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Abstract

In recent years, seed production using organic nutrients has gained significant interest, with researchers aiming to enhance seed germination,
crop growth and yield. The potential of organic seed production techniques in improving seed germination, seedling vigour, growth and yield
of traditional and improved okra varieties was evaluated in the present study. Seeds of okra varieties were primed with different organic
formulations, along with hydropriming and control and the field experiment was conducted under different organic nutrient regimes. The
results revealed that organic seed priming had a significant effect on seed quality parameters in both traditional and improved bhendi
varieties. Seed priming with panchagavya at 3 % (Te) emerged as the most effective treatment in both types, resulting in higher speed of
germination, emergence energy value, germination percentage, germination potential, root and shoot lengths, dry matter production,
allometric coefficient and vigour index | and II. The untreated control (To) showed the lowest values across all the physiological parameters.
The interaction between variety and treatment was non-significant, suggesting that the effectiveness of panchagavya at 3 % (Tg) is
independent of genotypic variation, supporting its broader adoption. Studies on growth and yield parameters revealed that application of
panchagavya at 3 % (Ts) through soil and foliar application resulted in higher field emergence, greater plant height, increased chlorophyll
content and improved fruit and seed yield traits compared to control. Therefore, seed priming with panchagavya at 3 % along with soil and
foliar application is the most promising organic seed technique for enhancing seed germination, early seedling vigour, growth and yield of
both traditional and improved varieties of okra.
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Introduction techniques, quality seed availability, hard seed occurrence and
inadequate seed storage techniques (7). Additionally, the seed
contains 20-40 % oil, which changes the permeability of the cell
membrane due to lipid peroxidation (8). To maintain seed viability
and enhance quality, appropriate seed invigouration techniques
such as hydropriming, osmopriming, halopriming, biopriming,
nutrient priming and seed coating are commonly employed.

Okra (Abelmoschus esculentus L) is a warm-season, annual
herbaceous vegetable belonging to the family Malvaceae and is
often cross-pollinated, with a diploid chromosome number of
2n =130 (1). India is the leading producer of okra, producing 6.8 MT
from a growing area of 0.5 M ha with a productivity rate of 12.5t ha
(2). Okra is an important vegetable crop owing to its high nutritional
value and medicinal properties and it also possesses significant Although the development of a number of soil and crop

commercial importance with considerable export potential (3, 4). management systems aimed at maximising the establishment of
robust seedlings, resource-poor farmers have yet to adopt the

technologies due to their high cost or inaccessibility (9). By adopting
low-risk, low-cost crop management practices such as crop rotation,
resistant varieties, seed priming, biological pest control and timely
cultural operations, resource-limited farmers can improve crop
establishment, seed quality and yield in okra (10). For farmers with
limited resources, one such strategy that can boost yields is organic
seed priming along with organic seed production systems. As a pre-
sowing method, seed priming involves treating seeds to start the
germination process before field planting (11). It is the most
promising method for invigourating seeds since it speeds up

Despite Indias’ higher average okra productivity (12.26 t ha?)
compared to the global mean (~9.8 t ha), its cultivation continues to
face numerous challenges related to pests and diseases (5). Several
high-yielding, disease-resistant varieties have been developed;
however, the availability of quality seed is still one of the limiting
factors in okra cultivation (6). Thus, to ensure the supply and
production of quality seed, it is imperative to standardise the seed
production techniques to improve seed yield with better quality. In
general, low productivity in okra is mostly caused by a lack of
adoption of improved varieties, suitable seed management
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germination, improves crop stand establishment and increases
seedling vigour. Seed priming, a promising strategy, has been
successfully used to solve the problem of poor germination and the
unpredictable crop stand that followed under both normal and
stressful conditions (12).

Okra crop yields, soil pH, total nutrient content and nutrient
availability might all be enhanced by inorganic fertilisers (13).
However, their use is restricted because of their scarcity, high cost,
nutrient imbalance and acidity of the soil. Organic crop
management techniques offer a sustainable solution to these
problems by reducing soil erosion and ecotoxicity potential. In
addition, organic farming results in more soil biodiversity and an
abundant supply of macro and microorganisms, but, depending on
the crops, it may result in lower yield, indicating a trade-off between
agricultural productivity and environmental protection (14).

