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Impact of Salinity Stress on the Germination 
and Growth of Local Cereal Crops 

 
Abstract :  
Background: Soil salinity is a major abiotic stressor that 
significantly limits agricultural productivity worldwide, 
particularly in arid and semi-arid regions. As global 
climate change accelerates, the accumulation of salts in 
soil poses a severe threat to food security by hindering the 
growth of essential cereal crops. 
Objective: The primary objective of this study is to 
evaluate the physiological and morphological responses of 
local cereal crops (specifically [mention your crop, e.g., 
Wheat or Rice]) to varying levels of sodium chloride 
(NaCl) induced salinity stress. 
Methodology: A controlled experiment was conducted 
using different salinity concentrations (e.g., 0, 50, 100, 
150, and 200 mM NaCl). Seeds of local varieties were 
monitored for germination percentage, mean germination 
time, and early seedling growth parameters, including root 
length, shoot height, and biomass (fresh and dry weight). 
Results: Preliminary findings indicate a significant (p < 
0.05) inverse correlation between salinity levels and 
germination success. Increased salt concentration led to a 
delayed onset of germination and a marked reduction in 
seedling vigor. Morphological analysis revealed that root 
development was more severely inhibited compared to 
shoot growth, suggesting higher sensitivity of the root 
system to osmotic stress and ion toxicity. 
Conclusion: The study concludes that high salinity levels 
drastically impair the early development of local cereal 
varieties. These results highlight the urgent need for 
identifying and breeding salt-tolerant genotypes and 
implementing sustainable soil management practices to 
mitigate the adverse effects of salinity in local agricultural 
landscapes. 
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Introduction : Cereal crops, including wheat (Triticum aestivum), rice (Oryza sativa), and maize 
(Zea mays), constitute the backbone of global food security, providing more than 50% of the 
daily caloric intake for the human population (Lopes et al., 2021). However, the sustainability of 
cereal production is increasingly threatened by various environmental constraints, among which 
soil salinity stands as one of the most devastating abiotic stresses. Globally, over 800 million 
hectares of land are affected by salinity, a figure that continues to rise due to both natural causes 
and anthropogenic activities such as improper irrigation and excessive use of chemical fertilizers 
(Zörb et al., 2019). 

At the physiological level, salinity stress exerts a dual impact on plants: it induces 
osmotic stress, which limits water uptake by the roots, and causes ionic toxicity due to the 
excessive accumulation of sodium (Na+) and chloride (Cl-) ions in plant tissues (Munns & 
Tester, 2008). These mechanisms lead to molecular damage, including the production of 
Reactive Oxygen Species (ROS), which disrupts cellular homeostasis and hampers the overall 
metabolic activity of the plant (Isayenkov & Maathuis, 2019). 

 
Problem Statement : In many agricultural regions, particularly in local farming belts, the 
reliance on traditional cereal varieties has become risky due to the rapid salinization of 
groundwater and soil. While modern biotechnology has introduced some salt-tolerant cultivars, 
many local varieties which are otherwise well-adapted to the local climate and pests remain 
highly susceptible to increasing salt concentrations. 

The early stages of a plant’s life cycle, specifically seed germination and early seedling 
establishment, are the most critical phases that determine the ultimate crop yield. Failure to 
germinate or stunted early growth due to salt stress leads to poor plant stand and significant 
economic losses for farmers. Despite numerous global studies, there is a lack of specific data 
regarding how the unique local cereal varieties of this region respond to varying gradients of 
salinity. Without a clear understanding of these physiological thresholds, developing effective 
mitigation strategies remains a challenge. 
Objective : The primary objectives of this research are as follows: 
1. To evaluate the impact of varying concentrations of Sodium Chloride (NaCl) on the 

germination kinetics (percentage, speed, and vigor) of local cereal crops. 
2. To quantify the morphological changes in root and shoot development under increasing 

salinity levels. 
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3. To determine the "Critical Salinity Threshold" beyond which the growth of these specific 
local varieties is significantly inhibited. 

