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Introduction 

Cinnamon (Cinnamomum verum J. Presl), also called Ceylon 

cinnamon or true cinnamon, is one of the important tree spices of 

India, belonging to the family Lauraceae with a diploid chromosome 

number of 24. It is indigenous to Sri Lanka and the Western Ghats of 

South India. The British brought cinnamon to India during the 18th 

century and it is now mostly grown in the Indian states of Tamil 

Nadu, Kerala and Karnataka (1). The estimated world production of 

cinnamon in 2020-21 is 2.22 mt. Indonesia is the largest producer in 

the world, accounting for 0.91 mt. Other important countries 

contributing to total world production are China (72531 t), Vietnam 

(31429 t) and Sri Lanka (22910 t) (2).  About 100 to 341 species of the 

genus Cinnamomum exist and they are extensively dispersed 

throughout Asia, Australia, the Pacific islands and Fiji (3). In India, the 

total production in 2021-22 was 6000 t and Meghalaya is the largest 

producer of cinnamon (70.26  %), followed by West Bengal            

(24.75  %) (1). The tree is mostly valuable for its dried inner bark, 

which is used as a spice and contains essential oils (1.88-3.2  %) (2). It 

is widely used in confectionery, food flavouring, alcoholic beverages, 

medicines and as a component in the production of candy, gum, 

incense and perfume. It is used to treat gastrointestinal disorders, 

flatulence and gastric debility and it is fragrant, astringent,                   

anti-inflammatory, antibacterial, antidiabetic, stomachic, stimulant 

and carminative. Additionally, there is a market for young, immature 

fruits for the extraction of essential oils, which has industrial 

importance (1, 3). 

 Cinnamon is mainly propagated through seeds, sometimes 

by air layering and rarely through cuttings. The cinnamon plant 

blooms in January and its fruits ripen from June to August (4, 5). 

Seeds are extracted from ripe fruits collected from selected mother 

trees with desirable characteristics and sown immediately and 

freshly harvested seeds showed higher germination percentages. 

Cinnamon seeds are recalcitrant. It means that seeds cannot be kept 

for a longer period at normal, high, or low temperatures (6). Another 

difficulty is that cinnamon seeds have a limited viability, which can 

result in delayed and staggered germination rates. The seedling 

progeny might exhibit a great deal of variation as a result of seed 

propagation, which includes variations in the height, size and shape 

of the leaves, the colour of the new flush and other characteristics (4). 

Despite all these hurdles, seed propagation is widely practised in 

cinnamon due to its superior peeling efficiency (7). Besides, the 

seedlings produce a desirable tap root system and the trees 

developed from these seedlings show a straight growing habit and 

lesser branching, which facilitates easy peeling of the bark, in 
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Abstract  

Cinnamon (Cinnamomum verum J. Presl) is one of the valuable spice crops in India used for food and flavouring industries belonging to the 
family Lauraceae. It is commonly propagated by seeds; however, seeds are recalcitrant and lose their viability quickly. This study evaluated 

the seed storability effect of several pre-sowing treatments on germination and seedling growth parameters of cinnamon. Ten treatments, 

including cold water soaking, hot water treatment, gibberellic acid (GA3) at two concentrations (200 ppm and 400 ppm), mycorrhiza, wood 
ash, cow urine, cow dung slurry, mud ball preparation and an untreated control, were assessed. Among the various treatments imposed, the 

application of wood ash resulted in the highest germination percentage (52.00  %) of stored seeds.  Pre-sowing seed treatment with GA3 at   

400 ppm recorded the highest rate of germination (2.86), took the least number of days for initiation of germination (14.33), 50 % germination 

(17.50) and final germination (35.00), highest shoot length (14.38 cm), root length (6.59 cm), seedling vigour index (929.60), fresh weight of 
shoot (441.00 mg), fresh weight of root (135.00 mg), dry weight of shoot (157.00 mg), dry weight of root (28.00 mg) and root to shoot ratio 

(0.18). The findings demonstrate pre-sowing seed treatment with wood ash improved germination percentage in stored seeds and GA3         

(400 ppm) markedly enhanced germination and seedling establishment in cinnamon. These seed priming procedures could help create a 

mass multiplication approach for farmers with limited resources.    

