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Introduction 

Pulses are edible seeds derived from legume plants, except 

those used for oil extraction or harvested green. It includes 

dry beans, peas, lentils, chickpeas and faba beans, which 

have significant nutritional benefits for chronic diseases (1). 

Pulses are considered as “Resource pulses” and are defined 

as rare and intense and brief periods of higher resource 

availability, occur frequently in nature and can have an 

immense effect on ecological processes at the individual, 

population and community levels (2). The distinction 

between "legumes" and "pulses" is often a source of 

confusion. Legumes are plants from the Fabaceae family that 

produce seeds enclosed in pods. Pulses, however, refer 

specifically to the dried edible seeds of these plants, such as 

lentils, beans, peas, green gram, black gram, grain cowpea, 

Bengal gram, pigeon pea etc. Notably, soybeans and 

groundnuts (peanuts) are excluded from the pulse category 

due to their high fat content. The term "pulses" was first used 

in the 2020-2025, Dietary Guidelines for Americans, 

emphasising the necessity of appropriate terminology in 

establishing a solid research foundation (3). Pulse crops such 

as beans, peas, chickpeas, green gram, pigeon pea, lentils etc. 

are rich in protein, fibre and other essential elements. They 

are important in sustainable agriculture because they 

improve soil fertility through nitrogen fixation. Genetic 

modification of pulse crops can enhance their nutritional 

content, potentially easing micronutrient deficiencies and 

lowering the risk of chronic diseases (4). Pulse farming 

benefits both farmers and the environment because of its 

natural ability to fix atmospheric N, improves soil fertility and 

reduces the need for costly artificial nitrogenous fertilizers (5). 

Including half a cup of beans or peas in the daily diet 

improves the quality of diet by increasing intakes of iron, zinc, 

folate and magnesium, among other vitamins and minerals. 

Increasing the production of pulses can also boost domestic 

demand, open chances for local value-added processing and 

give rural impoverished people, especially women and young 

people, a source of income and off-farm jobs (6). Pulses have 

several potential benefits for enhancing food security. When 

compared to animal diets, the protein derived from pulses is 

less expensive. Pulses contribute to family food security 

because of their shelf stability, which results in a very low 
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Abstract  

Pulses must play a very important role in eliminating malnutrition due to high protein content, presence of vitamins, minerals and dietary 
fibre. Considering the importance of pulses in human nutrition, FAO celebrated year 2016 as “International Year of Pulses”. Pulse 

production faces several significant challenges that hinder its growth and productivity, which mainly includes poor germination and 

seedling establishment. Seed invigouration can overcome these constraints by ensuring fast and uniform emergence, impart higher 

seedling vigour and enhance stand establishment and productivity. Hydro priming, Osmo conditioning, hormonal priming, nutri-priming, 
nano priming, biopriming etc. are the improved seed invigouration strategies commonly adopted in agricultural crops. Seed priming 

enhanced the superoxide dismutase and catalase activity in seeds. Botanical priming proved to be a low-cost and eco-friendly technique 

which improves the seed emergence, seedling growth and enzyme activity in pulses. Nutri-priming provides fast and synchronized 

germination and assures better performance of pulse crops in the field and provides faster and synchronized germination. Nano priming 
can be advocated as a seed enhancement tool to improve crop growth and yield. Seed pelleting can integrate nutrients, biofertilizers, 

plant protection products and growth stimulators which can provide conditions favourable for the germination of seeds. Physiological, 

biochemical, cellular and molecular changes take place in seed because of seed invigouration resulting in increased vigour and 

germination. Ultimately, seed invigouration holds the key to unlocking the full genetic potential of pulses and contributing to a more 
resilient and productive agricultural system.  
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percentage of food waste. Furthermore, pulse seeds retain 

their ability to sprout even after long periods of storage, 

allowing farmers to use them for sowing in later cropping 

seasons. Given their high nutritional value and significant role 

in combating malnutrition, the Food and Agriculture 

Organization (FAO) and the United Nations declared 2016 as 

the International Year of Pulses to raise global awareness of 

their benefit (7). Global pulse production and trade have 

undergone significant changes in recent decades. Canada has 

emerged as a major producer and exporter of peas and 

lentils, with production concentrated in western provinces 

(8). Developing countries produce 71 % of the world's pulses, 

with India being the largest producer (9). The pulse trade has 

increased to 14 % of world production with Canada, France, 

China, USA and Myanmar as important exporters (9). The 

demand for pulses is projected to continue growing in 

developing countries due to population growth, rising 

income and increasing urbanization (10). 

Challenges in pulse production 

Pulse production faces significant challenges, particularly in 

underdeveloped countries. Gender inequality often limits 

women’s participation in both crop production and access to 

high-value pulse markets (11). Social and cultural barriers such 

as a lack of awareness about the nutritional and economic 

benefits of pulses, limited access to resources and inefficient 

supply chains further hinder production. In India, specific 

constraints include the limited availability of high-quality 

seeds, low yields and damage from pests and insects (12). 

 Despite these challenges, there are opportunities to 
enhance pulse production through increased financial 
support for small-scale farmers, improved market access and 
investment in rural infrastructure (11). However, climate 
change continues to intensify existing problems; prolonged 
drought and high temperatures negatively affect seed 
germination, plant growth and biomass accumulation in 
pulse crops (13). To address these issues, experts recommend 
empowering women to take leadership roles in pulse 
production, improving market connectivity and bolstering 
infrastructure development (11). Moreover, understanding 
the molecular mechanisms of drought and heat tolerance 
could aid in breeding more resilient pulse cultivars (13). 

 Farmers face numerous challenges in improving the 
production and productivity of pulse crops, particularly in 
relation to poor seed germination and stand establishment. 
These challenges are multifaceted and include delayed 
sowing, use of inappropriate sowing methods, low seed rates, 
inadequate irrigation and poor crop management practices. 
Additionally, there is a lack of short-duration, high-yielding, 
drought-tolerant pulse varieties (14, 15), as well as limited 
access to good-quality seeds (16). The absence of organized 
programs for quality seed production, high costs associated 
with quality seeds and insufficient availability of newly 
released varieties further compound the problem (16). 

 In India, pulses are primarily cultivated on marginal 
lands and in summer rice fallows, which often lack adequate 
technological interventions. The absence of essential inputs, 
limited availability of quality seeds and lack of irrigation 
facilities are major bottlenecks in enhancing pulse 
productivity in marginal lands and summer rice fallows (17). 

 The pulse crops are often subjected to varying degrees 

of moisture stress during the crop growth period, since the 

pulses are mainly cultivated in the rainfed regions of our 

country characterized by low organic carbon content and low 

moisture retention capacity (18). The major abiotic stress 

affecting pulse production are drought (19) low and high 

temperatures (20, 21), alkalinity (22), salinity (23) and nutrient 

deficiencies particularly, the deficiencies of Zn, Fe and Mg. 

Environmental stresses such as drought, salinity, high 

temperature, nutrient deficiencies hamper the growth and 

development of pulse crops by interfering with the plant 

normal morphological and physiological process. 

 One of the key consequences of environmental stress 
is overproduction of Reactive Oxygen Species (ROS), which 

plays a crucial role in the oxidative damage to plant cells (24). 

Under stressful conditions, pulses often produce an excessive 

amount of ROS, such as superoxide radicals (O₂-), hydrogen 

peroxide (H₂O₂) and hydroxyl radicals (OH·). Reactive oxygen 

species are byproducts of normal metabolic processes, 

primarily in the chloroplasts, mitochondria and peroxisomes. 

Over production of ROS can cause damage to cellular 

structure by liquid peroxidation, protein oxidation and DNA 

damage. Further generations of ROS overwhelm the 

antioxidant defense system, leading to oxidative stress.  Also, 

over production of ROS can damage chlorophyll and other 

components involved in photosynthesis leading to reduction 

in photosynthesis, ultimately affecting the crop growth and 

productivity. The physiological and morphological changes 

observed in pulse crops due to over production of ROS are 

growth inhibition, leaf damage and reduction in yield. 

Seed invigouration as a solution to improve seed vigour 

and pulse yields 

The concept of seed invigouration involves both priming and 
pelleting a relatively new term in the context of seed 

technology. Seed invigouration encompasses various 

techniques aimed at enhancing seed quality, particularly for 

improving germination rates, seedling growth and field 

performance. These treatments are designed to improve the 

overall vitality and robustness of seeds, enabling them to 

perform better under adverse field conditions (25). During 

crucial stages of seedling establishment, these treatments 

aim to reduce the time taken for the seedlings to emerge and 

shield them from biotic and abiotic influences. Seed 

invigouration can significantly improve the germination 

process, seedling growth and field performance of crops, 

making them especially valuable in modern agriculture, 

where seed quality and crop establishment are critical factors 

for achieving high yields and resilience. 

 Seed vigour is a key indicator of seed quality. It is a 
quantitative trait that impacts seed performance in terms of 

post-storage performance, emerging ability under adverse 

conditions, seedling growth and rate and uniformity of 

germination. Seed vigour is indeed a critical factor in plant 

development and agricultural productivity. Seed vigour 

encompasses multiple aspects, including the speed of 

germination, the uniformity of seedling emergence and the 

ability to withstand environmental stresses such as drought, 

temperature extremes, or pathogen attacks.  
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 Seed invigouration methods are critical techniques 

used to enhance seed quality, focusing on improving 

germinability, planting value, field performance and overall 

yield. These methods primarily work by enhancing the 

physiological and cellular functions of seeds, especially after 

storage, to ensure that seeds can perform optimally under field 

conditions. The selection of seed invigouration treatments is 

crucial for enhancing seed quality and ensuring successful 

planting. These treatments are typically tailored to the specific 

crop being cultivated and the challenges it faces, with their 

applicability varying based on several factors. In priming 

controlled hydration of seeds occurs that initiate several 

metabolic, biochemical and molecular modifications which 

enable the seeds to ensure fast and synchronized germination, 

impart vigour and stress tolerance on early seedlings (26). 

