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Maize (Zea mays L.) is a vital crop, but its productivity is 
hindered by soil alkalinity, characterised by high pH levels that 
reduce nutrient availability. This study explores the potential of 
calcium carbonate (CaCO₃) seed priming to enhance the 
germination and early growth of two maize hybrids, CO-6 and 
VGI (H) M-2, under alkaline conditions. The experiment 
involved priming seeds with a CaCO₃ solution and testing them 
in various alkalinity levels (0, 2, 4, 8, and 10%). Results showed 
that priming significantly improved shoot growth and root 
length in both hybrids CO-6 and VGI H (M)-2 exhibited varying 
levels of tolerance to alkalinity, with primed seeds generally 
outperforming unprimed seeds in shoot growth and root length. 
This study concludes that CaCO₃ priming can enhance maize 
tolerance to alkaline soils, improving overall plant health. 
Further field studies and biochemical tests are recommended to 
validate these findings and optimise maize cultivation in 
alkaline environments. This study offers a workable solution to 
the problems caused by soil alkalinity in maize cultivation, 
which advances sustainable agricultural techniques. 

Keywords: alkalinity, germination, seed priming, shoot length, 
root length, Zea mays.  
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INTRODUCTION 

Maize (Zea mays L.) is a globally important crop, 
essential for food, feed, and industrial purposes. The 
adaptability of maize to different climates and soils 
has made it a versatile crop, grown in diverse regions 

across the globe (Denham, 2020). It provides 
essential nutrients and is used in various forms, such 
as cornmeal, corn flour, and corn syrup. A significant 
portion of maize production is used as livestock feed 
(Erenstein et al., 2022). However, soil alkalinity often 
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challenges its productivity, a condition where high 
pH levels impede nutrient availability and uptake, 
thereby stunting plant growth (Barrow, & 
Hartemink, 2014). Addressing this issue is critical for 
ensuring sustainable maize production, particularly 
in regions where alkaline soils are prevalent.   

       Alkaline soils, characterised by a pH greater than 
7.5, often contain high levels of sodium, calcium, and 
magnesium carbonates, leading to nutrient 
deficiencies, particularly iron, manganese, and zinc 
(Marschner, 2011). These deficiencies manifest in 
poor seed germination, stunted growth, and reduced 
yield, posing a significant challenge to farmers 
(Marschner, 2011). Traditional methods to 
ameliorate alkaline soils include the application of 
organic matter and soil conditioners, but these 
approaches can be labour-intensive and costly (Xu et 
al., 2023). 

       Recently, seed priming approaches have surfaced 
as an effective method to improve seed performance 
under diverse stress conditions (Thakur et al., 2022; 
Mahara et al., 2022). Seed priming involves treating 
seeds with certain agents before sowing to improve 
their germination and vigour (Jisha et al., 2013). 
Calcium carbonate (CaCO₃) is an agent that alleviates 
the negative impacts of alkalinity by increasing 
nutrient availability and promoting soil structure.  

        Soil alkalinity is caused by various factors, 
including the presence of basic parent materials, 
limited leaching in arid regions, and the use of 
alkaline irrigation water (Naorem et al., 2023). In 
alkaline conditions, essential micronutrients such as 
iron, manganese, and zinc become less available to 
plants, as they tend to form insoluble compounds 
(Schoonover & Crim, 2015). This nutrient imbalance 
can severely affect plant metabolism, leading to 
symptoms such as chlorosis, reduced growth rates, 
and lower productivity. Earlier research reports 
indicate that maize, being sensitive to soil pH, often 
exhibits poor germination rates and diminished 
seedling vigour in alkaline soils. This sensitivity 
necessitates the development of adaptive strategies 
to maintain crop performance (Lamichhane et al., 
2018). Studies have shown that calcium carbonate 
priming can enhance seedling emergence and 
growth by improving nutrient uptake and promoting 
better root development (Paul et al., 2022). 

       Therefore, the present study aims to evaluate the 
impact of calcium carbonate priming on the 
germination and early growth of maize hybrids CO-6 
and VGI (H) M-2 in alkaline soil conditions, assess the 
potential of calcium carbonate priming to enhance 
overall plant health and yield in these maize hybrids 

and provide practical recommendations for farmers 
to improve maize production in alkaline soils using 
seed priming techniques. By addressing these 
objectives, the study seeks to contribute valuable 
knowledge towards optimising maize cultivation in 
challenging soil environments, ultimately supporting 
agricultural sustainability and food security. 