Keywords: Cinnamomum verum; gibberellic acid; pre-sowing seed treatments; seed germination; seedling vigour; wood ash    
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contrast to vegetatively propagated trees, which possess a much 

spreading habit, leading to laborious bark peeling (4).  

 Cinnamon seeds could have their germination and seedling 

growth characteristics improved by seed treatments before sowing. 

Pre-sowing seed treatments play a crucial role in breaking 

dormancy, improving germination rate and enhancing seedling 

vigour. Various traditional and scientific treatments, such as water 

soaking, growth regulators, organic inputs and microbial inoculants, 

are known to improve germination performance (5, 8). However, 

systematic evaluation of such treatments in cinnamon remains 

limited. Therefore, in the present investigation, an attempt has been 

made to study the effect of certain pre-sowing seed treatments on 

germination and seedling growth parameters of cinnamon by 

soaking in cold water, hot water, GA3, mycorrhiza (Glomus mosseae), 

wood ash, cow urine, cow dung slurry and mud ball preparation. 

The objective of this study was to evaluate the effect of various pre-

sowing seed treatments on germination and seedling growth of 

cinnamon, to identify effective strategies for improving seedling 

establishment and propagation efficiency.  

 

Materials and Methods 

Experimental site 

The present investigation was carried out at the Department of 

Horticulture, University of Agricultural Sciences, Dharwad, 

Karnataka, from May 2023  to June 2024.  

Seed material 

Freshly harvested fruits were stored in a refrigerator (5      °  C) for                   

4 weeks for the storage study. The stored seeds were then used to 

study the influence of various pre-sowing seed treatments on 

germination and seedling growth of true cinnamon.  

Design and layout of the experiment 

The experiment was laid out in a randomised block design (RBD) 

comprising ten treatments with three replications. A total of 300 

seeds were used per treatment, resulting in an overall sample size of 

3000 seeds. The treatment details of the experiment were as follows: 

T1 - soaking in cold water at room temperature for 24 hr, T2 - hot 

water soaking (50 °C for 5 min), T3 - GA3 at 200 ppm for 24 hr, T4 - GA3 

at 400 ppm for 24 hr, T5 - Mycorrhiza (Glomus mosseae) at 4g/kg sand

- sowing seeds in treated sand, T6 - coating seeds in wood ash paste, 

shade drying for 24 hr, T7 – Soaking seeds in cow urine at 5 % for         

24 hr, T8 - Soaking in cow dung slurry for 24 hr, T9 - Mud ball     

preparation- coating seeds in black soil and shade drying for 24 hr 

and T10 - Untreated control. 

Sampling procedure 

Cinnamon seeds required for the experiment were collected from  

10 nine-year-old cinnamon trees of mixed population from the 

Department of Horticulture, University of Agricultural Sciences, 

Dharwad, Karnataka. Based on preliminary studies on the 

germination percentage of cinnamon seeds after different periods of 

storage, various pre-sowing seed treatments were applied to assess 

their effects on germination and seedling growth parameters. The 

treated seeds were sown in 12” grow bags filled with sterilised fine 

sand of neutral pH, kept under shade (50  % shade house). After 

sowing the seeds, the bags were covered with a portable polytunnel 

to create an ideal atmosphere within the tunnel for faster 

germination.  

 

Observations recorded 

Observations in relation to germination percentage, rate of 

germination, days taken for initiation, 50 % and final germination, 

root length, shoot length and vigour index were recorded. Final 

observations on root length, shoot length, number of leaves and 

vigour index were recorded 30 days after the final germination date; 

it was ensured that no seed germinated in a period of 10 days 

preceding the final germination date. The rate of germination was 

determined by counting the number of seeds germinated each day 

from the initiation of germination to final germination. It is expressed 

as an actual 'rate', i.e., number per day, as given in Equation 1-2 (9). 

