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Abstract  Original Research Article 
 

In the present study, Oryza sativa L. cv. Super Kainat was grown in pots and treated with different concentration of NaCl 

i.e., 15, 30, 45, 60 mM L-1, and LiCl i.e. 1, 2, 3 and 4 ppm. The main purpose of this study was to investigate the effect of 

NaCl and LiCl stress on Oryza stiva L.cv. super kainat for its growth, yield and physiological parameters i.e., rate of 

transpiration and photosynthesis and stomatal conductance, which were measured by using infrared gas analyzer. The 

fresh and dry weight was also measured after harvesting by weighing balance. After exposure to NaCl and LiCl 

concentrations, the number of leaves and plant height were monitored on weekly basis. There were four treatments T0, 

T1, T2, T3, T4 and each consisted of five replicates. After four weeks of sodium and Lithium application the length of 

plant and number of leaves were reduced significantly as compared to control. Na+ Li+ and K+ uptake in roots, shoots, 

leaves and grains were analyzed by using flame photometer. The maximum level of Na+ uptake was found in shoot of T3. 

The amount of Na+ uptake in grains was found to be minimal than in roots, shoots and leaves. The Na+ uptake in roots 

was found minimum in T0 and T4. Lithium uptake was maximum in the shoot of studied cultivar. Lithium uptake in 

grains and roots was minimum. The K+ uptake was found maximum in shoots. T4 had minimum uptake of K+. The 

present study concludes that the rice plant cultivar Super Kainat could tolerate the NaCl up to 60 mM L-1 salt stress and 

LiCl upto 4 ppm concentration. This can help in its cultivation in different saline areas. 

Keywords: Rice, NaCl, LiCl, Ion Uptake, Super Kainat, Salinity Stress. 
Copyright © 2026 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 
author and source are credited. 

 

INTRODUCTION 
The study of ion uptake in plants, particularly in 

economically significant crops like rice, has been an area 

of intense research due to its implications on growth, 

development, and stress tolerance (Smith et al., 2015). 

Osmoregulation, enzyme activation, and membrane 

potential are only a few of the numerous physiological 

processes dependent on essential ions such as sodium 

(Na), lithium (Li), and potassium (K) (Jones and Wang, 

2010). Recently, "Super Kainat" rice has been in the 

limelight due to its ability to assimilate abnormally large 

quantities of specific ions. The assimilation of Na, Li, 

and K at the tissue level could provide insight into this 

variety's potential for cultivation in a wide range of soil 

conditions, including those with varying concentrations 

of sodium chloride (NaCl), lithium chloride (LiCl), and 

potassium chloride (KCl). High concentrations of 

sodium chloride (NaCl) are toxic to plants, resulting in 

salinity stress (Munns and Tester, 2008). Whether or not 

"Super Kainat" can develop in salty environments is 

contingent on its capacity to absorb and retain sodium 

(Khan et al., 2019). 

 

Lithium is beneficial for research despite the 

fact that plants do not require it because it competes with 

potassium for uptake in the soil (Rodriguez-Navarro and 

Rubio, 2006). How "Super Kainat" responds to LiCl 

exposure may reveal information about its K transport 

systems and potential resistance to Li toxicity. Due to the 

importance of potassium to plant growth and 

development, lot of research done on how various plant 

species ingest and transport potassium (Wang et al., 

2013). Understanding how "Super Kainat" reacts to KCl 

should aid in optimizing its growth, although the 

fundamental mechanisms have not yet been studied. 
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Plants rely on the absorption of various ions to 

regulate a variety of physiological processes, including 

food assimilation, osmoregulation, and signal 

transduction (Marschner, 2011). Through the selective 

absorption of ions, plants are able to attain and maintain 

internal homeostasis, which is essential for healthy 

development and growth (Taiz et al., 2015). How 

efficiently a plant absorbs these ions can affect its 

resistance to salinity, drought, and nutrient deprivation 

(Munns and Tester, 2008). Sodium, lithium, and 

potassium are required for several crucial physiological 

processes in plants. Each of these factors has numerous 

effects on growth, development and health of plants. 

 

Sodium is required by plants for two distinct 

functions. Some halophytic plant species require it, and 

it's also beneficial in situations where potassium is 

utilized (Flowers et al., 2010). Sodium contributes to 

osmotic equilibrium and is beneficial at low 

concentrations, but toxic at high concentrations, resulting 

in salinity stress (Munns & Tester, 2008). Sodium is a 

vital nutrient, despite the fact that plants require much 

less of it than they do of other elements. Despite its lower 

soil concentration, sodium serves an essential role in 

plant physiology. (Marschner, 2012) Osmotic control, in 

which sodium ions participate, is essential for the 

maintenance of cellular water balance in plants. Sodium 

also facilitates the transport of other nutrients across cell 

membranes. Some plants, specifically halophytes, have 

evolved mechanisms to store sodium in their tissues in 

order to persist in salty environments (Flowers & 

Colmer, 2008). 

 

Lithium is not considered an essential element 

because its physiological function in vegetation is 

unknown. Lithium is typically found in trace quantities 

in soils and has a negligible effect on plant growth and 

development. Unlike sodium and potassium, lithium 

does not play a major function in ion transport or cellular 

processes in plants. Due to lithium's negligible impact on 

plant physiology, little research has been conducted into 

its mechanism of action. Lithium has been utilized in the 

study of cation transport mechanisms despite the fact that 

it is not required for plant growth (Rodriguez-Navarro & 

Rubio, 2006). Since lithium and potassium compete for 

assimilation, understanding lithium can shed light on the 

transport and regulation of essential cations (Jensen et 

al., 2010). Potassium is an essential macronutrient for 

plants due to its function in numerous physiological 

processes, such as the activation of enzymes, the opening 

and closing of stomata, and the maintenance of 

membrane potential (Wang et al., 2013). The growth, 

development, and stress response of plants all depend on 

its absorption and transport. Potassium is an essential 

macronutrient for plants because it is involved in a 

variety of processes that are essential to their growth and 

survival. Potassium ions regulate the water transport 

(osmosis) within cells and tissues. Maintaining turgor 

pressure, which helps prevent cell collapse, is crucial 

(Leigh &Wyn Jones, 1984). 

