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Abstract

Seed invigoration is a post-harvest treatment aimed at enhancing seed germination and seedling growth, with seed priming being one of
the most important techniques in this category. A pot culture experiment was conducted in the net house of the Department of Agronomy,
College of Agriculture, Vellayani, during September 2023. The objective of the study was to evaluate the effect of seed priming with liquid
organic manures (LOMs) on the germination and seedling vigour of rice (Oryza sativa L.). The LOMs employed in the study included
beejamrit, jeevamrit, panchagavya and vermiwash, each tested at four concentrations: 2.5 %, 3 %, 5 % and 6 %. Compared to control
treatments (hydropriming and unprimed seeds), LOMs priming significantly enhanced germination parameters and seedling vigour.
Among the treatments, vermiwash at 5 % concentration recorded higher values for germination index (125.3), germination speed (2.68)
and mean daily germination (2.1). Panchagavya at 5 % concentration showed the highest germination rate index, whereas the coefficient
of velocity of germination was greatest with vermiwash at 3 %. Beejamrit at 6 % resulted in the highest germination percentage, while
seedling vigour index Il was highest in vermiwash 6 %. Both treatments performed comparably to vermiwash 5 %. Although several
treatments excelled in specific parameters, vermiwash 5 % consistently outperformed others across multiple germination metrics,
indicating its strong potential as an effective seed priming agent for rice. Additionally, beejamrit and jeevamrit demonstrated specific
advantages, suggesting their suitability for tailored applications based on crop-specific requirements or desired outcomes.
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friendly and sustainable technique. It improves seed vigour,
accelerates germination, promotes seedling growth and
ultimately increases crop yield across various plant species (6).

Introduction

Rice is a major staple food in Asia, the Caribbean and Latin
America, where it forms the foundation of daily diets and in
recent years, its popularity has also been rapidly increasing
across Africa (1). The world per capita consumption of rice
was approximately 54 kg per person (2) making it the single

Seed priming works by initiating pre-germinative
metabolic processes during the early phase of imbibition,
seeds absorb water, triggering a cascade of pre-germinative

most important food item in terms of calorie intake globally,
providing on average over 20 % of the total dietary energy for
the human population (3). However, poor germination, rising
labour costs, water scarcity and global population growth pose
significant challenges to rice productivity. To tackle these
issues and support global food security, there is a need to
adopt solutions that are simple, efficient and sustainable (4).

Among the various approaches, seed invigoration
techniques have been shown to be effective in enhancing
seed performance. These methods are known to reduce
emergence time, synchronize germination and improve
seedling establishment (5). Among seed invigouration
methods, seed priming stands out as the most common, eco-

physiological and biochemical activities. This includes the
activation of DNA repair mechanisms and antioxidant
pathways, which help maintain genome integrity and support
better germination and seedling development (7).

Liquid organic manures (LOMs) are prepared through
the fermentation of animal by-products such as cow dung, cow
urine and other organic residues over a specific period. These
inputs play a vital role in enhancing the physical, chemical and
biological properties of the soil, ultimately leading to improved
soil fertility. Commonly used LOMs include beejamrit,
jeevamrit, panchagavya and vermiwash. These inputs are not
only sustainable and environmentally friendly but also
promote microbial activity and nutrient availability in the soil,
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contributing to better crop health and productivity. Several
authors reported that seed priming with liquid organics
significantly enhanced the seedling parameters in various crops
(8-11). LOMs can be effectively utilized for seed priming, as they
arerich in macro and micronutrients, vitamins, plant hormones,
essential amino acids and beneficial microorganisms (12).

Panchagavya is a traditional organic formulation
comprising nine ingredients, viz.,, cow dung, cow’s urine,
cow’s milk, curd, jaggery, ghee, banana, tender coconut and
water, widely recommended for promoting sustainable and
organic agriculture (13). Its application has been shown to
enhance various plant growth parameters, including
increased development of side shoots, improved root growth
and higher germination rates (14). As a result, panchagavya
contributes significantly to improved germination, seedling
vigour, root and shoot development and overall yield.

Similarly, beejamrit has demonstrated notable benefits
in seed invigoration. Treatment with undiluted beejamrit
(100 %) has resulted in higher germination percentages, greater
seedling growth and an improved seed vigour index (15).

Jeevamrit also plays a vital role in organic farming
systems. Studies have shown that jeevamrit is a rich microbial
consortium that supports nitrogen fixation and phosphorus
solubilization (16, 17). In addition to being a valuable source
of beneficial microbes, it supplies essential macro and
micronutrients such as carbon (C), nitrogen (N), phosphorus
(P), potassium (K) and trace elements, thereby enhancing soil
fertility and crop productivity. Chickpea seeds primed at 9 %
concentration of jeevamrit resulted in higher seed yield (18).

Vermiwash is a liquid extract derived from vermicompost,
rich in essential macro and micronutrients, enzymes, vitamins,
humic acids and plant growth hormones such as indole-3-acetic
acid (IAA) and cytokinins. It also contains earthworm mucous
and beneficial microorganisms (19, 20). The P, Ca, Mg and Na
contents in vermiwash were 84 %, 89 %, 97 % and 98 % higher
respectively, than those in vermicompost (21). The nutrient
composition of vermiwash is largely influenced by the organic
substrates used during vermicomposting (22). Acting as a natural
tonic, vermiwash has been reported to reduce the incidence of
fungal diseases, enhance photosynthetic activity, promote plant
growth and increase both nutrient availability and uptake (23).
Seeds primed in vermiwash at 6 % concentration for 12 hr
resulted in higher seedling length (37.2 cm), seedling fresh weight
(8.6 g) and seedling dry weight (2.04 g) in chickpea (24). With this
background the present study aims to assess the seed

Table 1. Chemical parameters of liquid organic manures

2

invigouration potential of different concentrations of LOMs,
beejamrit, jeevamrit, vermiwash and panchagavya on germination
parameters and seedling vigour of rice (Oryza sativa L.).

Materials and Methods

The experiments were conducted during September 2023 in the
net house of the Department of Agronomy, College of
Agriculture, Vellayani, located at 8°25'43" N latitude, 76°59'98" E
longitude and 29 m above mean sea level (MSL). The method
adopted for the study was pot culture.

Experimental design

The experiment was laid out in a Completely Randomized Design
(CRD) with 18 treatments and three replications. The treatments
included panachagavya, beejamrit, jeevamrit and vermiwash at
four different concentrations (2.5 %, 3 %, 5 % and 6 %) along with
hydropriming and no priming treatment (unprimed). The
experiment was repeated to confirm the results.

