is
frequently linked to salt tolerance in rice (Zhao et
al., 2014). Applying compatible solutes from
external sources or increasing the expression of
relevant genes related to osmolytes production can
enhance rice's ability to tolerate salt (Garg et al.,
2002). Therefore, existing local and exotic rice
varieties can be screened to select and develop
favorable salt tolerant varieties of rice to grow on
salt affected lands with minimal yield reduction.

The objectives of this study were to classify
promising exotic and local rice varieties based on
different morphological and physiological traits
and to assess the response of different growth
parameters against salinity stress by establishing
the relationship between ion concentration and
salinity tolerance in order to manage salt-affected
lands cost-effectively. This research aimed to
bridge the knowledge gap in local and exotic
varieties of rice response towards salinity stress.

2. Material and Methods

2.1 Experimental site, design and treatment
plan

The reported experiment was conducted in Lath
house without any environmental control at
Department of Soil and Environmental Sciences,
Faculty of Agriculture and Environmental

Sciences, MNS-University of Agriculture, Multan,
Pakistan during the year 2023. The coordinates of
the location were 71.4° E Longitude and 30.2° N
Latitude. The study was carried out as CRD with
factorial arrangement in soil filled pots. There
were 03 varieties of rice and 01 salinity level
(Control (Non-saline), EC = 10 dS m™) in reported
experiment.  Randomization of the four
replications of each variety was done in all the
treatments.

2.2 Plant material

Varieties were signified as follows: (Local +
Kernel) V1 = Al-Khalid, (Exotic + Coarse) V2 =
BR-47 and V3 = BR-61. The seeds of rice were
obtained from the Soil Salinity Research Institute
(SSRI), Pindi Bhattian, Pakistan (Local) and
International Center for Biosaline Agriculture
(ICBA), Dubai (Kernel). The nursery of rice seeds
was sown on 27" July, 2023 in the plug trays
containing thoroughly washed fine river sand. The
trays were placed on the bench top in the net
house and watered regularly till transplantation.

2.3 Growth conditions and

development

salinity

Nursery of rice plants was grown in the sand
culture. The seedlings of rice at the three leaf
stage were transferred into the pots filled with 08
Kg soil (Sandy Loam). Cloth screens were placed
in the bottom of the pots to prevent soil loss. A
population of four plants per pot was maintained.
One pot was considered as one replication, and
each treatment contained four pots of each variety.
Thus, a total of 24 pots were maintained.
Transplanted seedlings were kept well irrigated in
the greenhouse during the growth period. Soil was
fertilized using an adequate dose of fertilizers (N,
P,0s, K;0, ZnSO; @ 150-90-50-7 (Kg ha™)) at
basal stage. The soil was salinized using NaCl salt

CURR. INNOV. AGRI. SCI., 1(3), OCTOBER 2024



196 JAMAL et al., Assessing morphological and physiological responses of local and exotic Rice

to develop an EC. of 10 dS m™ and puddled
before transplanting of rice seedlings, whereas soil
without any salt treatment (EC. = 1.58 dS m™, pH
= 8.2) was used as control. All cultural practices
were carried out regularly throughout the growing
period.

2.4 Data collection

Plants were harvested 90 days after exposure to
(EC. of 10 dS m™) NaCl salinity stress and
separated into the shoots and roots. After
harvesting, roots were thoroughly washed with
distilled water to remove adhered soil and patted
on tissue paper to remove excess water and shoots
were patted on paper towel to remove dirt and
excess moisture. The shoot length of each plant
was measured in cm using meter rod from base to
top and average of all replicates were calculated.
Afterwards, roots were cut off from the shoot and
lengths were measured in cm using measuring
tape and means of every replicate were calculated.
The fresh weight of roots and shoots were
separately recorded in g by using a portable
analytical balance immediately after harvesting. In
order to measure dry weights, plants were placed
in a drying oven at 65°C for 72 hours. After
moisture removal, shoot and root dry weights
were recorded separately in g by using analytical
balance. For chlorophyll content determination in
rice plants, SPAD meter (model: SPAD-502 Plus
made by Konica Minolta, Europe) was used and
SPAD values were recorded. For checking the
variation in SPAD values chlorophyll content was
checked twice with a gap of two weeks.
Moreover, in order to determine the ions
concentration (Na*, K* and Ca?), 2nd fully
expanded leaf from the top of the plant was taken
and cell sap was extracted using centrifuge
machine and then the sap of leaves was used to
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determine Na*, Ca®*, and K* concentration in ppm
by using Flame photometer.