There may be distinguishing qualities of the 

"Super Kainat" rice variety. Examples include growth 

rate, grain quality, disease resistance, and environmental 

adaptation. The significance of these traits may reside in 

their adaptability to harsh environments, nutritional 

value, or agricultural output. A summary of studies 

investigating the genetic makeup, physiological 

responses, and potential applications of the "Super 

Kainat" type. This ranges from investigations into its 

unique molecular characteristics to inquiries into how it 

responds to various stimuli. This summary provides a 

comprehensive understanding of what is known about 

this species and highlights areas requiring further 

research. 

 

Sodium (Na) is unique in plant biology because 

it can have both positive and negative effects. Some 

halophytic plants require micronutrient sodium for 

osmotic equilibrium and metabolism (Flowers et al., 

2010). Sodium is not required for plant growth and can 

be toxic in high quantities. Excessive sodium uptake has 

been linked to cell damage, disruption of potassium 

uptake, and other cellular activities (Munns and Tester, 

2008). The symptoms of sodium poisoning include leaf 

necrosis, stunted growth, and decreased yield (Maathuis, 

2014). Salinity stress, which is caused by excessive 

levels of sodium chloride (NaCl) in the soil, threatens 

global crop yield (Munns & Tester, 2008). Plants can 

experience osmotic stress due to dehydration and ionic 

stress due to an excess of detrimental sodium ions in salty 

environments (Munn & Gilliham, 2015). 

 

Sodium is a vital nutrient, despite the fact that 

plants require much less of it than they do of other 

elements. Despite its lower soil concentration, sodium 

serves an essential role in plant physiology. (Marschner, 

2012) Osmotic control, in which sodium ions participate, 

is essential for the maintenance of cellular water balance 

in plants. Sodium also facilitates the transport of other 

nutrients across cell membranes. Some plants, 

specifically halophytes, have evolved mechanisms to 

store sodium in their tissues in order to persist in salty 

environments (Flowers & Colmer, 2008). Numerous 

plant adaptations allow them to persist in environments 

with high salt concentrations. Among these mechanisms 

are the prevention of sodium absorption, the storage of 

sodium in vacuoles, and the production of suitable 

solutes to relieve osmotic stress (Zhu, 2001). As a means 

of controlling sodium homeostasis, increased expression 

of sodium transporters, including the SOS1 antiporter, 

has been observed in several plants (Shi et al., 2002). If 

we are to create salt-tolerant varieties and improve 

farming techniques in salty regions, we must have a 

better comprehension of how plants absorb sodium and 

respond to salinity stress (Roy et al., 2014). 

 

Lithium (Li) is not essential for plant growth, 

but researchers have used Li absorption and transport as 

a model to investigate cation transport pathways. Since 

lithium shares chemical and structural similarities with 
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potassium (K), it can compete with K for uptake, 

revealing information about the selectivity and operation 

of potassium transporters (Rodriguez-Nava & Rubio, 

2006). Lithium has been utilized in research to elucidate 

the role of certain transporters, including HKT and KUP 

family members, in maintaining cation homeostasis 

(Gierth & Maser, 2007). Lithium has also been used to 

investigate cation stress response signaling pathways 

(Jensen et al., 2010). Lithium can be harmful to plants 

despite its utility as a research instrument. Inhibition of 

root growth, necrosis of the leaf tips, and reduced 

blossoming are all symptoms of lithium poisoning 

(Raven, 1980). It is believed that lithium disrupts 

potassium uptake and enzymatic activities (Gupta et al., 

2012), although the precise causes of lithium toxicity are 

still being investigated. 

 

Lithium is not considered an essential element 

because its physiological function in vegetation is 

unknown. Lithium is typically found in trace quantities 

in soils and has a negligible effect on plant growth and 

development. Unlike sodium and potassium, lithium 

does not play a major function in ion transport or cellular 

processes in plants. Due to lithium's negligible impact on 

plant physiology, little research has been conducted into 

its mechanism of action. As a means of contending with 

lithium toxicity, plants limit lithium uptake, sequester 

lithium in specific cellular compartments, and activate 

stress response pathways. To increase plant tolerance to 

other harmful ions, it is necessary to gain a deeper 

understanding of these resilience mechanisms (Gupta et 

al., 2012). Lithium assimilation and its effects on plants 

shed light on cation transport processes and stress 

responses. It may also be applicable in other contexts, 

such as environmental stress resistance research. 

 

Potassium (K) is an essential macronutrient for 

plant growth and development, and it also plays a crucial 

role in a wide variety of other physiological processes. It 

is essential for maintaining membrane potential, 

regulating stomatal opening and closing, stimulating 

enzyme activity, and facilitating nutrient transfer (Wang 

et al., 2013). Due to its function in protein synthesis, 

glucose metabolism, and stress responses, potassium is 

crucial for plant growth and development (Leigh & Wyn 

Jones, 1984). Potassium deficiency has been linked to 

reduced growth, diminished root development, and 

increased susceptibility to disease and environmental 

stresses (Marschner, 2011). Potassium, on the other 

hand, increases crop yield and quality, reduces pest and 

disease susceptibility, and enhances water efficiency 

(Cakmak, 2005). Potassium ion absorption, 

translocation, and homeostasis in plants are governed by 

numerous transporters and channels (Very & Sentenac, 

2003). Depending on the exogenous potassium 

concentration, potassium uptake from the soil is 

mediated by high-affinity and low-affinity transport 

systems (Gierth & Maser, 2007). Potassium is also 

essential for several metabolic processes in plants, 

including the activation of enzymes and the synthesis of 

proteins. It effects stomatal opening and closing to 

further regulate gas exchange and transpiration 

(Maathuis, 2014). Potassium's role in nutrient uptake and 

transport influences the movement of other ions and 

nutrients throughout the plant (Hafke et al., 2005). 