Preparation of LOMs

Panchagavya and vermiwash were prepared as per the
methods described in Package of Practices Recommendations
(Organic) Crops of Kerala (25). Jeevamrit and beejamrit were
prepared based on the methodology given in the Training
Module of NCONF (26). Characterization of LOMs were done
and is presented in Table 1 and 2.

Seed priming and sowing

Seeds of the Prathyasa variety were primed in the respective
concentrations of LOMs for 16 hr, then dried back to their original
moisture content. In the hydropriming control, seeds were
soaked in tap water for the same duration and similarly dried.

Twenty-five seeds were sown per pot (6-inch plastic
pots) filled with pure sand. The crop was maintained under
uniform conditions for 14 days.

Observations recorded

Daily germination counts were recorded up to 14 days after
sowing (DAS). On the 14% DAS, seedlings were carefully
uprooted and the following parameters were measured: root
length and shoot length (cm), fresh weight of shoots and
roots (g). Dry weight of root and shoot were determined after
drying in a hot air oven at 60 °C for three days till a constant
weight was obtained and expressed in g. The following
germination parameters, seedling vigour index | and Il were
determined using the formulas below:

Parameters Method adopted Panchagavya Beejamrit Jeevamrit Vermiwash
pH pH meter (27) 3.56 7.83 6.01 3.56
EC,dSm? Conductivity meter (27) 3.2 0.9 0.8 3.1
0C (%) Titration method (28) 8.35 0.81 0.69 1.86
Total N (%) Microkjeldahl digestion and distillation (27) 3.64 1.57 2.07 1.85
Total P (%) Vanadomolybdate phosphoric yellow colour method (27) 0.64 0.19 0.154 0.89
Total K (%) Diacid digestion (HNOs and Hp%lc?c‘gr?“l(re?cgro(g%) and estimation using flame 0.15 036 0.09 0.63
Total Ca (%) Diacid (HNOs:HC104 in the ratio 9:4) digestion and estimation using AAS (27) 0.1 0.06 0.04 0.04
Total Mg (%) Diacid (HNOs:HC104 in the ratio 9:4) digestion and estimation using AAS (27) 0.06 0.048 0.084 0.168
S (%) Diacid (HNO3:HC104 in the ratio 9:4) digestion and turbidimetry (29) 0.305 0.308 0.165 0.187
Fe(mgL?')  Diacid (HNOsand HClOs in ratio 9:4) digestion and estimation using AAS (27) 2.26 0.27 0.38 0.40
Zn (mgL?)  Diacid (HNOsand HClO. in ratio 9:4) digestion and estimation using AAS (27) 0.31 0.07 0.08 0.08
Cu(mgL?) Diacid (HNOsand HClO, in ratio 9:4) digestion and estimation using AAS (27) 0.06 0.03 0.08 0.06
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Table 2. Biological parameters of liquid organic manures

Parameters Method Panchagavya Beejamrit Jeevamarit Vermiwash
— m

gfﬁie enzyme activity (g urea hydrolysed mL Spectrophotometric method (30) 8.33 6.91 7.58 8.99

Dehydrogenase enzyme activity (ug TPF Modified TTC dehydrogenase

hydrolysed g*) technique (31) 3.35 [ 8.70 10.44

Bacteria (10*x CFU mL?) Nutrient Agar medium (32) 76 46 55 49

Fungi (10*x CFU mL?) Martin’s Rose Bengal Agar (33) 37 33 23 22

Actinomycetes (10“x CFU mL?) Ken Knight’s Agar medium (34) 7 9 8 5

1. Germination Percentage (GP) (35)

GP = (Total number of seeds germinated/Total number of
seeds sown) x 100

2. Germination Index (Gl) (36)

Gl :(14X nl) '+‘(].4->< nz) oot (lX n14)

Where, ni, na,...Nw are the numbers of seedlings emerged on
the first, second and subsequent days until the 14™ day; 14,

13, ... and 1 are weightage assigned to the number of
seedlings emerged on the 1%, 2 and 14™ day respectively.

3. Germination Rate Index (GRI) (37)
GRI=(G; % 100)/1 + (G2 % 100)/2 +... + (G, % 100)/n

Where, G: and G:are the germination percentage on the 1%
and 2™ day after sowing and Giis the emergence percentage
on the n'" day after sowing,.

4, Co-efficient of Velocity of Germination (CVG) (38)
CVG= (Z N.)/(Z N; x Ti) x 100

Where, N; is the number of seeds germinated in each time
interval, T is the time from the start of the experiment to the
end of each time interval and Y represents the sum of all
values within the time intervals.

5. Speed of Germination (SG) (39)
SG=ny/di+ny/da+...+ N/d1s

Where, n; is the number of seedlings emerged on the 1% day,
n, is the number of seedlings emerged on the 2™ day and ni4
is the number of seedlings emerged on the x"day, d; is the 1%
day, d, the 2 day and d.4 the 14®"day.

6. Mean Germination Time (MGT) (40)

MGT =n; xd; + npxd2 +n3 x ds + -------- /¥n

Where, n = number of seeds germinated on each day

7. Mean Daily Germination (MDG) (36)

MDG = Total number of seeds germinated till 14 DAS/%n
8. Time to 50 % germination (Tso) (41)

Tso=ti+ [(N/2 - ny) (- t:)]/(nj- )

Where, N is the number of final germination count and n;, n;
cumulative number of seeds germinated at adjacent days t;
and tjwhen ni<n;

9. Seedling Vigour Index I (SVI1) (42)

SVI1=Seedling length (cm) x Germination percentage
10. Seedling Vigour Index 11 (SVI 11) (42)

SVI 11 = Seedling dry weight (g) x Germination percentage.

Statistical analysis

Data from the trials were pooled for statistical analysis, as no
significant interaction effects were observed between
treatments and trials. The experimental data were analysed
using analysis of variance (ANOVA) (43). Statistical significance
was assessed using the F-test and the least significant difference
(LSD) was calculated at P < 0.05 to determine significant
differences among treatments (43). All statistical analyses were
conducted using Grapes Agri 1 software (44).

Results
Characterization of LOMs

The chemical properties of LOMs are summarized in Table 1.
The pH ranged from 3.56 to 7.83. Panchagavya was strongly
acidic, jeevamrit slightly acidic, whereas vermiwash and
beejamrit were slightly alkaline. The electrical conductivity
(EC) varied from 0.8-3.2 dS m™. The EC of panchagavya and
vermiwash exceeded 3 dS m, while beejamrit and jeevamrit
recorded values belowl dS m™.