The proportion of land allocated for organic farming has
consistently risen globally over the years, alongside the organic
products industry. Organic products are more beneficial and
environmentally safe and do not contain any residues compared to
conventionally produced food (15). Therefore, a comprehensive and
ecologically responsible approach to agriculture is provided by the
use of conventional organic formulations. These formulations
present a possible path toward creating ecologically friendly
agricultural systems by encouraging microbial diversity, improving
plant resilience to adverse conditions and supporting sustainable
farming methods (16).

Nowadays, organic bhendi varieties are gaining importance
due to their nutritional and medicinal value. Since the okra crop is
widely used and many traditional varieties are available at present,
the demand for quality seeds has increased. By assessing the
demand for organic crops along with seed germination and the early
growth of seedlings, this study aims to overcome the problem of
slow and uneven germination of okra and improve the growth
performance and yield through organic seed production techniques.
The use of organic formulations such as panchagavya, vermiwash,
jeevamrutha, fish amino acid and plant-based extracts in seed

2

production induces various biochemical changes that modify
protoplasmic constituents and enhance the physiological activity of
the embryo and its associated structures. These formulations
contain only naturally occurring, organically produced elements and
compounds, free from synthetic chemicals and genetically modified
components. They improve soil structure, boost plant nutrient
absorption, enhance soil fertility and help to retain moisture content
in addition to increasing the emergence, establishment and yield
(7).

Materials and Methods
Site description

Laboratory and field experiments aimed at enhancing the quality
and yield of traditional and improved bhendi varieties through
organic seed production techniques were conducted at the
Agricultural Research Station, Tamil Nadu Agricultural University,
Bhavanisagar, during 2023-24. This station is located at
approximately 11.29° N, 77.80° E and falls under the Western Agro-
Climatic Zone of Tamil Nadu. Complementary laboratory studies
were carried out at the Department of Seed Science and
Technology, Tamil Nadu Agricultural University, Coimbatore,
situated at about 11.02° N, 76.96° E, also within the Western Agro-
Climatic Zone. The experimental soil was sandy clay loam. The soil
was neutral in reaction (pH 7.86) with low electrical conductivity
(0.07 dS m?), indicating non-saline conditions.

Weather data recorded during the experimental period are
given in Fig. 1. The average weekly high temperature during the
period of investigation ranged from 34.2 -40.5 °C, with a mean of
36.3 °C, while the average weekly low temperature varied from
19.8 °C to 26.5 °C, with a mean of 23.1 °C. The total quantity of
precipitation recorded was 218.6 mm, distributed over 7 rainy weeks
during the cropping period. Rainfall was absent during the initial
weeks (standard weeks 8-17), followed by the onset of precipitation
from week 18 onwards, with peak rainfall observed during week 21
(117.6 mm).
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Fig. 1. Weather data recorded during the experimental period (June 2024-October 2024).
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Improved variety (Arka Anamika, V1) was collected from the
Department of Vegetable Science, Tamil Nadu Agricultural University,
Coimbatore and the traditional variety (double colour bulk okra, \V,)
was collected from traditional vegetable growing farmers of Tamil
Nadu.

Experimental design

Studies on the optimisation of seed priming, soil and foliar
application with organic nutrients were carried out in the present
study. Seeds of traditional and improved bhendi varieties were
subjected to different organic priming treatments with the soaking
duration of 12 hr using variable organic amendments along with
hydropriming and unprimed seeds as control. After priming, the
seeds were dried back to their original moisture content and
subjected to evaluation of various physiological parameters. The
experiment was conducted in a factorial completely randomised
design and replicated thrice. The seeds were subjected to a
germination test in paper medium at a temperature of 25+ 2 °Cand
95 + 3 % RH with a germination period of 14 days (18). Seedlings
were evaluated for germination, shoot length (cm), root length (cm),
dry matter production per 10 seedlings (g), speed of germination,
emergence energy value, germination potential, seedling vigour and
allometric coefficient (19-23). The treatment details are as follows:

Treatment details

To : Control

T . Hydropriming

T, : Trichoderma asperellum at 1%
Ts : Bacillus subtilis at 1%

Ta : Amuthakaraisal at 3%

Ts : Vermiwashat1%

Te : Panchagawyaat3%

T : Sweet flag rhizome extractat 1%
Ts : Moringa leafextractat 1%

To : Fishaminoacidat1%

Two : Aloeveraextractat1%

Field experiments were conducted during the kharif season
of 2024 to determine the optimum soil and foliar application
treatments using organic nutrient sources. The experiment was laid
out in a factorial randomised block design with three replications.
The experimental plots were 4 x 3 m in size with a spacing of 60 cmiin
between rows and 30 cm between plants. To standardise the soil
and foliar application of organic nutrients, soil application was given
as basal and foliar application was given twice at pre flowering and
flowering stages of crop growth. Observations on field emergence,
plant height, chlorophyll content, days to first flowering, days to 50 %
flowering, number of fruits plant®, fruit length and weight at
harvestable maturity, fruit yield plant®, number of seeds plant™, seed
yield plant?, seed yield ha® and seed recovery percentage were
recorded in randomly selected plants. The treatment details are as
follows:

Treatment details

To :Control

T: :Soil application (2.5 kg/ha) + Foliar spray of T. asperellum (2 %)
T, :Soil application (2.5 kg/ha) + Foliar spray of B. subtilis (2 %)

Ts : Soil application 50 L/ha + Foliar spray of amuthakaraisal (5 %)
T4 : Soil application 50 L/ha + Foliar spray of vermiwash (1 %)
Ts : Soil application 50 L/ha + Foliar spray of panchagavya (3 %)

Te : Soil application 50 L/ha + Foliar spray of sweet flag rizhome
extract (1%)

Statistical analysis

The experimental data were statistically analysed by applying the
analysis of variance (ANOVA) appropriate to the experimental design
(24). The significance of treatment differences was tested using the
Ftest at 5 % level of probability. Whenever the F-test was found
significant, the treatment means were compared using the critical
difference (CD). All statistical analyses were performed using the
SPSS software. The results were interpreted based on the standard
error of difference (SEd) and critical difference (CD) values.

Results

Organic seed priming treatments had a significant effect (p<0.05) on
all seed physiological quality parameters in improved (Arka
Anamika) and traditional (double colour bulk okra) bhendi varieties.
Among the treatments, Ts (panchagavya at 3 %) exhibited the
highest speed of germination (8.37) and emergence energy value
(7.47), followed by Ts (fish amino acid at 1 %) (8.04 and 7.31) and
T4 (amuthakaraisal at 3 %) (7.79 and 7.19) of speed of germination
and emergence energy value respectively. In contrast, the control
(To) showed the lowest values for both the traits (5.75 and 6.02),
emphasising the efficacy of organic priming. Statistical analysis
revealed significant effects for variety and treatment on both speed
of germination and emergence energy value. However, the
interaction between variety and treatment was nonsignificant,
indicating that all treatments were similarly effective across both
improved (V1) and traditional (V-) varieties. Notably, the improved
variety Vi showed a higher speed of germination (7.55) and
emergence energy value (6.90) compared with the traditional variety
V,(6.58 and 6.68 respectively), indicating inherent genetic differences
in seed vigour (Table 1).

The germination percentage (94 %) and germination
potential (47 %) were also high in Ts (panchagavya at 3 %), followed
by Ts (fish amino acid at 1 %) (92 and 44 %) and T4 (amuthakaraisal at
3 %) (91 and 41 %) respectively, indicating that these treatments
were most effective in enhancing seed germination performance.
The lowest values for both parameters were observed in the control
(To) (76 and 27 % for germination percentage and germination
potential respectively). Significant varietal differences were also
observed; the improved bhendi variety (Vi) outperforms the
traditional variety (\2) in both seed germination (89 and 82 %) and
germination potential (37 and 34 %) respectively, reflecting its
relatively higher inherent vigour. However, the interaction was
non-significant, suggesting that all treatments were similarly effective
across both varieties. Overall, these results confirm that organic seed
priming substantially enhances seed germination efficiency (Table 1).