Potassium can fortify cell membranes and boost plant 

vitality, both of which have been associated with 

enhanced disease resistance (Huber & Jones, 2013). 

Potassium also facilitates the body's ability to generate 

and store energy, which is essential for growth and 

reproduction. 

 

Potassium uptake at high concentrations is 

mediated by low-affinity transporters of the KUP/HAK 

family (Gupta et al., 2008). Specialized channels, such 

as those belonging to the Shaker family (Dreyer & 

Uozumi, 2011), distribute potassium throughout the 

plant at optimal levels for healthy growth and 

development. Optimizing plant growth and agricultural 

output necessitates a comprehensive understanding of 

potassium's role in plant development and its transport 

mechanisms. In addition, it provides the groundwork for 

research into methods to improve crop resilience and 

yield under a broad range of climatic conditions. 

 

3. MATERIAL AND METHODS 
3.1 Materials 

3.1.1. Chemical and Reagents 

• Sodium Chloride 

• Lithium Chloride 

• Potassium Chloride 

• Nitric acid 

• Distilled Water 

 

3.1.2 Apparatus and Glassware 

• Beakers 

• Aluminum foil 

• Cotton roll 

• Stirrer 

• Funnel 

• Flasks 

• Whatman filter paper 

• Crucibles 

• Plastic bottles 

• Tissue roll 

• Pipette 

 

3.1.3 Laboratory Equipment 

• Infra-Red Gas Analyzer 

• Portable Chlorophyll meter 

• Weighing Balance 

• Oven 

• Muffle France 

• Flame Photometer 

 

3.2 Experimental Site 

The Government College University's 

Botanical Garden, which is close to the Lahore Zoo on 

Mall Road, was the site of this investigation. With a 
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seven-acre plot of ground, it has the distinction of being 

Pakistan's first botanic garden. Since 1912, the 

Government College University Department of Botany 

has been in charge of maintaining this garden. The 

typical temperature range for the summer is 34°C to 

37°C, while the typical range for the winter is 25°C to 

27°C. The soil in the garden contains clay and silt 

particles, creating an environment that is favorable for 

plant growth. The hue of the soil itself is dark brown. 

 

3.2.1 Experimental Setup 

10 earthen pots with a diameter of 14 inches 

were used in this study. Both the designated treatment 

and the number of replications were written on each 

container. Each pot included 5 kg of garden soil inside of 

it. The plants were subjected to salt stress after a four-

month period of acclimatization to their containers. For 

NaCl, the four salt treatments T1, T2, T3, and T4 were 

used. This also applied to LiCl. When T0 was in charge. 

There were four distinct sodium chloride concentrations 

used 15 mM, 30 mM, 45 mM, and 60 mM while one 

served as the control. There were four Lithium chloride 

concentrations used (1, 2, 3 and 4 ppm) while one served 

as the control. A total of 10 pots were utilized for the 

experiment having 5 rice plants transferred to each. 

 

Table 3.3: Showing various NaCl and LiCl concentrations applied to Oryza sativa L. cv. Super Kainat: 

Treatment NaCl Concentration 

mg/kg 

LiCl Concentration 

mg/kg 

To 0 0 

T1 877 42.39 

T2 1755 84.78 

T3 2632 127.17 

T4 3510 169.5 

 

3.4 Growth Assessment: 

3.4.1 Measurement of Length of Plant (CM) 

The measurement or height of plant were taken 

accurately, when plants were at maximum growth stage. 

Manual counting was used to count the leaves. Tillers 

were used to measure plant height, and panicles grew at 

the tips of the tillers. A centimeter scale or measuring 

tape was placed from the base of the shoot to the rice 

plant's longest leaf in order to gauge plant length. Every 

height measurement was documented. 

 

3.4.2 Measurement of Number of Leaves 

Leaf counts were taken both before and after the 

application of NaCl and LiCl and the recorded 

observations included the number of leaves in each case. 

 

3.5 Physiological Assessment 

For each treatment, different physiological 

parameters of plant leaves were evaluated using an 

infrared gas analyzer (IRGA-LCA-4). These criteria 

included: 

• Rate of Transpiration (mmol m-2 s-1) 

• Rate of Photosynthesis (mol m-2 s-1) 

• (mmol m-2 s-1) Stomatal Conductance 

 

The IRGA's operational chamber was used to 

measure the net photosynthetic rate (A), transpiration 

rate (E), and gaseous exchange rate (gs) for each Oryza 

sativa treatment using mature, healthy leaves. After 

organizing the data, the Sigma Plot program was used to 

calculate the mean and standard error. 

 

3.6 Biomass Assessment 

After grain formation, plants were harvested 

when they were mature. Fresh weight was ascertained 

using a weighing balance. Then the above- and below-

ground components were divided. The plants were 

removed from each pot and dried at 65°C for 72 hours 

before the dry mass of the sections above and below the 

ground was estimated. 

 

3.7 Determination of Na+, Li+ and K+ Uptake 

One gram (1g) of root, shoot, and grain was 

obtained from each replicate of each treatment using a 

weighing scale. All samples totaling one gram were 

heated for two hours in a muffle furnace at roughly 

450°C. Take 1g of root, shoots, leaves, and grains from 

duplicates of each treatment (T0, T1, T2, T3, T4) for 

sample preparation. For further processing, 1g of the 

samples from each treatment were put into crucibles. The 

sample preparation was done in 30ml-sized crucibles. 

Using a lead pencil, mark all the samples as T0, T1, T2, 

T3, and T4. For example, the root, shoot, and grain 

sample of T0 was marked T0r, T0s, T0g, and the root, 

shoot, and grain sample of T1 was marked T1r, T1s, T1g. 

identical labeling was done for other treatment as well. 

 

3.8 Preparation of 0.01 N HNO3 Solution 

In a measuring flask of 1000 mL, 0.45 mL of 

HNO3 was added into the flask. To raise the final volume 

up to 1000 mL, more distilled water was then added into 

the flask. 