2.5 Statistical analysis

All the recorded data were analysed using
Analysis of Variance (ANOVA) technigue
following the Completely Randomized Design
(CRD) under factorial arrangement by using
Statistix 8.1 (Taylor-Powell and Steele, 1996).
The means were compared by using the least
significant difference (LSD) test at a 5%
probability level.

3. Results and Discussion

3.1 Effect of
parameters

salinity on morphological

Shoot length (cm)

The data related to variation in shoot length of
different rice varieties under salinity stress was
shown in (Fig. 1A) and clearly showed that
variation in shoot length at salinity stress was
highly significant (P= .05). Under saline
conditions, all varieties experience a reduction in
shoot length compared to control condition,
however, variations in plant height of three rice
varieties were may be due to their genetic
variability. At salinity stress of EC = 10 dS m™*
maximum shoot length (57 cm) was recorded in
variety BR-61 followed by BR-47 (54 cm), while
minimum was found in Al-Khalid (52 cm), which
accounts for lowest decrease of 11% in BR-61
variety followed by BR-47 with 23% and highest
decrease of 25% in Al-Khalid variety when
compared with control. Salinity stress impacted
both the ultimate size of the cells and the speed at
which new cells were produced, leading to a
decline in plant height (Reddy et al., 2017).
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Shoot fresh weight (g)

The (Fig. 1B) depicted the data related to changes
in shoot fresh weights of different rice varieties
which clearly shown that effect of salinity stress
on three varieties of rice was highly significant
(P=.05). NaCl stress noticeably affected the shoot
fresh weights of all rice varieties when compared
to non-saline condition, although variation among
three varieties of rice had been observed
markedly. At NaCl stress of 10 dS m™, highest
shoot fresh weight was witnessed in variety BR-
61 (15.2 g) and also followed by Al-Khalid (12.6
g) while lowest shoot fresh weight was exhibited
by BR-47 (11.6 g) variety of rice. Hence, 14% of
minimum reduction in fresh weight was observed
in BR-47 followed by 24% reduction in variety
BR-61, whereas maximum decrease of 28% was
examined in rice variety Al-Khalid. Jamil et al.
(2010) reported that the reason behind the
decrease in shoot fresh weight in saline
environments was due to reduced water
absorption, toxicity of sodium and chloride in
plant cells, and decreased photosynthesis.

Shoot dry weight (g)

The (Fig. 1C) represented the data about the effect
of salinity stress on shoot dry weights of three rice
varieties which markedly demonstrated that the
response of all rice varieties and salinity level is
statistically highly significant (P= .05). At salinity
level of 10 dS m™, there was a decrease in shoot
dry weight across all rice varieties compared to
non-saline control, however, variation in shoot dry
weights of all three varieties of rice was observed
under NaCl stress. When exposed to salt stress,
higher shoot dry weight (8.0 g) was recorded in
variety BR-61 (reduced 23% from control)
followed by Al-Khalid (6.6 g) variety (32% of
highest reduction from control), while, lower

shoot dry weight (5.6 g) was observed in BR-47
variety (24% reduction from control). Zeeshan et
al. (2020) reported that the main cause of serious
decline in shoot dry weight is excessive increase
in salinity levels.