Seed invigouration techniques 

Nowadays, various seed priming techniques have been used 
widely. Seed priming refers to pre-sowing treatment that helps 

to improve seed germination and seedling establishment. The 

various priming treatments includes, hydropriming (soaking 

seeds in water to activate physiological processes such as 

enzyme activation, which helps in breaking dormancy and 

promote quicker germination), halo priming (seeds are soaked in 

a solution of inorganic salts, such as potassium nitrate or calcium 

chloride, which can help to stimulate metabolic activities that 

enhance germination), osmopriming (seeds are soaked in 

solutions that contain osmotic agents like polyethylene glycol 

(PEG) or other organic solutes. These agents reduce water 

uptake to a controlled level, allowing the seed to begin 

germination without fully sprouting), thermopriming (seeds are 

treated with controlled temperatures, either high or low, to 

break dormancy or to prime them for better germination), solid 

matrix priming (seeds are mixed with a solid matrix such as 

vermiculite, peat, or sand. The seeds absorb water from the 

matrix, promoting hydration without fully soaking them) and 

biopriming (soaking seeds in biological compounds, such as 

beneficial microorganisms, enzymes, or plant hormones. These 

bioagents improve seed health, reduce seedborne diseases and 

enhance seedling vigour) (27). 

Hydropriming 

In hydropriming, seeds are soaked in water and dried to a certain 

moisture level before sowing (28). Nondormant seeds would 

germinate easily because there is enough water and oxygen, as 

well as suitable temperature. This procedure is environmentally 

safe because it does not involve any chemicals. One major 

drawback of hydropriming is that hydration of the seeds may not 

be uniform, resulting in uneven germination (29). Hydropriming 

of black gram seeds for 14 hr resulted in higher germination and 

seed quality parameters (30). 

Osmopriming 

In osmopriming, seeds are soaked in aerated low-water 
potential solutions to regulate water uptake and stop radicle 

protrusion. Osmopriming with polyethylene glycol, calcium 

chloride, potassium nitrate and sodium chloride increased 

the germination energy and decreased the mean germination 

time. Polyethylene glycol 6000 (20 %) hydration for 24 hr 

enhanced the seedling fresh weight, seedling dry weight and 

seedling vigour index in pea (31). 

Osmohardening 

Osmohardening is a new technique of seed invigouration. It 

involves the use of an osmotic solution to pre-condition 

seeds, helping them to withstand environmental stresses 

such as drought, salinity, or temperature extremes. It is a 

form of osmopriming, but it focuses on improving the seed's 

tolerance to adverse conditions during germination and early 

seedling growth (32). The frequency and length of cycles are 

crucial for enhancing seed vigour in this method. 

Osmohardening with calcium chloride for 48 hr was superior 

to hardening and osmohardening with potassium chloride 

(32). Osmohardening improves the seedling emergence, 

stand establishment, growth, yield and quality of crops. 

Osmohardening of seeds resulted in better absorption of 

water due to increase in cell wall elasticity and better 

development of root system (33). Seed hardened with Cacl2 

enhanced the growth and yield parameters of black gram 

under field condition (34). 

Solid matrix priming 

In solid matrix priming, seeds are mixed with the moist solid 

organic material having low matric potential which allows 

water imbibition (35), afterwards seeds are dried back to their 

normal moisture to facilitate normal handling, storage and 

planting (36). The organic carriers commonly used in solid 

matrix priming are vermiculite, synthetic calcium silicate, 

sawdust, charcoal and granulated clay particles. Besides the 

ease in handling, other advantages of solid matrix priming are 

chemical, or biological agents can be mixed with seeds to 

improve their performance in the field (35). It is more effective 

in bold seeds compared to small seeds. Seeds mixed with 

moist sand and kept it for 72 hr at 18 °C improved the 

seedling emergence and stand establishments (37). It was 

also reported that solid matrix priming enhanced the seed 

establishment by 10-31 % and yield by 20-23 %, respectively 

compared to seeds without priming. 

Hormonal priming (priming with hormones) 

Seed priming with plant growth regulators, polyamines and 

other organic sources in specific concentrations improve the 

seed performance in many field crops. Hormonal priming helps 

the crops to overcome the abiotic stresses (38). Gibberellic acid is 

a well-known phytohormone that activates β-amylase, which 

breaks down starch contained in seeds so that developing 

embryos can use it during germination (39). Seed priming with 

ascorbic acid induced salinity tolerance in crops (40). Ascorbate 

is an antioxidant and priming with ascorbate at various 

concentrations (10-50 ppm) improved the germination and early 

seedling growth in crops (41). Hormonal priming not only 

enhance the plant growth but also help the crop to alleviates the 

adverse impact of environmental stresses (42).  

Botanical seed priming or phyto priming 

Due to its significant advantages in terms of plant growth, 
yield and seed quality qualities, the usage of local botanicals 

has attracted significant attention in recent years, mostly 

from researchers. Neem leaf extract is being used more often 

in agriculture as a seed treatment due to its positive benefits 

on plants (43). Other botanicals, like castor oil, garlic extract 

and onion extract are also used to treat seeds and their 

effects on plant growth and yield varied. Botanical seed 
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priming improves early crop stage tolerance to pests and 

diseases and has a synergistic effect on uniform and early 

seed germination. Botanical seed priming reduced the 

incidence of Fusarium infection in seeds (44) and offers 

seedling resistance to osmotic stress (45). 

Biopriming (seed inoculation with microbes) 

Seed biopriming is an environmentally friendly technique and 

an alternative to fungicides. It is a pre-sowing treatment 

which involves treating beneficial microorganisms or 

biological agents before planting to enhance seed vigour, 

germination and early plant development. This technique is 

used to improve the resistance of seeds to diseases, abiotic 

stress and other environmental factors, leading to stronger 

and more resilient plants (46). The goal of seed biopriming is 

to establish a beneficial microbial community around the 

seed, promoting faster and healthier seedling growth. 

Beneficial microorganisms like bacteria (e.g., Bacillus, 

Pseudomonas, Rhizobium) or fungi (e.g., Trichoderma, 

Arbuscular mycorrhizal fungi) are used to treat seeds. These 

microbes help to enhance the nutrient uptake, pathogen 

suppression, or stress tolerance. Seeds can also be treated 

with Plant Growth Promoting Rhizobacteria (PGPR), 

endophytes, mycorrhizal fungi etc. that help to improve plant 

growth and health.  

Seed treatment with biopolymers 

Products that protect plants from phytopathogens can also be 

developed using biopolymers. Biopolymers are non-toxic, 

biodegradable substances derived from renewable resources. 

The commonly used biopolymers in agriculture are 

carboxymethyl cellulose, chitosan, gum arabic, polyvinyl alcohol, 

starch, gelatin, polyacrylamide and alginates. Seeds of cereals, 

vegetables and pulse can be treated with polymers. Biopolymers 

interact directly with the fungi and prevent spore germination 

and mycelial growth (47). Pullulan is the most promising 

microbial polymers used for seed coating. Pullulan is a highly 

water-soluble, low-viscosity polysaccharide which can be 

degraded by microorganisms. It has oxygen barrier properties, 

moisture retention capacity and prevents the growth of 

pathogens and stimulates the growth and development of 

beneficial microorganisms. Polyhydroxyalkanoates (PHAs) are 

another non-toxic, biodegradable and biocompatible polymer 

used in agriculture (48) and exhibit antagonistic activity against 

bacteria (49). Polyhydroxyalkanoates produced by 

Pseudomonas fluorescens showed strong antifungal activity 

against Fusarium graminearum, F. solani, F. oxysporum (50). 

Studies on the effect of seed bio-priming on germination and 

seedling vigour in chickpea variety JG-11 revealed that bio-

priming with Trichoderma viride and Pseudomonas fluorescens 

significantly enhanced seedling emergence, reaching 96 % and 

98 %, respectively (51). A trial was conducted under salt 

stressed conditions to evaluate the potential of bio-priming 

with Rhizobium phaseoli (M6 & M9) and PGPR (P. syringae Mk1, 

P. fluorence, Mk20 and P. fluorescens Biotype G, Mk25) in mung 

bean and noticed that, biopriming significantly enhanced 

shoot fresh weight (145 %), root fresh weight (175 %), number 

of pods per plant (150 %), pod fresh weight (182 %), total dry 

matter (269 %), relative water content (19 %), water use 

efficiency (51 %) and N concentration (99 %) as compared to 

untreated control (52). PGPR seed biopriming boosted grain 

yield and nutrient use efficiency in red lentils compared to 

uninoculated seeds (53). Under field conditions, seed 

biopriming with Bacillus subtilis at 0.6 % concentration in 

soybean significantly improved agronomic traits compared to 

the untreated control. The treatment led to an increased seed 

yield, number of pods per plant, pod weight per plant, seed 

weight per plant and 100-seed weight (54). The effect of seed 

biopriming in green gram with Rhizobium and varying levels of 

N and S fertilization was investigated. The study found that 

biopriming significantly enhanced seed yield (996 kg/ha-1) and 

stover yield (1829 kg/ha-1) compared to the control (55). 