The vigour index was calculated as per the standard methods (10, 

11) 

Rate of germination = Total number of seeds germinated/ number of 
days taken from initiation of germination to final germination  

                               (Eqn. 1) 

Vigour index = [Shoot length (cm) + Root length (cm)]  ́Germination 

percentage                 (Eqn. 2) 

Statistical analysis 

The data was analysed statistically by using single-factor Analysis of 
Variance (ANOVA) in MS Excel software. Critical difference at 5  % 

level of significance or Tukey’s HSD (Honestly Significant Difference) 

test (at p < 0.05) was used to compare the significant difference 

between the treatments (12).  

 

Results 

Influence of storage period on germination 

The results of the influence of storage period on germination of true 

cinnamon seeds are depicted in Fig. 1. The present study showed 

that freshly collected seeds without storage had the highest 

germination percentage (90.67 %) without any seed priming. 

However, the seed germination of cinnamon decreased significantly 

(45.0  %) over 4 weeks of storage (Fig. 1). Hence, the investigation was 

initiated to study the influence of various pre-sowing seed 

treatments on enhancing the seed germination in stored (8 weeks) 

cinnamon seeds.  

Effect of pre-sowing seed treatments on germination 

parameters   

All the seed priming techniques significantly enhanced the seed 
germination in true cinnamon and the results of the effect of 

different pre-sowing seed treatments on the germination 

percentage of cinnamon are presented in Fig. 2-3. Among the 

various treatments, wood ash-treated seeds resulted in significantly 

higher percentage seed germination (52 %), followed by GA3   at      

400 ppm (44.33  %). Cow urine at 5 % and water soaking also 

resulted in significantly higher percentage seed germination (37 % 

and 35 % respectively) than the control (6 %). All the organic seed 

priming techniques, including cow dung slurry, mycorrhiza and 

mudball treatments, significantly enhanced germination compared 

to the untreated control.  

 Table 1 exhibits the results of germination parameters as 

influenced by the various seed priming techniques. Among them, 

seed priming with GA3    at 400 ppm resulted in the highest 

germination rate (2.86), followed by water soaking (2.64). While 
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Fig. 1. Influence of storage period on germination of cinnamon seeds.  

Fig. 2. Effect of pre-sowing seed treatments on the percentage of seed germination of cinnamon seeds. T1 - Water soaking; T2 - Hot water; T3 - 
GA3 at 200 ppm; T4 - GA3 at 400 ppm; T5 - Mycorrhiza at 4 g/kg sand; T6 - Wood ash; T7- Cow urine at 5  %; T8 - Cow dung slurry; T9 - Mud ball prepa-

ration; T10 - Control.  

Treatments 
Rate of 

germination 
Days taken for initiation  

of germination 
Days taken for 50 %  

germination 
Days taken for  

final germination 
T1 - Cold water (room temperature) 2.64 15.33 21.00 42.00 
T2 - Hot water (50 °C for 5 min) 2.53 16.00 19.83 39.67 
T3 - GA3 at 200 ppm 2.44 15.33 20.50 41.00 
T4 - GA3 at 400 ppm 2.86 14.33 17.50 35.00 
T5 - Mycorrhiza at 4 g/kg sand 2.61 16.33 19.16 38.33 
T6 - Wood ash 2.22 14.67 22.50 45.00 
T7 - Cow urine at 5 % 2.42 17.67 21.16 41.33 
T8 - Cow dung slurry 2.57 17.33 19.50 39.00 
T9 - Mud ball preparation 2.50 18.00 20.00 40.00 
T10 - Control 2.44 18.67 20.50 41.00 
Mean 2.52 16.37 20.17 40.23 
S. Em. ± 0.20 0.47 1.04 2.08 
C. D. at 5 % 0.61 1.40 3.08 6.18 
 F test * * * * 

Table 1. Effect of different pre-sowing seed treatments on germination parameters of cinnamon seeds  

* - Significant at 5  % level; mg - milligram; GA₃ - Gibberellic acid; ppm - parts per million; S.Em - Standard error of mean; C.D - Critical differ-
ence.  
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studying the germination period of cinnamon, GA3    at   400 ppm 

took the least number of days for initiation of germination (14.33),      

50  % germination (17.50) and final germination (35.00) (Table 1). 

