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Abstract

Climate change is a major global concern that adversely affects seedling emergence and crop development during critical growth stages.
Thus, as a preventive measure and short-term strategy, seed priming is performed to boost germination and early growth of plants.
Chemical seed priming has drawbacks, including high cost, selectivity and impact on target species, soil contamination and
environmental pollution. Although plant genetic engineering, has advanced significantly developing resistant varieties remains a slow and
unpredictable process. Technological advancements have created a path for future research on the improvement of current environment
friendly seed enhancement methods with assured enhancement in seed vigour and crop productivity. Hence, organic seed priming serves
as substitute due to their socioeconomic benefits and environmental safety. It represents an agro-ecological approach grounded in the
principles of self-sufficiency, biodiversity, recycling and reduced dependency on chemical inputs. Soon, the organic seed priming is
expected to exhibit fastest growth in the seed industry, partly due to its ease of registration with the environment regulatory agencies.
Therefore, this reviews a few highlights preferred organic seed priming techniques, recent advancements and their significance in
sustainable agriculture.
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Introduction degradation (3). Continuous use has also caused micronutrient
deficiencies, altered the physicochemical properties of soil and
contributed to unsustainable crop yields. In addition, the high
cost of these fertilizers further discourages their use. Together
with the expense of fertilizers, these limitations deter farmers
from using inorganic fertilizers, encouraging them to explore
more effective, low-cost and environment friendly alternative
plant nutrition sources, including compost, green manure and
biological inoculums (5). Thus, adding organic nutrients or
growth regulators to seeds is one way to encourage plant growth
and pest and disease management which will become an
unavoidable practice for sustainable agriculture.

Sustainable agriculture can be promoted through organic
farming techniques that incorporate biologically derived
processes. These practices have gained significance in recent
times due to increasing ecological degradation and pollution.
Over the recent decades, the global area under organic farming
has consistently expanded. Reducing the use of chemical
pesticides and fertilizers in horticulture and agriculture is
imperative due to environmental concerns and alternative
solutions are being developed to enhance crop growth and
establishment (1).

Fertilizers are used to enhance soil fertility and boost the
yield of food crops (2). Utilizing commercial inorganic fertilizers is a
simple, quick and reliable approach for improving crop yields (3).
Over the past five to six decades, the haphazard application of
inorganic fertilizers has a negative impact on the environment,

Fertilizers are essential for providing the crop with the
nutrients it demands. A significant threat to sustainable
agriculture is persistent nutrient deficiency. Consequently, it is
imperative to reduce the use of chemical fertilizers and promote
. i . - the utilization of organic fertilizers to raise yield and seed quality
natural products, crop productivity, soil fertility and agricultural . . . ; X

. (6). One of the vital agricultural inputs is the use of organic
quality (4). manures and bio fertilizers. These inputs improve crop yield and

Since only required quantity of applied fertilizers is  soil fertility by facilitating the plant to absorb available nutrients
absorbed by plants, the excessive use of inorganic fertilizers has (7). Moreover, the potential harm that synthetic chemicals can
led to serious health concerns and irreversible environmental  cause to the environment is reduced by organic inputs.
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Sustainable agriculture aims to address evolving human
needs while also safeguarding natural resources and improving
environmental quality (8). Therefore, organic crop management
techniques, which are initiated from seed treatment with organic
nutrients, are a promising method of seed enhancement. Organic
seed treatment is an easy, affordable and efficient method for
synchronizing germination and seedling growth by enhancing
seed germination and seedling vigour. It can also help plants to
develop biotic and abiotic stress tolerance, which decreases their
reliance on toxic chemicals such as fungicides and pesticides.

Despite the growing interest in organic nutrient sources,
scientific information on their application remains limited.
Considering the environmental drawbacks of inorganic fertilizers
and the demonstrated benefits of organic alternatives, this review
aims to highlight the key components and applications of organic
fertilizers that enhance soil quality and increase crop yield.

