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SEED QUALITY ENHANCEMENT THROUGH SEED PRIMING TECHNIQUES 
IN MEDICINAL PLANTS : A REVIEW
Abstract
Medicinal plants are nature’s priceless gift to this world. The day to day demand for plant based natural raw materials for pharmaceuticals is increasing tremendously. Today’s health care systems rely largely on plant based material. Most of the world’s population depends on traditional medicine to meet their daily health requirements especially in the developing countries, where plants are the main source of medicine. Medicinal plants are considered as sources of raw material for pharmaceutical and cosmetic industry. Often seeds of medicinal plants are dormant in nature and possess lesser germination potential, hence express difficulty in seed germination and their seedling establishment in the field. A simple way to improve seed germination and seedling establishment and consequently field performance of medicinal plants is adoption of presowing sowing seed treatment that are expressed differently as priming, fortification and soaking and drying. During wet treatment, seeds are partially hydrated, so that pre-germinative metabolic activities proceed, but the radicle protrusion is prevented, by drying back to the original moisture content. Primed seeds are physiologically activated for enhanced germination and growth. Various pre-hydration priming treatments are assessed by researchers for invigorating the medicinal plants with higher expression of seed germination and seedling vigour. This review describes the influence of seed priming on seed and seedling quality characters of medicinal plants under favorable conditions.
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Introduction
Medicinal plants are the local heritage with global importance and continue to be an important therapeutic aid for alleviating ailments of human kind. World is endowed with a rich wealth of medicinal plants. Herbs have always been the important source of medicine in India and presently they are becoming popular throughout the developing countries, as people strive to stay healthy in the face of chronic stress and pollution and to treat illness with medicines that work in concert with the body’s own defense. In India, medicinal plants have made a good contribution in development of eco-friendly medicines from Vedic era. One of the earliest treatises on Indian medicine, the Charaka Samhita (1000 B.C.), records the use of over 340 drugs of vegetable origin. Approximately 80 per cent of the world population has their faith on natural products of plant kingdom for their secured health and prophylactic healing. Zorica  et al. (2016) reported that “though developing countries have their fashion to allelopathy for immediate cure, in this millennium, irrespective of developing /developed status, the global nations focus their vision on naturopathy for sustained relief without repercussion from health disorders. Furthermore, the newer dimensions of unusual health disorders motivate the people towards their increasing concern about the side effects of synthetic drugs. Nowadays, the global populations with their small family concept are more concerned with their modern notion that health is wealth”. Bommakanti  et al.(2023) opined that “botanicals are known for their medicinal properties and are good source of antioxidants and anti-inflammatory compounds and serve as regular common dietary supplements”.
Davis and Choisy.(2024) in their review on medicinal plants expressed that more than 30 per cent of the entire plant species, at one time or other, were used for their specific medicinal property. “India is one of the world’s twelve biodiversity centres with the presence of over 45,000 different plant species. India’s plant diversity is unmatched with other countries due to the presence of 16 different agro-climatic zones, 10 vegetation zones, 25 biotic provinces and 426 biomes (habitats of specific species). Of these, about 15,000-20,000 plants have good medicinal value. However, only 7000-7500 species are frequently used for their medicinal values by traditional communities. In India, drugs of herbal origin have been used in traditional systems of human health care such as Unani and Ayurveda. Ayurveda system of medicine uses about 700 species, Unani 700, Siddha 600, Amchi 600 and modern medicine around 30 species. The drugs are being derived from time immemorial either from whole plant or from different organs, like leaves, stem, bark, root, flower, seed, etc. Some drugs are also prepared from the excretions of plant products such as gum, resins and latex. Even the Allopathic system of medicine has adopted a number of plant-derived drugs and this is increasing nowadays enhancing the popularity of plant medicine within the synthetic medicine” (Owolabi et al., 2007).