This was superior compared to the untreated control, which 

required 18.67 days for initiation of germination, 20.50 days for 50 % 

germination and 41 days to complete germination. Although the 

wood ash-treated seeds exhibited the highest percentage seed 

germination, the rate of germination was the lowest compared to 

other treatments and it took a greater number of days (22.5) f or 50 % 

germination and to complete their germination (45 days), depicting 

a very slow germination process in cinnamon.  

Effect of pre-sowing seed treatments on seedling growth 

parameters   

Pre-sowing seed treatments significantly influenced the seedling 

growth parameters, such as shoot length, root length and seedling 

vigour index (Table 2). Significantly higher shoot length (14.38 cm), 

root length (6.59 cm) and seedling vigour index (929.60) were 

recorded in GA3 at 400 ppm as compared to the control. Seeds 

treated with cow urine at 5 % also recorded significantly higher 

shoot and root length than the control. Wood ash treatment was 

found to be the second-best treatment with respect to the seedling 

vigour index (911.04) due to higher germination of seeds in the 

treatment. Cow urine treatment also enhanced seedling vigour 

(766.27), while cold water soaking and GA₃ at 200 ppm performed 

moderately well. Seedlings of control exhibited poor growth with 

minimal vigour index (44.70). 

 

 The results of the influence of seed priming techniques on 
shoot and root biomass (fresh and dry weight of shoot and root) are 

displayed in Table 3. All the pre-sowing seed treatments significantly 

enhanced the seedling wet and dry biomass when compared to the 

untreated seeds.  The highest fresh weight of shoot (441.00 mg), 

fresh weight of root (135.00 mg), dry weight of shoot (157.00 mg), dry 

weight of root (28.00 mg), root to shoot ratio (0.18) were recorded in 

GA3 at 400 ppm, followed by cow urine at 5 % treatment. Organic 

seed treatments, including cow dung slurry, mycorrhiza and mud 

techniques, were also found to be more effective in enhancing the 

seedling biomass than the control. While the germination 

percentage was observed to be maximum in wood ash-treated 

seeds, all the other germination and seedling growth parameters 

were lower in the treatment. GA₃ at 400 ppm was found to be the 

most efficient pre-sowing seed treatment in true cinnamon, 

followed by cow urine at 5  %  and water soaking.  

 

Discussion 

The investigation on the study of seed germination of true cinnamon 

exhibited a significant loss in germination capacity upon storage, 

even under refrigerated conditions. Hence, the seeds were found to 

be recalcitrant and lose their viability (> 50 %) considerably in 25 days 

* - Significant at 5  % level; mg - milligram; GA₃ - Gibberellic acid; ppm - parts per million; S.Em - Standard error of mean; C.D - Critical difference.  

Table 2. Effect of different pre-sowing seed treatments on shoot length, root length and seedling vigour index true cinnamon seedlings  

Treatments Shoot length (cm) Root length (cm) Seedling vigour index 
T1 - Cold water (room temperature) 13.53 5.91 680.40 
T2 - Hot water (50 °C for 5 min) 11.62 5.35 192.27 
T3 - GA3 at 200 ppm 13.77 6.45 586.38 
T4 - GA3 at 400 ppm 14.38 6.59 929.60 
T5 - Mycorrhiza at 4 g/kg sand 12.55 5.03 421.92 
T6 - Wood ash 12.53 4.99 911.04 
T7 - Cow urine at 5 % 14.19 6.52 766.27 
T8 - Cow dung slurry 13.06 3.89 446.29 
T9 - Mud ball preparation 10.93 4.94 322.64 
T10 - Control 5.61 1.84 44.70 
Mean 12.22 5.15 530.15 
S. Em. ± 1.30 0.55 58.18 
C. D. at 5 % 3.87 1.64 172.87 
 F test * * * 

 

Fig. 3. Effect of pre-sowing seed treatments on germination parameters of cinnamon seeds. T1 - Water soaking; T2 - Hot water; T3 - GA3 at 200 
ppm; T4 - GA3 at 400 ppm; T5 - Mycorrhiza at 4 g/kg sand; T6 - Wood ash; T7- Cow urine at 5  %; T8 - Cow dung slurry; T9 - Mud ball preparation; T10 - 

Control.  
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of storage. A substantial reduction (60 %) in seed germination was 

observed after 1 week of storage of recalcitrant Cinnamomum 

burmanii seeds (13). It was also reported that cinnamon seeds were 

found to lose their viability from 94  % to 29  % over a 10-day storage 

period (14). When the seeds were subjected to seed priming 

techniques in true cinnamon, maximum germination was obtained 

in wood ash treatment, followed by GA3  at 400 ppm. Wood ash 

contains high amounts of K, Ca, Mg, P and some micronutrients that 

help with better water retention and break the high dormancy of 

recalcitrant seeds (15, 16). GA3 was reported to overcome all types of 

seed dormancies and was found to remove the germination 

inhibitors from the seeds and thereby help seed germination (17). 