Nutri-priming 

Nutri-priming is a seed treatment technique in which seeds are 
pre-soaked or primed with nutrient solutions before planting. 
This process enhances seed germination, early growth and 
overall seedling vigour by providing the necessary nutrients 
that seeds need for optimal growth. Unlike traditional seed 
priming, which focuses on water absorption or microbial 
inoculants, nutri-priming specifically targets the nutritional 
needs of the seed. It is a simple, affordable, economical and 
ecologically sustainable approach. It improves seed 
performance and offers synchronized, quicker germination 
(56). Numerous microelements, such as B, Mn, Mo and Zn, 
exhibit good nutri-priming potential in a variety of crops. 
Molybdenum is essential for plants' N metabolism, especially in 
legumes (57). Common bean seeds primed in sodium 
molybdate solution improved the nodulation, dry matter 
production and yield (58). Pre-sowing treatment with 500 ppm 
Na2MoO4 for 8 hr is recommended for the better performance 
of Bengal gram seeds under field conditions (59). The 
germination and seedling growth were significantly influenced 
by the nutrient content of the priming solution. By encouraging 
plant growth in later phases, these nutrients can help to 
improve production, growth characteristics and even seed 
quality. 

Nanopriming- A novel approach to seed invigouration 

With the ability to manipulate at the atom level and find 
answers to unsolved field problems, nanotechnology is a field 
that combines the fields of life sciences, material science and 
information technology. Nano priming is a cutting-edge seed 
treatment technique that uses nanotechnology to enhance 
seed germination, growth and resistance to stress. This 
process involves the application of nanoparticles or 
nanomaterials (e.g., metal oxide nanoparticles, carbon-based 
nanoparticles) to seeds, with the goal of improving their 
physiological and biochemical properties for better 
performance in the field. Nano particles used in nano priming 
are metal oxide nano particles (ZnO, TiO2 and CuO), carbon 
based nano materials (carbon nanotubes, graphene-based 
materials) and polymeric nano particles.  

 Nanoparticles can be able to enter seeds through the 

cracks and crevices on the seed coat as dry mixing. Nano seed 

priming brought changes in biochemical characteristics of 

seeds such as electrical conductivity, free amino acid activity, 

dehydrogenase activity and lipid peroxidation. ZnO 

nanoparticles @1000 mg kg-1 as dry and 200-300 mg kg-1 under 

wet showed a significant increase in seed viability, seedling 

length and vigour. Integrating nanoparticles into the seeds may 

reduce oxidative damage and reactive oxygen species, 
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ultimately increasing the viability and vigour of pulse seeds 

(60). 

Thermal treatments 

The two main goals of dry-heat treatment of seeds are 

dormancy breaking and reducing the populations of internal 

and external seed-borne pathogens, such as bacteria, viruses, 

nematodes and fungus. Thermal treatments can be performed 

using dry heat by placing seeds in an oven at changing 

controlled temperatures that simulate soil conditions with 

different exposure times. Enhancing germination through heat 

treatment has been found to be a useful technique that can be 

applied to low-quality seeds. Chickpea seeds that were heated 

had better germination and seedling stand establishment. 

Thermal hardening significantly influenced the germination 

and seedling vigour of both Desi and Kabuli chickpea cultivars 

(61). In both cultivars, treated seeds exhibited synchronization 

and earlier germination than control seeds. Higher germination 

energy was seen in treated seeds, but germination percentage 

and radicle length were unchanged. Heat treatments greatly 

enhanced the quantity of secondary roots, radicle and plumule 

length and fresh and dry weights of both chickpea cultivars in 

addition to improving germination parameters. Chickpea 

seeds cannot withstand high temperatures, so treating them 

with a higher temperature (60 °C) for an extended period (72 hr) 

was found to be detrimental. Raising the temperature above 60 

°C will undoubtedly injure the seeds. Enhancing chickpea seed 

germination can be achieved by applying heat treatment (up to 

50 °C for not more than 72 hr). 

Magneto-priming 

Magneto-riming has emerged as a potential seed-priming 

technique, enhancing seed vigour, plant performance and 

productivity in both normal and stressful situations. Magneto

-priming refers to a technique that involves the use of 

magnetic fields to enhance seed germination and seedling 

growth. Magnetic fields can influence the physical and 

biochemical processes in seeds, potentially improving their 

water uptake, enzyme activity and overall metabolic activity. 

Improved photosynthesis has been shown in several recent 

studies to increase biomass accumulation and total crop 

production. Seedlings emerging from magneto-primed seeds 

had sturdy midribs, minor veins, increased fresh weight and 

leaf area. Chlorophyll and carotenoid contents, stomatal 

conductance and activities of carbonic anhydrase (CA), 

Rubisco and PEP-carboxylase enzymes were enhanced with 

magneto-priming (62). The use of microwaves as magneto-

priming improved the germination indices, seedling 

parameters, water uptake, fresh and dry biomass and 

longevity of seeds in soybean.  Magneto- primed seeds 

showed higher expression of HSFA3, HSP21, HSP17.6b, EXP, 

ABI3 genes which are related to germination and longevity 

(63). Magneto-primed seeds show enhanced germination 

rates, improved root development, increased vigour and 

greater seedling biomass compared to unprimed seeds (64). 

Additionally, plants grown from magneto-primed seeds 

exhibit greater resistance to both abiotic (65) and biotic (66) 

stressors, likely due to elevated α-amylase and protease 

activities. Furthermore, magneto-primed soybean seedlings 

produce fewer superoxide radicals (O₂-) (67). Magneto-primed 

seeds have demonstrated the potential to mitigate the 

adverse effects of drought and disease on agricultural 

productivity. Exposure to a magnetic field alters the shape 

and ionic permeability of the cell membrane, enhances ion 

transport across ion channels and influences key metabolic 

pathways. These changes contribute to improved 

germination rates and seedling emergence. Physical methods 

for enhancing plant productivity, such as seed priming, offer 

several advantages over conventional chemical treatments. 

The effects of these physical treatments can range from 

modifications in morpho-structural traits to changes in gene 

expression and metabolite profiles. Among the most 

promising pre-sowing seed treatments are magnetopriming 

and ionizing radiation, the latter of which includes gamma 

rays, ultraviolet (UV) rays (UVA and UVC) and X-rays (Table 1). 

Seed coating/pelleting 

Seed coating or pelleting are used synonymously. A seed 

invigouration technique involves a coating of a thin layer of 

material (usually a polymer, fungicide, or fertilizer) directly 

onto the seed to enhance seed health, protect against 

diseases and promote growth. Seed pelleting/ coating aid in 

mechanical sowing to achieve uniform seed placement and 

spacing, ensure optimum plant stand, reduce the seed rate 

and protection against biotic and abiotic stresses. In seed 

pelleting, seeds are coated with nutrients/ biofertilizers/ plant 

protection chemicals/ growth stimulants, which can provide 

guaranteed benefits for seed germination and vigourous and 

Crop 
Dose 

(Best dose) 
Attributes 

Magneto-priming 

Soybean 
(Glycine max L.) 

200 and 150 mT 
Higher germination percentage, seedling biomass and fresh weight; improved light 
harvesting, chlorophyll fluorescence, leaf photosynthetic efficiency and leaf protein 

content; reduced ROS production (67) 

Mung bean (Vigna radiata L.) 5 mT Better germination and seedling vigour; improved starch metabolism and a-amylase 
activity (68) 

Faba bean (Vicia faba L.) 0.1 mT Improved seedling growth and mitotic index (69) 
Gamma ray priming 
Black gram (Phaseolus 
mungo L.) 

50–350 Gy (200 Gy) Improved plant height, pod length, seed number per pod at the best dose (70) 

UV irradiation priming 
Common bean (Phaseolus 
vulgaris L.) 

UVC (Type of UV used) Higher germination percentage, increased accumulation of bioactive molecules 
(flavonoids: quercetin-3 O-glucoside, soyasaponin) (71) 

Mung bean (Vigna radiata) UVA and UVC Enhanced germination rate and seedling vigour; improved total chlorophyll and 
carbohydrate content; seedlings less susceptible to root infecting fungi (72) 

Mash bean (Vigna mungo L.) UVB Reduced germination, improved activities of PAL, TAL enzymes and photosynthetic 
pigments (73) 

Table 1. Effects of magnetic, gamma ray and ultraviolet irradiation priming on different pulse crops 
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healthy plant growth. It also fastens the process of seed 

sowing and makes it more efficient especially in small sized 

seeds. Black gram seeds pelleted with rhizobium showed a 

higher level of chlorophyll content, quality parameters and 

yield compared to control (74). Seeds pelleted with borax 50 

and 100 mg kg-1 of cowpea seeds resulted in significantly 

higher number of total nodules and effective nodules per 

plant (75). 

Mechanism of seed invigouration 

Seed invigouration improves germination, stand establishment 

and economic output in several ways, including physiological, 

biochemical, cellular and molecular mechanisms. Seed 

invigouration procedures stimulate the activity of enzymes, 

antioxidants, the breakdown of reserve food, synthesis of 

metabolites, nucleic acid and protein production. 