The N content of the liquid manures varied from 1.57-
3.64 %. The highest N content was observed in panchagavya
(3.64 %) and the lowest in beejamrit (1.57 %). Phosphorus
content varied from 0.154-0.894 %. Vermiwash had the highest
P content (0.894 %) and jeevamrit had the lowest P content
(0.154 %). Potassium content of the LOMs varied from 0.09-
0.63%. Vermiwash had the highest K content (0.63 %) and the
lowest K content was observed in jeevamrit (0.09 %).

The Ca content was the highest in panchagavya
(0.1 %) and the lowest in vermiwash (0.04 %). However, Mg
content was the highest in vermiwash (0.17 %) and the lowest
in panchagavya (0.06 %). Sulphur content was highest in
beejamrit (0.308 %) and the lowest in jeevamrit (0.165 %).

Among the LOMs, panchagavya contained the highest
concentrations of iron (2.26 %) and zinc (0.31 %), whereas the
highest copper content (0.08 %) was observed in jeevamrit.

Among the different LOMs tested, panchagavya had the
highest organic carbon content (8.35 %) and it was followed by
vermiwash (1.86 %). The lowest organic carbon content was
noted in jeevamrit (0.69 %). Vermiwash resulted in the highest
urease enzyme and dehydrogenase activities (8.99 WL urea
hydrolyzed mL* 4 hr! and 10.44 uL TPF mL*d%), whereas
beejamrit recorded the lowest value for both the enzymes.

The bacterial and fungal population was higher in
panchagavya (76.0 x 10* CFU mL™). The bacterial population
was the lowest in beejaamrit (55 x10* CFU mL™), whereas
fungal population was lower in vermiwash (22 x 10*CFU
mL?). However, the actinomycetes population was higher in
beejamrit (9 x 10“*CFU) and lower in vermiwash (5 x 10* CFU).
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Effect of seed priming with LOMs on germination
parameters of rice

Germination percentage

Germination percentage was significantly influenced by seed
priming with LOMs in different concentrations (Table 3).
Beejamrit at 6 % concentration resulted in the highest
germination percentage (90.0 %) and was on par with
vermiwash at 5 % (82.2 %) and jeevamrit at 3 % (80.0%). In
contrast, jeevamrit at 5 % recorded the lowest germination
percentage (53.3 %).

Germination index

Germination index was significantly influenced by seed
priming treatments (Table 3). Vermiwash at 5 % recorded the
highest germination index (125.3), followed by jeevamrit at
3 % (115.7), which was statistically on par with vermiwash at
3% and 6 % (112.7). Jeevamrit at 5 % resulted in the lowest
germination index (53.3).

Germination rate index

Germination rate index was also influenced by the seed
priming treatments (Table 3). Among the treatments,
beejamrit at 5 % resulted in the highest germination rate
index (21.6), which was on par with vermiwash at 5 %,
vermiwash at 2.5 %, panchagavya at 5 % and jeevamrit at
6 %. In contrast, panchagavya at 3 % and unprimed seeds
recorded the lowest germination rate index (16.6).

Co-efficient of velocity of germination

Co-efficient of velocity of germination was also significantly
influenced by seed priming with LOMs (Table 4). Vermiwash
at 3 % resulted in highest CVG (21.4), which was on par with
vermiwash at 2.5 %, 5 % and 6 %, beejamrit at 5 %, 3 % and
2.5 %, jeevamrit at 6 % and 3 %. Panchagavya at 3 % resulted
in lowest CVG among the treatments (15.8).

Speed of germination

Seed priming with LOMs had significant effect on speed of
germination (Table 4). Among the treatments, vermiwash at

5 % resulted in highest speed of germination (2.68), which
was on par with vermiwash at 3 % (2.38) and jeevamrit at 3 %.
Among the treatments, lower speed of germination was
observed in panchagavya at 3 % (1.43).

Mean germination time

Mean germination time was also significantly influenced by
seed priming with LOMs (Table 4). Among the treatments,
panchagavya at 3 % resulted in the lowest mean germination
time (5.2), which was on par with jeevamrit at 5 % (5.6) and
6 % (5.8) and panchagavya at 2.5 % (5.8). The highest mean
germination time was noted in vermiwash at 5 % (9.2).

Mean daily germination

Mean daily germination time was also influenced by seed
priming with LOMs (Table 4). Vermiwash at 5 % resulted in
higher mean daily germination (2.1), which was on par with
vermiwash at 2.5 % and 6 %. Panchagavya at 3 % recorded the
shortest mean daily germination among the treatments (0.9).

Time to 50 % germination

Tsowas also significantly influenced by seed priming with
LOMs (Table 4). Among the treatments, vermiwash at 2.5 %,
3 % and 6 %, beejamrit at 5 %, jeevamrit at 6 % and hydro
primed seeds took lesser time to achieve 50 % germination
(4.7 days), which was on par with vermiwash at 6 %,
beejamrit at 6 % and jeevamrit at 3 % and 5 %. Seeds primed
in panchagavya at 2.5 % took the longest time to achieve
50 % germination among the treatments (6.3 days).

Effect of seed priming with LOMs on seedling growth
parameters and vigour index

Seedling shoot length

Seed invigouration had significant effect on shoot length of
rice seedlings (Table 5). Panchagavya at 5 % resulted in the
maximum shoot length (25.1 cm), followed by vermiwash at
25 % (23.3 cm), which was statistically on par with
vermiwash at 3 %, 5 % and 6 %. The minimum shoot length
was recorded in unprimed seeds (control).

Table 3. Effect of seed invigouration with LOMs at different concentrations on germination percent, germination index, germination rate index

and co-efficient of velocity of germination

Treatments GP Gl GRI CVG
Ti: Panchagavya 2.5 % 66.7 89.3 16.9 16.2
T,: Panchagavya 3 % 55.5 76.3 16.6 15.9
Ts: Panchagavya 5 % 68.9 86.0 20.8 15.8
T.4: Panchagavya 6 % 74.4 105.0 18.6 16.9
Ts: Beejamrit 2.5 % 68.9 89.7 19.0 19.5
Te: Beejamarit 3 % 64.5 93.0 19.4 20.4
T+ Beejamrit 5% 66.7 99.7 21.6 20.5
Ts: Beejamrit 6 % 90.0 106.3 19.4 18.2
To: Jeevamrit 2.5 % 71.1 95.7 17.6 16.3
Tio: Jeevamrit 3 % 80.0 115.7 19.8 18.8
Ti: Jeevamrit 5 % 53.3 90.3 18.0 16.9
T2t Jeevamritham 6 % 60.0 88.3 20.2 19.3
Tis: Vermiwash 2.5 % 62.2 96.3 21.4 21.2
Tia: Vermiwash 3% 75.6 112.7 20.5 22.4
Tis: Vermiwash 5 % 82.2 125.3 215 20.6
Tie: Vermiwash 6 % 75.5 112.7 20.0 19.9
Tiz:Hydropriming 77.8 108.0 19.1 18.0
Tis: No priming 66.7 87.7 16.6 16.0
SEm (#) 3.8 2.0 0.5 1.0
CD (p=0.05) 11.25 6.09 1.43 2.86