  Seed priming with cow urine at 5 % and water soaking also 

enhanced seed germination in true cinnamon. Cow urine, reported 

to contain nutrients and plant growth-promoting rhizobacteria 

strains, which help in the production of growth hormones like auxins 

and gibberellins and help to break the dormancy of seeds (18, 19). 

Soaking the seeds in water at room temperature likely helped by 

softening the seed coat, removing inhibitors and reducing the time 

required for germination (20). A significant increase in seed 

germination was observed in rosemary seeds treated with cow urine 

and water soaking (8).   

 Seed treatment with GA3 exhibited a significant 

improvement in germination parameters, including rate and 

uniformity of germination. The effect of GA3 in increasing the rate of 

germination could be attributed to the seed dormancy-breaking 

ability of GA3 due to protein synthesis and enhanced ethylene 

production, which might have invoked the synthesis of alpha 

amylase enzyme and leaching out of chemical inhibitors due to the 

action of these growth substances (21). Research has demonstrated 

that the highest rate of germination and the least number of days 

taken for 50  % germination and final germination when the seeds of 

Embelia tsjeriam-cottam were treated with GA3  at  400 ppm (22).  

 Although the wood ash-treated seeds showed maximum 

percentage of seed germination, the other germination parameters, 

like the rate of germination, were minimal compared to other 

treatments and it took a greater number of days for 50 % 

germination as well as final germination. These seeds took the 

longest time to complete germination, with a very slow germination 

process in ash-treated seeds. Research indicates a similar trend in 

Quercus rubra seeds when treated with ash, resulting in 30 % higher 

germination than the control, but it took a prolonged period of 120 

days to complete germination (23). 

 The increase in shoot length in GA3  and cow urine 

treatments may be attributed to early germination, enhanced 

gibberellin-induced cell division and cell elongation. The highest 

seedling vigour observed with GA3 might be due to a greater 

metabolic activity and respiration rate, improved metabolite 

mobilisation and utilisation to growth points and higher enzyme 

activity (21, 24). The stimulating effects of GA3 on seedling growth 

parameters were reported in tamarind (25). Likewise, the presence 

of plant growth hormone, auxin, in cow urine may have helped to 

promote seedling growth (19).  

 While the germination percentage was observed to be 
maximum in wood ash-treated seeds, all the growth parameters 

were lower in the same. The adverse effects of wood ash at higher 

doses may be attributed to the presence of toxic elements exceeding 

the tolerance limits of seedlings (16). The reduced growth in wood 

ash treatment can also be partially attributed to reduced water 

content in seedlings caused by wood ash that might cause a loss of 

turgor and result in limited availability of water for cell extension and 

physiological processes and hence affects plant growth (26). 

 Root and shoot biomass of cinnamon seedlings were 

significantly elevated in the GA3 treatment than in the others. 

Gibberellic acid might have stimulated the activity of simple sugars 

and their transfer to the developing embryo, where they provide 

energy for growth and development, resulting in a higher fresh 

weight of shoot and root. The dry weight of various plant sections 

has increased as a result of improved nutrient mobilisation brought 

on by using GA3, which encourages plant growth and development 

(26). The highest dry weight of root and dry weight of shoot recorded 

with the treatment of GA3 at 400 ppm might have resulted in the 

highest root-to-shoot ratio in this treatment. Overall, GA₃ at 400 ppm 

was found to be the most effective seed priming technique, 

significantly enhancing germination speed, uniformity and seedling 

vigour. Cow urine (5  %) and water soaking also recorded higher seed 

germination and seedling growth parameters, making them suitable 

alternatives for treating cinnamon seeds for better germination.  