Physiological and biochemical mechanism 

Several physiological and biochemical changes take place 

during seed invigouration. Seed invigouration repair cellular 

damage that seeds may incur during storage or under stress, 

contributing to enhanced seed health and vigour. It promotes 

better mobilization of the stored nutrients (such as starch, 

proteins and lipids) in the seed.  Invigourated seeds require 

less imbibition (the absorption of water) to initiate RNA and 

protein synthesis and thus reduce the time needed to kick-

start the processes crucial for germination. Enhances the 

formation of polyribosomes, which are involved in protein 

synthesis and helps in the production of proteins needed for 

seedling growth. It also helps in improving the membrane 

integrity, control of lipid peroxidation, increase in sugar 

content, increase in protein and nucleic acid synthesis, 

removal of germination inhibitors like abscisic acid, efficient 

production and utilization of metabolites for germination 

(76), increase in the activity of enzymes like alpha amylase, 

acid phosphatase, isocitrate lyase, protease, peroxidase, 

catalase, glutathione reductase, superoxide dismutase and 

antioxidant system (77). Seed priming treatment improves 

the seed's ROS system, allowing primed seeds to perform 

better. Seed priming initiates protein and enzyme synthesis 

activates α- and β-amylase and isocitrate lyase, synthesises 

new mRNA, maintains DNA integrity, increases energy charge 

and ATP content and increases nuclear 4C DNA content, 

resulting in cell cycle progression from G1 to G2 phase for 

synchronised germination. The photosynthetic rate improves 

because of more efficient nutrient intake and assimilation, as 

well as greater use of photosynthetically active light. Seed 

priming triggers the activation of an antioxidant system that 

protects membranes, lipids and proteins from abiotic insults 

like salt and dehydration. Higher photosynthetic rates result 

in increased carboxylation and improved crop growth and 

development, ultimately increasing crop yield and harvest 

index. There are several reports of priming-induced vigour 

enhancement, but few highlight the physiological and 

biochemical foundation of such alterations. 

Cellular mechanism 

During priming under abiotic stresses, Late Embryogenesis 

Abundant (LEA) protein and dehydrins protect the cellular 

structures (78). These proteins maintain the cellular integrity 

and protect the seed during the early phases of imbibition 

(water uptake). This makes the seed more resilient to abiotic 

stressors, such as drought or high salinity.  The expression of 

LEA proteins undergoes subsequent modifications. Decrease 

during imbibition indicated that LEA proteins are not needed 

for water uptake but are necessary during dehydration stress. 

Increase during dehydration indicated that when the seed 

loses water, LEA proteins help protect against desiccation 

damage. Degradation during germination indicated that as 

the seed enter the germination phase, these proteins break 

down, possibly because they are no longer required for 

protection once the seed begins active growth. 

 DNA repair mechanisms are activated during seed 

priming, helping to protect the genetic material from 

damage. This is especially important in seeds that have been 

subjected to stresses like dehydration, as DNA integrity is 

crucial for proper seedling development. Priming facilitates 

DNA repair, enabling seeds to be more robust and better 

equipped for the demands of germination and seedling 

establishment. Priming synchronizes the cell cycle, 

particularly by influencing the G2 phase. During this phase, 

the cell prepares for division. Priming ensures that seeds are 

in a state of readiness for efficient cell division once 

germination begins (79). Cell division does not occur 

immediately after priming but is set to begin right after the 

radicle (the first part of the seedling to emerge) protrudes 

from the seed coat. Priming prolongs Phase II of seed 

germination, which involves water uptake and early 

metabolic changes and ends just before Phase III (radicle 

protrusion) (27). 

 Seed priming increases the G2 to G1 phase ratio, 

which indicates that a higher proportion of cells are in the G2 

phase (where they are preparing for division) compared to 

the G1 phase (where cells are in a resting state before 

committing to division). This shift towards a higher G2 ratio 

highlights that primed seeds are in a better state of readiness 

for rapid growth and development. 

Molecular and metabolic changes 

Molecular responses of seed priming involve DNA repair, early 

DNA replication, stabilization of RNA, enhancement in the 

synthesis of de novo protein and avoidance of electrolyte 

leakage (35, 80). During priming genes related to germination 

are regulated and enhanced the seedling emergence (81). 

Increasing in the production of solutes (sugars, amino acids, 

proline, glycine, betaine etc.) help to keep an optimum 

osmotic potential in the primed seeds which helps to prevent 

membrane leakage. Reprogramming of genes helps to 

protect the seedling from salinity injury (82).  Priming resulted 

in the expression of salt responsive genes viz., TaNHX1, 

TaSOS1, TaSOS4, TaHKT1, TaHKT2 and TaHKT1 which 

decreased the oxidative stress in seedlings (83). 

 Priming enhanced the production of gibberellins and 

auxins to promote root development which effectively 

promoted the degradation of the precursor of ethylene 

biosynthesis (84). Priming resulted in the rise of cytosolic 

calcium levels which would activate mitogen activated 

protein kinases and resulted in strong immune response in 

plants (85). Priming activates transcription factor production 

which phosphorylates mitogen activated protein kinases and 

https://plantsciencetoday.online


7 

Plant Science Today, ISSN 2348-1900 (online) 

cyclin dependent protein kinases which stimulates the 

production of stress responsible genes (86). 

 

Impact of seed invigouration on germination parameters 

and seedling vigour of pulses 

Seed invigouration treatments significantly improved the 

germination parameters and seedling vigour in pulses. 

Hydropriming of lentils resulted in higher seedling emergence 

in the field, compared to control and seed priming with PEG 

(87). Nutri-priming with ZnSO4 either at 0.025 or 0.05 percent 

for 4 hr resulted in higher germination percentage, germination 

index, mean daily germination, speed of germination, co-

efficient rate of germination and germination rate index in 

grain cowpea (88). Green gram seeds primed in 450 ppm 

solution of Zn at 25 ± 2 °C for 9 hr resulted in higher germination 

percentage (98 %), seedling length (38 cm), seedling vigour 

index I (3701) and seedling vigour index II (26.2) (89).   

 Magneto-priming of Glycine max in 200 mT and 150 mT 
magnetic fields increased the germination parameters and 
seedling biomass (67). Magneto-priming of 5 mT magnetic 
fields showed improved germination, seedling vigour and 
starch metabolism in Vigna radiata (68). In Vicia faba, 
magneto priming of 0.1 mT magnetic fields resulted in 
improved seedling growth (69).  

 Nano priming of green gram seeds with TiO2 (0.02 %) 
resulted in the highest germination percentage (93.33 %), 
seedling dry weight (0.59 g) and seedling vigour (55.06) 
compared to control and nano priming of TiO2 (0.01 %) (90). 
Nano priming of chick pea seed with ZnO or silver 
nanoparticle at 100 ppm either alone or in combination 
resulted in significant positive effect on germination and 
growth parameters and negative effect on the incidence of F. 
oxysporum f.sp. ciceri (91).  

 Vegetable cowpea seeds pelleted with ZnSO4 250 mg 
kg-1 seed and borax 100 mg kg-1 seed produced seedlings with 
significantly higher shoot length, root length, seedling dry 
weight and vigour index compared to non-pelleted seeds 
(92). Osmo priming of black gram seeds with PEG6000 at 20 per 
cent resulted in significant improvement in emergence 
percentage, seedling parameters and seedling vigour index 
compared to priming with CaCl2 at 1 per cent (93). 

Impact of seed invigouration on enzyme activity and total 
sugars 

Biopriming of pea seeds with Bacillus subtilis and 
Trichoderma harzianum resulted in taller plants, more 
numbers of leaves and branches per plant, dry weight of 
shoots per plant, pod length and diameter, numbers of seeds 
per pod, higher percentage of green pod, seed to pod weight, 

TSS, highest carbohydrate and protein. Higher α- and β- 

amylase, alkaline phosphatase and dehydrogenase enzyme 
activity was observed in hydro-primed seeds of soybean (94). 
Alpha amylase and protease are the key enzymes of seed 
germination process. In mung bean, GA3 and KNO3 priming 
resulted in enhancing the alpha amylase and protease 
enzymes, due to their positive effect and involvement in 
activation process. GA3 (100ppm) priming showed the highest 
a-amylase activity followed by priming with KNO3 (0.2 %) 
priming. Protease activity was also the highest in seeds 
primed with GA₃ (100 ppm), followed by those primed with 
KNO₃ (0.2 %). The activity of a-amylase and protease were 

slightly reduced under drought condition when compared 
with normal condition (95). Osmo-priming with CaCl2 in 

combination with biochar resulted in an increase in α-
amylase activity, total soluble sugars in cowpea seeds. It also 
reduced oxidative damage through lower Na uptake, lipid 
peroxidation and total antioxidant activity (96). 

Impact of seed invigouration on growth, yield attributes 

and yield in pulses 

Seed invigouration enhanced the growth attributes, yield 

attributes and yield of pulse crops. Significant improvement in 

growth and yield attributes and yields due to Mo seed-coating in 

common bean and soybean (97, 98). Chickpea seeds primed in 

solutions of optimal concentration of micronutrients resulted in 

an increase in Zn content from about 40-60 (unprimed) to 500-

800 mg kg-1 (Zn primed). In Mung bean, priming with 

polyethylene glycol enhanced the grains per pod by 14 per cent, 

grain weight by 3.5 per cent and grain yield by 12 per cent (99). 

Nutri-priming with ZnSO4 either at 0.025 or 0.05 per cent 

recorded higher Zn and B content in grain cowpea (88). 