Seed treatment

In the agricultural industry, especially in developing countries,
seeds are important for long-term increases in agricultural
output (9). The physical and physiological health of seeds is
important for successful crop establishment and lack of quality
seeds is one of the major hindrances that contribute to bridge
the yield gap. Vigorous, healthy seeds emerge quickly and
evenly, with quick-growing root systems and shoot systems
that absorb nutrients and light respectively (10). As a result, the
seedlings will be better able to withstand biotic and abiotic
challenges in the field and outcompete weeds. Since all
agricultural operations begin with the quality of seeds, seed
treatment is a basic need in agriculture for robust plant growth
and establishment. Over the past few decades, a range of seed
treatment methods, both basic and advanced have been
developed and tested under various conditions. Seed treatment
involves applying physical, chemical, or biological compounds to
improve germination, vigour, seedling growth and control pests
and diseases. This includes basic dressing, coating, pelleting,
hardening, seed conditioning and priming (11) (Fig. 1). Seed
treatment promotes early germination and protects emerging
plants from pests and disease spread through the seed (12).

Seed priming

Seed priming is one of the most significant physiological seed
improvement techniques in seed production. It enhances
seedling growth by initiating pre-germination metabolic
processes before radicle emergence, thereby accelerating
germination and improving overall plant performance (13, 14).
Seed priming is the controlled hydration, which allows seeds to
imbibe water but prevents radicle protrusion (15). It involves
soaking the seeds in water and before the seed loses its ability
to withstand desiccation, the hydration treatment is stopped
and then the seeds are dried to safe moisture content (10, 16-18).
It is well established that seed priming improves germination,
seedling establishment, crop production and reprieve from
phytochrome-induced dormancy in some crops. Although a
variety of priming agents of different kinds are employed to
prime seeds, the optimization and suitability of the priming
agents determine the priming efficiency, which varies from crop
to crop (Fig. 2).

Numerous attempts have been made to achieve
ecosystem stability because intensive modern agricultural
practices (heavy tillage, synthetic agrochemicals and mono-
cropping) have the potential to worsen already degraded lands
by accelerating the loss of organic matter, soil degradation and
environmental damage. Altering seed metabolism, which is
affected by the seed priming process, is an important step in
improving crop growth while maintaining sustainability (19).
Consequently, there is a growing need to develop advanced and
environmentally friendly priming agents and technologies that
can further improve germination and seedling growth across
diverse crop species.

Priming memory

Primed seeds retain a ‘memory’ of the stress responses triggered
during priming, which can be reactivated when the plant faces
stress during germination or early seedling establishment (20).
The stress memory, which persists even after the seeds are dried,
facilitates the reprogramming of protein expression profiles
upon re-imbibition. Priming is considered a pre-germination
stress exposure that can leave plants with stress memory (21).

Seed quality enhancement
(Fortification, infusion, priming, pelleting & film coating)
PRE SOWING Dormancy breaking
TREATMENT (soaking, scarification & stratification)
Seed protection
Disinfection
PRE STORAGE
TREATMENT
Disinfestation
Antioxidant
MID Halogenation treatment
STORAGE
TREATMENT
Hydration- Fumigation
dehydration

Fig. 1. Types of seed treatments.
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Thus, the improved stress tolerance during post priming
germination may be a manifestation of ‘cross-tolerance’ induced
by priming (22).

Prosperity of seed priming

Reduced imbibition time, metabolic reparation during imbibition,
accumulation of germination-promoting metabolites, osmotic
adjustment and enzyme activation all contribute to higher, faster
and synchronized germination of primed seeds. The reduced lag
time of imbibition is the main factor contributing to uniformity,
higher rate of germination and improved seedling vigour (23).

The beneficial effects of priming are largely attributed to
the metabolic changes initiated during seed imbibition.
Similarly, primed seeds are rehydrated after being sown through
numerous biological processes, including the synthesis of
proteins and nucleic acids, the generation of ATP, the buildup of
phospholipids and sterols, the activation of the antioxidant
system and DNA repair (11). These processes collectively
enhance germination efficiency and seedling establishment.

Seed priming with organic nutrients

Organic seed priming is a pre-sowing technique in which seeds
are treated with organic amendments that increase the
resistance and tolerance of seeds to environmental stress (24-
27). Organic priming induces accumulation of certain organic
molecules (sugars, proline and polyamines) and secondary
metabolites (polyphenols and flavonoids) as a defence
mechanism in plants under stress condition. It also helps to
increase phosphate level, nitrogen fixation, root development,
growth enhancement and disease control with increased yield.
Compared to conventional fertilizer application, organic seed
priming improves the benefit-to-cost (B:C) ratio, making it a
more economical and sustainable approach the regular
recommended dose of fertilizer, organic priming of seeds helps
toimprove the B:C ratio (28).