 

3.8.1 Preparation of Stock Solutions 

NaCl standard solutions with concentrations of 

60 ppm and 100 ppm were created and kept in reagent 

bottles in order to measure the concentration of sodium 

(Na+). Similar to this, stock solutions of KCl and LiCl, 

with concentrations of 60 ppm and 100 ppm respectively, 

were produced for the measurement of potassium (K+) 

and lithium (Li+). The ash was then mixed with 30 mL of 

a 0.01 N solution of HNO3, generating a suspension. The 

filtrate from this suspension was then transferred to a 100 
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mL measuring flask after being filtered with Whatman's 

filter paper number 42. The flask's volume was raised to 

100 mL by the addition of distilled water. The sample 

flasks were then kept in a cool, dark location for later Na+ 

and K+ examination. He levels of Na+ and K+ were 

measured using a flame photometer (S20 Spectro lab 

model: 405). The flame photometer's results were 

meticulously recorded, and the data's mean and standard 

error were computed. With the use of a Flame 

photometer (S20 Spectro lab model: 405), the Na and K 

content was determined. 

 

3.9 Statistical Analysis 

Statistical analyses were performed after data 

on plant biomass, plant growth, sodium and potassium 

levels, as well as physiological and morphological 

parameters recorded during the study, were compiled. 

All replicates' average and standard error were 

calculated, and then they were compared to the control 

group using a t-test. 

 

4. RESULTS 
4.1. Length of Oryza Sativa L.cv. Super Kainat after 

Salt Treatment (NaCl): 

The length of plants of Sodium during 1st week 

after salt treatment was ranged from 35cm to 45cm in T4 

to T0 respectively. The treatments T1, T2, T4, were 

showing significant difference with T0 (control) while 

treatment T3 was showing nonsignificant difference with 

T0 (control). During week 2n week the length of plant 

ranged from 36cm to 38cm in T4 to T0 respectively. 

Treatments T1, T2, T3 and T4 were showing non- 

significant difference with T0 (control) group. 

 

 
Figure 4.1: Showing the mean ± SE in Oryza sativa Super Kainat, ns indicate non- significant difference during 

1sth week, and during 2nd week 
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The length of plants during 3rd week after salt 

treatment was ranged from 30cm to 39cm in T4 to T0 

respectively. The treatments T1, T2, T4, were showing 

significant difference with T0 (control) while treatment 

T3 was showing significant difference with T0 (control). 

During week 4th week the length of plant ranged from 

38cm to 45cm in T4 to T0 respectively. Treatments T1, 

T2, T3 and T4 were showing non-significant difference 

with T0 (control). 

 

 
Figure 4.2: Showing the mean ± SE in Oryza sativa Super Kainat, ns indicate non- significant difference during 

3rd week and during 4th week 

 

The length of plants during 5th week after salt 

treatment was ranged from 38cm to 55cm in T4 to T0 

respectively. The treatments T1, T2, T3, T4, were 

showing nonsignificant difference with T0 (control) 

During week 6th week the length of plant ranged from 

42cm to 55cm in T4 to T0 respectively. Treatments T1, 

T2, T3 and T4 were showing non- significant difference 

with T0 (control). 
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Figure 4.3: Showing the mean ± SE in Oryza sativa Super Kainat, ns indicate non- significant difference during 5th 

week and during 6th week. 

 

The length of plants during 7th week after salt 

treatment was ranged from 45cm to 56cm in T4 to T0 

respectively. The treatments T1, T2, T3, T4, were 

showing nonsignificant difference with T0 (control) 

During week 8th week the length of plant ranged from 

55cm to 58cm in T4 to T0 respectively. Treatments T1, 

T2, T3 and T4 were showing non- significant difference 

with T0 (control). 
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Figure 4.4: Showing the mean ± SE in Oryza sativa Super Kainat, ns indicate non- significant difference during 7th 

week and during 8th week. 

 

The length of plants during 9th week after salt 

treatment was ranged from 58cm to 62cm in T4 to T0 

respectively. The treatments T1, T2, T3, T4, were 

showing nonsignificant difference with T0 (control) 

During week 10th week the length of plant ranged from 

55cm to 63cm in T4 to T0 respectively. Treatments T1, 

T2, T3 and T4 were showing non- significant difference 

with T0 (control). 
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Figure 4.5: Showing the mean ± SE in Oryza sativa Super Kainat, ns indicate non- significant difference during 9th 

week, and during 10th week. 

 

The length of plants during 11th week after salt 

treatment was ranged from 58cm to 62cm in T4 to T0 

respectively. The treatments T1, T2, T3, T4, were 

showing nonsignificant difference with T0 (control) 

During week 12th week the length of plant ranged from 

58cm to 62cm in T4 to T0 respectively. Treatments T1, 

T2, T3 and T4 were showing non- significant difference 

with T0 (control). 
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Figure 4.6: Showing the mean ± SE in Oryza sativa Super Kainat, ns indicate non- significant difference during 

11th week and during 12th week 

 

The length of plants during 13th week after salt 

treatment was ranged from 55cm to 60cm in T4 to T0 

respectively. The treatments T1, T2, T3, T4, were 

showing nonsignificant difference with T0 (control) 

During week 14th week the length of plant ranged from 

55cm to 62cm in T4 to T0 respectively. Treatments T1, 

T2, T3 and T4 were showing non- significant difference 

with T0 (control). 
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Figure 4.7: Showing the mean ± SE in Oryza sativa Super Kainat, ns indicate non- significant difference during 

13th week and during 14th week 

 

4.1.1 Number of Leaves of Oryza Sativa cv. Super 

Kainat Exposed to Salt Treatment (NaCl): 

The number of leaves during week 1 ranged 

from 3 to 7 in T4 and T0 respectively. The treatment T4 

showing non-significant difference but treatments T1, 

T2, T3, were showing the significant difference with 

control group T0. During week 2nd number of leaves 

ranged from 3 to 6 in T4 and T0 respectively and T1, T2, 

T3 and T4 was showing non-significant difference with 

T0 (control) (Figure 4.1). 
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Figure 4.1.1: Showing the mean number of leaves Oryza sativa Super Kainat ± SE during week 1 and during week 

2 

 

The number of leaves during week 3rd ranged 

from 4 to 7 in T4 and T0 respectively. The treatment T1, 

T2, T3 and T4 showing non-significant difference with 

control group T0. During week 4th number of leaves 

ranged from 5 to 7 in T4 and T0 respectively and T1, T2, 

T3 and T4 was showing non-significant difference with 

T0 (control). 
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Figure 4.1.2: Showing the mean number of leaves Oryza sativa Super Kainat ± SE during week 3 and during week 

4. 

