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Vegetables are an important component of the human
diet for the maintenance of good health. China is
the leading producer of fresh vegetables with a
production volume of nearly 549 million metric tons,
followed by India with approximately 128 million
metric tonnes in 2018 (FAO-Statistica, 2021). Okra
is one of the most commonly known and utilised
species of the family Malvaceae, an economically
important vegetable crop grown in tropical and sub-
tropical parts of the world. The centre of origin is
Ethiopia (Satish and Eswar, 2013). Afterward, it was
propagated in different parts of the world and India
by the 12th century BC. India is the global leader in
production, with a cultivation area of 5.1 lakh ha
and an annual production of 61.26 lakh tonnes
(FAOSTAT, 2018). The crop is grown over a wide
range of soils and climatic conditions, both in the
summer and rainy seasons.

The importance of seeds in agriculture is very well
known in developing countries like India, where the
majority of the population and GDP significantly
depend upon agriculture. Deterioration of seed is

associated with the ageing phenomenon, which is
defined as an irreversible change in the quality of a
seed. Among all the deteriorative changes,
membrane degradation has been proposed as the
primary event in ageing, which is mainly affected
by chromosomal damage, loss of various enzymes
and deterioration of membrane integrity. Good
storage is an essential requirement in a seed
programme for the maintenance of high germination
and vigour from harvesting to the next planting
season.

Seeds that are treated with botanicals have fungicidal
toxicity or antagonistic effects, which eliminate most
of the seed borne micro-floraand maintain viability
and vigour for longer periods during storage
(Basavegowda et al., 2013). Botanicals have been
used as seed treatments for the invigoration of seeds
due to its biologically active molecules possessing
antimicrobial properties (Ramya et al.,2011). They
are eco-friendly and cheaper in nature when
compared to chemicals. Looking into the above facts,
the present study was undertaken to determine the
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ABSTRACT: The present investigation was carried out on okra seeds during 2018-20, which comprised of three botanicals
as seed dressers @ 100g/kg viz.,Pongamia pinnata, Azadiracta indica and Curcuma longa leaf powders along with control. The
seeds coated with the above botanicals were stored in three different containers viz., polythene bag, hermetic bag and metal box
under ambient conditions and their quality was assessed at a regular interval of three months. A significant decline was observed
in all the treatments as the period of ageing was augmented. Seeds coated with Azadiracta indica powder and stored in a metal
box recorded significantly higher germination percentage (71.9%), shoot length (8.2 cm), root length (6.0 cm), seedling dry
weight (0.195 g), vigour index-I (1021), vigour index-II (14.03),catalase (198.9 mg/protein/min), superoxidase dismustase (132.2
mg/protein/min), dehydrogenase (0.46OD/g/ml), peroxidase  (676 mg/protein/min)  and  lower  electrical  conductivity  (1.036 μS/
cm/g) after 18 months of storage as compared to control. The control showed germination (66.9%), shoot length (6.2 cm), root
length (4.2 cm), seedling dry weight (0.166 g), vigour index-I (694), vigour index-II (11.09), catalase, superoxidase dismustase
and peroxidase (134.8, 71.0 and 446.0 mg/protein/min) and higher electrical conductivity  (1.100 μS/cm/g) at the end of storage
period.
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physiological and biochemical responses of okra
seeds to botanicals and containers.

MATERIALS AND METHODS

The present investigation was conducted from 2018
to 2020 in the laboratory of the Department of Seed
Science and Technology, CCS Haryana Agricultural
University, Haryana, India. The location of the city
is at 29o 10 North Latitude and 75o 46 East Latitude,
at an altitude of about 215.2 m above mean sea level.
The climate of the region is semi-arid with hot and
dry desiccating winds accompanied by frequent dust
storms of high velocity in summer, severe cold
during winter and warm humid conditions during
the rainy season. The mean monthly maximum and
minimum temperatures showed a wide range of
fluctuations during both years. The mean monthly
maximum temperature of 43-450C was common
during the summer months from May to June, while
the minimum temperature during the winter months
from December and January sometimes went as low
as 00C.

Okra seeds of cv. Varsha Uphar were coated with
the following botanicals @100g/kg viz.,
T2:Pongamia pinnata, T3:Azadiracta indica and T4:
Curcuma longa along with T1: Untreated (control).

Preparation of botanical powder
The fresh leaves of different plants were plucked,
cleaned properly and shade dried for 7-10 days at
room temperature. After drying, leaves were grinded
with an electric grinder to make a fine powder. These
powders were sieved through muslin cloth and stored
in airtight containers.