GP: germination percentage; Gl: germination index; GRI: germination rate index; CVG: co-efficient of velocity of germination.
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Table 4. Effect of seed invigouration with different LOMs at different concentrations on speed of germination, mean germination time, mean

daily germination and time to 50 % germination

Treatments SG MGT (d) MDG (no.) Tso (no.)
Ti: Panchagavya 2.5 % 1.67 5.8 1.0 6.3
T.: Panchagavya 3 % 1.43 5,2 0.9 5.7
Ts: Panchagavya 5 % 1.79 6.6 1.1 5.7
T.: Panchagavya 6 % 1.91 7.9 1.4 5.7
Ts: Beejamrit 2.5 % 1.99 6.0 1.5 4.7
Te: Beejamarit 3 % 191 7.5 1.5 5.0
T7: Beejamrit 5% 1.78 6.8 1.4 4.7
Tes: Beejamrit 6 % 2.22 7.6 1.6 5.3
To: Jeevamrit 2.5 % 191 6.3 1.1 5.0
Tio: Jeevamrit 3% 2.36 8.1 1.5 5.3
Tu: Jeevamrit 5% 1.45 5.6 1.1 5.3
T2t Jeevamritham 6 % 1.79 5.8 1.1 4.7
Tis: Vermiwash 2.5 % 2.09 8.3 2.0 4.7
Tt Vermiwash 3 % 2.38 8.1 1.7 4.7
Tis: Vermiwash 5 % 2.68 9.2 2.1 4.7
Tie: Vermiwash 6 % 2.33 7.1 1.9 5.0
Tz Hydropriming 2.25 7.5 1.5 4.7
Tis: No priming 175 6.3 0.9 5.7
SEm (1) 0.11 0.3 0.1 0.3
CD (p=0.05) 0.331 0.77 0.20 0.87

SG: speed of germination; MGT: mean germination time; MDG: mean daily germination; T50: time to 50 % germination.

Seedling root length

Root length of rice seedlings was also significantly influenced by
seed invigouration treatments (Table 5). Among the treatments,
vermiwash at 3 % resulted in the highest root length (18.5 cm)
and it was followed by vermiwash at 2.5 %. Hydropriming
treatment recorded the shortest root length among the
treatments.

Seedling shoot fresh weight

Among the treatments, panchagavya at 5 % resulted in
highest shoot fresh weight (0.129 g), which was on par with
vermiwash at 6 %. Unprimed seeds resulted in lower shoot
fresh weight (Table 5).

Seedling shoot dry weight

Among the treatments, vermiwash at 6 % resulted in highest
shoot dry weight (0.057g), which was on par with vermiwash
at 5 % (0.053g). Unprimed seeds resulted in the lowest
seedling shoot dry weight (Table 5).

Seedling root fresh weight

Seed invigouration with LOMs had significant effect on root fresh
weight of rice seedlings (Table 5). Among the treatments,
panchagavya at 5 % resulted in higher root fresh weight (0.259 g),
which was on par with vermiwash at 6 % (0.246 g). Unprimed
seeds had the lowest seedling root fresh weight (0.092 g).

Seedling root dry weight

Vermiwash at 6 % resulted in the highest root dry weight
(0.088g), followed by vermiwash at 5 % (0.079g). The lowest
root dry weight was observed in unprimed seeds (0.027 g).

Seedling vigour index |

Seed priming with LOMs had significant effect on seedling
vigour index | (Fig. 1). Among the treatments, beejamrit at 6 %
resulted in higher seedling vigour index | (3123), which was on
par with vermiwash at 3 % and 5 %, jeevamrit at 3 %,
panchagavya at 5 % and vermiwash at 6 %. Panchagavya at
3% resulted in the lowest seedling vigour index | (1771).

Seedling vigour index I

Seedling vigour index Il was also significantly influenced by

the seed invigouration treatments (Fig. 2). Among the
treatments, vermiwash at 6 % resulted in the highest seedling
vigour index Il (10.95), which was on par with vermiwash at
5 % (10.85). The lowest seedling vigour index Il was observed
in unprimed seeds (2.68).

Discussion
Effect of seed priming on germination parameters

Co-efficient of velocity of germination focuses on the rate of
germination, considering both the number of seeds germinated
and the time taken for germination, higher CVG means, faster
germination. In contrast, speed of germination indicates the speed
with which the seed germinates and it considers only the number
of seeds germinating in a period. Mean germination time is the
measures of the average time taken for a seed to germinate under
specific conditions and it relates to the speed and uniformity of
germination. Mean daily germination, indicates the average
number of seeds germinating per day. Time to 50 % germination
refers to the duration required for 50 % of the seeds to germinate.

In this study, LOMs, particularly vermiwash at 5 %
showed overall superior performance across most germination
parameters, indicating its potential as a promising seed
priming agent. It recorded higher values for germination index
(125.3), speed of germination (2.68) and mean daily
germination (2.1). However, the germination rate index was
highest with panchagavya at 5 %, while the CVG was highest in
vermiwash at 3 % and the germination percentage was highest
with beejamrit at 6 %.