 

The number of leaves during week 5th ranged 

from 5 to 9 in T4 and T0 respectively. The treatment T1, 

T2, T3 and T4 showing non-significant difference with 

control group T0. During week 6th number of leaves 

ranged from 5 to 9 in T4 and T0 respectively and T1, T2, 

T3 and T4 was showing non-significant difference with 

T0 (control). 
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Figure 4.1.3: Showing the mean number of leaves Oryza sativa Super Kainat ± SE during week 5 and during week 

6. 

 

The number of leaves during week 7th ranged 

from 6 to 11 in T4 and T0 respectively. The treatment 

T1, T2, T3 and T4 showing non-significant difference 

with control group T0. During week 8th number of leaves 

ranged from 6 to 10 in T4 and T0 respectively and T1, 

T2, T3 and T4 was showing non-significant difference 

with T0 (control). 
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Figure 4.1.4: Showing the mean number of leaves Oryza sativa Super Kainat ± SE during week 7 and during week 

8. 

 

The number of leaves during week 9th ranged 

from 5 to 9 in T4 and T0 respectively. The treatment T1, 

T2, T3 and T4 showing non-significant difference with 

control group T0. During week 10th number of leaves 

ranged from 5 to 11 in T4 and T0 respectively and T1, 

T2, T3 and T4 was showing non-significant difference 

with T0 (control). 
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Figure 4.1.5: Showing the mean number of leaves Oryza sativa Super Kainat ± SE during week 9 and during week 

10. 

 

The number of leaves during week 11th ranged 

from 6 to 11 in T4 and T0 respectively. The treatment 

T1, T2, T3 and T4 showing non-significant difference 

with control group T0. During week 12th number of 

leaves ranged from 7 to 13 in T4 and T0 respectively and 

T1, T2, T3 and T4 was showing non-significant 

difference with T0 (control). 
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Figure 4.1.6: Showing the mean number of leaves Oryza sativa Super Kainat ± SE during week 11 and during 

week 12. 

 

The number of leaves during week 13th ranged 

from 5 to 11 in T4 and T0 respectively. The treatment 

T1, T2, T3 and T4 showing non-significant difference 

with control. During week 14th number of leaves ranged 

from 5 to 11 in T4 and T0 respectively and T1, T2, T3 

and T4 was showing non-significant difference with T0 

(control). Figure.4.7. 
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Figure 4.1.7: Showing the mean number of leaves Oryza sativa Super Kainat ± SE during week 13 and during 

week 14. 

 

4.1.8. Sodium (Na+) Uptake by Roots, Shoots, Leaves 

and Grains of Oryza Sativa cv. Super Kainat: 

Na+ in shoots ranged from 90 to 165 mg/kg in 

T4 and T0 respectively. All treatments were showing 

significant difference with control group. Na+ in roots 

ranged from 55 to 120 mg/kg in T4 and T0 respectively. 

All treatments were showing significant difference with 

T0 (control) except T1. Meanwhile Na+ in Leaves ranged 

from 30 to 80 mg/kg in T4 and T0 respectively. All 

treatments were showing significant difference with T0 

(control). Na+ In grains ranged from 2.5 to 4.5 mg/kg in 

T4 to T0 respectively. All treatments were showing 

significant difference with T0 (control). In shoots the 

uptake of sodium level was maximum in T3 as compare 

to others treatments and minimum in T4. In roots uptake 

level of sodium was maximum in T4 as compare to 

others treatments and T4 and T0 showing minimum 

level. In leaves among all the treatments T2 and T3 had 

maximum sodium uptake and minimum in T0. In grains 

maximum sodium uptake in T1while minimum in T3 

treatment. 
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Fig. 4.1.8: Showing uptake of N+ by roots, shoots, leaves and grains in rice plant 
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4.2. Length of Oryza Sativa Cultivar Super Kainat 

after Salt Treatment (LiCl): 

The length of plants during 1st week after salt 

treatment was ranged from 35cm to 38cm in T4 to T0 

respectively. All treatments were showing nonsignificant 

difference with T0 (control). During week 2nd the length 

of plant ranged from 36cm to 38cm in T4 to T0 

respectively. Treatments T1, T2, T3 and T4 were 

showing non-significant difference with T0 (control). 

 

 
Figure 4.2.1: Showing the mean ± SE in Oryza sativa cv. Super Kainat, ns indicate non- significant difference 

during 1st week and during 2nd week. 

 

The length of plants during 3rd week after salt 

treatment was ranged from 35cm to 42cm in T4 to T0 

respectively. All treatments were showing nonsignificant 

difference with T0 (control). During week 4th the length 

of plant ranged from 40cm to 60cm in T4 to T0 

respectively. Treatments T1, T2, T3 and T4 were 

showing non-significant difference with T0 (control). 
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Figure 4.2.2: Showing the mean ± SE in Oryza sativa Super Kainat, ns indicate non- significant difference during 

3rd week and during 4th week 

 

The length of plants during 5th week after salt 

treatment was ranged from 35cm to 60cm in T4 to T0 

respectively. All treatments were showing nonsignificant 

difference with T0 (control). During week 6th the length 

of plant ranged from 50cm to 60cm in T4 to T0 

respectively. Treatments T1, T2, T3 and T4 were 

showing non-significant difference with T0 (control). 
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Figure 4.2.3: Showing the mean ± SE in Oryza sativa Super Kainat, ns indicate non- significant difference during 

5th week and during 6th week. 