For root length, the mean values ranged from 13.20 cm in
To (control) to 15.56 cm in Ts (panchagavya at 3 %), followed by Ty
(aloe vera extract at 1 %) (15.32 cm) and Ts (fish amino acid at 1 %)
(15.05 cm), indicating that untreated seeds produced weaker root
systems. Between varieties, V1 (14.49 cm) exhibited slightly higher
root length compared to V. (14.28 cm). Statistical analysis revealed
that both variety and treatment effects were significant, while the
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Table 1. Effect of organic seed priming in traditional and improved varieties of okra on speed of germination (SOG), emergence energy value
(EEV), seed germination, germination potential (GPt) and vigour index | (VI 1)

Treatments SOG Mean EEV Mean germ?:ae::iion % Mean GPt % Mean Vi Mean
Varieties Vi V Vi V. Vi V; Vi V; Vi V.
To 6.15 5.35 5.75 6.12 5.92 6.02 80 72 76 29 25 27 2145 2034 2089
T. 6.90 6.20 6.55 6.48 6.62 6.55 86 80 83 32 30 31 2434 2394 2414
T: 6.58 5.78 6.18 6.35 6.10 6.23 83 74 79 30 28 29 2276 2137 2207
Ts 6.72 5.92 6.32 6.54 6.28 6.41 86 7 82 33 30 32 2401 2269 2335
Ta 8.40 7.18 7.79 7.36 7.02 7.19 94 87 91 42 40 41 2803 2758 2781
Ts 7.86 6.90 7.38 7.28 6.94 7.11 93 85 89 40 37 39 2745 2655 2700
Te 8.98 7.76 8.37 7.58 7.36 7.47 96 92 94 48 46 47 3003 3036 3020
T: 7.48 6.65 7.07 6.96 6.82 6.89 89 84 87 38 35 37 2592 2572 2582
Ts 7.10 6.42 6.76 6.72 6.50 6.61 88 79 83 35 33 34 2521 2394 2458
Ts 8.72 7.36 8.04 7.44 7.18 7.31 95 90 92 45 42 44 2881 2898 2889
Tw 8.15 6.82 7.48 7.10 6.70 6.90 91 81 86 38 33 36 2808 2574 2691
Mean 7.55 6.58 7.06 6.90 6.68 6.79 89 82 86 37 34 36 2601 2520 2560
v T VxT ' T VxT v T VxT v T VxT ' T VxT
S. Ed. 0.048 0.112 0.158 0.049 0.114 0.162 0.593 1.391 1967 0.212 0.498 0.704 1477 3464 48.99
CD (p=0.05)  0.096 0.225 NS 0.098 0.231 NS 1.195 2.803 NS 0.428 1.003 NS 29.77 69.82 NS

To: Control, Ti: Hydropriming, T2: T. asperellum at 1 %, Ts: B. subtilis at 1 %, T.: Amuthakaraisal at 3 %, Ts: Vermiwash at 1 %, Te: Panchagavya at
3 %, Tr: Sweet flag rhizome extract at 1 %, Ts: Moringa leaf extract at 1 %, To: Fish amino acid at 1 %, Ti: Aloe vera extract at 1 %, Vi: Arka

Anamika, V,: Double colour bulk okra.

interaction was non-significant, confirming that the treatments were
uniformly effective across varieties. Similarly, the highest shoot
length was recorded in T6 (panchagavya at 3 %) (16.58 cm), followed
by Ts (fish amino acid at 1 %) (16.21 cm) and Ty, (aloe vera extract at
1 %) (16.00 cm). In contrast, the control treatment recorded the
lowest shoot length (14.33 cm). Unlike other parameters, traditional
variety (V2) exhibited greater shoot length (16.39 cm) than the
improved variety (V1) (14.61 cm), suggesting a higher allocation of
resources towards shoot growth. Their interaction remained non-
significant (Fig. 2).