Seed priming is a seed invigoration technique that
enhances the rate of germination, accelerates seed emergence,
improves seedling vigour, boosts stress tolerance and
ultimately increases the growth and yield potential of rice. This
is achieved by partially hydrating the seeds and activating early
metabolic processes that occur during Phase | and Il of
germination, prior to sowing. The use of LOMs as natural
priming agents aligns with sustainable agriculture practices,
offering an eco-friendly alternative to synthetic treatments.
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Table 5. Effect of seed invigouration with LOMs at different concentrations on seedling growth parameters of rice

Treatments Shoot length Root length  Shoot fresh weight Shoot dry weight Root fresh weight Root dry weight

(em) (em) (8) (g) (8) (g)
T.i: Panchagavya 2.5 % 20.7 149 0.068 0.023 0.136 0.047
Ta: Panchagavya 3 % 173 14.6 0.057 0.019 0.114 0.031
Ts: Panchagavya 5 % 25.1 14.7 0.129 0.037 0.259 0.070
T, Panchagavya 6 % 21.2 11.9 0.094 0.024 0.187 0.050
Ts: Beejamrit 2.5 % 21.6 15.5 0.068 0.020 0.135 0.043
Te: Beejamarit 3 % 21.2 15.0 0.093 0.023 0.186 0.045
Tz Beejamrit 5 % 21.1 14.0 0.122 0.022 0.244 0.042
Ts: Beejamrit 6 % 21.5 13.2 0.097 0.023 0.194 0.047
To: Jeevamrit 2.5 % 18.0 12.3 0.062 0.023 0.123 0.043
Tio: Jeevamrit 3 % 21.5 129 0.058 0.026 0.115 0.052
Tu: Jeevamrit 5% 20.4 13.0 0.057 0.031 0.115 0.059
T Jeevamrith 6 % 20.0 14.8 0.050 0.034 0.099 0.061
Tia: Vermiwash 2.5 % 23.3 16.3 0.106 0.035 0.211 0.063
Tia: Vermiwash 3 % 22.5 18.5 0.098 0.033 0.197 0.058
Tis: Vermiwash 5 % 22.2 14.8 0.112 0.053 0.225 0.079
Tie: Vermiwash 6 % 22.1 13.8 0.123 0.057 0.246 0.088
T Hydropriming 20.4 10.4 0.048 0.024 0.095 0.047
Tis: No priming 149 12.2 0.046 0.013 0.092 0.027
SEm (%) 0.6 0.5 0.002 0.001 0.005 0.002
CD (p=0.05) 1.68 1.44 0.0070 0.0040 0.014 0.005
Treatments
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Fig. 1. Effect of liquid organic manures at different concentrations on seedling vigour index I.

T1: Panchagavya 2.5 %; T2: Panchagavya 3 %, T3: Panchagavya 5 %; T4: Panchagavya 6 %; T5: Beejamrit 2.5 %; T6: Beejamrit 3 %; T7:
Beejamrit 5 %; T8: Beejamrit 6 %; T9: Jeevamrit 2.5 %; T10: Jeevamrit 3 %; T11: Jeevamrit 5 %; T12: Jeevamrit 6 %; T13: Vermiwash 2.5 %; T14:
vermiwash 3 %; T15: vermiwash 5 %; T16: vermiwash 6 %; T17: Hydropriming; Tis: No priming.
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Fig. 2. Effect of liquid organic manures at different concentrations on seedling vigour index II.

T1: Panchagavya 2.5 % T2: Panchagavya 3 %; T3: Panchagavya 5 %; T4: Panchagavya 6 %; T5: Beejamrit 2.5 %; T6: Beejamrit 3 %; T7: Beejamrit
5 %; T8: Beejamrit 6 %; T9: Jeevamrit 2.5 %; T10: Jeevamrit 3 %; T11: Jeevamrit 5 %; T12: Jeevamrit 6 %; T13: Vermiwash 2.5 %; T14:
Vermiwash 3 %; T15: Vermiwash 5 %; T16: Vermiwash 6 %; T17: Hydropriming; T1s: No priming.

Seed priming initiates essential metabolic processes
without triggering radicle protrusion, leading to faster and
more uniform germination, improved seedling establishment
and enhanced performance under abiotic stress conditions.
Seed priming significantly contributes to early and vigorous
seedling emergence, which is crucial for achieving optimal
plant population and productivity in rice cultivation (45). The
results clearly indicated that all priming treatments resulted in
higher values for germination parameters. This improvement
can be attributed to the physiological alterations induced by
priming, which enhances seed quality by activating key
metabolic enzymes such as amylases, proteases and lipases
(46). These enzymes play a vital role in mobilizing stored
reserves, thereby supporting early seedling development.

Priming also enhances the hydration of colloids and
increases the viscosity of the plasma and cell membranes,
thereby facilitating more rapid water uptake by the seed (47).
This accelerated water absorption activates starch metabolism,
promotes metabolite synthesis and boosts antioxidant activity,
all of which contributes to improved germination rate, uniformity
and seedling vigour in primed seeds compared to unprimed
ones (48, 49).

Compared to hydropriming and unprimed seeds, seed
priming with LOMs consistently resulted in higher values across all
germination parameters (Table 3). This enhancement can be
attributed to the beneficial effects of growth-promoting
substances present in these organic inputs, such as vitamins, plant
hormones and a diverse array of macro and micronutrients. The
characterization of these organic manures confirmed the presence
of significant quantities of these nutrients as well as beneficial
microorganisms (Table 1). Additionally, enhanced dehydrogenase

and urease activities in LOMs (Table 1 and 2) further indicate
increased microbial activity and nutrient transformation,
supporting better seed germination and seedling development
which were further validated through dehydrogenase and urease
enzyme activity assays (Table 2).

Several researchers have previously reported
improvements in germination resulting from seed priming with
organic liquid formulations such as vermiwash, panchagavya,
jeevamrit and beejamrit across various crops (11, 18, 19, 50,
51). In the present study, among the treatments tested,
vermiwash at 5 % concentration emerged as the most
effective, showing significantly higher values for Gl, CVG, SG
and MDG.

The superior performance of vermiwash can be
attributed to its diverse biochemical composition, including
amino acids, enzymes, earthworm-derived mucous, vitamins,
proteins and both macro and micronutrients. It also contains
plant growth regulators such as indole acetic acid (IAA),
cytokinins and gibberellins (52, 53). The presence of bioactive
compounds, nutrients and beneficial microbes in vermiwash
enhances metabolic activity, promotes osmotic regulation
and supports metabolic repair during seed imbibition, which
collectively contribute to improved germination outcomes
(54). However, variations in germination parameters across
different vermiwash concentrations may be due to
differences in the levels of bioactive compounds and nutrient
content, as well as fluctuations in pH and EC.

Notably, vermiwash at 6 % concentration resulted in
lower germination values, likely due to osmotic inhibition of
water uptake. Higher solute concentrations in the priming
solution can reduce its water potential, thereby limiting water
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absorption by the seeds. Elevated salt levels may induce
osmotic stress, creating a lower external water potential
relative to the seed’s internal environment, which hinders
effective imbibition (55).

