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A B S T R A C T 
Kodo millet (Paspalum scorbiculatum L.) is also known as ditch millet. It is grown only in India, although the wild grass is 
a widespread tropical weed that is harvested as a wild cereal in West Africa. The species was domesticated in India 
some 3000 years ago. It is grown in India from Kerala and Tamil Nadu in the south, to Rajasthan and Uttar Pradesh in 
the north, and West Bengal in the east, as a food grain. Seeds are basic for crop production. No agricultural practice can 
improve a crop beyond the limits set by the seed. Quality seeds along with other improved package of practices play a 
vital role in improving productivity of crops under rainfed condition. Seed priming is a practice adopted to alleviate the 
moisture stress or making the plant resistant to moisture stress. With this background the present investigations were 
carried out at the Department of Genetics and Plant Breeding, Faculty of Agriculture, Annamalai University to study on 
the effect of various seed enhancement treatments on seed yield and quality in kodo millet cv. CO 3.  The fresh seed of 
kodo millet cv. CO 3 were given with various organic seed enhancement treatments i.e., hardened with cow urine @ 
3%, vermiwash @ 3%, panchagavya @ 3%, azospirillum @ 3%, goat urine @ 3%, rhizobium @ 3%. Then the treated 
seeds were evaluated for their seed qualities and productivity using untreated seeds as control. The vermiwash @ 3% 
hardened seeds registered significantly higher values for initial seed qualities and lower electrical conductivity. In field 
evaluation, vermiwash @ 3% hardened seeds recorded higher growth, physiological and yield parameters. 
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Kodo millet is highly drought tolerant and therefore it 

can be grown in areas where rainfall is scanty and erratic. 

Kodo millet grain contains 8.3 per cent protein, 1.4 per cent 

fat, 65.6 per cent carbohydrates and 2.9 per cent ash with high 

fiber content and oxidant potential is much higher than any 

other millet and major cereals. In India, it is grown in 

Rajastan, Uttar Pradesh, Tamil Nadu, West Bengal, Madhya 

Pradesh and Andhra Pradesh [1]. Seed is the most vital and 

crucial input for crop production. It is the cheapest input in 

crop production and key to agriculture progress. The 

importance of quality seeds has been recognized from the time 

immemorial. The Good seed in good soil yields abundantly. 

Seed priming is one of the enhancement technique is done 

with various botanical, chemical and biological to improve the 

physiological quality of seeds [2]. Biological seed priming 

treatments are expected to be one of the fastest growing seed 

treatment sectors in the near future, in part because they are 

easier to register at Environment Protection Agency (EPA). 

Inoculation of seeds with such biological agents in 

combination with priming (Biopriming) potentially able to 

promote rapid and more uniform seed germination and plants 

growth [3]. Primed seeds actually exhibit increased 

germination rate, enhanced germination uniformity and 

enhanced speed of emergence and at times, greater total 

germination percentage [4]. With this background, the study 

was undertaken in kodo millet cv CO 3 to study the effect of 

various bio priming seed enhancement treatment on seed yield 

and quality. 

 

METERIALS AND METHODS 
 

The present investigations were carried out at the 

Department of Genetics and Plant Breeding, Faculty of 

Agriculture, Annamalai University to study the effect of the 

pre sowing botanical seed treatment on seed yield and quality 

in kodo millet.   Freshly harvested bulk seeds of kodo millet 

was CO 3 were graded and imposed with the following pre 

sowing seed treatments. The treatments are as: T0- Control, 

T1- Cow urine @ 3% hardening, T2- Vermiwash @ 3% 

hardening, T3- Panchagavya @ 3% hardening, T4- 

Azospirillum @ 3% hardening, T5- Goat urine@ 3% 

hardening, T6- Rhizobium@ 3% hardening. 

 The seeds were soaked in above extracts at room 

temperature @ 1:1 ratio for 4 hrs and the seeds were shade 

dried and then sun dried brought back into original moisture 

content. The treatments were evaluated for seed quality 

parameters viz. speed of germination [5], germination (%), 

root length (cm), shoot length (cm), dry matter production 

(mg) as per the procedure of [6], seedling vigour index I, 

seedling vigour index I [7] and seed metabolic efficiency [8]. 