MATERIALS AND METHODS 

Study site and experimental design 

This study was conducted in the Department of 
Agriculture and Animal Science, Gandhigram Rural 
Institute, in the summer season of 2024. We used five 
500 ml beakers for the experiment. Each beaker was 
allotted four germination papers having 20 cm in 
length and 25 cm in breadth. The beakers were kept 
in an open environment. Ten primed and ten 
unprimed seeds of CO-6 and VGI H (M)-2 hybrids 
were sown in germination paper in the form of roll 
towel paper method at a spacing of 2-3 cm. The 
experiment was conducted with a completely 
randomised design method. The experiment used 
two variables: alkalinity level and priming. Five 
concentrations of alkalinity (0, 2, 4, 8, and 10% 0.1N 
Na2CO3+NaHCO3/ml) and two priming methods 
(CaCO3 primed and unprimed) were employed. The 
alkalinity level and priming combination were 
randomised among the beakers.   

Priming and Alkalinity Treatment 

Two maize hybrids, CO-6 and VGI H (M)-2, were 
acquired from the Maize Research Station in Vagarai, 
Dindigul district, Tamil Nadu, India. The seeds were 
surface sterilised with a 2% formaldehyde solution 
for 3 minutes and subsequently rinsed completely 
with distilled water. The seeds were subsequently 
primed by soaking in a 5g/L CaCO3 solution for 24 
hours at ambient temperature. The seed weight to 
CaCO3 solution ratio was 1:5 (g/mL). After priming, 
seeds were extracted and cleansed with tap water, 
followed by three rinses with distilled water. Study 
the effect of Various concentrations of alkalinity 
levels (0,2,4,8,10 %) prepared by using 0.1N 
Na2CO3+NaHCO3 (pH- 9.4 and EC-29.6 ds/m) were 
poured into for about 100ml twice (1st and 4th day) 
containing 2 primed and 2 unprimed hybrids as seen 
in Figure 1.  

       The experiment was conducted for 7 days, and 
each observation was carried out 7 days after sown 
(DAS). The number of seeds germinated was counted 
and converted into percentages. Mean comparisons 
were made using a web agri stat package (WASP), 
and mean significance was detected when p-values 
were less than 0.
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Figure 1. Study the effect of Various concentrations of alkalinity levels (0, 2, 4, 8, 10 %) in two maize hybrids 
at 7 DAS. 

RESULTS  

The impacts of seed priming and alkalinity 
concentration on seed germination, shoot 
development, and root length are assessed at 7 days 
after sowing (DAS). Seed priming significantly 
increased growth parameters for both maize 
genotypes (Figure 2 & 3).  

Effect of seed priming and alkalinity level on seed 
germination 

The significant difference between the germination 
percentage of the primed seeds from the unprimed 
seeds and the percent germination among alkalinity 
levels of both hybrids, CO-6 and VGI H (M)-2. The 
peak germination of CO-6 is 0, 2, and 4% alkalinity 
levels in primed and unprimed seeds. The peak 
germination of VGI H(M)-2 is 0, 2, 4% alkalinity level 
in primed seed and 0% alkalinity level in unprimed 
seed (Figure 4). Significant differences were 
observed between the two genotypes of primed and 
unprimed seeds, CO-6 and VGI H(M)-2 (Figure 5). 

 

Figure 2. Effect of seed priming and alkalinity level at 0 % and 2%) for two maize hybrids. 
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Figure 3. Effect of seed priming and alkalinity level at 4 % and 8 %) for two maize hybrids. 

 

 

Figure 4. Effect of seed priming and alkalinity level on seed germination 
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Figure 5. Comparison of average germination percentage of primed and unprimed two maize hybrids 

Effect of seed priming and alkalinity level on 
shoot growth 

At varying alkalinity levels, primed seed significantly 
outperformed normal seed in shoot growth. The 
maximum shoot growth in the CO-6 hybrid was 
observed at a 2% alkalinity level for primed seed (30 
cm) and a 0% alkalinity level for unprimed seed (18.3 
cm). The VGI H(M)-2 genotype showed the maximum  

shoot growth at a 2% alkalinity level for primed seed 
(26.6 cm) and a 0% alkalinity level for unprimed seed 
(9.2 cm) (Figure 6). The two maize genotypes 
showed significant differences in average shoot 
length (cm). However, there is no significant 
difference between the two hybrids unprimed seed 
shoot growth separate comparisons (Figure 7). 