 

The length of plants during 7th week after salt 

treatment was ranged from 55cm to 60cm in T4 to T0 

respectively. All treatments were showing nonsignificant 

difference with T0 (control). During week 8th the length 

of plant ranged from 58cm to 62cm in T4 to T0 

respectively. Treatments T1, T2, T3 and T4 were 

showing non-significant difference with T0 (control). 
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Figure 4.2.4: Showing the mean ± SE in Oryza sativa Super Kainat, ns indicate non- significant difference during 

7th week and during 8th week. 

 

The length of plants during 9th week after salt 

treatment was ranged from 55cm to 65cm in T4 to T0 

respectively. The treatments T1 ana T2 were showing 

nonsignificant difference with T0 (control). While 

treatments T3 and T4 were showing significant 

difference with T0 (control). During week 10th the length 

of plant ranged from 55cm to 65cm in T4 to T0 

respectively. Treatments T1 and T2 were showing non-

significant difference with T0 (control) while treatments 

T3 and T4 were showing significant difference with T0 

(control). 
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Figure 4.2.5: Showing the mean ± SE in Oryza sativa Super Kainat, ns indicate non- significant difference during 

9th week and during 10th week. 

 

The length of plants during 11th week after salt 

treatment was ranged from 58cm to 70cm in T4 to T0 

respectively. The treatments T1was showing 

nonsignificant difference with T0 (control). While 

treatments T2, T3 and T4 were showing significant 

difference with T0 (control). During week 12th the length 

of plant ranged from 58cm to 70cm in T4 to T0 

respectively. Treatments T1was showing non-significant 

difference with T0 (control) while treatmentsT2, T3 and 

T4 were showing significant difference with T0 

(control). 
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Figure 4.2.6: Showing the mean ± SE in Oryza sativa Super Kainat, ns indicate non- significant difference during 

11th week and during 12th. 

 

The length of plants during 13th week after salt 

treatment was ranged from 58cm to 70cm in T4 to T0 

respectively. The treatments T1and T2 were showing 

nonsignificant difference with T0 (control). While 

treatments T3 and T4 were showing significant 

difference with T0 (control). During week 14th the length 

of plant ranged from 58cm to 70cm in T4 to T0 

respectively. Treatments T1and T2 were showing non-

significant difference with T0 (control) while treatments 

T3 and T4 were showing significant difference with T0 

(control). 
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Figure 4.2.7: Showing the mean ± SE in Oryza sativa Super Kainat, ns indicate non- significant difference during 

13th week and during 14th 

 

4.2.2. Number of Leaves of Oryza Sativa cv. Super 

Kainat Exposed to (LiCl) Treatment: 

The number of leaves during week 1 ranged 

from 6 to 10 in T4 and T0 respectively. The treatment 

T1,T2, T3 and T4 showing non-significant difference 

with control group T0. During week 2nd number of leaves 

ranged from 4 to 7 in T4 and T0 respectively and 

T1,T2,T3 and T4 was showing non-significant difference 

with T0 (control). 
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Figure 4.2.2.1: Showing the mean number of leaves Oryza sativa Super Kainat ± SE during week 1 and during 

week 2 

 

The number of leaves during week 3rd ranged 

from 4 to 7 in T4 and T0 respectively. The treatment T1, 

T2, T3 and T4 showing non-significant difference with 

control group T0. During week 4th number of leaves 

ranged from 4 to 8 in T4 and T0 respectively and T1, T2, 

and T4 was showing non-significant difference with T0 

(control). While treatment T3 was showing significant 

difference with T0 (control). 
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Figure 4.2.2.2: Showing the mean number of leaves Oryza sativa Super Kainat ± SE during week 3 and during 

week 4. 

 

The number of leaves during week 5th ranged 

from 3 to 12 in T4 and T0 respectively. The treatment 

T1,T2, T3 and T4 showing non-significant difference 

with control group T0. During week 6th number of leaves 

ranged from 5 to 10 in T4 and T0 respectively and T1, 

T2, and T4 was showing non-significant difference with 

T0 (control). While treatment T3 was showing 

significant difference with T0 (control). 
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Figure 4.2.2.3: Showing the mean number of leaves Oryza sativa Super Kainat ± SE during week 5 and during 

week 6. 

 

The number of leaves during week 7th ranged 

from 7 to 12 in T4 and T0 respectively. The treatment 

T1,T2, and T4 showing non-significant difference while 

treatment T3 was showing significant difference with 

control group T0. During week 8th number of leaves 

ranged from 5 to 10 in T4 and T0 respectively and all the 

treatments were showing non-significant difference with 

T0 (control). 
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Figure 4.2.2.4: Showing the mean number of leaves Oryza sativa Super Kainat ± SE during week 7 and during 

week 8. 

 

The number of leaves during week 9th ranged 

from 6 to 12 in T4 and T0 respectively. The treatment 

T1,T2, T3 and T4 showing non-significant difference 

with control group T0. During week 10th number of 

leaves ranged from 6 to 12 in T4 and T0 respectively and 

all the treatments were showing non-significant 

difference with T0 (control). 
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Figure 4.2.2.5: Showing the mean number of leaves Oryza sativa Super Kainat ± SE during week 9 and during 

week 10. 

 

The number of leaves during week 11th ranged 

from 8 to 11 in T4 and T0 respectively. The treatment 

T1, T2, T3 and T4 showing non-significant difference 

with control group T0. During week 12th number of 

leaves ranged from 7 to 12 in T4 and T0 respectively and 

T1, T2, and T4 was showing non-significant difference 

with T0 (control). while treatment T3 was showing 

significant difference with T0 (control). 
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Figure 4.2.2.6: Showing the mean number of leaves Oryza sativa Super Kainat ± SE during week 11 and during 

week 12. 

 

The number of leaves during week 13th ranged 

from 5 to 11 in T4 and T0 respectively. The treatment 

T1, T2, and T4 showing non-significant difference while 

treatment T3 was showing significant difference with 

control group T0. During week 14th number of leaves 

ranged from 5 to 11 in T4 and T0 respectively and T1, 

T2, and T4 was showing non-significant difference with 

T0 (control). While treatment T3 was showing 

significant difference with T0 (control). 
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Figure 4.2.2.7: Showing the mean number of leaves Oryza sativa Super Kainat ± SE during week 13, and during 

week 14. 