The above treated seeds were also evaluated for their field 
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performance. Field trial was conducted by adopting 

randomized block design (RBD) with three replications. The 

crop was raised with the spacing of 20×10 cm and 

recommended package of practices for kodo millet were 

followed. Ten plants were randomly selected in each of the 

treatment replication wise and the following observation was 

recorded i.e. plant height (cm), days to first flowering, days to 

50 percent flowering, number of leaves per plant, dry matter 

production (g), number of tillers plant-1, leaf area index (LAI),  

length of panicle (cm), number of panicles per plant, weight of 

grains per panicle (g), 1000 grain weight (g), harvest index, 

seed yield per plant (g) and seed yield per plot (g) were 

recorded. All the data were analyzed statistically with 

appropriate tools and expressed as mean values as per the 

method of [9]. 

 

RESULTS AND DISCUSSION 
 

Crop production by the use of sustainable methods in 

agriculture has become the order of the day as there is a 

growing concern to conserve the environment and make the 

earth last longer for posterity. Sustainable agriculture has 

become important in the present-day time owing to pollution 

and soil degradation. The use of organic manures land 

fertilizer which are of biological origin is one of the practices 

in the farm of agriculture. Lots of scientists making efforts to 

find out manures and fertilizers that are eco-friendly and bio 

degradable.In cultivation of organically grown crops, chemical 

usage is excluded at all stages so organic agriculture broadly 

provides the dual benefits of soil quality improvement and 

chemical free organic food [10]. Seed treatment with organic 

products may promote plant growth or provide diseases 

control through a variety of mechanism, including supply of 

organic nutrient production of plant hormones, antibiotic or 

enzyme; induced systemic resistance; direct parasitism of 

plant pathogen or deleterious micro-organisms; or competition 

with pathogen for or nutrients [11]. 

In laboratory analysis vermiwash @ 3% hardened seeds 

recorded higher seed qualities viz. speed of germination, 

germination percentage, shoot length and shoot length. The 

above mentioned the treatments was recorded 20.81, 27.27, 

48.97 and 20.43 percentage higher than control respectively 

with the above-mentioned characters and also for other seed 

qualities viz. dry matter production, vigour index I, vigour 

index II and seed metabolic efficiency. Thus, treatment also 

recorded 34.88, 58.12, 60, and 53.12 percentage higher than 

control respectively with the above-mentioned characters 

(Table 1). 

 

Table 1 Effect of botanical seed enhancement treatment on initial seed qualities in kodo millet cv. CO 3 

Treatment 
Speed of 

germination 

Germination 

percentage 

(%) 

Shoot 

length 

(cm) 

Root 

length 

(cm) 

Dry matter 

production 

(mg seedlings-10) 

Vigour 

index I 

Vigour 

index II 

Seed 

metabolic 

efficiency 

T0 9.85 66 (54.33) 4.90 9.30 0.042 951 2.90 0.690 

T1 11.15 80 (63.47) 6.90 10.90 0.043 1,007 2.75 0.872 

T2 11.10 67 (54.94) 7.10 11.10 0.051 1,349 3.97 0.998 

T3 10.78 70 (56.79) 5.90 10.20 0.050 1,189 3.65 0.964 

T4 11.30 83 (65.67) 7.30 11.20 0.049 1,269 3.24 0.991 

T5 10.53 68 (55.55) 5.60 9.70 0.048 1221 3.55 1.073 

T6 9.81 80 (63.45) 6.70 9.40 0.047 1,036 3.38 0.731 

T7 9.83 74 (59.36) 6.40 9.20 0.053 1,416 4.24 0.843 

T8 10.46 71 (57.42) 5.40 10.50 0.055 1518 4.56 1.080 

T9 10.77 68 (56.16) 5.30 10.80 0.045 1,036 3.15 0.862 

T10 10.59 72.7 6.15 10.23 0.059 1530 4.64 1.110 

Mean 0.238 1.692 0.142 0.230 0.049 1234.38 3.64 0.906 

SE(d) 0.499 3.555 0.299 0.484 0.001 26.859 0.255 0.020 

C.D (P = 0.05) 9.85 66 (54.33) 4.90 9.30 0.002 56.061 0.531 0.041 
Figures in parenthesis are arcsin transformation values 
 

Nutrients and growth promoting substances present in 

the vermiwash showed its potentiality in seed germination and 

seedling vigour [12]. The enhanced seed quality such as root 

growth parameters can be attributed to the presence of humic 

acid in vermicompost and vermiwash. Humic acids have been 

known to enhance root growth [13] and nutrient uptake by 

increasing the root cell membrane permeability [14]. The 

better growth with vermicompost may be attributed to 

presence of unique mesophylic bacteria, fungi and worm 

secretions in vermicompost. This signifies that vermicompost 

is not all about nutritional enrichment but involvement of 

richer microbial, enzymatic activity of soil and plant growth 

regulators [15]. Increase in shoot length with vermiwash 

treated plants may be due to increased availability of more 

exchange of nutrients in the soil by application of vermiwash 

[16]. Increase in dehydrogenase activity and protein content 

supports the fact that the application of vermiwash influences 

growth by increasing the mitotic index. These observations 

can be correlated with the earlier studies of [17] reported 

stimulating influence of vermiwash on seed quality in 

Solenummelogena. Similar results were reported by [18] in 

rice, [19] in ragi. 