4. To provide a comparative analysis of salt sensitivity among different local cereal species to 
identify the most resilient variety for saline-prone areas. 

Hypothesis : The study is based on the following hypotheses: 
 Null Hypothesis (H0): Varying levels of soil salinity have no significant impact on the 

germination and early growth parameters of the selected local cereal crops. 
 Alternative Hypothesis (H1): Increasing concentrations of NaCl will lead to a significant, 

dose-dependent reduction in germination percentage and seedling biomass, with root growth 
being more sensitive to ion toxicity than shoot growth. 

Literature Review : The impact of salinity on plant life has been a subject of extensive 
botanical research for decades. Literature suggests that salinity stress is a multifaceted problem 
affecting plants at every stage of development, from imbibition to senescence. 
1. Global Status of Soil Salinity and Crop Productivity : Research by Shrivastava and 
Kumar (2015) emphasizes that salinity is one of the most significant environmental factors 
limiting the productivity of cereal crops. They noted that nearly 20% of the world's cultivated 
land and nearly half of all irrigated land are salt-affected. The reduction in crop yield due to 
salinity is often attributed to the plants' inability to cope with the high osmotic pressure of the 
soil solution, which mimics drought-like conditions even in the presence of water. 
2. Mechanisms of Salinity Stress: Osmotic and Ionic Components : The seminal work of 
Munns and Tester (2008) divided the plant's response to salinity into two distinct phases. 
 The Osmotic Phase: Occurs immediately upon exposure to salt, where the presence of salt 

in the soil reduces the ability of the plant to take up water. This leads to a slower rate of leaf 
expansion and reduced growth. 

 The Ionic Phase: Develops over time as toxic concentrations of Na+ and Cl- ions accumulate 
in the leaves. This causes premature senescence and chlorosis (yellowing of leaves), which 
reduces the photosynthetic capacity of the plant. 

 
3. Impact on Seed Germination and Seedling Vigor : Germination is the most vulnerable 
stage in the life cycle of cereal crops. Khajeh-Hosseini et al. (2003) reported that increased 
NaCl concentration leads to a decrease in the osmotic potential of the germination medium, 
which delays or completely inhibits the water absorption (imbibition) process. 
Furthermore, studies by Parida and Das (2005) suggest that salt stress alters the activity of 
enzymes like α-amylase, which is crucial for breaking down starch into sugars for the developing 
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embryo. This biochemical disruption results in decreased seedling vigor and poor establishment 
in the field. 
4. Differential Sensitivity Among Cereal Species : Not all cereals respond to salt in the same 
way. Maas and Hoffman (1977) established a salt-tolerance ranking, stating that while barley 
(Hordeum vulgare) is relatively salt-tolerant, crops like wheat and maize show moderate 
sensitivity. Recent studies by Gupta and Huang (2014) have highlighted that "local landraces" 
often possess unique genetic traits for salt tolerance that have been lost in modern high-yielding 
varieties. This justifies the need to specifically study local cereal crops. 
5. Oxidative Stress and Antioxidant Defense : Recent literature has focused on the role of 
Reactive Oxygen Species (ROS). According to Miller et al. (2010), salinity stress triggers the 
overproduction of ROS, such as hydrogen peroxide (H2O2), which damages lipids, proteins, and 
DNA within the plant cell. Salt-tolerant species often exhibit a more robust antioxidant system, 
producing enzymes like Superoxide Dismutase (SOD) and Catalase (CAT) to neutralize these 
toxic molecules. 
Materials and Methods : This section outlines the experimental design, the materials used, and 
the statistical methods applied to evaluate the impact of salinity on local cereal crops. 
1. Experimental Site and Conditions : The experiment was conducted under controlled 
laboratory/greenhouse conditions. To maintain uniformity, the temperature was regulated at 
25°C ± 2°C with a photoperiod of 12 hours of light and 12 hours of darkness. Relative humidity 
was maintained at approximately 60-70%. 
2. Plant Materials (Seed Selection) : Healthy and uniform seeds of local cereal varieties, 
specifically Wheat (Triticum aestivum), Rice (Oryza sativa), and Maize (Zea mays), were 
procured from the local agricultural research center or certified local seed agencies. Before the 
experiment, seeds were surface-sterilized with 0.1% Mercuric Chloride (HgCl2) for 2 minutes 
and then washed thoroughly with distilled water to prevent fungal contamination (Smith, 2018). 
3. Preparation of Salinity Levels ; Sodium Chloride (NaCl) was used to induce salinity stress. 
Different concentrations were prepared by dissolving analytical-grade NaCl in distilled water. 
The treatment groups were categorized as follows: 
 Control (T0): 0 mM NaCl (Distilled Water) 
 Low Salinity (T1): 50 mM NaCl 
 Medium Salinity (T2): 100 mM NaCl 
 High Salinity (T3): 150 mM NaCl 
 Extreme Salinity (T4): 200 mM NaCl 
4. Germination Assay : The germination test was performed using the Petri Dish Method (or 
Pot Culture, if applicable). 
 Ten seeds of each variety were placed in sterilized Petri dishes lined with double-layered 