Hydropriming in field pea enhanced the emergence and resulted 

in the better expression of phenological and yield components 

(100).  Seeds primed in ZnSO4 at 0.05 % for 4 hr registered the 

highest seed yield, total number of nodules, nodule fresh and dry 

weight per plant (88). Biopriming of field pea exhibited higher 

root and nodule formation, thus the nitrogen uptake of the plant 

rises leading to enhanced growth and production (101). 

 Seed invigouration treatments significantly influenced 

the growth parameters viz., number of green leaves per plant (30 

DAS and 60 DAS), number of branches per plant and dry matter 

production (30 DAS, 60 DAS and harvest stage). The highest 

number of branches were recorded in seeds primed in ZnSO4 

0.025 % for 4 hr + Trichoderma viride seed treatment 10 g kg-1 

seed at 30 DAS, 60 DAS and at harvest. Seeds primed in ZnSO4 @ 

0.5 % for 4 hr recorded the highest dry matter production (88). 

Priming of broad beans with 0.05 % chitosan nanoparticles 

resulted in significant increase in total phenols and antioxidant 

enzymes, as compared with those of the control seedlings (102). 

MgO nanopriming in black chickpea resulted better growth, yield 

and enhanced biochemical accumulation; shoot-root length, 

chlorophyll and carbohydrate content of chickpea. Significant 

increase in polyphenols and antioxidant enzyme activities was 

observed during nano-priming (103).  

 

Conclusion 

Seed invigouration has emerged as a vital strategy for 

improving pulse crop productivity and ensuring food security. 

By enhancing germination, seedling vigour and crop 

establishment, invigouration techniques can significantly 

boost yields while reducing cultivation risks. Treatments 

involving plant growth regulators and organic compounds at 

low concentrations have shown potential in promoting 

uniform germination, robust stand establishment and greater 

harvestable output. 

 Among these techniques, seed priming has proven 
especially effective. It initiates key metabolic activities, 
helping to break dormancy, prevent seed deterioration and 
increase resistance to both biotic and abiotic stressors. These 

physiological and biochemical changes translate into 



APARNA  ET AL  8     

https://plantsciencetoday.online 

improved crop performance across diverse environmental 
conditions, making priming a valuable tool for sustainable 

agriculture particularly in dryland and stress-prone areas. 

 However, priming faces limitations, especially during 
the post-treatment desiccation (drying-back) phase. Drying 
back the seeds to their original moisture content can impair 
critical physiochemical processes, reducing seed longevity 

and storage viability. This remains the primary bottleneck in 
the broader adoption of priming technologies. 

 To address these challenges and unlock the full 
potential of seed invigouration, future research should focus 
on understanding seed physiology during drying-back, 

investigating the role of raffinose family oligosaccharides in 
maintaining cell membrane integrity and exploring the 
expression of antioxidant enzymes during and after priming. 

 Moreover, future efforts should aim to develop 
accurate, long-lasting and cost-effective invigouration 

strategies tailored to specific pulse genotypes and agro-
ecological conditions. By doing so, seed invigouration could 
become a cornerstone technology for enhancing the genetic 

potential of pulse crops, ultimately contributing to a more 
resilient, productive and sustainable agricultural system. 

 

Acknowledgements  

The authors are thankful to Kerala Agricultural University for 

providing all the necessary support and assistance. 

 

Authors' contributions 

RSK conceptualized and designed the review topic. AS, VDVS, 

AM, ARD, and MRP contributed to drafting the manuscript. 

RSK, SB, and BR provided critical guidance and carried out 

necessary revisions and corrections. 

 

Compliance with ethical standards 

Conflict of interest: The authors declare that they have no 

conflict of interest.  

Ethical issues: None  

 

References 

1. Curran J. The nutritional value and health benefits of pulses in 
relation to obesity, diabetes, heart disease and cancer. Br J Nutr. 

2012;108(S1):S1-2. https://doi.org/10.1017/S0007114512003534 

2. Yang LH, Bastow JL, Spence KO, Wright AN. What can we learn 
from resource pulses. Ecol. 2008;89(3):621-34. https://

doi.org/10.1890/07-0175.1 

3. Mitchell DC, Webster A, Garrison B. Terminology matters: 
Advancing science to define an optimal pulse intake. Nutr. 

2022;14(3):655.  https://doi.org/10.3390/nu14030655 

4. Robinson GH, Balk J, Domoney C. Improving pulse crops as a 
source of protein, starch and micronutrients. Nutr Bull. 2019;44

(3):202-15. https://doi.org/10.1111/nbu.12399 

5. Kissinger G. Pulse crops and sustainability: A framework to 
evaluate multiple benefits. Rome, Italy: FAO. 2016. 

6. Agarwal A. Value addition of pulse products in India. J Nutr Health 

Food Eng 2016;5(2):590-2. https://doi.org/10.15406/

jnhfe.2016.05.00166 

7. Sivasankar S, Ellis N, Buruchara R, Henry C, Rubiales D, Sandhu J, 
et al. Celebrate the International Year of Pulses. Rome, Italy: FAO. 

2016. 

8. McVicar R, Slinkard AE, Vandenberg A, Clancey B. Trends in pulse 
crop diversification in western Canada and effects on world trade. 

In: Linking research and marketing opportunities for pulses in the 
21st Century: Proceedings of the third international food legumes 

research conference. Springer. 2000;243-9. https://

doi.org/10.1007/978-94-011-4385-1_21 

9. Kelley TG, Parthasarathy Rao P, Grisko-Kelley H. The pulse 
economy in the mid-1990s: A review of global and regional 
developments. In: Linking research and marketing opportunities 

for pulses in the 21st century: Proceedings of the third 

international food legumes research conference. Springer. 2000:1
-29. https://doi.org/10.1007/978-94-011-4385-1_1 

10. Joshi PK, Rao PP. Global pulses scenario: status and outlook. Ann N 

Y Acad Sci. 2017;1392(1):6-17. https://doi.org/10.1111/nyas.13298 

11. Geda NR, Nosworthy MG, Tyler R, Henry CJ. Women-led pulse 
Agriculture for enhanced household nutrition security in east 
African countries. J Agric Sci. 2024;16(7):1-0. https://

doi.org/10.5539/jas.v16n7p10 

12. Inbasekar K. Pulses production in India: challenges and strategies. 
Economic Affairs. 2014;59(3):403-14. https://doi.org/10.5958/0976

-4666.2014.00008.4 

13. Rajmohan A, Prasad VBR, Senthil A, Manivannan N, Arul L, 
Sumathi A. Abiotic stress responses in pulses: Impact of drought 

and high temperature. Plant Sci Today. 2025; 12(1): 1-11. https://
doi.org/10.14719/pst.3784 

14. Ramakrishna A and Gowda C L L and Johansen C. Management 
factors affecting legumes production in the Indo-Gangetic 
Plain. In: Legumes in rice and wheat cropping systems of the Indo-

Gangetic Plain - constraints and opportunities. International 

Crops Research Institute for the Semi-Arid Tropics. 2000:156-65. 
http://oar.icrisat.org/id/eprint/3452 

15. Reddy AA. Pulses production technology: Status and way forward. 
Econ Polit Wkly. 2009;26:73-80. https://www.jstor.org/

stable/25663942 

16. Vasanthakumar J. Constraints to productivity of black gram 
(Vigna mungo L.) and green gram (Vigna radiata L.) in Tamil Nadu. 

Indian J Nat Sci. 2016;7(38):16-21.  

17. Narayan P, Kumar S. Constraints of growth in area production and 
productivity of pulses in India: An analytical approach to major 

pulses. Indian J Agric Res. 2015;49(2):114-24. https://
doi.org/10.5958/0976-058X.2015.00017.7 

18. Sundaram IS. India needs a pulses revolution. Facts For You (New 
Delhi). 2010; 31(3):10-2. 

19. Farooq M, Wahid A, Kobayashi NS, Fujita DB, Basra SM. Plant 
drought stress: Effects, mechanisms and management. Sustain 

Agric. 2009;153-88. https://doi.org/10.1007/978-90-481-2666-8_12 

20. Kumar K, Solanki S, Singh SN, Khan MA. Abiotic constraints of 
pulse production in India. Disease of pulse crops and their 

sustainable management. 2016:23-39. 

21. Pande S, Sharma M, Ghosh R. Climate change: potential impact 
on chickpea and pigeonpea diseases in the rainfed semi-arid 

tropics (SAT). In: Proceedings of the 5th international food 
legumes research conference (IFLRC V) and 7th European 

conference on grain legumes (AEP VII), Antalya, Turkey. 2010. 