“Most of the medicinal plants have some problems in seed germination and stand establishment in the field” (Zare et al., 2011). “Since germination and seedling establishment are critical stages in the plant life cycle, offering solutions for improvement of seed germination and seedling establishment will improve the cultivation techniques in medicinal plants. One of the simple techniques which can improve seedling vigor and establishment and consequently field performance of plants is seed soaking and priming technique that motivate the physiological advancement of the seed” (McDonald, 2000) for early germination. 

Concepts on presoaking treatment 
Seed priming is an age old wetting and drying techniques, practiced years ago by Greeks. The word was coined by Heydecker (1973) but Theophrastus (372-287 BC) had recommended presoaking of cucumber seeds in milk or water to make them germinate earlier and for production of vigorous seedlings. Later, Heydecker (1973) successfully used seed priming to improve germination and emergence under stressful conditions. “The term “priming” is used to describe a seed pre-sowing soaking treatment. Seed priming regulates a range of physiological, biochemical, and molecular processes, enhancing crops’ tolerance to abiotic stresses, promoting faster seedling emergence, and improving overall growth and development” (Zhang et al.,2025)

“During priming seeds are partially hydrated and are dried to lower moisture content. In general, water uptake by dry seed during germination is happening in three phases. In Phase I, imbibition is rapid that is largely as a consequence of the matric forces exerted by the seed. This phase occurs in dormant or non-dormant, viable or non-viable seeds. During first phase, DNA and mitochondria are repaired and proteins are synthesized using existing messenger ribonucleic acid (mRNA)” (McDonald, 2000). “Phase II is the lag phase, where there is very little net gain of water but considerable metabolic activities that prepare viable non-dormant seeds for radicle emergence. In this phase, the syntheses of mitochondria and proteins by new mRNA occur. Phase II is also called activation phase” (Bradford, 1995). “In phase III (final phase) water uptake increases coupled with radicle elongation” (Bewley and Black, 1994). 
In primed seeds phases I and II of water uptake are promoted, but seeds are not allowed to enter the third phase of water and is achieved through drying back of seed to original moisture content. Bradford, (1986) expressed that the hydration during priming is sufficient to permit pre-germinative metabolic events but insufficient to allow radicle protrusion. Events associated with germination and post-germination phases. The time for events to be completed varies from several hours to many weeks, depending on plant species, germinating conditions and seed lot quality is expressed by Bewley (1997), as below (Fig.1.). 
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Fig.1.Pre and post events in seed priming
Methods of seed priming

“The success of priming depends on various factors. Among them priming agent creates the major impact. Based on the priming agent  seed priming classified differently as 1) hydro-priming or soaking seeds in water” (Elfeel, 2012; Navitha et al.2019); 2) halo-priming or hydration in inorganic salt solutions ( Manonmani et.al,2014); 3) Osmo-priming or soaking seeds in solutions of high molecular weight such as polyethylene glycol (PEG) (Eshita and Sanjoy,2025); 4) thermo-priming or treatment of seeds with low or high temperatures (Elham Ghodraty et al., 2015); 5) matri-priming or treatment of seeds with solid matrices, such as hydrated sand (Ayesha Manzoor et al.,2023), peat and vermiculite (Yan et al.2024); 6) bio priming or bio-osmopriming is  coating or imbibing the seed  with biological organisms such as bacteria (Pseudomonas aureofaciens) or fungi (Trichoderma spp) which  extend protective function against seed borne diseases and also exert growth promotive action (Fiodor et al.,2023). 7) Nano priming is soaking seeds using nano particles (Nile et al,2022),schematic model showing seed priming with advantages as detailed below (Fig.2)

Fig.2. Schematic model showing seed priming with advantages
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Factors influencing seed priming 

“Priming is influenced by several factors. Among them the most important factors are selection of its concentration, the method of priming and duration of priming” (Eshkab and Harris,2020). “The following factors will determine the success of priming in any crop” (Anuradha Varier et al., 2010). Aeration: Provision sufficient air by pumping air during priming is important as it accelerates cell rejuvenation. Light: Celery and lettuce responded to priming done with light compared to other crops. Time: Duration of priming depends on seed, temperature, osmotica and osmotic potential of solutions. Temperature: Temperature must be optimum to minimize radicle protrusion.
“The success of priming also depends on volume of water used for soaking seeds (seed to solution ratio), which vary as equal or 1/3 to 1/2 or double the volume of seed used for better expression of invigorative effect” (Poonguzhali, 2012). Basu et al. (2005) fine tuned the methodology expressing that priming temperature also influences the priming effect in crop seeds.