 

4.2.8. Lithium (Li+) Uptake by Shoots and Leaves of 

Oryza Sativa cv. Super Kainat 

Li+ in shoots ranged from 0.3 to 1.3 mg/kg in 

T4 and T0 respectively. T1 treatment showing non-

significant difference while others treatments were 

showing significant difference with T0 (control) group. 

Meanwhile Li+ in Leaves ranged from 0 to 4 mg/kg in T4 

and T0 respectively. All treatments were showing 

significant difference with T0 (control) in shoots the 

uptake of lithium level was maximum in T2 as compare 

to other treatments and minimum in T1. In Leaves, 

among all treatments T3 had maximum lithium uptake 

and minimum in T1. 
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Fig. 4.8: Showing uptake of Li+ by Shoots and Leaves in rice plant. 

 

4.3. Uptake of Potassium in Plants Treated with 

NaCl in Roots, Shoots, Leaves and Seeds: 

The concentration of potassium in roots of the 

plants treated with sodium ranged from 10 g kg-1 to 20 

g kg-1 in T4 to T0 respectively. All treatments were 

showing significant difference except T2 with 

T0(control) group. In shoots potassium concentration 

ranged from 110g kg-1 to 170g kg-1 in T4 to T1 

respectively. All treatments were showing significant 

difference with T0 control group. In Leaves potassium 

uptake ranged from 70g kg-1 to 90g kg-1 from T4 to T0 

respectively. All treatments were showing significant 

difference with T0 control group. Meanwhile in seeds 

potassium concerned ranged from 2g kg-1 to 4 g kg- 

from T4 to T0 respectivly All treatments were showing 

significant difference with T0 control group. 
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Fig. 4.3: Showing uptake of k+ by shoots, leaves, roots and seeds in (sodium) in Oryza sativa L.cv. super kaina 

 

4.4. Uptake of Potassium in Plants Treated with LiCl 

in Roots, Shoots, Leaves and Seeds: 

The concentration of potassium in roots of the 

plants treated with Lithium ranged from 10 g kg-1 to 60 

g kg-1 in T4 to T0 respectively. All treatments were 

showing significant difference with T0(control) group. 

In shoots potassium concentration ranged from 110g kg-

1 to 210g kg-1 in T4 to T1 respectively. All treatments 

were showing significant difference with T0 control 

group. In Leaves potassium uptake ranged from 60g kg-

1 to 130g kg-1 from T4 to T0 respectively. All treatments 

were showing significant difference with T0 control 

group. Meanwhile in seeds potassium concerned ranged 

from 4g kg-1 to 7 g kg- from T4 to T0 respecting. All 

treatments were showing significant difference with T0 

control group. 
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Fig. 4.4: Showing uptake of k+ by shoots, leaves, roots and seeds in (Lithium) in rice plant 
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4.5. Fresh Whole Plant Weight (g) of Each Replicate 

of Oryza Sativa cv. Super Kainat Treated with 

Sodium and Lithium 

Fresh whole plant weight of rice plant of 

sodium ranged from 2.5 to 5.5g in T4 and T0 

respectively. All treatments showing non-significant 

difference with control group. Fresh whole plant weight 

(g) of Lithium ranged from 2 to 6g in T4 and T0 

respectively. Treatments T1 and T3 were showing non-

significant difference with control group while T2 and 

T4 were showing significant difference with T0 control 

group. 

 

 
Figure 4.5: Showing the mean fresh weight ± SE in Oryza sativa cv. Super Kainat ns indicates the non-significant 

difference. 

 

4.6. Fresh Weight (g) of Root, Shoot and Grain of 

Oryza Sativa cv. Super Kainat in Sodium: 

Fresh weight of roots ranged from 0.6g to 1.2g 

in T4 and T0 respectively. All treatments showing non-

significant difference with T0 (control). The fresh weight 

of shoot ranged from 2.5 to 3.2g in T4 and T0 

respectively. All treatments were showing non- 

significant difference. The fresh weight of grain ranged 

from 0.5g to 0.5g in T4 and T0 respectively. All 

treatments were showing non-significant difference with 

control group. 
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Figure 4.6: Showing the mean fresh weight of root, panel (a), shoot, panel (b), grain, panel (c) ± SE in Oryza sativa 

Super Kainat ns indicates the non-significant difference 
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4.7. Fresh Weight (g) of Root, Shoot and Grain of 

Oryza Sativa cv. Super Kainat in Lithium: 

Fresh weight of roots ranged from 0.5g to 1.4g 

in T4 and T0 respectively. All treatments showing 

significant difference except T1 treatment with T0 

(control). The fresh weight of shoot ranged from 1.5 to 

2.5g in T4 and T0 respectively. All treatments were 

showing non-significant difference except T2 treatment 

with control group. The fresh weight of grain ranged 

from 0.5g to 0.5g in T4 and T0 respectively. All 

treatments were showing non-significant difference with 

control group. 

 

 

 
Figure 4.7: Showing the mean fresh weight of root, panel (a), shoot, panel (b), grain, panel (c) ± SE in Oryza sativa 

Super Kainat ns indicates the non-significant difference 



 

 

Misbah Kalsoom et al, Sch Acad J Biosci, Jan, 2026; 14(1): 9-59 

© 2026 Scholars Academic Journal of Biosciences | Published by SAS Publishers, India                                                                                       49 

 

4.8. Dry Weight of Roots Shoots Leaves and Grains 

in Sodium: 

Dry weight of roots ranged from 1.0g to 1.02g 

in T4 and T0 respectively. Treatments T1 and T2 

showing significant difference while treatments T2 and 

T3 were showing non- significant difference with T0 

(control). The Dry weight of shoots ranged from 1.0 to 

1.02g in T4 and T0 respectively. All treatments were 

showing significant difference. The fresh weight of 

leaves ranged from 1.0g to 1.01g in T4 and T0 

respectively. Treatments T1,T2 and T3 were showing 

non-significant difference while T4 showed significant 

difference with control group. In grains the dry weight 

ranged from 1.0g to 1.01 g in T4 to T0 treatments T1 and 

T3 were showing significant difference while treatments 

T2 and T4 were showing non-significant difference with 

T0 control group. 