Effect of seed priming on growth attributes and
seedling vigour

Seed priming treatments had a positive impact on growth
parameters like shoot length, root length, fresh weight of
shoots and roots, dry weight of shoots and roots and also
seedling vigour index | and Il. Among the treatments,
panchagavya at 5 % resulted in higher shoot length and fresh
weight of shoots and roots. However, vermiwash at 3 %
resulted in higher root length and vermiwash at 6 % recorded
higher shoot dry weight. Beejamrit at 6 % resulted in higher
seedling vigour index | (3123), which was on par with
vermiwash at 3 % and 5 %, jeevamrit at 3 %, panchagavya at
5% and vermiwash at 6 %. Seedling vigour index Il was higher
in vermiwash at 6 % and it was on par with vermiwash at 5 %.

The enhanced growth parameters observed with
treatments such as 6 % beejamrit, 3-6 % vermiwash, 3 %
jeevamrit and 5 % panchagavya can be attributed to the
activation of key pre-germination physiological processes.
These processes include membrane repair, synthesis and repair
of DNA and RNA, early embryo development, modification of
the endosperm tissue surrounding the embryo and mobilization
of stored reserves, all of which were favourably stimulated
during the priming phase in these treatments.

Beejamrit, panchagavya, jeevamrit and vermiwash are
known to contain plant growth-promoting hormones such as
IAA, indole butyric acid (IBA), cytokinins and gibberellins, along
with trace elements, vitamins, amino acids, antibiotics and
both macro and micronutrients (20, 21, 56). Additionally, these
formulations harbour beneficial microbial populations,
including lactic acid bacteria, nitrogen fixers, phosphorus-
solubilizing bacteria, actinomycetes and fungi. The combined
action of bioactive compounds, nutrients (Table 1), microbial
consortia (Table 2) and enzymatic activities such as urease and
dehydrogenase (Table 2), plays a crucial role in enhancing seed
germination and seedling growth, ultimately leading to
improved growth attributes and seedling vigour (57).

Vermiwash, a coelomic fluid extract from earthworms,
contains hydrolytic enzymes such as protease, amylase and
phosphatase, which contribute to enhanced growth
performance and a higher vigour index. In a previous study, rice
seeds primed with 4 % Panchagavya for 16 hr exhibited a
significantly higher seedling vigour index (3773) compared to
seeds primed with 50 % vermiwash (58). Similarly, priming rice
seeds (variety ADT 43) with 50 % vermiwash and 3 %
panchagavya for 16 hr significantly improved germination and
vigour indices (59).

Conclusion

The findings clearly demonstrate that seed priming with LOMs
significantly enhances germination, seedling growth and vigour
in rice compared to both hydropriming and unprimed seeds.
Among the LOMs evaluated, 5 % vermiwash consistently
showed superior performance across all measured

germination parameters, seedling growth metrics and vigour
indices. While other treatments such as panchagavya,
beejamrit and jeevamrit also showed positive effects, 5 %
vermiwash emerged as the most effective seed priming
treatment for enhancing early seedling performance and
overall seed quality inrice.

Acknowledgements

The authors are thankful to Kerala Agricultural University for
providing all the necessary support and assistance.

Authors' contributions

SKR conceptualized and designed the review topic. AM
drafted the manuscript. SKR, JD and SPP provided proper
guidance. AS, MRP, ARD and VDVS involved in drafting,
reference collection, editing and revision of the manuscript.

Compliance with ethical standards

Conflict of interest: The authors declare that they have no
conflicts of interest.

Ethicalissues: None

Declaration of generative Al and Al-assisted technologies
in the writing process

During the preparation of this work, the authors used ChatGPT
to improve the language. After using this tool/service, the
authors reviewed and edited the content as needed and take
full responsibility for the content of the publication.

References

1.  OECD-FAO Agricultural Outlook 2021-2030. Technical report, OECD
and Food and Agriculture Organization of the United Nations; 2021.
https://doi.org/10.1787/19428846-en

2. FAO. Crop Prospects and Food Situation-Quarterly Global Report
No 2;2021. https://doi.org/10.4060/cb5603en

3. Calpe C. Rice international commodity profile. Rome: Food and
Agricultural Organization of the United Nations. 2006.

4. Pawar VA, Laware SL. Seed priming a critical review. International
Journal of Scientific Research in Biological Sciences. 2018;5(5):94-
101. https://doi.org/10.26438/ijsrbs/v5i5.94101

5. Faroog M, Tabassum R, Afzal I. Enhancing the performance of direct
seeded fine rice by seed priming. Plant Production Science. 2006;9
(4):446-56. https://doi.org/10.1626/pps.9.446

6. Bajehbaj AA. The effects of NaCl priming on salt tolerance in
sunflower germination and seedling grown under salinity
conditions. African Journal of Biotechnology. 2010;9(12). https://
doi.org/10.5897/AJB10.1019

7. Paparella S, Aradjo SS, Rossi G, Wijayasinghe MA, Carbonera D,
Balestrazzi A. Seed priming: state of the art and new perspectives.
Plant Cell Reports. 2015;34:1281-93. https://doi.org/10.1007/s00299
-015-1784-y

8. Sumangala K, Patil MB. Panchagavya-an organic weapon against
plant pathogens. Journal of Plant Disease Sciences. 2009;4(2):147-51.

9.  Srimathi P, Mariappan N, Sundaramoorthy L, Paramathma M.
Efficacy of panchagavya on seed invigoration of biofuel crops.
Scientific Research and Essays. 2013;8(41):2031-7. https://
doi.org/10.5897/SRE2013.5629

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1787/19428846-en
https://doi.org/10.4060/cb5603en
https://doi.org/10.26438/ijsrbs/v5i5.94101
https://doi.org/10.1626/pps.9.446
https://doi.org/10.5897/AJB10.1019
https://doi.org/10.5897/AJB10.1019
https://doi.org/10.1007/s00299%1e015%1e1784%1ey
https://doi.org/10.1007/s00299%1e015%1e1784%1ey
https://doi.org/10.5897/SRE2013.5629
https://doi.org/10.5897/SRE2013.5629

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Ankad GM, Hiremath J, Patil RT, Pramod HJ, Hegde HV. Nutrient
analysis of Kunapa jala and Panchagavya and their evaluation on
germination of Ashwagandha and Kalamegha seeds: a comparative
study. Journal of Ayurveda and Integrative Medicine. 2018;9(1):13-
9. https://doi.org/10.1016/j.jaim.2017.01.011

Eswari JS, Dhagat S, Sen R. Biosurfactants, bioemulsifiers and
biopolymers from thermophilic microorganisms. In: Thermophiles
for Biotech Industry: A Bioprocess Technology Perspective.
Singapore: Springer; 2019. p. 87-97. https://doi.org/10.1007/978-
981-32-9919-1_5

Devi OR, Halder R, Pandey ST, Verma O, Chaturvedi P. Effect of seed
priming with liquid organic on germination, seedling development
and enzymatic activity of wheat (Triticum aestivum L.). Environment
and Ecology. 2022;40(3 C):1720-5.