Physiological and biochemical causes for the invigorating effect

“Phase I and II represent the most delicate phases for the process of germination and are crucial for a successful seed priming” (Bewley, 1997). “During phase I, DNA and mitochondria are repaired and proteins are synthesized using existing messenger ribonucleic acid (mRNA)” (McDonald, 2000). “In Phase II, major metabolic changes preparing the embryo for germination occur, including the synthesis of mitochondria and proteins by new mRNA. In phase III, a second rapid uptake of water occurs. At this stage, the seed tolerates a return to the initial moisture necessary for storage, a process know as drying-back or re-drying,” (Taylor et al., 1998). 

Influence of seed priming on enhancing seed quality characters of medicinal plants
Agricultural productivity depends on the extend of adoption of crop management techniques and among them pre sowing seed management practices have drawn the attention of the scientist from time immemorial for boosting the potentiality of the seed at store and at field including nursery. Pre sowing seed treatment aims at invigorating the seed to uplift its potentiality to newer goals of seed germination that extends upto productivity or its performance in nursery. Invigoration effects are imposed on the seed by application of bioactive chemicals which improve the endogenous level of the substance in the seed. The efficacies of these pretreatments in medicinal plants (arranged alphabetically as per their botanical names) are as below;
Table 1 : Summary of Presowing Seed Treatments to Improve Germination and Vigour
	Crop species
	Pre sowing seed  treatment and their influence on seed quality
	Authority

	Presowing seed treatments

	a. Seed priming with water / Hydro priming

	Perennials

	Aegle marmelos
(Bael)
	Soaking the seeds in water for 6 h enhance germination and seedling vigour 
	Venudevan and Srimathi (2013)

	Balanites aegyptiaca (Heglieg tree)
	Hydro priming for 18 h maximized  germination, shoot length and number of leaves
	Elfeel (2012)

	Moringa oleifera

(Moringa)
	Hydropriming (4 hrs) was more effective in improving germination percentage
	Farahzety et al.(2023)

	Annuals

	Ocimum basilicum (Basil)
	Hydro priming for 12 h recorded highest seedling vigour, germination percentage and seedling dry weight
	Navitha et al., (2019)

	Tagetes erecta

 (Mexican marigold)
	Water soaking for 18-24 h enhanced the seed quality of aged seed lot. 
	Pramila et al. (2013)

	Trigonella
Foenum-Graecum (Fenugreek)
	Hydro priming for  12 h improved the germination and dry matter production
	Hosseein and Kasra (2011)



	Momordica charantia (Bittergourd)
	Hydro priming for 48 hours of seed was found to be effective for increasing germination and seedling growth in bitter gourd.
	Adhikari et al.(2021)

	b. Seed Priming  (soaking in)  with growth regulators

	Perennials 

	Achillea millefolium 

(Common yarrow)
	Soaking in 400 ppm GA3 for 24 h recorded  higher germination and vigour index
	Kanatas et al.(2020)

	Aegle marmelos

(Bael)
	Soaking the seeds in 100 ppm GA3 for 6 h enhance germination and seedling vigour 
	Venudevan (2013)

	Asparagus sprengeri (Foxtail fern)
	In 50 ppm GA3 for 12 h improved seed germination  and seedling growth
	Dhoran and Gudadhe (2012)

	Melia dubia (Malai Vembu)
	Soaking in gibberlic acid for 24 h improved germination and vigour index
	Anand et al. (2012)

	Pyracantha crenulata (Pyracantha)
	Soaking in GA3 250 ppm for  24 h improved the germination and seedling vigour
	Roem et al. (2010)