 

 

 
Figure 4.8: Showing the mean dry weight of root, panel (a), shoot, panel (b) leaves, panel (c) and seeds panel (d) ± 

SE in Oryza sativa Super kainat ns indicates the non-significant difference 
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4.9. Dry Weight (g) of Root, Shoot, Leaves and 

Grains of Oryza Sativa cv. Super kainat in Lithium: 

Dry weight of roots ranged from 0.4g to 1.0g in 

T4 and T0 respectively. All Treatments were showing 

significant difference with T0 (control). The Dry weight 

of shoots ranged from 0.9 to 1.0g in T4 and T0 

respectively. All treatments were showing significant 

difference except T2 treatment with control group. The 

Dry weight of leaves ranged from 1.01g to 1.02g in T4 

and T0 respectively. All Treatments were showing 

significant difference with control group. In grains the 

dry weight ranged from 0.4g to 0.5 g in T4 to T0. 

Treatments T1, T2 and T4 were showing non-significant 

difference while treatments T3 showing significant 

difference with control group. 
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Figure 4.9: Showing the mean dry weight of root, panel (a), shoot, panel (b) leaves, panel (c) and grains panel (d) ± 

SE in Oryza sativa Super Kainat ns indicates the non-significant difference. 

 

4.10. Chlorophyll Content of Lithium and Sodium: 

The chlorophyll content of Lithium ranged from 

25 to 32 in T4 and T0 respectively. All treatments were 

showing significant difference while T4 was showing 

non-significant difference with control group (T0). As 

seen in below graph, the chlorophyll content high in T2 

as compare to other treatments and low in T0 while other 

treatments showed moderate range under salt stress. The 

chlorophyll content of Sodium ranged from 28 to 39 in 

T4 and T0 respectively. All treatments were showing 

significant difference while T3 was showing non-

significant difference with control group (T0). As seen in 

below graph, the chlorophyll content high in T0 as 

compare to other treatments and low in T1 and T2 while 

other treatments showed moderate range under salt 

stress. 
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Fig. 4.10: Showing the chlorophyll content in leaf of each replicates of Sodium and Lithium. 

 

4.11. Dry whole plant weight Sodium and Lithium: 

Dry whole plant weight of rice plant of sodium 

ranged from 3.9 to 2.5g in T4 and T0 respectively. All 

treatments showing significant difference except T1 with 

control group. Fresh whole plant weight (g) of Lithium 

ranged from 4.5 to 0.5g in T4 and T0 respectively. All 

treatments showing non- significant difference except T1 

with control group. 
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Figure 4.11: Showing the mean dry weight of Whole Plant panel (a), panel (b) ± SE in Oryza sativa Super Kainat 

ns indicates the non-significant difference. 

 

4.12. Physiological Traits of Oryza Sativa cv. super 

Kainat during Sunny Day, Such as Rate of 

Photosynthesis (A) Stomatal Conductance (gs) and 

rate of Transpiration (E) in Lithium: 

Rate of photosynthesis ranged from 0.9 to 40 

µmol.m-2 s-1 in T4 and T0 respectively. All treatments 

were showing significant difference except T4 with 

control group. Stomatal conductance ranged from 0.02 to 

1.7 µmol.m2. s-1in T4 and T0 respectively. The 

treatments T2, T3 andT4 showing significant difference 

while T1 was showing non- significant difference with 

T0 (control). The rate of transpiration ranged from 0.03 

to 0.43 mmol.m2. s-1 in T4 and T0 respectively. The 

treatments T1, T2, T3, T4 were showing significant 

difference with control group. 
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Figure 4.12: Showing the rate of transpiration (E) during sunny day, panel (a), rate of photosynthesis during 

sunny day, panel (b) and Stomatal Conductance during sunny day, panel (c) 
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4.13. Physiological Traits of Oryza Sativa cv. Super 

Kainat during Sunny Day, Such as Rate of 

Photosynthesis (A) Stomatal Conductance (gs) and 

Rate of Transpiration (E) in Sodium: 

Rate of photosynthesis ranged from 0.4 to 25 

µmol.m-2 s-1 in T4 and T0 respectively. All treatments 

were showing significant difference. Stomatal 

conductance ranged from 0.03 to 0.7 µmol.m2. s-1in T4 

and T0 respectively. The treatments T1, T2, T3, T4 

showing significant difference with T0 (control). The 

rate of transpiration ranged from 0.23 to 0.4 mmol.m2. s-

1in T4 and T0 respectively. The treatments T1, T2, T3, 

T4 were showing significant difference with control 

group. 

 

 

 
Figure 4.13: Showing the rate of transpiration (E) during sunny day, panel (a), rate of photosynthesis during 

sunny day, panel (b) and panel, (c) Stomaal Conductance (gs) 
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5. CONCLUSION 
This study reveals that Oryza sativa L. cv. 

Super Kainat can withstand NaCl concentrations of up to 

60 mM L-1 and LiCl up to 4 ppm. It had no detrimental 

consequences during its early stages of development. 

However, after four weeks, there was a considerable 

decline in plant height, number of leaves, and plant 

biomass. The fresh and dry weight of the plant's root, 

shoots, and grains were considerably affected by NaCl 

(15 mM,30 mM,45 mM and 60 mM) and LiCl (1,2,3 and 

4 ppm) concentrations at various levels. K+ uptake is 

lower in roots, Na+ uptake is higher, and Li+ uptake is 

likewise higher in roots. However, the K+ uptake in 

grains is greater than the Na+ and Li+ uptake in grains. 

The absorption of Na+ and Li+ in rice of super kainat 

grains is significantly lower. 
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