Organic seed priming emerges as a feasible and efficient
strategy for enhancing nutrient management in sustainable
agriculture (19, 25). An increase in the abundance of organic
compounds in seeds leads to a number of photochemical
changes that modify the protoplasm and increase the
physiological activity of the embryo and its associated structure.

Hence, seed quality enhancement in sustainable agriculture is
carried out by seed treatment with organic compounds such as
cow urine, cow dung, panchagavya, amirthakaraisal,
vermicompost, vermiwash, biofertilizers, biocontrol agents and
botanical leaf extracts (Fig. 3).

Positive aspects of organic seed priming

Seed priming with naturally occurring plant growth promoters
is one of the most accessible and effective method for
enhancing plant stress tolerance. It boosts germination capacity,
seedling establishments and strengthens the anti-oxidant
defense system to protect against oxidative damage (29) (Fig. 4).
Additionally, organic seed priming increases organic matter in
the soil which in turn releases plant food in the available form. It
also improves physio-chemical and biological property of the soil
along with increased water holding capacity and drainage.

Seed priming with liquid organic manures

The increasing recognition of the benefits of organic farming
such as enhanced agricultural productivity, improved soil
nutrient status and reduced environmental impact has
contributed to its growing popularity in recent years. Organic
liquid manure is vital for stimulating plant development and
providing plant system immunity since it increases yields while
using less fertilizer (30). These manures are typically prepared
through the active fermentation of plant and animal waste over a
period of two to three weeks (31, 32).

The purpose of seed treatment with organic liquid
manures is to activate uniform emergence and establishment of
vigorous plants. Eco-friendly liquid organic preparations such as
Panchagavya, Jeevamrutham, Amirthakaraisal and Sanjivak are
made from cow products such as urine, dung, milk, curd and ghee
in addition with jaggary and legume flour. These preparations are
abundant in helpful microorganisms and a variety of plant growth
hormones that improve crop development, yield and quality. They
also contain many macronutrients, micronutrients, vitamins and
essential amino acids (33). Their application in seed priming has
shown promise in enhancing early seedling vigour, disease
resistance and overall crop performance in a sustainable manner.

Panchagavya: The Vedas, which specify the application of
“Panchgavya” and “Jeevamrutham” in agriculture, are
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Fig. 4. Benefits of seed priming with organic nutrients.

examples of how organic farming was well established in India
in ancient times. Panchgavya, as known in Sanskrit, is a
combination of five products made from desi cows. Each
product is called a “Gavya” and all together, the product is called
“Panchagavya” (34). These components include cow dung, cow
urine, milk, ghee and curd in the varied proportions 5:3:2:2:1,
respectively. Additional ingredients like banana, jaggery and
coconut water are incorporated to enhance the formulation,
resulting in a mixture rich in moisture (~85 %) and solids (~15 %).
It has qualities similar to those of a biopesticide and fertilizer (35).

Panchagavya contains nearly all its major nutrients, as
well as micronutrients, microorganisms and growth hormones
(IAA and GAs), which improve plant metabolism and seed
invigouration (36). A component of panchagavya, cow’s urine
contains urea, which stimulates the growth of crops. It also
contains other minerals, such as sodium chloride, potassium
hippurate, magnesium sulfate, uric acid and hippuric acid. Milk,
another component, offers protein, fats, glucose, calcium,

nitrogen, ammonia, lactic acid and Lactobacillus, aiding in plant
nutrition and microbial activity. Furthermore, it has antibacterial
properties and beneficial bacteria. Cow ghee contributes essential
fatty acids, calcium and vitamins A and B, further promoting
growth. Curd introduces fermentative bacteria that play a critical
role in the natural fermentation process, supporting the formation
of bioavailable compounds and microbial metabolites essential for
plant health. Panchagavya also exhibits antibacterial properties
and fosters beneficial microbial populations in the soil.

Panchagavya also contains saprophytic yeasts and
Pseudomonas, which induce pathogenesis-related proteins,
siderophores, antibiotics and hydrogen cyanide (HCN). These
properties enable its use as a biocontrol agent, improving soil
health, plant growth and overall crop yield (37). Panchagavya
not only produces plant growth promoting substances but also
produces biological deterrent activities that help to increase
field emergence due to the presence of beneficial bacteria (38).
It also helps in the accumulation of transcription factors or
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signalling proteins in an inactive state or the development of
epigenetic modifications that are regulated by stress and
quickly leads to the development of a more effective defence
mechanism (39). Thus, Panchagavya acts as a multifunctional
organic input offering nutritional, microbial and protective
benefits, making it highly suitable for seed priming in
sustainable agriculture.