Coating of seeds with botanicals
The okra seeds, botanicals and gum were weighed
at 50, 5 and 1 g, respectively; wearing gloves and
using an appropriate weighing balance for each
treatment. The seeds, botanicals and gum were
mixed in beakers and shacked for some time for a
uniform coating over the seeds. Then, the treated
seeds were stored in different containers viz.,C1:
polythene bag, C2: hermetic bag and C3: metal box
in the laboratory under ambient conditions.

The total numbers of treatments were twelve which
were kept in different containers in the laboratory
under ambient conditions. The experiment consisted
of two factors (three different packing materials as
storage containers were used as factor “C” and the
three botanical treatments were used as factor “T”)
and was laid out in a factorial completely randomized
design (FCRD). Seeds were taken from each of the
different containers at a quarterly interval up to 18
months (October 2018 to March 2020) and
observations were recorded for seed quality
parameters.

The seeds from each treatment were tested for
germination by adopting between paper towel
method kept in optimum conditions of temperature
(25° C) in four replications of 100 seeds (ISTA,
2011). The number of normal seedlings counted at
the end of 10 days. The number of seeds germinated
x 100 gave the seed germination percentage. The
shoot and root lengths were recorded on the 10th day
by randomly selecting ten seedlings. The data were
averaged and expressed in centimetres. These
seedlings were then kept in a suitable paper packet
and dried in a hot air oven at a constant temperature
of 800C for one day. The dried samples were then
cooled in desiccators and weighed by using
electronic balance and expressed in grams for
obtaining data on dry weight. Seedling vigour index-
I & II was calculated by multiplying germination
percentage with seedling length and seedling dry
weight, respectively (Abdul-Baki and Anderson,
1973). Electrical conductivity of the seeds was
measured to know the status of membrane
permeability as per ISTA (2011).

Enzyme activity tests
The catalase activity was assessed by using the
method described by Aebi (1983), which was based
on the reduction of potassium dichromate to chromic
acetate by hydrogen peroxide.Peroxidase activity
was determined by the method of Shannon et al.
(1966) following the oxidation of O-dianisidine in
the presence of hydrogen peroxide (H2O2).
Dehydrogenase activity was measured by method
suggested by Kittock and Law (1968) and
Superoxidase activity was determined by the method
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Azadiracta indica and kept in metal box (8.2 and
6.4 cm) for shoot and root lengths respectively. The
increased germination rate might have improved the
shoot and root length. Seedling characteristics like
shoot and root lengths were found to vary over
storage period (Monira et al., 2012). The results are
corroborated by Meena et al. (2017) in groundnut
and Natubhai et al. (2018) in onion.

The dry weight of seedlings is a physiological
manifestation of seed vigour, which is influenced
by growth substances, metabolites and enzyme
activity. Seedling dry weight(mg) also followed the
same pattern of decreasing values as observed in
germination, shoot length and root length as depicted
in Table 1. The highest seedling dry weight was
recorded in treatment with Azadiracta indica (0.195
g) and the lowest was in control (0.166 g). Container
metal box was superior to the other two containers;
hermetic bag and polythene bag. The maximum dry
weight (0.199 g) was recorded in seedscoatedwith
Azadiracta indica and kept in metal box. The
decrease in dry weight might be due to hydrolysis
of reserved metabolites, activation of endogenous
enzymes and breakdown of food reserves during the
period of storage as stated by Khatun and Bhuiyan
(2011) in chickpea and Monira et al. (2012) in
soybean.In case of vigour index-I and II, the values
were found in descending order. The maximum
vigour indiceswere observed with treatment
Azadiracta indica (1021 and 14.03) followed by
Curcuma longa (921 and 12.79), Pongamia pinnata
(748 and 12.09) and the minimum was in control
(694 and 11.09) respectively. The superior
interaction (1059 and 14.18) was recorded when
seeds coated with Azadiracta indica and stored in
metal box. Balesevic-tubic et al. (2010) stated that
differences in vigour indices during storage might
be due to lipid changes in the seed during storage
and a decrease in phospholipids and polyunsaturated
fatty acids. The increase in vigour indexwas due to
presence of micronutrients, vitamins, antioxidants,
polyphenols and flavanoids in botanicals reported
by Raiker et al.  (2011) in rice, Reddy and
Biradarpatil (2012) in groundnut.

Electrical conductivity has been increased over a

suggested by Giannopolitis and Ries (1977).

The statistical analysis of data obtained for character
studied was done by OPSTAT software using
completely randomized design as per standard
method (Panse and Sukhatme, 1985).