 

Conclusion  

The study highlights the importance of pre-sowing seed 

treatments in improving germination and seedling establishment 

of cinnamon. Freshly harvested, ripe cinnamon fruits were used for 

the extraction of seeds and the seeds retain maximum viability    

(85-90 %) for up to 7 days after harvesting. GA₃ at 400 ppm was 

found to be the most effective pre-sowing seed treatment, 

improving germination speed, uniformity and seedling vigour. 

Table 3. Effect of different pre-sowing seed treatments on shoot and root biomass in true cinnamon seedlings  

Treatments 
Fresh weight of shoot 

(mg) 
Fresh weight of root 

(mg) 
Dry weight of shoot 

(mg) 
Dry weight of 

root (mg) 
Root to  shoot 

ratio 

T1 - Cold water (room temperature) 359.00 107.00 127.00 22.00 0.17 
T2 - Hot water (50 °C for 5 min) 261.00 95.00 102.00 16.00 0.16 
T3 - GA3 at 200 ppm 384.00 116.00 133.00 23.00 0.17 
T4 - GA3 at 400 ppm 441.00 135.00 157.00 28.00 0.18 
T5 - Mycorrhiza at 4 g/kg sand 333.00 91.00 119.00 18.00 0.15 
T6 - Wood ash 327.00 85.00 110.00 18.00 0.16 
T7 - Cow urine at 5 % 393.00 124.00 137.00 24.00 0.17 
T8 - Cow dung slurry 333.00 75.00 119.00 14.00 0.12 
T9 - Mud ball preparation 253.00 82.00 100.00 13.00 0.13 
T10 - Control 101.00 29.00 43.00 5.00 0.12 
Mean 318.50 93.90 114.70 18.10 0.15 
S. Em. ± 30.14 7.03 9.32 1.65 0.02 
C. D. at 5 % 89.54 20.88 27.70 4.89 0.06 
 F test * * * * * 

* - Significant at 5  % level; mg - milligram; GA₃ - Gibberellic acid; ppm - parts per million; S.Em - Standard error of mean; C.D - Critical difference.  
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Seed priming with cow urine at 5  % and overnight water soaking 

can also enhance germination and growth parameters in true 

cinnamon. Since the seedling progeny exhibit superior peeling 

efficiency, these seed priming techniques could be a boon in 

developing a mass multiplication method for                                

resource-constrained farmers. Adoption of these treatments can 

improve nursery efficiency and ensure better plantation 

establishment in true cinnamon cultivation.    

 

Acknowledgements  

The Authors are thankful to the Department of Horticulture and 

the Department of Microbiology, UAS Dharwad, for the technical 

support during the study.    

 

Authors' contributions 

GP conducted the research, result analysis and interpretation. YS 

designed the study, analysis and compilation of the study. RV 

provided the technical support to conduct the research. CMN 

provided technical support for the physiological response in the 

study. All authors read and approved the final manuscript.  

 

Compliance with ethical standards 

Conflict of interest: Authors do not have any conflict of 

interest to declare.   

Ethical issues: None 

 

References 

1. Agricultural and Processed Food Products Export Development 

Authority (APEDA). Indian production of cinnamon. New Delhi: 
APEDA; 2022.  

2. Food and Agriculture Organization of the United Nations (FAO). 

Cinnamon-producing countries in the world. Rome: FAO.  

3. Haldankar PM, Nagwekar DD, Patil JL, Gunjate RT. Varietal 
screening for yield and quality in cinnamon. Indian Cocoa Arecanut 

Spices J. 1994;18:79–81. 

4. Sasikumar B, Krishnamoorthy B, Rema J, Ravindran PN, Peter KV. 
Genetic diversity of major spices. In: Proceedings of the National 

Symposium on Spices, Medicinal and Aromatic Plants: Biodiversity, 
Conservation and Utilization; 1999 Aug 10–12; Indian Institute of 

Spices Research (IISR), Calicut, Kerala, India. p. 32–4. 