Jeevamrutham: Jeevamrutham is a type of liquid organic
manure that is rich in biomass and natural carbon. It is also a
great source of macro- and micronutrients, which include
calcium, phosphorus, potassium and nitrogen, needed by
plants for growth and development. It also acts as a rich source
of microorganisms that fix nitrogen and solubilize phosphorus.
Jeevamrutham has been shown to be more effective than other
manures and can be used in conjunction with other organic
manures (40).

Typically, it appears moderately green and emits a mild
foul odour that becomes stronger and darker with extended
storage. The term Jeevamrutham derives from Sanskrit: “Jeeva”
meaning “life” or “living organisms,” and “Amrutham” meaning
“elixir,” signifying its role as a life-enhancing bio-input in organic
agriculture. The individual components and their specific roles in
Panchagavya and Jeevamrutham are summarized in Table 1.

Cow urine: Cow urine has historically been believed to be a
notably effective biopesticide and biofertilizer in agricultural
systems (48). It contains 95 % water, 2.5 % urea and 2.5 %
minerals, salts, hormones and enzymes. In addition, it contains
vital minerals, including potassium, uric acid, ammonia,
manganese, sulphur, carbonic acid, iron, calcium, phosphorus,
enzymes, cytokinin, lactose and physiologically active substances,
such as growth regulators, nutrients and trace elements, which
have beneficial effects on seed germination and crop growth (49,
50). Cow urine improves soil fertility and purifies the air due to its
abundant supply of vital plant nutrients and its preventive and
disinfecting qualities (51). Since most soils have several nutrient
deficits, cow urine may be a useful tool for solving such
problems. Because of its low cost of nutritional assistance, it can
be used as a substitute for other techniques for plant nutrition,
metabolic activation and disease and pest management (52).

Vermiwash: One possible way to reduce the negative impacts
of chemical fertilizers is to replace them with organic
alternatives. Vermicompost and vermiwash can be used in this
manner to improve crop yield by influencing the chemical qualities
of the soil, such as pH, temperature, moisture content and soil
organic matter. Vermiwash shields the ecosystem from several

Table 1. Components and their roles in Panchagavya and Jeevamrutham

types of chemical fertilizers. Vermiwash is a liquid extract obtained
from vermiculture units that is obtained by passing water through
various layers of earthworm culture units (53). It contains several
enzymes; plant growth hormones, such as auxin, cytokinin and
vitamins; and micro- and macronutrients, such as phosphorus,
potassium and calcium, which aid in the growth of all types of
plants. The enzymes and earthworm secretions (mucus of
earthworms and microbes) included in vermiwash can promote
crop development and yield while also helping crops sprayed with
it to become resistant to pests and diseases (54, 55).

Vermiwash, a liquid biofertilizer, is used in organic farming
as a supplement or alternative for solids because of its exceptional
ability to supply nutrients rapidly and efficiently (56). Therefore,
vermiwash can be used as a potent biofertilizer to improve the
germination and seedling survival rates of crop plants growing in
nutrient-depleted soils, thus paving the way for sustainable
agriculture using organic farming practices.

Vermiwash represents cost-effective, environmentally
friendly bioinoculants with strong potential to enhance
agricultural productivity sustainably It can lessen the overuse of
chemical fertilizers in the soil, which lowers the soil's fertility.
Hence, liquid organic manures can be utilized in organic
agriculture as an alternative to chemical-based farming. The
effects of seed priming using various liquid organic manures across
different crops are summarized in Table 2.

Seed priming with liquid biofertilizer and biocontrol
agents

The excessive use of synthetic phosphate and nitrogen fertilizers
has led to the accumulation of toxic compounds in soil and water
bodies, contributing significantly to environmental degradation.
Phosphorus and nitrate eutrophication is a common process
that results in animal death and dense plant growth due to
oxygen deprivation. Alarmingly, only 10-40 % of the applied
fertilizers are absorbed by plants, with the remainder being lost
to the environment. Microbial inoculation is required to control
integrated nutrients for a green environment and sustainable
agricultural production to address the current scenario (73).