RESULTS AND DISCUSSION

The seed lot utilised in the experiment had an initial
germination of 91 per cent which was above Indian
Minimum Seed Certification Standards
(Anonymous, 2013). The result mentioned below
under each parameter was recorded at quarterly
intervals. However, the results mentioned below are
for the last observation recorded at 18 months of
storage.

Table 1 illustrates that the germination percentage
declined gradually with the passage of storage time.
All the treatments showed better germination as
compared to control. Significantly higher
germination was recorded in treatment with
Azadiracta indica(71.9%) followed by treatment
with Curcuma longa(71.1%), Pongamia pinnata
(68%) and the lowest germination was recorded in
control (66.9%). This might be due to the seed
deterioration (Kumar et al.,  2022). Among
containers, the highest value was achieved in metal
box (72.7%). The best interaction (72.7%) was
observed in seeds coated with Azadiracta indica and
stored in metal box. It is assumed that some of the
micronutrients were present in botanicals that are
favourable for seed invigoration, as stated by
Sasthriand Srimathi (2010). Botanicals act as
catalysts for the production of reactive oxygen
species (ROS) in a slow and sustained manner for
the maintenance of viability. The perusal of data in
Table 1 revealed that the shoot and root length of
okra seeds were also recorded in a decreasing trend
starting from the initial to the last month of storage.
All the treatments recorded higher shoot and root
lengths as compared to control. The highest shoot
and root lengths were observed when seeds were
coated with Azadiracta indica(8.2 and 6.0 cm) and
the lowest were observed in control (6.2 and 4.2 cm).
The best interaction was found in seeds coated with
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Untreated Pongamia powder    Neem powder                    Turmeric powder
Fig. 1: Influence of botanicals andcontainers on electrical conductivity (µS/cm/g) of okra seeds stored under ambient
conditions

Table1: Effect of botanicals and containers on physiological parameters of seed quality of stored okra seeds
                Germination (%)             Shoot Length (cm)              Root Length (cm)

TREATMENT C1 C2 C3 MEAN C1 C2 C3 MEAN C1 C2 C3 MEAN
T1 66.0 67.0 67.7 66.9 5.5 6.3 6.7 6.2 4.2 4.1 4.2 4.2
T2 66.3 68.7 69.0 68.0 6.0 6.4 7.0 6.5 4.5 4.4 4.7 4.5
T3 72.3 70.7 72.7 71.9 8.1 8.1 8.2 8.2 5.9 5.8 6.4 6.0
T4 71.7 70.7 71.0 71.1 7.0 7.1 8.0 7.4 5.2 5.6 6.0 5.6
MEAN 69.1 69.3 70.1 6.7 7.0 7.5 5.0 5.0 5.3

T C TXC T C TXC T C TXC
C.D (5%) 0.83 0.72 1.44 0.26 0.22 0.45 0.21 0.18 0.37
S.E (m) 0.28 0.24 0.49 0.08 0.07 0.15 0.07 0.06 0.12

          Seedling Dry Weight (mg) Vigour Index-I Vigour Index-II
TREATMENT C1 C2 C3 MEAN C1 C2 C3 MEAN C1 C2 C3 MEAN
T1 0.159 0.163 0.176 0.166 643 699 740 694 10.50 10.90 11.89 11.09
T2 0.171 0.178 0.183 0.178 701 737 807 748 11.36 12.25 12.65 12.09
T3 0.196 0.190 0.199 0.195 1013 992 1059 1021 13.83 14.06 14.18 14.03
T4 0.176 0.180 0.184 0.180 872 897 994 921 12.59 12.72 13.06 12.79
MEAN 0.176 0.180 0.183 807 831 900 12.16 12.48 12.86

T C TXC T C TXC T C TXC
C.D (5%) 0.004 0.003 0.007 29 25 56 0.31 0.27 0.54
S.E (m) 0.001 0.002 0.001 10 8 17 0.10 0.09 0.18
*T1: Untreated T2: Pongamia powder T3: Neem powder T4: Turmeric powder, *C1: Polythene bag C2: Hermetic bag C3: Metal
box
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period of storage time and was recorded to its highest after 18
months of storage (Figure 1). The lowest value was observed in
the Azadiracta indica treatment (1.042μS/cm/g)  followed  by
Curcuma longa (1.051μS/cm/g), Pongamia pinnata (1.064 μS/cm/
g) and highest was in control(1.100μS/cm/g). The lowest interaction
value of electrical conductivity (1.029 μS/cm/g) was found in seeds
coated with Azadiracta indica and stored in metal box. The increase
in electrical conductivity was due to an increase in solute leakage
as membranes altered during ageing. The membrane weakens due
to damage of phospholipids, which causes the exit of electrolytes
and enzymes (Zamani et al., 2010) in wheat.