For the allometric coefficient, values ranged from 1.045 for
Tu(aloe vera extract at 1 %) to 1.092 for T,(T. asperellumat 1 %), with
a mean of 1.079 across treatments. Although varietal differences

were significant, treatment and their interactions were
non-significant, indicating that the shoot-root ratio remained largely
stable across different priming treatments. Between varieties, \s
(1.149) consistently showed higher allometric coefficient values
compared to V1(1.009), suggesting relatively greater allocation of
assimilates to shoot growth in ; (Fig. 2). Ts (panchagavya at 3 %)
recorded highest dry matter production (0.326 g), since the seedling
length was high in Ts, closely followed by Ts (fish amino acid at 1 %)
(0.324 g) and Ty (aloe vera extract at 1 %) (0.322 g) and the control
(To) showed the lowest dry matter production (0.294 g), confirming
the role of priming in enhancing biomass accumulation. Between
varieties, V» (0.317 g) maintained a marginal advantage over Vi
(0.306 g). The non-significance of interaction indicates that both
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Fig. 2. Effect of organic priming in improved and traditional varieties of okra on root length, shoot length and allometric coefficient. To: Con-
trol, Ti: Hydropriming, T.: T. asperellum at 1 %, Ts: B. subtilis at 1 %, T.: Amuthakaraisal at 3 % Ts: Vermiwash at 1 % Te: Panchagavya at 3 %,
T7: Sweet flag rhizome extract at 1 %, Ts: Moringa leaf extract at 1 %, Te: Fish amino acid at 1 %, Tio: Aloe vera extract at 1 %, V1: Arka Anamika,
V2: Double colour bulk okra.
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Ti: Hydropriming, Ta: T. asperellum at 1 %, Ts: B. subtilis at 1 %, Ta: Amuthakaraisal at 3 % Ts: Vermiwash at 1 % Te: Panchagavya at 3 %,
T7: Sweet flag rhizome extract at 1 %, Ts: Moringa leaf extract at 1 %, Ts: Fish amino acid at 1 %, Tio: Aloe vera extract at 1 %, V1: Arka Anamika,

V2: Double colour bulk okra.
varieties responded similarly to priming (Fig. 3).

For vigour index |, the values ranged from 2089 in the control
(To) to @ maximum of 3020 in Ts (panchagavya at 3 %), followed by Ts
(fish amino acid at 1 %) (2889) and T.(amuthakaraisal at 3 %) (2781),
which indicates that priming with Tsproduced the most vigourous
seedlings. Between varieties, V1 (2601) slightly outperformed V,
(2520), though the interaction between variety and treatment was
found to be non-significant, suggesting consistent treatment effects
across varieties. A similar trend was observed in vigour index I, with
the highest value of 30.68 in Ts (panchagavya at 3 %), followed by To
(fish amino acid at 1 %) (29.91) and T4 (amuthakaraisal at 3 %)
(28.99); the lowest value occurred in control (To) (22.29). Across
varieties, V1 (27.37) exhibited greater vigour compared to V (26.05),
again demonstrating inherent varietal differences. Variety and
treatments were significant, while the interaction between them
remained non-significant, confirming uniform benefits across both

traditional and improved bhendi varieties (Fig. 3).

The effect of soil and foliar application of organic nutrients
showed significant differences among varieties and treatments for
the growth and yield parameters, whereas their interaction effect
was non-significant, indicating uniform response patterns of both
varieties to the applied organic treatments. The soil and foliar
application of panchagavya at 3 % (Ts) consistently outperformed all
treatments, registering the highest field emergence (98 and 78 % in
V, and V, respectively) (Fig. 4), maximum plant height (118.55 cm)
(Table 2) and superior chlorophyll content (44.81) (Fig. 4), while also
promoting earliest flowering (37.79 days to first flowering and
41.37 days to 50 % flowering) (Fig. 5) and this was followed by Ts(soil
and foliar application of amuthakaraisal at 5 %). These
improvements are attributed to enhanced soil biological activity,
sustained nutrient release and improved physiological efficiency
under applied organic nutrients. Conversely, untreated control
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Fig. 4. Effect of soil and foliar application of organic nutrients on field emergence and chlorophyll content in traditional and improved okra
varieties. To: Control, Ti: Soil application (2.5 kg ha™) + Foliar spray of T. asperellum (2 %), T2: Soil application (2.5 kg ha) + Foliar spray of
B. subtilis (2 %), Ts: Soil application 50 L ha + Foliar spray of amuthakaraisal (5 %), T4: Soil application 50 L ha + Foliar spray of vermiwash
(1 %), Ts: Soil application 50 L ha* + Foliar spray of panchagavya (3 %), Te: Soil application 50 L ha + Foliar spray of sweet flag rizhome extract