Biofertilizers, derived from organic sources, are
increasingly viewed as sustainable alternatives to conventional
agrochemicals. Biofertilizer is a term used to describe biological
products containing living organisms that promote plant growth
and enhance the inherent fertility of soil (74). Through the release
of plant growth hormones, mineralization or solubilization; the
fixation of nitrogen, phosphorous and potassium; the synthesis of

S. No Components Role References
L Cow dung’ High in organic matter, beneficial microorganisms and contains antiseptic and prophylactic properties (41)
and improves availability of nutrient and helps in disease management
5. Cow urine’ Contains iron, urea, uric acid, oestrogen and progesterone that effect the inhibitory response to seed (42)
germination, shoot growth and seedling vigour
3. Milk’ Promote plant growth, increases tolerance for abiotic stresses and solubilize phosphate under abiotic (43)
stress conditions
4. Ghee’ Provides necessary nutrients for plant growth and development (44)
5. Curd’ Promote fermentation and help in development of beneficial bacteria (43)
6. Banana’ Promote fermentation and increase macro and micronutrients (45)
7. Jaggary’ Substrate for the growth of fermentative microorganisms (45)
8. Coconut water’ Promote fermentation and minimize bad odour (45)
9. Pulse flour™ Rich in amino acid and help in mineralization of nutrients (46)
10. Soil” Contains different species of microbes and allows diversity of microbes (47)

*Components in Panchagavya and Jeevamrutham.
**Components in Jeevamrutham.
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Table 2. Effect of seed priming with liquid organic manures for different crops

S.No Liquid organic manure Crop Effects References
Panchagavya @ 1 % and . . . L
1. humic acid @ 1% Glycine max Produced higher protein and ascorbic acid content (57)
2. Panchagavya @2 and5 % Jatropha ;:jtl{;f)c‘i]s}bPongamla Improved seed germination and seedling vigour (58)
3 Panchagavya @ 3% Zea mays L. Higher rhizosphere micr;)ilzil?jl population with higher (59)
- Phaseolus aureus, Hibiscus . .
4. Vermiwash @ 10 % sabdariffa Improved germination and vigour (56)
5. Cow urine @ 6 % Gossypium sp. Enhanced germinability and vigour (1)
6. Vermiwash @ 6 % Cicer arietinum L. Improved germination and seedling vigour (50)
Improved seed quality due to increased beneficial
7. Panchagavya @ 5 % Daucus carota L. microbial biomass (38)
Higher concentration of biochemical constituents
8. Panchagavya @ 1 % Amaranthus sp. resulting in improved germination and seedling (60)
growth
Triticum sp., .
0,
9. Panchagavya @ 3 % Brassica sp. Better emergence and establishment (61)
10. Panchagavya @ 10 % Solanum lycopersicum Performed better with highest seedling parameters (62)
. L Enhances the seed performance with improved
11. Panchagavya @ 3 % Cicer arietinum L. germination and vigour (63)
Higher germination due to inducement of
12. Panchagavya @ 8 % Capsicum annuum L. biochemical, physiological, molecular and subcellular (39)
changes
13 Panchagavya @ 4 % Lens culinaris Superior performance)\//\inetll;i respect to growth and (64)
14. Panchagavya @ 8 % Sorghum bicolor L. Performed better with highest seedling parameters (65)
15. Panchagavya @ 10 % Vigna radiate Increased germination and seedling growth (66)
. ; Improved field emergence and crop growth
16. Panchagavya @ 2 % Vigna unguiculata characteristics (67)
. . Higher germination, maximum seedling length with
17. Cow urine @ 6% Gossypium herbaceum increased no. of lateral roots and seedling vigor. (68)
18. Jeevamrutha @ 9 % Cicer arietinum L. Improved field emergence, crop growth and yield (69)
19. Panchagavya @ 10 % Cyamopsis tetragonoloba Improved seedling characters and yield (70)
20. Cow urine @5 % Daucus carota L. Increased germination and seedling emergence (71)
21. Vermiwash @ 1 % Abelmoschus esculentus L. Improved germination and vigour due to growth (72)

promoting hormones

antibiotics; and the biodegradation of organic materials in the
soil, biofertilizers preserve an environment in the soil that is rich
in a variety of macro- and micronutrients (75). Biofertilizers can
reduce the need for chemical fertilizers by 25-50 %, making them
a cost-effective and environmentally friendly input in modern
agriculture (76).