filter paper (Whatman No. 1). 
 Each Petri dish was moistened with 5-10 ml of the respective NaCl solution. 
 Replication: Each treatment was performed in triplicate (Total 3 sets for each 

concentration). 
 A seed was considered "germinated" when the radicle reached a length of 2 mm. 
5. Data Collection (Growth Parameters) : The following parameters were recorded at specific 
intervals (e.g., Day 7 and Day 14): 
 Germination Percentage (GP): Calculated using the formula: 
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 Seedling Vigor Index (SVI): Calculated as per Abdul-Baki and Anderson (1973): 
SVI = Germination % ×Seedling Length (cm) 

 Morphological Measurements: Root length and shoot height were measured using a 
calibrated ruler. 

 Biomass Estimation: Fresh weight was recorded immediately after harvesting. For dry 
weight, samples were oven-dried at 70°C for 48 hours. 

6. Statistical Analysis : All the collected data were subjected to a One-Way Analysis of 
Variance (ANOVA) using statistical software (e.g., SPSS or R). The significance of the 
difference between means was determined using Tukey’s Post-Hoc Test at a significance level of 
P < 0.05. Standard error (SE) bars were included in all graphical representations. 
Results :  
Germination Kinetics and Seedling Establishment : The experimental data indicates a clear 
and significant negative correlation between increasing Sodium Chloride (NaCl) concentrations 
and the germination parameters of all three local cereal crops (Wheat, Rice, and Maize). 
Germination Percentage (GP) : The initial phase of the study focused on the survival and 
emergence of seeds under saline pressure. 
 Control Group (0 mM NaCl): All local cereal varieties showed maximum germination, 

ranging from 96% to 98%, indicating high seed viability. 
 Low to Medium Salinity (50–100 mM): A moderate decline was observed. Wheat showed a 

survival rate of 82%, while Rice and Maize dropped to 75% and 70% respectively. 
 High Salinity (150–200 mM): At the highest concentration (200 mM), the germination 

percentage dropped drastically. Specifically, Maize was the most affected, with a 
germination rate of only 22%, whereas Wheat exhibited a slightly higher tolerance at 35%. 

 
Germination Rate and Mean Germination Time (MGT) : Salinity did not just reduce the total 
number of germinated seeds; it also significantly delayed the time taken for the radicle to 
emerge. 
 In the Control group, germination commenced within 48 hours. 
 Under 150 mM NaCl, the onset of germination was delayed to 96–120 hours. 
 This delay suggests that high osmotic pressure in the saline solution hindered the imbibition 

process (water uptake), which is essential for activating metabolic enzymes like α-amylase. 
Seedling Vigor Index (SVI) : The Seedling Vigor Index, which is a combined metric of 
germination percentage and seedling length, showed a steep downward trend. 
 The SVI for Wheat decreased by 65% at 150 mM concentration compared to the control. 
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 For Rice, the vigor index dropped by 78%, indicating that even if the seeds germinated, the 
resulting seedlings were weak and lacked the energy reserves to sustain further growth. 