The above hardened seeds were also evaluated under 

field condition, the growth parameters and yield parameters 

were observed it revealed that that the vermiwash @ 3% 

hardening higher values for the growth parameters such as viz. 

plant height, number of tillers per plant, no of leaves per plant, 

dry matter production, leaf area index and panicle length 

which were 17.35, 24.65, 55.84, 58.34 and 43.31 percentage 

higher than the control respectively with above mentioned 

characters (Table 2). It recorded early days to first flowering 

and days to 50% flowering parameters which was 49.23 and 

52.73 respectively when compared control and other 

treatments. 

Vermiwash is liquid manure, extracted of 

vermicompost riches with more number of earthworms. Its 

seed hardening dramatically improves the growth and 

productivity of crop [20] has indicated that it is coelomic fluid 

extraction contains several enzyme, plant growth hormones 

like cytokinins, gaberdine and vitamins along with micro and 
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macro nutrients. It improves plant growth in crop [21] have 

reported that nitrogen in the form of mucus, nitrogenous 

excretory substance; growth stimulating hormones and 

enzyme are found in vermiwash [22]. Vermiwash is believed 

to contain plant growth hormones, enzymes and vitamins from 

earthworm-associated microbes [23]. Vermiwash promotes 

plant growth by physical amelioration of substrate and 

influencing nutrient uptake mechanism [24]. Edwards, 

reported in the microbial activity in vermicompost could result 

in production of significant quantity of plant growth regulators 

such as IAA, gibberellins, cytokinins, by microorganisms. 

Large amount of humic acid were produced during 

vermicomposting and these had been reported to have positive 

effects on plant growth [25]. 

 

Table 2 Effect of biological seed Enhancement treatment on initial growth parameters in kodo millet cv. CO 3 

Treatment 

Plant 

height 

(cm) 

Days to 

first 

flowering 

Days to 50 

percent 

flowering 

No of 

tillers per 

plant 

No. of 

leaves per 

plant 

Dry matter 

production 

(g) 

Leaf area 

index 

Panicle 

length 

(cm) 

T0 57.72 61 65 40 13.25 2.98 0.98 8.38 

T1 58.34 60 60 41 14.76 3.10 1.12 9.54 

T2 67.74 49 52 50 20.65 4.10 2.85 12.01 

T3 66.84 50 54 49 18.64 3.78 2.10 11.04 

T4 59.68 50 59 41 17.46 3.65 1.67 8.66 

T5 60.78 53 61 44 16.55 3.43 1.85 9.31 

T6 68.23 56 57 45 15.26 3.10 0.99 10.65 

Mean 67.04 54 59 44 16.65 3.45 1.65 9.94 

SE(d) 2.41 2.10 2.27 0.89 0,34 0.07 0.09 0.43 

C.D (P = 0.05) 1.20 1.04 1.13 1.76 0.70 0.14 0.04 0.21 

Figures in parenthesis are arcsin transformation values 
 

Table 2 Effect of biological seed Enhancement treatment on initial growth parameters in kodo millet cv. CO 3 

Treatment 
No of panicles 

per plant 

Weight of 

grain per 

panicle (g) 

1000 seed 

weight (g) 

Harvest 

index 

Seed yield 

per plant (g) 

Seed yield 

per plot (g) 

Seed yield 

per hectare 

(kg) 

T0 3.23 0.51 3.30 30.33 1.64 163.48 0.168 

T1 3.64 0.53 3.40 33.46 1.92 251.93 0.251 

T2 4.71 0.60 4.40 36.10 2.82 260.30 0.260 

T3 4.01 0.58 3.98 37.18 2.32 203.55 0.203 

T4 3.78 0.56 3.33 35.74 2.11 185.41 0.185 

T5 3.33 0.53 3.56 34.10 1.76 193.34 0.193 

T6 3.78 0.52 3.67 35.10 1.96 223.89 0.223 

Mean 3.78 0.54 3.66 34.57 2.07 211.7 0.211 

SE(d) 0.08 0.02 0.07 0.65 0.049 4.500 0.006 

C.D (P = 0.05) 0.16 0.01 0.14 1.30 0.107     9.914 0.013 

Figures in parenthesis are arcsin transformation values 

 

The seed hardened was also recorded the yield 

parameters such as no. of panicles per plant, weight of grains 

per panicle, 1000 seed weight, seed yield per plant and harvest 

index. It recorded 45.82, 15.38, 33.33, 47.61 and 19.02 

percentage higher than control respectively with the above-

mentioned characters (Table 3). Vermiwash is the source of 

minerals and plant growth hormones such as auxin and other 

plant growth regulators, including humic acids, and also 

because of its physicochemical structure, it has a positive 

effect on the photosynthetic system [26]. 