Root length (cm)

The data related to the root lengths variation of
three different rice varieties is illustrated in the
(Fig. 2A) which evidently shown the effect of
salinity stress on different rice varieties is
statistically significant (P=.05). When exposed to
saline conditions, there was a significant reduction
in root lengths for all rice varieties when
compared to control, however, the variation
among different varieties was may be due to
genetically different rice varieties. At salinity
stress of 10 dS m™, maximum root length was
observed in BR-61 (10.3 cm) variety and followed
by variety BR-47 (9.3 cm), while minimum root
length was recorded in Al-Khalid (8.4 cm) variety.
Furthermore, it was found that the minimum
reduction in root length of varieties BR-61 and
BR-47 was 17%, whereas, for variety Al-Khalid it
was 18% as compared to control. The reason for
the reduction in root lengths could be attributed to
salt stress inhibiting photosynthesis, leading to a
decrease in carbohydrate supply for growth, lower
water potential due to reduced turgor, and
disrupted mineral supply affecting growth
(Sabagh et al., 2019).

Root fresh weight (g)

The following data related to root fresh weight of
different varieties of rice under salinity stress is
illustrated in (Fig. 2B) which visibly represented
that the effect of added salts on root fresh weight
of three rice varieties was highly significant
(P=.05). When compared to control, there was
significant reduction in root fresh weight of three
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rice varieties at the exposure to excessive salts. At
salinity stress (EC = 10 dS m™), minimum root
fresh weight (1.5 g) was perceived in varieties
BR-47 and Al-Khalid, representing a decrease of
33% for Al-Khalid and 28% for BR-47, while
maximum root fresh weight (2.0 g) was recorded
in BR-61 variety translating to a decrease of 28%
when compared to control. The reasons for the
decrease in root fresh weight in rice may include
cell content reduction, diminished tissue
development and differentiation, inadequate
nutrition, membrane damage, and disrupted
avoidance mechanisms (Saeedpour, 2014).

Root dry weight (g)

Variations in root dry weights of different rice
varieties under salinity stress is shown in (Fig.
2C), while effect of different salinity levels on
root dry weights of rice varieties was highly
significant (P= .05). Salinity affected root dry
weight of all the varieties of rice compared to
controlled treatments. Due to salinity, root dry
weight of all varieties was decreased compared to
control. At salinity stress of 10 dS m™, maximum
root dry weight (1.0 g) was observed in BR-61
accompanied by Al-Khalid variety (0.7 g);
however minimum root dry weight (0.6 g) was
recorded in BR-47 variety. Hence, 40% of
minimum reduction in root dry weight was
observed in BR-61 and BR-47, whereas maximum
decrease of 42% was examined in rice variety Al-
Khalid. Root dry weights hold the same reason of
reduction as observed previously in case of root
fresh weight of the plant.

3.2 Effect of salinity on physiological
parameters

Chlorophyll content (SPAD value)
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Variations in SPAD value (Soil Plant Analysis
Development) of three varieties of rice under
salinity stress is shown in (Fig. 3A) which
evidently displayed the response of salinity levels
on chlorophyll contents of rice was statistically
significant (P= .05). Chlorophyll contents of all
the varieties of rice are affected by salt stress
compared to controlled treatments. The decrease
in chlorophyll levels is likely caused by the
hindering impact of various salt ions build-up on
the production of different chlorophyll types
(Djanaguiraman and Ramadass, 2004). When
exposed to the high salinity condition, all three
varieties experience a notable reduction in
chlorophyll content compared to non-saline.
Maximum chlorophyll contents (33.3) were
observed in variety BR-61 (13% of minimum
reduction from control), while minimum
chlorophyll contents (27.5) were recorded in BR-
47 (22% of reduction from control) and Al-Khalid
(26% of highest reduction from control). Ali et al.
(2004) reported that due to the membrane-bound
chloroplast's dependence on the stability of the
membrane, chlorophyll reduction was observed in
high salinity conditions where the membrane
stability is often compromised.