(1 %), V1: Arka Anamika, V2: Double colour bulk okra.
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Table 2. Effect of soil and foliar application of organic nutrients on plant height, number of fruit plant?, fruit length at harvestable maturity
(HM), fruit weight at harvestable maturity (HM) and fruit yield plant? in traditional and improved okra varieties

Plant height Number of Fruit length Fruit weight Fruit yield
Treatment (cm) Mean fruit plant™ Mean (cm) at HM Mean (g) at HM Mean plant™ (g) Mean
V, V. V, V., V, V. V, V. Vi V2
To 88.50 96.58 92.54 15,50 16.92 16.21 23.22 8.40 15.81 10.10 11.32 10.71 65.65 86.45  76.05
T: 97.44 107.45 102.44 16.72 18.08 17.40 24.08 10.08 17.08 11.06 12.28 11.67 84.70 105.5 95.10
T 93.58 103.50 98.54 16.35 17.70 17.03 24.62 10.30 1746 1064 11.80 11.22 77.38 98.18 87.78
Ts 108.52 118.54 113.53 18.05 19.42 18.74 26.30 11.74 19.02 12.22 13.40 12.81 109.80 130.60 120.20
Ta 100.80 110.82 105.81 17.68 18.99 18.34 25.78 10.62 18.20 11.78 1298 12.38 100.62 121.42 111.02
Ts 113.64 123.46 118,55 1836 19.67 19.02 26.88 11.90 19.39 12,62 13.82 13.22 117.18 137.98 127.58
Te 103.27 113.25 108.26 17.24 18.54 17.89 2524 10.88 18.06 11.44 12,62 12.03 93.48 114.28 103.88
Mean 100.82 110.51 105.67 17.13 18.47 17.80 25.16 10.56 17.86 1141 12,60 12.01 92.69 113.49 103.09
Vv T VxT ' T VxT ' T VxT Vv T VxT Vv T VxT
S. Ed. 0.87 1.62 2.28 0.10 0.19 0.27 0.18 0.33 0.47 0.07 0.14 0.19 0.89 1.66 2.35
CD (p=0.05) 1.78 3.33 NS 021 039 055 036 0.68 0.96 0.15 0.28 0.39 1.83 3.42 4.83

To: Control, Ti: Soil application (2.5 kg ha) + Foliar spray of T. asperellum (2 %), T2: Soil application (2.5 kg ha) + Foliar spray of B. subtilis
(2 %), T3: Soil application 50 L ha* + Foliar spray of amuthakaraisal (5 %), T4: Soil application 50 L ha* + Foliar spray of vermiwash (1 %), Ts: Soil
application 50 L ha + Foliar spray of panchagavya (3 %), Te: Soil application 50 L ha + Foliar spray of sweet flag rizhome extract (1 %), V1: Arka

Anamika, V,: Double colour bulk okra.
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Fig. 5. Effect of soil and foliar application of organic nutrients on days to first flowering and days to 50 % flowering in traditional and improved
okra varieties. To: Control, T1: Soil application (2.5 kg ha™) + Foliar spray of T. asperellum (2 %), T2: Soil application (2.5 kg ha) + Foliar spray of
B. subtilis (2 %), Ts: Soil application 50 L ha™ + Foliar spray of amuthakaraisal (5 %), T4: Soil application 50 L ha + Foliar spray of vermiwash
(1 %), Ts: Soil application 50 L ha! + Foliar spray of panchagavya (3 %), Te: Soil application 50 L ha* + Foliar spray of sweet flag rizhome extract

(1 %), Vi1: Arka Anamika, V2: Double colour bulk okra.

plants (To) recorded the lowest values for all parameters, reflecting
inferior growth due to a lack of external nutrient supplementation.
Among varieties, V exhibited better vegetative performance, while
V1 was superior for earliness in flowering,