Sangeetha V, Thevanathan R. Effect of panchagavya on nitrate
assimilation by experimental plants. American Journal of Science.
2010;6(2):76-82.

Kumar S, Thombare P, Kale P. Panchgavya: a boon in liquid fertilizer
for organic farming. Agriculture and Food: E-Newsletter. 2019;1
(12):104-7.

Vlyankatrao NP. Effect of beejamrita and other organic liquid
treatments on seed germination and seedling growth of legume
crops. International Multidisciplinary Research Journal. 2019;9
(3):59-68.

Sreenivasa MN, Nagaraj MN, Bhat SN. Beejamruth: a source for
beneficial bacteria. Karnataka Journal of Agricultural Sciences.
2010;17(3):72-7.

Devakumar N, Shubha S, Gowder SB, Rao GG. Microbial analytical
studies of traditional organic preparations beejamrutha and
jeevamrutha. Building Organic Bridges. 2014;2:639-42. https://
doi.org/10.3220/REP_20_1_2014

Kumar RD, Rai PK, Bara BM, Raju GV. Pre-sowing seed treatments
with panchagavya, jeevamrutha and beejamrutha on growth, yield
and yield attributing traits in chickpea (Cicer arietinum L.) variety
RVG202. International Journal of Plant and Soil Science. 2022;34
(22):1183-7. https://doi.org/10.9734/ijpss/2022/v34i2231483

Tiwari S, Chaurasia AK, Nithyananda N, BM B. Effect of organic
priming on seed germination behaviour and vigour of chickpea (Cicer
arietinum L.). Journal of Pharmacognosy and Phytochemistry. 2018;7
(4):1064-7.

Sivasubramanian K, Ganeshkumar M. Influence of vermiwash on
the biological productivity of marigold. Madras Agricultural Journal.
2004;91(4-6):221-5. https://doi.org/10.29321/MAJ.10.A00095

Rai N, Bansiwal K. Vermiwash: an excellent source of nutrition for
plant growth. Electronic Journal of Environmental Sciences.
2008;1:19-21.

Manyuchi MM, Phiri A, Muredzi P, Chitambwe T. Comparison of
vermicompost and vermiwash bio-fertilizers from vermicomposting
waste corn pulp. World Academy of Science, Engineering and
Technology. 2013:365-8.

Awadhpersad VR, Ori L, Ansari AA. Production and effect of
vermiwash and vermicompost on plant growth parameters of
tomato (Lycopersicon esculentum Mill.) in Suriname. International
Journal of Recycling of Organic Waste in Agriculture. 2021;10(4):397
-413. https://doi.org/10.30486/|IJROWA.2021.1911898.1148

Gudeta K, Julka JM, Kumar A, Bhagat A, Kumari A. Vermiwash: an
agent of disease and pest control in soil, a review. Heliyon. 2021;7
(3):€06434. https://doi.org/10.1016/j.heliyon.2021.e06434

Practices
Kerala

Kerala  Agricultural  University.
Recommendations (organic) Crops
Agricultural University; 2017.

Package  of
2017. Thrissur:

National Centre for Organic and Natural Farming. Module on one
day farmers and demonstration on natural farming. Ghaziabad:
National Centre for Organic and Natural Farming; 2022.

Jackson ML. Soil Chemical Analysis. New Delhi: Prentice Hall of
India Pvt Ltd; 1973. p. 151-4.

28.

29.

30.

3L

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

Walkley A, Black IA. An examination of the Degtjareff method for
determining soil organic matter and a proposed modification of the
chromic acid titration method. Soil Science. 1934;37(1):29-38.
https://doi.org/10.1097/00010694-193401000-00003

Massoumi A, Cornfield AH. A rapid method for determining sulphate
in water extracts of soils. Analyst. 1963;88(1045):321-2. https://
doi.org/10.1039/an9638800321

Watt GW, Chrisp JD. Spectrophotometric method for determination
of wurea. Analytical Chemistry. 1954;26(3):452-3. https://
doi.org/10.1021/ac60087a006

Casida Jr LE, Klein DA, Santoro T. Soil dehydrogenase activity. Soil
Science.  1964;98(6):371-6.  https://doi.org/10.1097/00010694-
196412000-00004

Atlas RM. Handbook of microbiological media. CRC Press; 2004.
https://doi.org/10.1201/9781420039726

Martin JP. Use of acid, rose bengal and streptomycin in the plate
method for estimating soil fungi. Soil Science. 1950;69(3):215-32.
https://doi.org/10.1097/00010694-195003000-00006

Cappuccino JG, Sherman N. Microbiology: A Laboratory Manual.
San Francisco: Pearson/Benjamin Cummings; 2005.

International Seed Testing Association. International rules for seed
testing. Seed Science and Technology; 1999.

Benech Arnold RL, Fenner M, Edwards PJ. Changes in germinability,
ABA content and ABA embryonic sensitivity in developing seeds of
Sorghum bicolor (L.) Moench induced by water stress during grain
filling. New Phytologist. 1991;118(2):339-47. https://
doi.org/10.1111/j.1469-8137.1991.tb00986.x

Esechie HA. Interaction of salinity and temperature on the
germination of sorghum. Journal of Agronomy and Crop Science.
1994;172(3):194-9. https://doi.org/10.1111/j.1439-
037X.1994.tb00166.x

Jones KW, Sanders D. The influence of soaking pepper seed in water
or potassium salt solutions on germination at three temperatures.
Journal of Seed Technology. 1987;11(1):97-102. https://
doi.org/10.2307/23432941

Bartlett MS. Some examples of statistical methods of research in
agriculture and applied biology. Journal of the Royal Statistical
Society Series B. 1937;4(2):137-83. https://doi.org/10.2307/2983644

Ellis RH, Roberts EH. The quantification of ageing and survival in
orthodox seeds. Seed Science and Technology. 1981;9(2):373-409.

Farooq MS, Basra SM, Saleem BA, Nafees M, Chishti SA. Enhancement
of tomato seed germination and seedling vigour by osmopriming.
Pakistan Journal of Agricultural Sciences. 2005;42:3-4.