5. Weerasuriya SN, Pathirana R. Germplasm resources, breeding 
technologies and the release of cinnamon cultivars ‘Sri Wijaya’ and ‘Sri 

Gemunu’ in Sri Lanka. In: Ranjith S, Ranjith P, editors. Cinnamon: 
Botany, agronomy, chemistry and industrial applications. New York: 

Springer; 2021. p. 147–69. https://doi.org/10.1007/978-3-030-54426-
3_6 

6. Thangaselvabai T, Joshua JP, Jayasekar M. Cinnamon 

(Cinnamomum verum Presl)-the sweet bark spice for flavour and 
fragrance: a review. Agric Rev. 2009;30(3):167–75.  

7. Rajan RR, Joshua JP, Vethamoni PI, Jasmine AJ, Justin CGL. Effect 

of pre-germination treatments on seed germination and seedling 
growth in cinnamon. Pharma Innov. 2023;12(9):1826–31. https://

doi.org/10.22271/tpi.2023.v12.i9t.22921 

8. Prabhuji SK, Rao GP, Pande S, Richa, Srivastava GK, Srivastava AK. 
Cinnamomum species: spices of immense medicinal and 

pharmacological value. Med Plants. 2021;13(2):202–20. https://
doi.org/10.5958/0975-6892.2021.00024.1 

9. Bandusekara BS, Widanapathirana CU. Preliminary evaluation of 

yield performance and peeling characteristics of clonal- and seed-
propagated Ceylon cinnamon (Cinnamomum verum J.S. Presl; syn. 

Cinnamomum zeylanicum Blume) of Sri Lanka. J Agro-Technol Rural 
Sci. 2024;4(2):36–43. https://doi.org/10.4038/atrsj.v4i2.64 

10. Sharma Y, Fagan J, Schaefer J. Influence of organic pre-sowing seed 

treatments on germination and growth of rosemary (Rosmarinus 
officinalis L.). Biol Agric Hortic. 2020;36(1):35–43. https://

doi.org/10.1080/01448765.2019.1649193 

11. Abdul-Baki AA, Anderson JD. Vigour determination in soybean by 
multiple criteria. Crop Sci. 1973;13:630–3. https://doi.org/10.2135/

cropsci1973.0011183X001300060013x 

12. Bewley JD, Black M. Physiology and biochemistry of seed 
germination. Part II. New York: Springer-Verlag; 1982. p. 32–4. 

https://doi.org/10.1007/978-3-642-68643-6 

13. Maisuria KM, Patel ST. Seed germinability, root and shoot length 
and vigour index of soybean as influenced by rhizosphere fungi. 

Karnataka J Agric Sci. 2009;22(5):1120–2. 

14. Panse VG, Sukhatme PV. Statistical methods for agricultural 
workers. New Delhi: Indian Council of Agricultural Research; 1985. 
381 p. 

15. Mayura E, Idris H, Melati M. Effect of maturity level and size on the 
viability of cinnamon seeds at different storage periods 
(Cinnamomum burmanii L.). J Appl Agric Sci Technol. 2023;7(2):160–

71. https://doi.org/10.55043/jaast.v7i2.88 

16. Mayura E, Idris H. Increasing viability of cinnamon (Cinnamomum 
burmanii L.) seeds by soaking in rabbit urine. IOP Conf Ser Earth 

Environ Sci. 2020;497(1):012010. https://doi.org/10.1088/1755-
1315/497/1/012010 

17. Bareke T. Biology of seed development and germination 
physiology. Adv Plants Agric Res. 2018;8(4):336–46. https://
doi.org/10.15406/apar.2018.08.00335  

18. Nabeela F, Murad W, Khan I, Mian IA, Rehman H, Adnan M, et al. 
Effect of wood ash application on morphological, physiological and 
biochemical parameters of Brassica napus L. Plant Physiol 

Biochem. 2015;95:15–25. https://doi.org/10.1016/
j.plaphy.2015.06.017 

19. Copeland LO, McDonald MB. Principles of seed science and 
technology. 3rd ed. New York: Chapman & Hall; 1995. p. 127–46. 

20. Gupta KK, Aneja KR, Rana D. Current status of cow dung as a 
bioresource for sustainable development. Bioresour Bioprocess. 