Na* concentration (ppm) in leaf sap

The data related to changes in Na* concentration
of different rice varieties under salinity stress is
shown in (Fig. 3B). It displayed that effect of
different salinity levels on Na* uptake of rice is
also statistically highly significant (P= .05).
Salinity affected Na* uptake in all the varieties of
rice compared to controlled treatments. However,
variations in Na® concentrations were observed
due to genetic variations in rice varieties. Due to
salinity, Na" concentration of all varieties was
increased compared to control. Na* levels in leaf
tissues exhibited a proportional increase with
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Fig.: Effect of treatment with 10 dS m* NaCl concentration compared to control condition after 90 days on
K* concentration of leaf sap (ppm) (Fig. 3C) and Ca?* concentration of leaf sap (ppm) (Fig. 3D) of three rice

varieties
Mean + SE (n = 4 biological replicates)

Data labeled by different lowercase letters are statistically significant at P < 0.05

varying levels of salinity (Hakim et al., 2014). At
salt stress of 10 dS m?', maximum Na'
concentration (348.7 ppm) with 3 folds increase
from control was calculated in Al-Khalid variety.
While minimum Na* concentration (177.4 ppm)
with 2 folds increase from control for BR-47 and
that for variety BR-61 was (157.4 ppm) with
increase of 1.5 folds was recorded.
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K™ concentration (ppm) in leaf sap

Variations in K* concentrations of different
varieties of rice under salinity stress is shown in
(Fig. 3C) which undoubtedly shows that response
of three rice varieties and effect of salinity level
was statistically highly significant (P= .05).
Salinity affected K* concentration in all the three
rice varieties compared to controlled treatments.
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However, changes in K* concentrations were
observed due to genetic variations in rice varieties.
Due to salinity, K* concentration of all genotypes
was increased compared to control (Fig. 3C). At
salt stress of (10 dS m™) NaCl, maximum K*
concentration (77.1 ppm) with 47 % minimum
increase was observed in BR-61 variety followed
by Al-Khalid (74.6 ppm) with a maximum
increase of 75% as compared to control. While,
minimum K* concentration (62 ppm) with 59%
increase was recorded in rice variety BR-47.
Hakim et al. (2014) described that plants with
more K'ion accumulation was less affected with
Na* ions and decrease in K'/Na" ratio
concentration due to salinity stress.

Ca?* concentration (ppm) in leaf sap

The information associated to variations in Ca®*
concentration of diverse rice varieties under
salinity stress is shown in (Fig. 3D) which clearly
exhibits that response of salinity levels on Ca®*
concentration of rice was also statistically highly
significant (P= .05). Salinity affected Ca®*
concentration in all the varieties of rice compared
to controlled treatments. Due to salinity, Ca*"
concentration of all varieties was decreased
compared to control (Fig. 3D). At NaCl stress of
10 dS m?, the BR-47 and BR-61 varieties showed
equal concentrations (24.3 ppm) indicated no
significant difference between them under saline
stress and showed the reduction of 57% when
compared to control, while Al-Khalid variety had
the lowest Ca®* concentration under saline
conditions (22.8 ppm) with 58% maximum
reduction compared to non-saline control. The
results align with the discoveries of Razzaque et
al. (2009), Summart et al. (2010). Ca?* is crucial
in the formation of new cell walls, especially in
the middle lamellae that divide newly created
cells, therefore the rice membrane experienced

increased  permeability because Ca* was
displaced and Na* levels rose in the phospholipids
binding sites, leading to damage (Momayezi et al.,
2009).

4. Conclusion

It can be concluded from the above experiment
that among the three rice varieties tested, BR-61
proved to be the most tolerant and a potential
variety for cultivation in the saline areas, and it
exhibited maximum SPAD values and expressed
higher root-shoot fresh/dry weights and root-shoot
lengths under 10 dS m?* NaCl stress.
Contrastingly, other varieties like; BR-47. Al-
Khalid being on the local maturity group,
exhibited moderate adaptability and represented
lower values for all parameters as expressed to
salinity stress, however it could be enhanced by
further breeding exercises. The content is the key
factor which clearly signifies the tolerant and
sensitive varieties. Furthermore, the tolerant rice
varieties effectively restricted the entry of Na* into
their leaves, however, efficiently maintained K*
concentration and vice versa.  This implies that
management and breeding of rice types should
focus on improving on the salinity tolerance in
order to reduce its effects on the yield of rice.
Hence, future studies should be directed towards
establishing the particular molecular; biochemical
and physiological factors that give the tolerance to
these varieties and which should lay the basis for
the production of new varieties of rice that are
salt-tolerant.
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