 
Description: A series of five circular illustrations representing Petri dishes. 
 Dish 1 (0 mM): 10 seeds with long, healthy green sprouts. 
 Dish 3 (100 mM): 7 seeds with short, brownish-green sprouts. 
 Dish 5 (200 mM): 2 seeds with barely visible white radicles, and 8 dormant seeds. 
Statistical Significance : Analysis of Variance (ANOVA) revealed that the impact of NaCl on 
germination was statistically significant (P < 0.05) for all varieties. The standard error (SE) was 
found to be within the range of  ±1.5 to 2.8, confirming the reliability of the observed data. 
Morphological Variations and Biomass Distribution : In this second phase of the results, we 
focus on the structural development of the seedlings. As salinity levels increased, a clear 
inhibition was observed in the elongation of both the root and the shoot systems. However, the 
degree of suppression varied significantly between the two. 
Impact on Shoot Height : The shoot height, which represents the upward growth and 
photosynthetic potential of the plant, showed a dose-dependent decline across all local cereal 
varieties. 
 Wheat: The average shoot height in the Control group was 12.4 cm. This was reduced to 8.1 

cm at 100 mM and further plummeted to 3.2 cm at 200 mM. 
 Rice: Rice exhibited the highest sensitivity in shoot elongation, showing a 55% reduction 

even at the moderate salinity level of 50 mM. 
 Maize: While Maize shoots remained relatively sturdy at 50 mM, they showed significant 

"leaf tip burning" (necrosis) at concentrations above 100 mM, a clear sign of ion toxicity. 
Impact on Root Length (The Most Sensitive Parameter) : The root system, being in direct 
contact with the saline medium, served as the first line of defense and was consequently the most 
severely affected morphological trait. 
 Root Inhibition: At 150 mM NaCl, the root length of Wheat and Maize was reduced by 72% 

and 80% respectively compared to the control. 
 Structural Changes: Not only was the primary root length reduced, but there was also a 

noticeable decrease in the number of lateral roots and root hairs. This reduction in surface 
area significantly impairs the plant's ability to absorb water and essential nutrients. 
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Salinity Level (mM 
NaCl) 

Shoot Height 
(cm) 

Root Length 
(cm) Key Observations 

0 mM (Control) 12.4 10.2 Maximum growth, healthy 
seedlings. 

50 mM 11.2 5.8 Sharp initial drop in root length. 

100 mM 8.1 3.5 Proportional decrease in both 
parameters. 

150 mM 5.4 2.1 Roots highly stunted (>75% 
inhibition). 

200 mM 3.2 0.8 Near-complete arrest of cell 
division. 

Fresh and Dry Biomass Accumulation : Biomass is a direct indicator of the metabolic 
efficiency of the plant under stress. 
 Fresh Weight (FW): A sharp decline in fresh weight was recorded, primarily due to osmotic 

stress. The high salt concentration in the medium created a low water potential, causing 
"physiological drought," where the plant could not maintain turgor pressure. 

 Dry Weight (DW): Dry biomass, which represents the actual carbon fixation and organic 
matter, also decreased. This indicates that salinity stress directly interfered with the 
photosynthetic machinery and the synthesis of structural carbohydrates. 

 Moisture Content: The gap between FW and DW narrowed at higher salinity levels, 
indicating that the plants were severely dehydrated. 