The combined effect of applied panchagavya at 3 % through
soil and foliar application (Ts) exhibited maximum productivity with
highest number of fruits plant® (19.02), maximum fruit length
(19.39 cm), greatest fruit weight (13.22 g) and superior individual
plant yield (127.58 g), followed by Ts (soil and foliar application of
amuthakaraisal at 5 %). The untreated control (To) showed the

lowest performance across parameters. The improvement under Ts
may be associated with enhanced nutrient mineralisation and
efficient translocation towards reproductive structures, leading to
better sink strength and fruit development. Between varieties, \»
produced higher yield and fruit yield compared to 4, confirming its
greater responsiveness to organic nutrient supply (Table 2).

For seed yield parameters, among the different nutrient
regimes soil and foliar application of panchagavya at 3 % (Ts)
recorded the highest number of seeds fruit* (56.04), maximum seed
yield plant? (82.33 g) and superior seed yield ha? (2342 kg), along
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with the highest seed recovery (81 %), which was statistically
followed by soil and foliar application of amuthakaraisal at 5 % (Ts).
The untreated control (To) recorded the minimum values for all seed
yield traits. The substantial improvement in seed productivity under
Ts is attributed to effective nutrient supply, better pollination
efficiency and enhanced assimilate partitioning towards seed
formation under enriched organic inputs. Between the two varieties,
V,consistently outperformed Vi for seed vyield, reflecting its better
adaptability to different organic nutrient regimes (Table 3).

Discussion

Okra’s significance lies not only in its nutritional value but also in its
adaptability to diverse environmental conditions. However, reduced
germination, poor seedling vigour and seed-borne diseases often
constrain okra productivity. To overcome these limitations, seed
priming has emerged as a sustainable, low-cost pre-sowing
technique that enhances germination, seedling vigour and stress
tolerance.

Primed seeds perform better with higher vigour and result in
rapid germination (25). Priming enhances the accumulation of
germination metabolites such as soluble sugars, amino acids and
organic acids, promotes metabolic repair and accelerates the
mobilisation of food reserves to developing seedlings, thereby
reducing germination time (9). Organic priming triggers early
metabolic activation in seeds, facilitating the biochemical processes
essential for seed germination (26). Panchagavya is a highly effective
plant growth stimulant that increases seed vigour by boosting
biological efficiency due to the rich composition of plant growth-
promoting hormones such as indole acetic acid (IAA) and gibberellic
acid (GA) and stimulates the activity of key enzymes involved in
germination, including amylases and proteases, which facilitate the
mobilisation of stored nutrients (27).

The improved seedling growth parameters observed in
seeds primed with 3 % panchagavya may be attributed to
accelerated enzymatic activity and enhanced mobilisation of stored

food reserves. Similarly, seeds of Jatropha curcas and Pongamia
pinnata primed with 2 % panchagavya recorded higher germination
percentage, which may be due to synergistic effects of beneficial
microorganisms and plant growth regulators (GA; and IAA) present
in the organic formulation (28). Germination percentage of
Andrographis paniculata (kalamegha) and Withania somnifera
(ashwagandha) seeds primed with 10 % kunapajala and
panchagavya showed significant improvement over unprimed
control (29). Enhancement in seedling growth parameters and
vigour due to seed priming with liquid organic formulations has also
been reported in chickpea (30).

Organic inputs enhance soil microbial activity, improve
nutrient availability and support balanced plant growth, while also
minimising environmental problems such as nutrient loss and soil
degradation. However, their effectiveness largely depends on the
appropriate concentration, method of application and crop variety.
The application of organic nutrients through both soil and foliar
methods promotes overall growth and development of crops by
regulating various physiological, biochemical and molecular
activities. Research indicates that seed treatment with panchagavya
at 4 % improved the growth and yield parameters of lentil (31). The
effect of foliar application of panchagavya and vermiwash resulted in
improved yield and quality of bitter gourd (32). Research indicates
that panchagavya showed enhanced plant immunity, confers
resistance against pests and diseases and provides various beneficial
metabolites produced by microorganisms (33). Panchagavya at
different concentrations on brinjal increased the growth and yield
parameters due to growth hormones in the cow with increased cell
division within the apical meristem in plants (34).