	Annuals 

	Asparagus sprengeri (Foxtail fern)
	Soaking in 50 ppm GA3 for 3 h recorded maximum vigour 
	Dhoran and Gudadhe (2012)

	Cassia obtusifolia (Nesavu)

	Soaking in 200 ppm GA3 improved germination rate 
	Zhang et al. (2010)

	
	Soaking in 200 ppm IAA for 6 h recorded  higher germination
	Arulmozhi (2012)

	Cassia tora (Tora) 
	Soaking in 200 ppm GA3 for 6 h maximized the
germination and seedling growth 
	Arulmozhi (2012)

	Withania somnifera (Ashwagandha)
	Soaking in GA3 400 ppm for 6h maximized germination and seedling vigour
	Bhingarde and Suryawanshi (2013)

	c. Priming (soaking) with inorganic salts

	Aegle marmelos

(Bael)
	Soaking the seeds in 1 per cent KH2PO4 for 6 h enhance germination and seedling vigour 
	Venudevan (2013)

	Andrographis paniculata 

(Paniculata)
	soaking the seeds in Potassium Nitrate (KNO3)  for 12 h had a positive effect on the germination index and mean germination time
	Sumalee chookhampaeng et al.(2023)

	Terminalia sericea (Silver terminalia)
	Soaking in 400 ppm GA3 for 16 h accelerated the speed of germination.
	Ezekiel (2011)



	Cuscuta epithymum (L.) (Clover dodder, common dodder)
	Soaking in 0.1 per cent KNO3 or 50 mg l-1 acetylsalicylic acid improved the seed germination
	Tavili et al. (2010)

	Foeniculum vulgare Miller (Fennel, Sweet Fennel, Wild Fennel)
	Soaking in 0.1 per cent KNO3 and 50 mg l-1 acetylsalicylic acid improvement of seed germination
	Tavili et al. (2010)

	d. Seed priming with organic products

	Aegle marmelos

(Bael)
	Soaking the seeds in 1per cent moringa (Moringa oleifera) leaf extract for 6 h enhance germination and seedling vigour 
	Venudevan et al. (2013)

	Aegle marmelos

(Bael)
	Soaking the seeds in 10 per cent liquid Azospirillum for 6 h enhance germination and seedling vigour 
	Venudevan (2013)

	Bixa orellana (Achiote)
	25 per cent coconut water for 6 h enhanced nursery emergence.  
	Navamaniraj (2005)

	e. Seed priming with Nanoparticles

	Moringa oleifera 

(Moringa)
	Pretreatment of seeds mainly with 10 mg L-1 NZnO
	Garza-Alonso et al. (2021)

	Trigonella foenum-graecum (fenugreek) 
	The intracellular accumulation of CuO·NPs in the roots of seedlings was much pronounced above 400 mg/L concentration
	Kavitha et al.(2022)

	Withania Somnifera (Ashwagandha)
	The results reveal that 100 and 200µl of AgNps can enhance root and shoot germination.
	Singh et al.(2016)

	f. Special hydration treatments

	Descurainia sophia (Common Tansymustard, flixweed, herb sophia)
	Soaking in prechilling at 4ºC for 10 days stimulated germination and reduced the germination time
	Tavili et al. (2010)

	Descurainia Sophia (Flixweed)
	Prechilling (4ºC) for 10 days improved germination 


	Tavili et al. (2010)

	Plantago ovate (Buckhorn plantain)
	Prechilling (4ºC) for 10 days improved germination 
	Tavili et al. (2010)


Conclusion

The present review revealed that seed priming/ seed soaking treatment has been used to improve germination, reduce seedling emergence time and improve stand establishment and the  beneficial effects of priming have been demonstrated in many medicinal plants but the treatment technique vary with crops based on their selectivity, might be due to the family characteristics. Knowledge on these techniques will help the growers of medicinal plant to maintain higher planting value and higher production of plantable seedling at nursery. 
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