Abdul Baki AA, Anderson JD. Vigour determination in soybean seed
by multiple criteria. Crop Science. 1973;13(6):630-3. https://
doi.org/10.2135/cropscil973.0011183X001300060013x

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

Gopinath PP, Prasad R, Joseph B, VS A. grapesAgril: collection of
shiny apps for data analysis in agriculture. Journal of Open Source
Software. 2021;6(63):3437. https://doi.org/10.21105/joss.03437

Anwar MP, Juraimi AS, Puteh A, Selamat A, Rahman MM, Samedani
B. Seed priming influences weed competitiveness and productivity
of aerobic rice. Acta Agriculturae Scandinavica Section B - Soil and
Plant Science. 2012;62(6):499-5009. https://
doi.org/10.1080/09064710.2012.662244

Pavan BR, Mehta CM. Seed Invigouration: a review. The Pharma
Innovation. 2021;10(8):595-600.

Prakash M, Ophelia AG, Narayanan GS, Anandan R, Baradhan G,
Sureshkumar SM. Effect of organic seed pelleting on seedling
quality, gas exchange, growth, yield and resultant seed quality
parameters of black gram. Legume Research. 2020;43(2):221-8.
https://doi.org/10.18805/LR-3965

Andoh H, Kobata T. Effect of seed hardening on seedling emergence
and a-amylase activity in the grains of wheat and rice sown in dry

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1016/j.jaim.2017.01.011
https://doi.org/10.1007/978-981-32-9919-1_5
https://doi.org/10.1007/978-981-32-9919-1_5
https://doi.org/10.3220/REP_20_1_2014
https://doi.org/10.3220/REP_20_1_2014
https://doi.org/10.9734/ijpss/2022/v34i2231483
https://doi.org/10.29321/MAJ.10.A00095
https://doi.org/10.30486/IJROWA.2021.1911898.1148
https://doi.org/10.1016/j.heliyon.2021.e06434
https://doi.org/10.1097/00010694-193401000-00003
https://doi.org/10.1039/an9638800321
https://doi.org/10.1039/an9638800321
https://doi.org/10.1021/ac60087a006
https://doi.org/10.1021/ac60087a006
https://doi.org/10.1097/00010694-196412000-00004
https://doi.org/10.1097/00010694-196412000-00004
https://doi.org/10.1201/9781420039726
https://doi.org/10.1097/00010694-195003000-00006
https://doi.org/10.1111/j.1469-8137.1991.tb00986.x
https://doi.org/10.1111/j.1469-8137.1991.tb00986.x
https://doi.org/10.1111/j.1439-037X.1994.tb00166.x
https://doi.org/10.1111/j.1439-037X.1994.tb00166.x
https://doi.org/10.2307/23432941
https://doi.org/10.2307/23432941
https://doi.org/10.2307/2983644
https://doi.org/10.2135/cropsci1973.0011183X001300060013x
https://doi.org/10.2135/cropsci1973.0011183X001300060013x
https://doi.org/10.21105/joss.03437
https://doi.org/10.1080/09064710.2012.662244
https://doi.org/10.1080/09064710.2012.662244
https://doi.org/10.18805/LR%1e3965

ASWIN ET AL

49.

50.

51

52.

53.

54.

55.

56.

soil. Japanese Journal of Crop Science. 2002;71(2):220-5. https://
doi.org/10.1626/jcs.71.220

Hussain S, Khan F, Hussain HA, Nie L. Physiological and biochemical
mechanisms of seed priming-induced chilling tolerance in rice
cultivars. Frontiers in Plant Science. 2016;7:116. https://
doi.org/10.3389/fpls.2016.00116

Patil PD, Chaurasia AK, Shukla PK, Dubey S, Kumari A. Impact of
seed invigouration with panchagavya, beejamurtha on seed quality
parameters in bitter gourd (Momordica charantia) under salinity
conditions. Biology Forum. 2021;13(3):21-6.

Atish, Bharamaraj BA, Sivamurthy D. Effect of organic seed priming
on seed quality of foxtail millet (Setaria italica L.). International
Journal of Agricultural Sciences. 2023;15(6):12451-2.

Nayak H, Rai S, Mahto R, Rani P, Yadav S, Prasad SK, et al.
Vermiwash: a potential tool for sustainable agriculture. Journal of
Pharmacognosy and Phytochemistry. 2019;5(4):308-12.

Nahar K, Ashrafi R, Haque MA. Vermiwash: an effective nutritive
blessing to crops. Bangladesh Journal of Nuclear Agriculture.
2024;38(1):21-40. https://doi.org/10.3329/bjnag.v38i1.76560

Anwar MP, Jahan R, Rahman MR, Islam AK, Uddin FM. Seed priming
for increased seed germination and enhanced seedling vigour of
winter rice. In: Proceedings of IOP Conference Series: Earth and
Environmental  Science; 2021.  https://doi.org/10.1088/1755-
1315/756/1/012047

Parihar P, Singh S, Singh R, Singh VP, Prasad SM. Effect of salinity
stress on plants and its tolerance strategies: a review.
Environmental Science and Pollution Research. 2015;22:4056-75.
https://doi.org/10.1007/s11356-014-3739-1

Kharol M, Dhakar DL, Gurjar R, Choudhary R, Pandey S, Nagar G.
Effect of liquid organic sources on growth, yield and quality of mung
bean (Vigna radiata L.) under agroclimatic zone IIl A. International

10

Journal of Research in Agronomy. 2024;7(12):369-72. https://
doi.org/10.33545/2618060X.2024.v7.i125f.2180

57. Balasubramaniyan KK, Eeshwari I. Effect of panchagavya and
bhejamrutha on seed germination, seedling growth and nutrient
content in cucumber (Cucumis sativus L.). Indian Journal of
Vegetable Research. 2019;45(1):355-61.

58.  Kumar GD, Narayanan GS. Effect of organic seed invigouration on
seed germination and vigour in rice cv CO 43. Journal of
Environmental Biology Sciences. 2014;28(2):245-8.

59. Vijayan R, Krishnasamy V. Seed quality improvement of rice cv ADT 43
through organics. Environment and Ecology. 2015;33(4A):1749-53.

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://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1626/jcs.71.220
https://doi.org/10.1626/jcs.71.220
https://doi.org/10.3389/fpls.2016.00116
https://doi.org/10.3389/fpls.2016.00116
https://doi.org/10.3329/bjnag.v38i1.76560
https://doi.org/10.1088/1755%1e1315/756/1/012047
https://doi.org/10.1088/1755%1e1315/756/1/012047
https://doi.org/10.1007/s11356%1e014%1e3739%1e1
https://doi.org/10.33545/2618060X.2024.v7.i12Sf.2180
https://doi.org/10.33545/2618060X.2024.v7.i12Sf.2180
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/