 

               Figure 6. Effect of seed priming and alkalinity level on shoot growth. 
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Figure 7. Comparison of average shoot length of primed and unprimed two maize hybrids 

Effect of seed priming and alkalinity level on root length: 

Significant improvement in root length of both hybrids was observed in primed seed than normal seed at 
different alkalinity levels. The maximum root length in the CO-6 hybrid for primed seed was observed in 0% 
and 2% alkalinity levels (20 cm & 17 cm), and for unprimed seed, it was observed in 0% and 4% alkalinity 
levels (16.4 cm & 7.6 cm) (Figure 8). The maximum root length in the VGI H(M)-2 hybrid for primed seed was 
observed at 0% and 2% alkalinity levels (21.7 cm and 18.3 cm), and for unprimed seed it was also observed at 
0% and 2% alkalinity levels (17.25 cm and 16.9 cm). There is no significant difference between the two hybrids 
primed and unprimed average root length (Figure 9). The total number of roots and total biomass for both 
hybrids primed and unprimed seed was also observed, but there was no significant difference (data were not 
shown). 

 

Figure 8. Effect of seed priming and alkalinity level on root length of two maize hybrids. 
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Figure 9. Comparison of average root length of primed and unprimed two maize hybrids. 

DISCUSSION 

Seed priming is a widely employed technique for 
enhancing plant tolerance to salinity, drought, and 
alkalinity stressors (Kumar et al., 2013; Ashokkumar 
et al., 2013). It is the process of regulated hydration 
of seeds to a degree that allows pre-germinative 
metabolic activity to occur while inhibiting the actual 
development of the radicle. Researchers have 
suggested several priming approaches, including 
hydropriming, halopriming, and osmopriming, 
among others (Farooq et al., 2009; Venothini et al., 
2024). Osmopriming is the translocation of solvent 
molecules from a dilute solution to a concentrated 
solution via a semipermeable membrane (Zhang et 
al., 2006; Kubala et al., 2015). Osmosis is classified 
into two types: endosmosis and exosmosis. An 
exosmotic mechanism occurs, utilising a hypertonic 
fluid to prime the seed. Seed priming employs several 
substances, such as polyethylene glycol (PEG), water, 
and chloride salts of sodium, potassium, and calcium 
(Mahara et al., 2022; Khodarahmpour & Choukan, 
2011). Seed priming enhances multiple metabolic 
and physiological processes in plants during 
germination and initial growth (Farooq et al., 2006; 
Abraha and Yohannes, 2013).  

       This study examined the effects of seed priming 
and alkaline stress on maize germination and 
growth. Restoring alkaline or basic soils necessitates 
neutralising the alkalinity and substituting the 
majority of sodium ions with calcium ions, which are 
more advantageous for plant growth (Debta, et al., 
2023). Consequently, maize seeds were subjected to 
priming in a calcium carbonate solution before sown  

on germination paper and subsequently immersed in 
a beaker containing an alkaline solution. Significant 
variation in germination % was observed between 
primed and unprimed seeds of CO-6 and VGI H (M)-2 
hybrids at different alkalinity levels. There was a 
notable variance in root length and shoot growth 
between primed and unprimed seed hybrids of CO-6 
and VGI H (M)-2 across varying alkalinity levels. 
Comparable findings were noted for two maize 
hybrids subjected to salt stress (Zheng et al., 2016). 
A recent investigation indicated that maize exhibited 
alkaline stress resistance when seeds were primed 
with silicon nanoparticles (Alsamadany et al., 2024). 
The two preceding papers corroborated the findings 
of the current investigation. The distinct comparison 
of the primed seeds from the two hybrids, with the 
unprimed seeds of the same hybrids, yielded varying 
results. The germination %, shoot length, and root 
length of the primed seeds of CO-6 and VGI H (M)-2 
exhibited a significant difference, but the number of 
roots of the primed seeds of CO-6 and VGI H (M)-2 
did not demonstrate a significant difference. In all 
instances, the mean values of germination %, shoot 
growth, and root length were superior in primed 
seeds compared to unprimed seeds. The findings 
indicate that alkalinity stress in maize substantially 
affects radicle emergence, shoot development, and 
root length.  

CONCLUSION 

Alkalinity may impede germination and seedling 
development in maize. Seed priming is an efficacious 
technique to enhance alkalinity tolerance in maize 
cultivation. This experiment indicates a significant 
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tolerance for cultivating primed seedlings in alkaline 
environments. Seed priming enhances germination 
and supports the plant's general growth and 
development. After practising the priming technique, 
the two hybrids subjected to the alkaline condition in 
the laboratory can be further tested in open field 
conditions or under pot culture, which will be more 
effective in determining their tolerance. Additional 
biochemical tests may reveal its true effectiveness. 
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