The vermiwash contain auxin like substance that 

modifies the effects of the plant auxins and enhanced plant 

growth. They enter the cells facilitating easy rapid utilization 

of nutrients. The vermiwash also contains enzymes and 

secretions of earthworms and would stimulate the growth and 

yield of crops [27]. Vermiwash contains several enzymes, 

plant growth hormones, vitamins along with micro and 

macronutrients which increases the resistance power of crops 

against various diseases and enhances the growth and 

productivity of crops [28]. The enhanced growth and yield 

may be due to the presence of growth regulatory substances 

such as IAA, GA, cytokinin, essential plant nutrients and 

effective microorganisms [29]. Higher seed quality content 

and yield might be attributed to the presence of plant growth 

promoters like gibberllins, cytokinin, auxins and vitamins like 

vitamin D present in vermiwash [30]. The increase in various 

yield attribute due to vermipriming may be attributed to the 

presence of water-soluble macro and micronutrients, growth 

promoting hormones, beneficial micro-organisms, etc. which 

might have also caused a buildup of germination-promoting 

metabolites, metabolic repair during imbibitions and osmotic 

regulations within the seed and increases its yield. It contains 

various enzymes of protease, amylase and phosphatase. These 

are beneficial for growth and development of plant and 

stimulate the yield and productivity of crops [30]. Similar 

results reported by [31] in bhendi. 

 

CONCLUSIONS 
 

Thus, the effect of the effect of various bio priming 

seed enhancement treatment on seed yield and quality in kodo 

millet cv. CO 3 revealed that vermiwash @ 3% hardened 

seeds recorded the higher seed yield and quality when 

compared to other treatments and control. 

Res. Jr. of Agril. Sci. (Jan-Feb) 12(1): 242–245    244    



LITERATURE CITED 

1. Reddy J. 2019. Kodo millet farming and cultivation practices. In: Agriculture Farming. www.agrifarming.in. 

2. Waqas M, Korres N, Khan D, Nizami AS, Deeba F, Ali I, Hussain H. 2019. Advances in the Concept and Methods of Seed 

Priming. Publisher: Springer Nature Singapore Pte Ltd. pp 11-43. 

3. Moeinzadeh A, Sharif-Zadeh F, Ahmadzadeh M, Tajabadi FH. 2010. Biopriming of sunflower (Helianthus annuus L.) seed 

with Pseudomonas fluorescens for improvement of seed invigoration and seedling growth. Australian Journal of Crop 

Science 4(7): 564-570. 

4. Shehzad M, Ayub M, Ahmad AUH, Yaseen M. 2012. Influence of priming techniques on emergence and seedling growth of 

forage sorghum (Sorghum bicolor L.). Jr. Anim. Plant Sci. 22: 154-158. 

5. Maguire JD. 1962. Speed of germination. Aid in selection and evaluation of seedling emergence and vigor. Crop Science 2: 

176-177. 

6. ISTA. 1999. International Rules for Seed Testing. Seed Sci. and Technology, 27: Supplement Rules, 1-84. 

7. Abdul-Baki AA and Anderson JD. 1973. Vigour determination in soy bean seed by multiple criteria. Crop Science 13: 630-

632. 

8. Rao DG, Sinha SK. 1993. Efficiency of mobilization of seed reserves in sorghum hybrids and their parents as influenced by 

temperature regimes. Seed Research 2(2): 97-100. 

9. Panse VG, Sukhatme PV. 1985. Statistical Methods for Agricultural Workers. ICAR Publication, New Delhi. pp 327-340. 

10. Gomiero T, Paoletti MG, Pimentel D. 2008. Energy and environmental issues inorganic and conventional agriculture. Crit. 

Rev. Plant Sci. 27: 239-254. 

11. Jayanth KP, Chaurasia AK, Bineetha BM. 2017. Effect of organic priming on germination and vigour of cotton (Gossypium 

hirsutum L.) seed. Journal of Pharmacognosy and Phytochemistry 6(3): 815-819. 

12. Chattopadhyay A. 2015. Effect of vermiwash of Eisenia foetida produced by different methods on seed germination of green 

mung (Vigna radiata). Int. Jr. Recycl. Org. Waste Agriculture 4: 233-237. 