2016;3(1):1–11. https://doi.org/10.1186/s40643-016-0105-9 

21. Desai A, Panchal B, Trivedi A, Prajapati D. Seed germination and 
seedling growth of papaya (Carica papaya L.) cv. Madhubindu as 

influenced by media, GA₃ and cow urine under net-house 
conditions. J Pharmacogn Phytochem. 2017;6(4):1448–51.  

22. Hartmann HT, Kester DE, Davies FT Jr, Geneve RL. Plant 
propagation: principles and practices. 8th ed. Upper Saddle River 
(NJ): Pearson Education Limited; 2014. 

23. Hota SN, Karna AK, Jain PK, Dakhad B. Effect of gibberellic acid on 
germination, growth and survival of jamun (Syzygium cumini L. 
Skeels). Pharma Innov J. 2018;7(8):323–6.  

24. Sharma Y, Venugopal CK, Hegde RV, Hegde L, Manjunath AV. 

Propagation of Embelia tsjeriam-cottam, a critically endangered 
medicinal plant species. J Med Arom Plant Sci. 2011;33(4):463–9. 

25. Reyes O, Kaal J, Arán D, Gago R, Bernal J, García-Duro J, et al. Effects 

of ash and black carbon (biochar) on germination of different tree 
species. Fire Ecol. 2015;11(1):119–33. https://doi.org/10.4996/

fireecology.1101119 

26. Dhoran VS, Gudhade SP. Effect of plant growth regulators on seed 
germination and seedling vigour in Asparagus sprengeri Regelin. 

Indian Res J Biol Sci. 2012;1(7):6–10.  

27. Vasantha PT, Vijendrakumar RC, Guruprasad TR, Mahadevamma M, 
Santhosh KV. Effect of growth regulators and biofertilizers on seed 

https://plantsciencetoday.online
https://doi.org/10.1007/978-3-030-54426-3_6
https://doi.org/10.1007/978-3-030-54426-3_6
https://doi.org/10.22271/tpi.2023.v12.i9t.22921
https://doi.org/10.22271/tpi.2023.v12.i9t.22921
https://doi.org/10.5958/0975-6892.2021.00024.1
https://doi.org/10.5958/0975-6892.2021.00024.1
https://doi.org/10.4038/atrsj.v4i2.64
https://doi.org/10.1080/01448765.2019.1649193
https://doi.org/10.1080/01448765.2019.1649193
https://doi.org/10.2135/cropsci1973.0011183X001300060013x
https://doi.org/10.2135/cropsci1973.0011183X001300060013x
https://doi.org/10.1007/978-3-642-68643-6
https://doi.org/10.55043/jaast.v7i2.88
https://doi.org/10.1088/1755-1315/497/1/012010
https://doi.org/10.1088/1755-1315/497/1/012010
https://doi.org/10.15406/apar.2018.08.00335
https://doi.org/10.15406/apar.2018.08.00335
https://doi.org/10.1016/j.plaphy.2015.06.017
https://doi.org/10.1016/j.plaphy.2015.06.017
https://doi.org/10.1186/s40643-016-0105-9
https://doi.org/10.4996/fireecology.1101119
https://doi.org/10.4996/fireecology.1101119


7 

Plant Science Today, ISSN 2348-1900 (online) 

germination and seedling growth of tamarind (Tamarindus indica 

L.). Plant Arch. 2014;14(1):155–60.  

28. Katerji N, van Hoorn JW, Hamdy A, Mastrorilli M, Mou Karzel E. Osmotic 
adjustment of sugar beet in response to soil salinity and its influence 
on stomatal conductance, growth and yield. Agric Water Manag. 

1997;34:57–69. https://doi.org/10.1016/S0378-3774(96)01294-2 

 

 

 

 

 

 

 

 

 

Additional information 

Peer review: Publisher  thanks Sectional Editor and the other anonymous 
reviewers for their contribution to the peer review of this work. 

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy 

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations. 

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is 
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics, 
NAAS, UGC Care, etc 
See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting 

Copyright: © The Author(s). This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution and reproduction in any medium, provided the 
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/) 

Publisher information:  Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited, 
Thiruvananthapuram, India. 

https://doi.org/10.1016/S0378-3774(96)01294-2
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