22. Hasanuzzaman M, Nahar K, Fujita M. Plant response to salt stress 
and role of exogenous protectants to mitigate salt-induced 

damages. In: Ecophysiology and responses of plants under salt 
stress. 2013:25-87. https://doi.org/10.1007/978-1-4614-4747-4_2 

23. Sehrawat N, Yadav M, Bhat KV, Sairam RK, Jaiwal PK. Effect of 
salinity stress on mung bean [Vigna radiata (L.) Wilczek] during 

https://plantsciencetoday.online
https://doi.org/10.1017/S0007114512003534
https://doi.org/10.1890/07-0175.1
https://doi.org/10.1890/07-0175.1
https://doi.org/10.3390/nu14030655
https://doi.org/10.1111/nbu.12399
https://doi.org/10.15406/jnhfe.2016.05.00166
https://doi.org/10.15406/jnhfe.2016.05.00166
https://doi.org/10.1007/978-94-011-4385-1_21
https://doi.org/10.1007/978-94-011-4385-1_21
https://doi.org/10.1007/978-94-011-4385-1_1
https://doi.org/10.1111/nyas.13298
https://doi.org/10.5539/jas.v16n7p10
https://doi.org/10.5539/jas.v16n7p10
https://doi.org/10.5958/0976-4666.2014.00008.4
https://doi.org/10.5958/0976-4666.2014.00008.4
http://dx.doi.org/10.14719/pst.3784
http://dx.doi.org/10.14719/pst.3784
http://oar.icrisat.org/id/eprint/3452
https://www.jstor.org/stable/25663942
https://www.jstor.org/stable/25663942
https://doi.org/10.5958/0976-058X.2015.00017.7
https://doi.org/10.5958/0976-058X.2015.00017.7
https://doi.org/10.1007/978-90-481-2666-8_12
http://dx.doi.org/10.1007/978-1-4614-4747-4_2


9 

Plant Science Today, ISSN 2348-1900 (online) 

consecutive summer and spring seasons. J Agric Sci. Belgrade. 

2015;60(1):23-32. https://doi.org/10.2298/JAS1501023S 

24. Saxena KB, Sultana R, Bhatnagar-Mathur P, Saxena RK, Chauhan 
YS, Kumar RV, et al. Accomplishments and challenges of pigeon 
pea breeding research in India. Indian J Genet Plant Breed. 

2016;76(04):467-82. https://doi.org/10.5958/0975-

6906.2016.00065.1 

25. Taylor AG, Allen PS, Bennett MA, Bradford KJ, Burris JS, Misra MK. 
Seed enhancements. Seed Sci Res. 1998;8(2):245-56. https://

doi.org/10.1017/S0960258500004141 

26. Varier A, Vari AK, Dadlani M. The subcellular basis of seed priming. 
Curr Sci. 2010; 25:450-6. http://www.jstor.org/stable/24109568 

27. Ashraf M, Foolad MR. Pre-sowing seed treatment: A shotgun 
approach to improve germination, plant growth and crop yield 

under saline and non-saline conditions. Adv Agron. 2005;88:223-
71. https://doi.org/10.1016/S0065-2113(05)88006-X 

28. Kang JumSoon KJ, Choi YoungWhan CY, Son BeungGu SB, Ahn 
ChongKil AC, Cho JeoungLai CJ. Effect of hydropriming to 
enhance the germination of gourd seeds. 2000;559-64. https://

www.cabidigitallibrary.org/doi/full/10.5555/20013048414 

29. Pill WG, Necker AD. The effects of seed treatments on germination 
and establishment of Kentucky bluegrass (Poa pratensis L.). Seed 

Sci Technol. 2001:65-72. 

30. Kumar S. Effect of seed priming duration on seed quality in Urd 
bean. Int J Pharma Biol Sci. 2014;4(3):138-42. 

31. Singh S, Lal GM, Bara BM, Mishra SN. Effect of hydropriming and 
osmopriming on seed vigour and germination of Pea (Pisum 
sativum L.) seeds. J Pharmacog  Phytochemi. 2017;6(3):820-4. 

32. Farooq M, Barsa SM, Wahid A. Priming of field-sown rice seed 

enhances germination, seedling establishment, allometry and 
yield. Plant Grow Reg. 2006;49:285-94. https://doi.org/10.1007/

s10725-006-9138-y 

33. Krishnasamy V, Srimathi P. Seed management of rainfed 
agriculture. In: Land and use planning and watershed management 

in rainfed agriculture. Balusamy M,  Chinnamuthu CR, Velayutham 
A, editors. Centre of Advanced Studies, Department of Agronomy, 

Tamil Nadu Agricultural University, Coimbatore. 2001:140. 

34. Prajapati KR, Patel DB, Patil K, Bhadane RS. Effect of seed 
hardening on morpho-physiological and yield parameters in 

black gram (Vigna mungo L.). Int J Chem Stud. 2017;5(4):439-41. 

35. Paparella S, Araújo SS, Rossi G, Wijayasinghe MA, Carbonera D, 
Balestrazzi A. Seed priming: state of the art and new perspectives. 

Plant Cell Rep. 2015;34:1281-93. https://doi.org/10.1007/s00299-
015-1784-y 

36. Mehta DK, Thakur C, Thakur KS, Thakur S. Effect of solid matrix 

priming of seed on emergence, growth and yield of cucumber. 
Green Farm. 2013;4(3):364-6. 

37. Jisha KC, Vijayakumari K, Puthur JT. Seed priming for abiotic 

stress tolerance: An overview. Acta Physiologiae Plantarum. 
2013;35:1381-96. https://doi.org/10.1007/s11738-012-1186-5 

38. Taiz L, Lazar T, Zeiger E. Plant physiology. Ann Bot. 2006; 91(6):750

–1. 

39. Khan A, Ashraf M. Exogenously applied ascorbic acid alleviates 
salt-induced oxidative stress in wheat. Environ Exp Bot. 2008;63(1

-3):224-31. https://doi.org/10.1016/j.envexpbot.2007.10.018 

40. Barsa SM, Muhammad Farooq MF, Abdul Wahid AW. Priming of 
field-sown rice seed enhances germination, seedling 

establishment, allometry and yield. Plant Grow Reg. 2006;49 
(2):285-94. https://doi.org/10.1007/s10725-006-9138-y 

41. Nawaz J, Hussain M, Jabbar A, Nadeem GA, Sajid M, Subtain MU, et 
al. Seed priming a technique. Int J Agric Crop Sci. 2013;6:1373-81. 

42. Saha BN, Islam W, Khan AR. Effect of Azadirachtin on the growth 
and development of the pulse beetle, Callosobruchus chinensis L. 

J Asiat Soc Bangladesh Sci. 2006;32(1):69-5. 

43. Bowers JH, Locke JC. Effect of botanical extracts on the 
population density of Fusarium oxysporum in soil and control of 

Fusarium wilt in the greenhouse. Plant Dis. 2000;84(3):300-5. 
https://doi.org/10.1094/PDIS.2000.84.3.300 

44. Borsani O, Valpuesta V, Botella MA. Evidence for a role of salicylic 
acid in the oxidative damage generated by NaCl and osmotic 
stress in Arabidopsis seedlings. Plant Physiol. 2001;126(3):1024-

30. https://doi.org/10.1104/pp.126.3.1024 

45. Pérez-Jaramillo JE, Mendes R, Raaijmakers JM. Impact of plant 
domestication on rhizosphere microbiome assembly and 

functions. Plant Mol Biol. 2016;90:635-44. https://doi.org/10.1007/
s11103-015-0337-7 

46. Jurado MM, Suárez-Estrella F, Toribio AJ, Martínez-Gallardo MR, 
Estrella-González MJ, López-González JA, et al. Biopriming of 
cucumber seeds using actinobacterial formulas as a novel 

protection strategy against Botrytis cinerea. Front Sustain Food 

Syst. 2023 4;7:1158722. https://doi.org/10.3389/fsufs.2023.1158722 

47. Usmanova A, Brazhnikova Y, Omirbekova A, Kistaubayeva A, 
Savitskaya I, Ignatova L. Biopolymers as seed-coating agent to 
enhance microbially induced tolerance of barley to 

phytopathogens. Polymers. 2024;16(3):376. https://

doi.org/10.3390/polym16030376 

48. Behera S, Priyadarshanee M, Das S. Polyhydroxyalkanoates, the 
bioplastics of microbial origin: Properties, biochemical synthesis 

and their applications. Chemosphere. 2022;294:133723. https://
doi.org/10.1016/j.chemosphere.2022.133723 

49. Ma Y. Seed coating with beneficial microorganisms for precision 
agriculture. Biotechnol Adv. 2019;37(7):107423. https://

doi.org/10.1016/j.biotechadv.2019.107423 

50. Ignatova L, Usmanova A, Brazhnikova Y, Omirbekova A, 
Egamberdieva D, Mukasheva T, et al. Plant probiotic endophytic 

Pseudomonas flavescens D5 strain for protection of barley plants 

from salt stress. Sustain. 2022;14(23):15881. https://
doi.org/10.3390/su142315881 

51. Reddy AS, Madhavi GB, Reddy KG, Yellareddygari SK, Reddy MS. 
Effect of seed biopriming with Trichoderma viride and 

Pseudomonas fluorescens in chickpea (Cicer arietinum) in Andhra 

Pradesh, India. In: Plant growth promoting rhizobacteria (PGPR) 
for sustainable agriculture: Proceedings of the 2 nd Asian PGPR 

Conference, Beijing. China.  2011:324-429.  

52. Ahmad M, Zahir ZA, Asghar HN, Arshad M. The combined 
application of rhizobial strains and plant growth promoting 

rhizobacteria improves growth and productivity of mung bean 
(Vigna radiata L.) under salt-stressed conditions. Ann Microbiol. 

2012;62:1321-30. https://doi.org/10.1007/s13213-011-0380-9 

53. Abadeh RM, Sharif SR, Alikabar I. Influence of nitrogen and seed 
biopriming with PGPR on yield and agronomic characteristics of 

red lentil. J Appl Environ Biol Sci. 2013;3:117-23.  