Seed priming with biocontrol agents occupies growing
root surfaces by forming biofilms around roots. It protects
plants from soil-borne plant pathogens throughout crop
growth stages through the continuous multiplication of
microbes (77). Liquid biofertilizer inoculants are prepared in
nutrient-rich media that maintain microbial viability and ensure
long-term shelf stability. Additionally, it shields microbial cells
from harsh soil conditions, including desiccation and high
temperatures. Compared to that of carrier-based biofertilizers,
the dose of liquid biofertilizers is ten times lower and the
microorganism population can reach 109 cells per milliliter for a
period of 12 to 24 months (78). When applied correctly, liquid
biofertilizers improve crop yield and soil quality more than do
carrier-based biofertilizers (79). Furthermore, liquid formulations
eliminate the need for costly sterilization and carrier preparation
steps, reducing overall production costs.

Azotobacter species perform a variety of metabolic
activities since they are free-living nitrogen fixing bacteria and
plant growth promoting rhizobacteria (PGPRs) (80). These
bacteria enhance plant development through multiple
mechanisms, including the facilitation of nutrient uptake and the
activity of the enzyme 1-aminocyclopropane-1-carboxylate (ACC)
deaminase, which reduces stress-induced ethylene levels in
plants (74, 81). It is also able to produce vitamins such as
thiamine and riboflavin in addition to plant hormones such as

gibberellins (GA), cytokinins (CK) and indole acetic acid (IAA) (82).

Phosphate-solubilizing bacteria (PSB) are beneficial
microorganisms that can solubilize organic substances by
converting them into inorganic phosphorus compounds through
the synthesis of phosphatases such as phytase. Approximately 1-
50 % of the entire microbial population in soil is composed of
two main phosphate-solubilizing species, Bacillus and
Pseudomonas (83). Compared with untreated plants, plants
inoculated with PSB significantly produced higher seed yield
and stalk yield over non-inoculated in black gram. PSB form for
enrichment of, non-inoculated plants inoculated with PSB had
significantly greater seed yields and stalk yields. PSB enriches
the rhizosphere region of crops with microbes that helps to fix
natural nitrogen and helps in the elicitation of systemic
resistance in plants (84).

While agrochemical inputs have contributed to
increased crop productivity, their overuse has caused
significant harm to ecosystems and human health (85). The
excessive use of chemicals has led to serious hazards to the
environment and human health and this has increased interest
in the use of bioagents as a practical means of lowering the use
of agrochemicals. Numerous naturally existing soil biocontrol
agents have proven to have superior abilities to repel plant
diseases and the use of biocontrol agents are being explored as
potential substitutes for chemical pesticides for crop
protection (86). Hence, the inoculation of seeds with beneficial
microorganisms improves seed germination, seedling vigour,
plant growth and subsequent protection against diseases and
ultimately enhances crop yield (87). The effects of seed priming
using liquid biofertilizers and biocontrol agents on various
crops are summarized in Table 3.
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Seed priming with the botanical leaf extract

Botanical seed treatment involves the use of a liquid formulation
that has a synergistic effect on early and uniform seed
germination and enhances tolerance to pests and diseases
during the early crop stage. The use of botanicals has recently
gained importance because of their considerable benefits in
terms of plant growth, productivity and seed quality due to
antifungal properties against seed-borne fungi (105). Priming
with botanical leaf extract has stimulating effects that are
associated with an improved conversion of reserve nutritional
material into mobile molecules (106). Neem can be used to
create cheaper, safer products that are safe for beneficial
organisms because of its active compound azadirachtin, a
potent insecticidal alkaloid known for repelling pests. Due to its
advantageous properties, neem leaf extract is now used more
often in agriculture. Other botanicals used for seed treatment
include Calotropis procera, Carica papaya, Pongamia pinnata,
Ricinus communis, Moringa oleifera, Vitex negundo and Ocimum
sanctum. These extracts not only protect seedlings but also
improve early plant vigour by enhancing photosynthetic
efficiency, promoting nodulation in legumes and increasing
water retention and nutrient availability in the root zone (107).
The effects of seed priming with various botanical leaf extracts
on different crops are summarized in Table 4.