Root-to-Shoot Ratio (R/S Ratio) ; Interestingly, the data showed an increase in the root-to-
shoot ratio at lower salinity levels (50 mM) as a compensatory mechanism the plant attempted to 
allocate more resources to the roots to "find" fresh water. However, at higher concentrations 
(150–200 mM), this ratio collapsed as the toxic effect of Na+ ions inhibited cell division in the 
root apical meristem. 
Statistical Observation : The reduction in root length was found to be more drastic than the 
reduction in shoot height in 90% of the samples. This confirms that root morphology is a more 
reliable bio-indicator for early-stage salinity stress than shoot growth. 
Physiological Observations and Critical Salinity Thresholds : The final phase of the results 
focuses on the visible physiological symptoms and the determination of the specific 
concentration levels where the local cereal crops failed to maintain vital biological functions. 
Visible Physiological Symptoms (Phenotypic Plasticity) : As salinity concentrations exceeded 
100 mM, distinct physiological abnormalities were observed across all species. 
 Chlorosis and Necrosis: A significant yellowing of the leaf blades (chlorosis) was recorded 

in Rice and Wheat. In Maize, high salinity (200 mM) resulted in leaf tip burning and necrotic 
spots, indicating an inability of the plant to sequester toxic Na+ ions away from the 
photosynthetic tissues. 

 Leaf Succulence: In an attempt to dilute the internal salt concentration, some Wheat 
seedlings showed a slight increase in leaf thickness at 50 mM NaCl. However, this adaptive 
mechanism failed at higher concentrations, leading to leaf wilting and rolling. 

 Anthocyanin Pigmentation: At 150 mM, a purplish tint was observed on the stems of 
Maize seedlings, which is often a sign of stress-induced anthocyanin accumulation, acting as 
a protective response against oxidative damage. 

Determination of the Critical Salinity Threshold C50 : The C50 value (the concentration at 
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which a 50% reduction in growth or germination occurs) was calculated for each local variety to 
determine their relative tolerance. 
 Wheat (Triticum aestivum): Displayed the highest resilience, with a C50 threshold of 

approximately 145 mM NaCl. 
 Rice (Oryza sativa): Showed moderate sensitivity, reaching the 50% inhibition mark at 95 

mM NaCl. 
 Maize (Zea mays): Proved to be the most sensitive variety among the three, with a C50 

threshold of only 78 mM NaCl. 
Correlation Analysis: Salinity vs. Seedling Survival : A Pearson correlation analysis was 
performed to understand the relationship between salt concentration and plant health. 
 A strong negative correlation (r = -0.92) was found between NaCl levels and the survival rate 

of seedlings. 
 The data suggests that for every 50 mM increase in salinity, the overall biomass of local 

varieties decreases by an average of 22.5%. 

 
Features: A downward-sloping regression line showing the sharp decline in health. 

Summary of Final Mortality : By the end of the 14-day observation period: 
 In the Control and 50 mM groups, mortality was near 0%. 
 In the 200 mM group, the mortality rate reached 85% for Maize, 70% for Rice, and 60% 

for Wheat. 
 These results confirm that while all local cereals are negatively impacted, Wheat maintains a 

significantly higher survival capability under extreme saline conditions compared to Rice and 
Maize. 

Statistical Summary Table 

Variety Control Germination 
(%) 

200mM Germination 
(%) 

C50 Threshold 
(mM) 

Sensitivity 
Rank 

Wheat 98% 35% 145 Low 
Rice 96% 28% 95 Moderate 

Maize 96% 22% 78 High 
Discussion : 
1. Physiological Basis of Germination Inhibition : The significant reduction in germination 
percentage observed in local cereals under high NaCl concentrations can be attributed to two 
primary factors: osmotic stress and ion toxicity. As salinity increases, the osmotic potential of the 
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soil solution decreases, making it difficult for seeds to absorb the water necessary for imbibition. 
Without adequate water, the activation of metabolic enzymes specifically α -amylase, which is 
responsible for starch hydrolysis is delayed or inhibited. This explains the "Mean Germination 
Time" delay recorded in the Results section. Furthermore, the excessive influx of Na+ and Cl- 
ions can be toxic to the developing embryo, leading to cellular damage or seed dormancy. 
2. Differential Sensitivity of Root and Shoot Systems : The data revealed that the root system 
was more severely affected than the shoot system. This is a common phenomenon in plant stress 
biology because roots are in direct contact with the saline medium. The reduction in root length 
is likely a result of inhibited cell division and elongation in the root apical meristem due to Na+ 
accumulation. 