54. Anitha, Munmigath UV, Madhusudhan, Kumar P. Effect of organic, 
inorganic seed bio-priming on soybean germination and yield 

parameter. Biolife 2013;1:223-30. https://doi.org/10.5281/
zenodo.7193638 

55. Choudhary M, Patel BA, Meena VS, Yadav RP, Ghasal PC. Seed bio-

priming of green gram with Rhizobium and levels of nitrogen and 
sulphur fertilization under sustainable agriculture. Legume Res-

An Int J. 2019;42(2):205-10. http://doi.org/10.18805/LR-3837 

56. Chakraborty A, Bordolui SK. Impact of seed priming with Ag-
nanoparticle and GA3 on germination and vigour in green gram. 

Int J Curr Microbiol Appl Sci. 2021;10(03):1499-506. https://
doi.org/10.20546/ijcmas.2021.1003.119 

57. Kaiser BN, Gridley KL, Ngaire Brady J, Phillips T, Tyerman SD. The 

role of molybdenum in agricultural plant production. Ann Bot. 
2005;96(5):745-54. https://doi.org/10.1093/aob/mci226 

https://doi.org/10.2298/JAS1501023S
https://doi.org/10.5958/0975-6906.2016.00065.1
https://doi.org/10.5958/0975-6906.2016.00065.1
https://doi.org/10.1017/S0960258500004141
https://doi.org/10.1017/S0960258500004141
http://www.jstor.org/stable/24109568
https://doi.org/10.1016/S0065-2113(05)88006-X
https://www.cabidigitallibrary.org/doi/full/10.5555/20013048414
https://www.cabidigitallibrary.org/doi/full/10.5555/20013048414
http://dx.doi.org/10.1007/s10725-006-9138-y
http://dx.doi.org/10.1007/s10725-006-9138-y
https://doi.org/10.1007/s00299-015-1784-y
https://doi.org/10.1007/s00299-015-1784-y
https://doi.org/10.1007/s11738-012-1186-5
https://doi.org/10.1016/j.envexpbot.2007.10.018
https://doi.org/10.1007/s10725-006-9138-y
https://doi.org/10.1094/PDIS.2000.84.3.300
https://doi.org/10.1104/pp.126.3.1024
https://doi.org/10.1007/s11103-015-0337-7
https://doi.org/10.1007/s11103-015-0337-7
https://doi.org/10.3389/fsufs.2023.1158722
https://doi.org/10.3390/polym16030376
https://doi.org/10.3390/polym16030376
https://doi.org/10.1016/j.chemosphere.2022.133723
https://doi.org/10.1016/j.chemosphere.2022.133723
https://doi.org/10.1016/j.biotechadv.2019.107423
https://doi.org/10.1016/j.biotechadv.2019.107423
https://doi.org/10.3390/su142315881
https://doi.org/10.3390/su142315881
https://doi.org/10.1007/s13213-011-0380-9
https://doi.org/10.5281/zenodo.7193638
https://doi.org/10.5281/zenodo.7193638
http://doi.org/10.18805/LR-3837
https://doi.org/10.20546/ijcmas.2021.1003.119
https://doi.org/10.20546/ijcmas.2021.1003.119
https://doi.org/10.1093/aob/mci226


APARNA  ET AL  10     

https://plantsciencetoday.online 

58. Mohandas S. Effect of presowing seed treatment with 

molybdenum and cobalt on growth, nitrogen and yield in bean 
(Phaseolus vulgaris L.). Plant Soil. 1985:86:283-5. https://

doi.org/10.1007/BF02182905 

59. Choudhury A, Bordolui SK. Seed invigouration treatment with 
sodium molybdate (Na2MoO4) Nutri-priming for improvement of 

quality performance of Bengal gram (Cicer arietinum L.).  Pharma 
Innov J. 2022;11(12):3381-6. 

60. Raja K, Chinnasamy G, Albert VA, Parameswari K, Vijayageetha V, 

Pradeep D. ZnO nanoparticles seed invigouration for the 
maintenance of seed vigour and viability in black gram. Legume 

Res- An Int J. 2024;1:1-9. https://doi.org/10.18805/LR-5267 

61. Rehman AU, Farooq M, Ali H, Sarwar N, Qamar R. Thermal 
hardening improves germination and early seedling growth of 

chickpea. Asian J Agric Biol. 2014;2(1):51-8. 

62. Sarraf M, Deamici KM, Taimourya H, Islam M, Kataria S, Raipuria 
RK, et al. Effect of magnetopriming on photosynthetic 

performance of plants. Int  J Mol Sci. 2021;22:9353. https://
doi.org/10.3390/ijms22179353 

63. de Faria RQ, dos Santos ARP, Batista TB, Gariepy Y, da Silva EAA, 
Sartori MMP et al. The effect of magneto-priming on the 

physiological quality of soybean seeds. Plants. 2023;12(7):1477. 

https://doi.org/10.3390/plants12071477 

64. Araújo SD, Paparella S, Dondi D, Bentivoglio A, Carbonera D, 
Balestrazzi A. Physical methods for seed invigouration: 

Advantages and challenges in seed technology. Front Plant Sci. 
2016;7:646. https://doi.org/10.3389/fpls.2016.00646 

65. Anand A, Nagarajan S, Verma APS, Joshi DK, Pathak PC, Bhardwaj 
J. Pre-treatment of seeds with static magnetic field ameliorates 

soil water stress in seedlings of maize (Zea mays L.). Indian J 

Biochem Biophys. 2012;49(1):63–70. 

66. De Souza A, Garcí D, Sueiro L, Gilart F, Porras E, Licea L. Pre 
sowing magnetic treatments of tomato seeds increase the growth 

and yield of plants. Bioelectromagnetics. 2006;27(4):247–57. 
https://doi.org/10.1002/bem.20206 

67. Baby SM, Narayanaswamy GK, Anand A. Superoxide radical 
production and performance index of photosystem II in leaves 

from magneto-primed soybean seeds. Plant Signal Behav. 

2011;6:1635–7. https://doi.org/10.4161/psb.6.11.17720 

68. Reddy KV, Reshma SR, Jareena S, Nagaraju M. Exposure of green 
gram seeds (Vigna radiata var. radiata) to static magnetic fields: 

Effects on germination and α-amylase activity. Res J Seed Sci. 

2012;5(3):106-14. http://scialert.net/fulltext/?
doi=rjss.2012.106.114&org=10 

69. Rajendra P, Sujatha Nayak H, Sashidhar RB, Subramanyam C, 

Devendranath D, Gunasekaran B, et al. Effects of power frequency 
electromagnetic fields on growth of germinating Vicia faba L., the 

broad bean. Electromagn Biol Med. 2005;24(1):39-54. https://
doi.org/10.1081/JBC-200055058 

70. Maity JP, Mishra D, Chakraborty A, Saha A, Santra SC, Chanda S. 
Modulation of some quantitative and qualitative characteristics in 
rice (Oryza sativa L.) and mung (Phaseolus mungo L.) by ionizing 

radiation. Radiat Phys Chem. 2005;74(5):391-4. https://
doi.org/10.1016/j. radphyschem.2004.08.005 

71. Guajardo-Flores D, Serna-Guerrero D, Serna-Saldívar SO, Jacobo-
Velázquez DA. Effect of germination and UV-C radiation on the 
accumulation of flavonoids and saponins in black bean seed 

coats. Cereal Chem. 2014;91(3):276-9. https://doi.org/10.1094/
CCHEM-08-13-0172-R 

72. Hamid N, Jawaid F. Influence of seed pre-treatment by UV-A and 
UV-C radiation on germination and growth of Mung beans. Pak J 
Chem. 2011;1(4):164-7. https://doi.org/10.15228/2011.v01.i04.p04 

73. Shaukat SS, Farooq MA, Siddiqui MF, Zaidi SA. Effect of enhanced 
UV-B radiation on germination, seedling growth and biochemical 
responses of Vigna mungo (L.) Hepper. Pak J Bot. 2013;45(3):779-85. 

74. Dubey UK, Padmavathi S, Kumar A.  Effect of seed pelleting on 

growth, yield and seed quality parameters of black gram. J Food 
Legumes 2023;36(4):273-7. https://doi.org/10.59797/jfl.v36.i4.163 

75. Raj B Anju, Raj K Sheeja. Effect of seed invigouration treatments 
on physiological parameters and nodulation of grain cowpea 

[Vigna unguiculata (L.) Walp]. Legume Res-An Int J. 2021;44(8):962

-6. https://doi.org/10.18805/LR-4204 

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

tolerance in rice cultivars. Front Plant Sci. 2016;7:116. https://
doi.org/10.3389/fpls.2016.00116 

77. Pandita VK, Anand A, Nagarajan S. Enhancement of seed 
germination in hot pepper following presowing treatments. Seed 

Sci Technol. 2007;35(2):282-90. https://doi.org/10.15258/

sst.2007.35.2.04 

78. Chen K, Fessehaie A, Arora R. Dehydrin metabolism is altered 
during seed osmopriming and subsequent germination under 

chilling and desiccation in Spinacia oleracea L. cv. Bloomsdale: 
possible role in stress tolerance. Plant Sci. 2012;183:27-36. https://

doi.org/10.1016/j.plantsci.2011.11.002 

79. Bewley JD, Bradford KJ, Hilhorst HW, Nonogaki H, Bewley JD, 
Bradford KJ, et al. Seeds: Physiology of development, 

germination and dormancy. Germination. 3rd Edition. 2013.  