Impact of organic seed priming on soil quality

The growing need for environmentally sustainable farming
practices has been intensified by global economic and
ecological challenges (119). The main obstacle faced by organic
farmers is increasing crop yields. With the use of technological

advances, a solution to this problem can also be found.
Therefore, government has established a framework for research
to improve the production of many different crops organically
(120). It is crucial to keep in mind that any comparison must start
with the real agricultural field considering the advantages of
organic agricultural systems (121). The soil organic carbon and
quality characteristics of the soil can be improved organically,
which also mitigates the effect of climate change (122). Soil
organic carbon improves soil physical structure, soil chemical
properties, soil biological properties, soil organic matter, water
holding capacity and cation exchange capacity (123).

Organic manures promote synergistic impact that benefits
soil microbes. In the presence of organic matter, microbes secrete
proteins, organic acids and antioxidants, which are then converted
into energy. This microbial synergy transforms suboptimal soil
conditions into an environment conducive to plant growth and
development (124).

The humus content of the soil is improved by organic
liquid manures, which are crucial for the rapid breakdown of
organic wastes and for safeguarding the activity of microbes in
the soil (125). Liquid organic manures also aid in boosting the
earthworm population that helps the soil become more porous
with enhanced aeration and increase its ability to hold water. It
also can absorb minerals from deep soil layers (44).

Biopriming with beneficial microbes fosters a dense and
active soil microbial population, leading to improved nutrient
use efficiency, enhanced crop performance and increased
resistance to biotic and abiotic stresses (126). Priming with
botanical leaf extract enhances soil microbial activity, soil

Table 3. Effect of seed priming with liquid biofertilizer and bio-control agents for different crops

Bio fertilizer/

S.No Bio control Agent Crop Effects References
1. Trichoderma harzianum Abelmoschus esculentus L. Enhanced seed germination (88)
2. Azospirillum Abelmoschus esculentus L. Higher organic seed yield (89)

. . . Enhanced seed germination, seedling emergence, reduced

3. Trichoderma harzianum Phaseolus vulgaris L. seed and soil borne pathogens (90)

Pseudomonas . - L
4. fluorescens Oryza sativa Improved seed germination and seedling vigour (91)
5 Rhizobiur + Cicer arietinum L amylase and germination specifc enzames ke protesse and (62

) Pseudomanas : y g nﬁclease Y P
6. Azospirillum + PPFM Oryza sativa Increased seed germination and seedling vigour (93)
Paspalum scrobiculatum,

Pseudomonas Echinochloa frumentacea, Setaria I .

6 fluorescens jtalica, Panicum sumatrense and Improved seed germination and vigour (94)
Panicum miliaceum L.
Accumulation of seed constituents like proteins,

Pseudomonas . . carbohydrates and enzymes that contain greater metabolites

8. fluorescens Panicum miliaceum L. for resumption of embryonic growth during germination with (95)
increased seedling vigour
Rhizobium + . Improved plant growth and reduced the incidence of major
3 Trichoderma viride Phaseolus vulgaris L. diseases like Rhizoctonia root rot and angular leaf spot (96)
10. Trichoderma viride Abelmoschus esculentus L. Enhanced germination, seedling length and vigour (97)
PPFM either as single
11.  orco-inoculant with Cajanus cajan Better seed germination and seedling vigour (98)
Rhizobium
PPFM either as single - - - -
12, orco-noculant with Vigna mungoL. Better microbial population during storage and showed g9
Rhizobium P & g
13. PPFM Sorghum bicolor L. Enhanced seed germination and seedling vigour (100, 101)
. Enhanced seed germination, seedling vigour and maintained
Solanum lycopersicum vigour and viability during storage

Pseudomonas . . . .