Traditional varieties maintained by small-scale farmers
constitute an important reservoir of genetic diversity (35). In
developed countries, traditional varieties, with few exceptions, are
no longer cultivated and are conserved ex-situ in gene banks. Indeed,
traditional varieties have been progressively replaced by modern
hybrid cultivars. The main reason for abandoning traditional
varieties and adopting hybrids was the low yield of these varieties

Table 3. Effect of soil and foliar application of organic nutrients on the number of seeds fruit?, seed yield plant?, seed yield ha* and seed

recovery in traditional and improved okra varieties

Treatment Numbfi:‘lic;flseeds Mean Seedyield plant'(g) Mean Seedyieldha(kg) Mean Seedrecovery(%) Mean
Vi V, Vi Vs Vi \' Vi V,
To 46.74 56.74 51.74 41.80 79.88 60.84 1520 1720 1620 65 68 67
T: 48.14 58.14 53.14 47.33 88.61 67.97 1645 1845 1745 70 70 70
T2 48.74 58.74 53.74 46.38 87.13 66.76 1738 1938 1838 T4 74 T4
Ts 50.44 60.44 55.44 56.63 101.06 78.85 2034 2234 2134 78 79 79
Ta 49.64 59.64 54.64 51.96 96.27 74.12 1970 2170 2070 7 78 78
Ts 51.04 61.04 56.04 60.44 104.22 82.33 2142 2542 2342 80 82 81
Te 49.34 59.34 54.34 51.89 94.17 73.03 1825 2025 1925 76 76 76
Mean 49.15 59.15 54.15 50.92 93.05 71.98 1839 2068 1953 4 75 75
\'} T VxT Vv T VxT \'} T VxT \'} T VxT
S. Ed. 0.49 0.91 1.29 0.63 1.19 1.68 17.40 32.55 46.03 0.64 1.20 1.69
CD (p=0.05) 1.00 1.87 2.65 1.30 2.44 3.45 35.76 66.90 94.61 1.31 2.46 3.47

To: Control, T1: Soil application (2.5 kg ha) + Foliar spray of T. asperellum (2 %), T2: Soil application (2.5 kg ha) + Foliar spray of B. subtilis
(2 %), Ta: Soil application 50 L ha + Foliar spray of amuthakaraisal (5 %), T4: Soil application 50 L ha + Foliar spray of vermiwash (1 %), Ts: Soil
application 50 L ha! + Foliar spray of panchagavya (3 %), Te: Soil application 50 L ha + Foliar spray of sweet flag rizhome extract (1 %), V1: Arka
Anamika, V,: Double colour bulk okra.
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compared to hybrids (36). Moreover, the production of traditional
varieties is challenged by many factors, including the unavailability
of quality seeds and poor germination (37). Despite these
constraints, their inherent adaptability to marginal and stress-prone
environments makes them highly valuable for sustainable
agriculture and future crop improvement. In the present
investigation, traditional varieties exhibited a response to organic
seed priming comparable to that of improved varieties, particularly
under seed priming with panchagavya at 3 % (Ts), which recorded
superior germination and seedling vigour. This comparable
performance is noteworthy, as it demonstrates that the limitations
of traditional varieties related to seed quality can be effectively
mitigated through organic priming interventions. Research indicates
that organic seed priming can act as a viable strategy to enhance the
performance of traditional varieties without compromising their
genetic integrity (38). Therefore, the positive response of traditional
varieties to priming not only improves their immediate agronomic
performance but also provides a practical pathway for their
revitalisation, wider adoption and long-term conservation of
valuable genetic resources.

Conclusion

The results obtained from the present study reveal that seed priming
along with soil and foliar application of organic amendments were
effective in improving the seed germination, establishment and yield
of improved and traditional bhendi varieties. In particular, seed
priming combined with soil and foliar application of panchagavya at
3 % showed promising results under controlled conditions.
Therefore, we conclude that seed priming together with soil and
foliar application of panchagavya at 3 % is an effective and
environmentally friendly technique for enhancing seed germination,
early seedling vigour, establishment, growth and vyield of both
traditional and improved varieties of okra.
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