80. Biswas S, Ghosh A, Paul A, Biswas AK. Isolation, purification and 
partial characterization of low molecular weight peptides from 

non-primed and haloprimed seedlings of Vigna mungo L. and 
Cajanus cajan L. and their impact on physiological aspects under 

NaCl exposure. J Exp Biol Agric Sci. 2019;7(1):12-24.  

81. Kubala S, Garnczarska M, Wojtyla Ł, Clippe A, Kosmala A, Żmieńko 
A, et al. Deciphering priming-induced improvement of rapeseed 

(Brassica napus L.) germination through an integrated 
transcriptomic and proteomic approach. Plant Sci. 2015;231:94-

113. https://doi.org/10.1016/j.plantsci.2014.11.008 

82. Thomas DT, Puthur JT. Amplification of abiotic stress tolerance 
potential in rice seedlings with a low dose of UV-B seed priming. 

Funct Plant Biol. 2019;46(5):455-66.  

83. Alzahrani O, Abouseadaa H, Abdelmoneim TK, Alshehri MA, 
Mohamed EM, El-Beltagi HS, et al. Agronomical, physiological and 
molecular evaluation reveals superior salt-tolerance in bread 
wheat through salt-induced priming approach. Notulae Botanicae 
Horti Agrobotanici Cluj-Napoca. 2021;49(2):12310. https://
doi.org/10.15835/nbha49212310 

84. Biswas S, Seal P, Majumder B, Biswas AK. Efficacy of seed priming 
strategies for enhancing salinity tolerance in plants: An overview 
of the progress and achievements. Plant Stress. 2023;100186.  

85. Druzhinina IS, Seidl-Seiboth V, Herrera-Estrella A, Horwitz BA, 
Kenerley CM, Monte E, et al. Trichoderma: The genomics of 
opportunistic success. Nat Rev Microbiol. 2011;9(10):749-59.  

86. Bukhat S, Imran A, Javaid S, Shahid M, Majeed A, Naqqash T. 
Communication of plants with microbial world: Exploring the 
regulatory networks for PGPR mediated defense signaling. 
Microbiol Res. 2020;238:126486. https://doi.org/10.1016/
j.micres.2020.126486 

87. Ghassemi-Golezani K, Aliloo AA, Valizadeh M, Moghaddam M. 
Effects of hydro and osmo-priming on seed germination and field 
emergence of lentil (Lens culinaris Medik.). Notulae Botanicae 
Horti Agrobotanici Cluj-Napoca. 2008;36(1):29-33. https://
doi.org/10.15835/nbha36186 

88. Raj AB, Raj SK, Prathapan K, Radhakrishnan NV. Nutri-priming 
with zinc sulphate and borax for early growth and seedling vigour 

in grain cowpea [Vigna unguiculata (L.) Walp]. Legume Res-An Int 
J. 2020;43(2):258-62.  

89. Mrinali MM, Singh KK, Datta SP, Meena MC, Dikshit HS, Sherry 
Rachel Jacob, et al. Zn-seed treatments to enhance seedling 
vigour of mungbean (Vigna radiata L.). Biol Forum - An Int J. 

https://plantsciencetoday.online
https://doi.org/10.1007/BF02182905
https://doi.org/10.1007/BF02182905
https://doi.org/10.18805/LR-5267
https://doi.org/10.3390/ijms22179353
https://doi.org/10.3390/ijms22179353
https://doi.org/10.3390/plants12071477
https://doi.org/10.3389/fpls.2016.00646
https://doi.org/10.1002/bem.20206
https://doi.org/10.4161/psb.6.11.17720
Reddy%20KV,%20Reshma%20SR,%20Jareena%20S,%20Nagaraju%20M.%20Exposure%20of%20green%20gram%20seeds%20(Vigna%20radiata%20var.%20radiata)%20to%20static%20magnetic%20fields:%20Effects%20on%20germination%20and%20α-amylase%20activity.%20Res%20J%20Seed%20Sci.%202012;
Reddy%20KV,%20Reshma%20SR,%20Jareena%20S,%20Nagaraju%20M.%20Exposure%20of%20green%20gram%20seeds%20(Vigna%20radiata%20var.%20radiata)%20to%20static%20magnetic%20fields:%20Effects%20on%20germination%20and%20α-amylase%20activity.%20Res%20J%20Seed%20Sci.%202012;
https://doi.org/10.1081/JBC-200055058
https://doi.org/10.1081/JBC-200055058
https://doi.org/10.1016/j.%20radphyschem.2004.08.005
https://doi.org/10.1016/j.%20radphyschem.2004.08.005
https://doi.org/10.1094/CCHEM-08-13-0172-R
https://doi.org/10.1094/CCHEM-08-13-0172-R
https://doi.org/10.15228/2011.v01.i04.p04
https://doi.org/10.59797/jfl.v36.i4.163
https://doi.org/10.18805/LR-4204
https://doi.org/10.3389/fpls.2016.00116
https://doi.org/10.3389/fpls.2016.00116
http://dx.doi.org/10.15258/sst.2007.35.2.04
http://dx.doi.org/10.15258/sst.2007.35.2.04
https://doi.org/10.1016/j.plantsci.2011.11.002
https://doi.org/10.1016/j.plantsci.2011.11.002
https://doi.org/10.1016/j.plantsci.2014.11.008
https://doi.org/10.15835/nbha49212310
https://doi.org/10.15835/nbha49212310
https://doi.org/10.1016/j.micres.2020.126486
https://doi.org/10.1016/j.micres.2020.126486
https://doi.org/10.15835/nbha36186
https://doi.org/10.15835/nbha36186


11 

Plant Science Today, ISSN 2348-1900 (online) 

2022;14(3):647-52. 

90. Maroufi K, Farahani HA, Moradi O. Evaluation of nano priming on 
germination percentage in green gram (Vigna radiata L.). Adv 

Environ Biol. 2011;5 (11):3659-64. 

91. Das G, Dutta P. Effect of nano-priming with zinc oxide and silver 
nanoparticles on storage of chickpea seeds and management of 

wilt disease. J Agric Sci Technol. 2022;24(1):213-26.  

92. Masuthi, DA, Vyakaranahal BS Deshpande VK. Influence of 
pelleting with micronutrients and botanical on growth, seed yield 

and quality of vegetable cowpea. Karnataka J Agric Sci. 2009;22
(4):898-900. 

93. Dugesar V, Chaurasia AK, Bara BM, Sahi VP. Enhancement of seed 
germination and seedling vigour through different seed priming 
treatments in black gram (Vigna mungo L.). Legume Res- An Int J. 

2022.  

94. El-Mohamedy RS, Abd El-Baky MM. Evaluation of different types of 
seed treatment on control of root rot disease, improvement 

growth and yield quality of pea plant in Nobaria province. Res J 
Agric Biol Sci. 2008;4:611-22. 

95. Tiwari TN, Patel SK, Maurya DP, Katiyar PK. Efficacy of various 
priming treatments on seed quality, germination enzymes and 
growth of mung bean cultivars under normal and deficit moisture 

conditions. J Food Legumes. 2019;32(4):231-5.  

96. Farooq M, Rehman A, Al-Alawi AK, Al-Busaidi WM, Lee DJ. 
Integrated use of seed priming and biochar improves salt 

tolerance in cowpea. Scientia Horticulturae. 2020;272:109507.  

97. Biscaro GA, Goulart Junior SA, Soratto RP, Freitas Júnior NA, 
Motomiya AV, Calado Filho GC. Molybdenum applied to seeds and 

side dressing nitrogen on irrigated common bean in Cerrado soil. 
Sci Agrotechnol. 2009;33:1280-7. https://doi.org/10.1590/S1413-

70542009000500012 

98. Dubey A, Malla MA, Kumar A, Khan ML, Kumari S. Seed bio-
priming with ACC deaminase producing bacterial strains 

alleviates impact of drought stress in Soybean (Glycine max (L.) 
Merr.). Rhizosphere. 2024;30:100873. https://doi.org/10.1016/

j.rhisph.2024.100873 

99. Johnson SE, Lauren JG, Welch RM, Duxbury JM. A comparison of 

the effects of micronutrient seed priming and soil fertilization on 
the mineral nutrition of chickpea (Cicer arietinum), lentil (Lens 

culinaris), rice (Oryza sativa) and wheat (Triticum aestivum) in 
Nepal. Exp Agric. 2005;41(4):427-48.  

100. Khan A, Khalil SK, Khan AZ, Marwat KB, Afzal A. The role of seed 

priming in semi-arid area for mung bean phenology and yield. Pak 
J Bot. 2008;40(6):2471-80. 

101. Gour L, Ramakrishnan RS, Panwar NK, Sharma R, Pathak N, Koutu 

GK. Seed priming: An old empirical technique with new 
contemporary perspectives in respect to Pisum sativum L: A 

review. Agric Rev. 2019;40(2):136-42.  

102. Abdel-Aziz H. Effect of priming with chitosan nanoparticles on 
germination, seedling growth and antioxidant enzymes of broad 

beans. Catrina: Int J Environ Sci. 2019 1;18(1):81-6.  

103.  Sharma P, Gautam A, Kumar V, Guleria P. MgO nanoparticles 
priming promoted the growth of black chickpea. J Agric Food Res. 

2022;10:100435.  

 

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/10.1590/S1413-70542009000500012
https://doi.org/10.1590/S1413-70542009000500012
https://doi.org/10.1016/j.rhisph.2024.100873
https://doi.org/10.1016/j.rhisph.2024.100873
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/