14, fluorecens Oryza sativa Stimulatory effect on emergence, seedling growth and yield (102)
- . Improved morphological, physiological and biochemical

15. Azospirillum Gossypium sp. parameters (103)
16. Rhizobium Vigna radiata High seed of germination with higher vigour and seed quality (104)

parameters
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Table 4. Effect of seed priming with botanical leaf extract on different crops

S. No Botanical Leaf Extract Crop Effects References
Chilling tolerance in maize through modulation of vigour due to
1. Moringa leaf extract @ 3 % Zeamays L. hydrolytic enzyme activities, chlorophyll and carbohydrate (108)
metabolism.
2. Moringa leaf extract Triticum sp. Enhanced seed emergence and seedling vigour (109)
3. Moringa leaf extract @ 5% Cyamopsis tetragonoloba Improved germination and seedling growth and development (110)
Chlorophytum, Agel, ; Enhanced seedling vigour and reduced mortality rate in
Azadirachta and Vinca @ 2 % Solanum lycopersicum presence of Fusarium oxysporum (111)
. . Improved speed of emergence, germination percentage,
5. Prosopis leaf extract @ 1% Vigna mungo L. seedling length, dry matter production and vigour (112)
6. Moringa leaf extract @ 3 % Raphanus sativus L. Improved total phenolic co?atggzi(tI/PC) and radical scavenging (113)
7. Arrapu leaf Extract @ 3% Abelmoschus esculentus L. Improved vigour and 'Eglrjr;eoigéant growth promoting (110)
8. Moringa leaf extract @ 5 % Sesamum indicum Higher seed yield and improved seed quality (114)
. Increased seedling vigour, growth and reduced lipid
0 ]
9. Noni leaf extract @ 1 % ZeamaysL. peroxidation (115)
: L Improved germination, speed of emergence and seedling
10. Neem leaf extract @ 10 % Cicer arietinum L. establishment (116)
. . Improved the speed of emergence and enhanced the growth
0 )
11 Moringa leaf extractat 3 % Oryza sativa photosynthetic pigments and antioxidant activities (117)
12 Pungam leaf extract @ 1 % Vigna mungo L. Higher germination percentage, seedling length, dry matter (118)

production and vigour

nutrient availability and water use efficiency and has become
more popular in sustainable agriculture (127). They also have an
impact on plants at several stages of development, from
enhancing the soil's nutrient accessibility to enhancing the quality
of crops after harvest (128). The effects of different organic seed
priming techniques on soil quality are summarized in Table 5.

Conclusion

With the growing global trend towards the production of
organic food crops, organic manures produced from naturally
available plant waste materials, animal products, earthworms,
botanicals and biocontrol agents will supply nutrients and
other soil stimulants for plant growth and production. The
state of the world today clearly highlights the necessity of
improving environmentally friendly agricultural techniques to
achieve sustainable agriculture. Inorganic management
system in agriculture has a negative effect on the health of the
soil, as well as on the beneficial microbial communities and
plants that grow in it. Hence, organic farming provides the best
solution for ecological agriculture, which is synonymous with
“sustainable agriculture”. Organic fertilizers are simple to
prepare, require less money input and yield high net returns, all
of which assist farmers in achieving high B:C ratio. Organic
manures are environmentally nontoxic, safe and supportive of

Table 5. Effect of organic seed priming on soil quality

sustainability. Seed enhancement with organic manures is an
effective and ecofriendly method to promote seedling vigour
and establishment due to the presence of beneficial microbial
populations, phytohormones and growth factors present in
organic formulations. In general, seed treatment is a vital initial
phase in crop raising and plays an indispensable role in
sustainable crop production that cannot be disregarded.
Hence, the availability of high-quality organic seeds developed
through organic crop management techniques becomes more
crucial for enabling farmers to use complete organic package
for crop and seed production.
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S.No  Organicseed priming Crop Effects References
1. Trichoderma Zea mays L. Antagonists multiply quickly in soil and colonize roots (125)
Oryza sativa, Vigna
Staphylococcus + > 4 . . L
2. . unguiculata ssp. Higher soil urease, phosphatase and dehydrogenase activity (129)
Pseudomonas + Bacillus sesquipedalis
. : Root colonization and subsequent nutrient mobilization that
3. Trichoderma Helianthus annuus increases plant nutrient absorption (130)
Colonization of roots, solubilization of P and K and production of
4, Enterobacter Abelmoschus esculentus L. organic acids (27)
. : Root elongation and acid phosphatase activity-mediated soil P
5. Trichoderma Glycine max solubilization (131)
Humic acid, vermicompost . : Increased nitrogen availability and suitable hormonal conditions for
6. and chitosan Vigna unguiculata the seedling establishment (132)
Prominent activity of antioxidant defence system diminished the
7. Moringa leaf extract @ 30 % Triticum sp. toxic-free ROS productions and boosted the seedlings tolerance to (29)

drought with suitable growing environment
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