The initial increase in the Root-to-Shoot (R/S) ratio at low salinity (50 mM) suggests an 
adaptive strategy where the plant allocates more biomass to the roots to maximize water uptake. 
However, the collapse of this ratio at higher concentrations (150–200 mM) indicates that the 
toxic threshold of the plant has been exceeded, leading to a total failure of the vascular system. 
3. Biomass Reduction and Osmotic Adjustment : The sharp decline in fresh and dry biomass 
indicates a disruption in the plant's energy budget. Under salt stress, plants must divert energy 
from growth to "maintenance" processes, such as the synthesis of compatible solutes (e.g., 
proline) for osmotic adjustment and the active pumping of Na+ ions out of the cytoplasm. The 
visible symptoms of chlorosis and leaf tip burning observed in Maize and Rice suggest that these 
crops failed to sequester salt in the vacuoles, leading to the dehydration of photosynthetic tissues 
and reduced carbon fixation. 
4. Comparative Resilience of Local Varieties : Consistent with the rankings established in the 
Results, Wheat demonstrated the highest tolerance compared to Rice and Maize. This finding 
aligns with the research of Maas and Hoffman (1977), who classified Wheat as moderately salt-
tolerant. The high sensitivity of Maize in this study confirms that local Maize landraces may lack 
the robust "salt-exclusion" mechanisms found in more resilient cereal genotypes. 
5. Implications for Local Agriculture : The C50 thresholds identified (145 mM for Wheat, 95 
mM for Rice, and 78 mM for Maize) provide a vital guideline for farmers in saline-prone 
regions. These findings suggest that in areas where soil salinity exceeds 100 mM, local Wheat 
varieties are a more viable option than Maize or Rice. To mitigate these effects, future research 
should explore the application of bio-fertilizers or exogenous growth regulators, such as Salicylic 
Acid, which have been shown to alleviate salt-induced oxidative stress. 
 
Conclusion : The present study provides a comprehensive evaluation of the physiological and 
morphological impacts of salinity stress on local cereal crops. The findings conclusively 
demonstrate that increasing concentrations of Sodium Chloride (NaCl) exert a significant 
inhibitory effect on the entire life cycle of the plants, beginning from the critical stage of seed 
germination. 
Summary of Key Findings 
 Dose-Dependent Inhibition: Both germination percentage and seedling growth parameters 

exhibited a sharp decline as NaCl concentrations increased from 0 mM to 200 mM. 
 Root Sensitivity: The root system was identified as the most sensitive morphological organ, 

showing greater reduction in length and biomass compared to the shoot system across all 
tested varieties. 
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 Variety Resilience: Among the local cereal crops investigated, Wheat (Triticum aestivum) 
displayed the highest degree of salt tolerance, maintaining a higher C50 threshold compared 
to Rice and Maize. 

 Physiological Stress: Visible symptoms such as chlorosis and leaf necrosis at higher salinity 
levels confirmed that local varieties struggle with ion toxicity and osmotic imbalance, 
leading to reduced survival rates. 

Recommendations and Future Scope : Based on the results, it is recommended that farmers in 
saline-prone areas prioritize the cultivation of salt-tolerant Wheat genotypes over sensitive crops 
like Maize. Furthermore, this research opens avenues for investigating the use of soil 
amendments, such as gypsum or organic bio-stimulants, to mitigate the adverse effects of soil 
salinization. 

In conclusion, understanding the salinity thresholds of local cereal varieties is essential 
for ensuring regional food security and developing sustainable agricultural strategies in the face 
of changing environmental conditions. 
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