13. Tallini M, Bertoni LA, Traversim ML. 1991. Effect of humic acids on growth and biomass partitioning of container growth 

olive plants. Acta Hortic. 294: 75-80. 

14. Valdrighi MM, Pera A, Agnolucci M, Frassineti S, Lunardi D, Vallini G. 1996. Effect of compost-derived humic acids on 

vegetable biomass production and microbial growth within a plant (Cichori umintybus) - soil system: a comparative study. 

Agric. Ecosyst. Environ. 58: 133-144 

15. Zaller JG. 2006. Foliar spraying of vermicompost extracts: effects on fruit quality and indications for late-blight suppression 

of field grown tomatoes. Biol. Agric. Hortic. 24: 165-180. 

16. Rajan MR, Murugesan P. 2012. Influence of vermiwash on germination and growth of cow pea (Vigna ungiculata) and rice 

(oryza sativa). IOSR Journal of Pharmacy 2(6): 31-34. 

17. Gajalakshmi S, Abbasi SA. 2004. Neem leaves as source of fertilizer-cum-pesticide vermicompost. Bio Resource Technol. 92: 

291-296. 

18. Yazhini S, Narayanan GS, Prakash M. 2019. Effect of organic seed enhancement treatment on seed yield and quality in ragi 

cv. TRY 1. Research Journal of Agricultural Sciences 10(5): 741-746. 

19. Khan FA, Narayan S, Bhat SA, Maqbool. 2016. Vermipriming - A noble technology for seed invigouration in rice (Oryza 

sativa L.). SKUAST Journal of Research 18(2): 124-129. 

20. Manivannan S. 2004. Standardization and nutrient analysis of vermicomposting sugarcane wastes, pressmud-trashbagasse by 

Lampito mauriti Kingberg and Perionyx exacavatus perrier and crop productivity. Ph. D. Thesis, Annamalai University, 

Annamalainagar, Tamil Nadu, India. 

21. Atiyeh RM, Lee S, Edwards CA, Arancon NQ, Metzger JD. 2002. The influence of humic acids derived from earthworm-

processed organic wastes on plant growth. Bio Resource Technology 84(1): 7-14. 

22. Karuna K. 1999. Stimulatory effect of earthworm body fluid vermiwash on crinkle red variety of (Anthurium andreanum L.). 

Crop Research 17: 253-257. 

23. Suthar S. 2010. Evidence of plant hormone like substances in vermiwash: an ecologically safe option of synthetic chemicals 

for sustainable farming. Ecol. Eng. 36: 1089-1092. 

24. Alvarez R, Grigera S. 2005. Analysis of soil fertility and management effects on yields of wheat and corn in the rolling Pampa 

of Argentina. Jr. Agron. Crop Sci. 191: 321-329. 

25. Bucker-field JC, Flavel TC, Lee KE, Webster KA. 1999. Vermicompost in solid and liquid forms as a plant growth promoter. 

Podobiologia. 43: 753-759. 

26. Kale RD. 1998. Earthworms nature’s gift for utilization of organic wastes. In: Earthworms Ecology. (Eds) Edwards C.A. CRC 

Press LLC. BOCCA Raton. Florida. pp 355-376. 

27. Zambare VP, Padul MV, Yadav AA, Shete TB. 2008. Vermiwash: Biochemical and microbiological approach as eco-friendly 

soil conditioner. ARPN Jr. Agric. and Biol. Sci. 3(4): 1-5. 

28. Esakkiammal B, Esaivani C, Vasanthi K, Lakshmi BL, Shanthi PN. 2015. Microbial diversity of vermicompost and veriwash 

prepared from Eudrilus euginae. Int. Jr. Curr. Microbiol. App. Sci. 4(9): 873-883. 

29. Radhakrishnan B, Mahendran P. 2009. Vermiwash: A biotonic for plant growth and soil health in tea plantations. Planters 

Chronicle 105(2): 18-25. 

30. Hussain S, Khan F, Hussain HA, Nie L. 2016. Physiological and biochemical mechanisms of seed priming-induced chilling 

tolerance in rice cultivars. Frontiers in Plant Science 7: 1-14. 

31. Senthil MS, Narayanan GS, Vijayan P, Pugazhendy K, Tamizhazhagan V. 2018. Evaluation of different concentration of 

vermiwash on seed germination and biochemical response in (Abelmoschus esculentus L.). Int. Jr. of Biol. Res. 3(1): 228-

231. 

Res. Jr. of Agril. Sci. (Jan-Feb) 12(1): 242–245    245    