As the time prolonged the seed quality attributes declined. The
hygroscopic nature of seed affects its quality by changing
environmental conditions viz., relative humidity, temperature,
moisture content, gaseous exchange, packaging material (Yalamalle
and Kuchlan, 2016).

Table 2 shows that the enzymatic activities,viz.  catalase,
superoxidase dismutase, dehydrogenase and peroxidase showed
significant variation in response to various treatments during
ambient room storage of okra seeds. They were found to decrease
with the advancement of ageing and the lowest was recorded at 18
months of storage in all the treatments. In the case of dehydrogenase
activity, it was found decreased with every interval of storage. The
highest was observed in Azadiracta indica treatment (0.43 OD/g/
ml) and the lowest was in control (0.20 OD/g/ml). The decrease in
activity of dehydrogenase with the advancement of ageing was
also stated by Kumar et al. (2019) in chilli and brinjal. The present
study showed a decrease of antioxidant enzymes in the seeds of
okra. During storage catalase, superoxidase dismutase and
peroxidase enzyme activities were found to decline after three,
six, nine, twelve, fifteen and eighteen months of storage
respectively. At the end of 18 months of storage, the highest
catalase, superoxidase dismutase and peroxidase activity was
recorded in the Azadiracta indica treatment (172.1, 105.0and 572.0
mg/protein/min) and the lowest in the control (134.8, 71.0 and
446.0 mg/protein/min). The interaction effect was found better in
seeds treated with Azadiracta indica and stored in metal box.The
decrease in antioxidant enzymes is attributed to an increase in lipid
peroxidation and ageing. The decrease in activity of enzymes during
storage might be due to free radical production in the presence of
even traces of oxygen. In the absence of active enzymes, scavenging
free radicals and degradation products of thermo-liable lipid
peroxidation accumulate with the ageing of seeds and result in
complete loss of viability (Rao et al., 2006).The enzymes go
through configurational changes such as folding and unfolding of



355  Pantnagar Journal of Research [Vol. 22(2) May-August 2024]

Effect of commercial cold storage
conditionsand packaging materialson seed
quality of chickpea (Cicer arietinumL).
Global Journal of  Frontier Science
Research in Agriculture and Veterinary
Science, 13(2):23-28.

FAOSTAT (2018). Statistics Division. Food and
Agriculture Organization of the United
Nations. https://www.fao.org/faostat/en/
#data/QC/ (accessed on April 10, 2021).

FAO-Statistica(2021). Food and Agriculture
Organisation of the United Nations. http://
faostat3.fao.org (accessed on January 12,
2021).

Giannopolitis, C. N. and Reis, S. K.(1977).
Superoxidase dismutase occurrence in
higher plants. Plant Physiology, 59(2): 309-
14.

ISTA (2011). International rules for seed testing.
Chapter 5: the Germination test. ISBN 978-
3-906549-53-8. International Seed Testing
Association, Baserdorf, Switzerland.

Khatun, A and Bhuiyan, MAH.(2011). Effect of
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chickpea (Cicer arientinum L). Seed
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seedling vigour to respiration and
tetrazolium reduction in germinating wheat
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Kumar, S., Singh, S. and Jakhar, S. S.(2019). Effect
of seed treatments and containers on chilli
and brinjal seed viability. Current Journal
of Applied Science andTechnology,36: 1-9.

Kumar, S., Jakhar, S.S. and Malik, A. K. (2022).
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okra seeds to fungides and containers.
Indian Journal of Agricultural Sciences,
93(3): 397-401.
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C. and Job D.(2008). Proteome wide
characterization of seed ageing in
arabidopsis. A comparison between artificial
and natural ageing. Plant Physiology, 148:
620-41.

Meena, M.K., Chetti, M.B. and Nawalagatti,
C.M.(2017). Influence of different

ultra-structure and polymer formation due to
condensation and degradation to subunits i.e.,the
absorbance of dehydrogenase enzyme declined with
the progress of storage in sunflower. The study
revealed that ageing coincides with protein
denaturation or inactivation of enzymes. A similar
trend of decrease in catalase, superoxidase and
peroxidase enzymes was reported by Rao et al.
(2006) in onion, Rajjou et al. (2008) in Arabidopsis.

CONCLUSION

The study revealed that all the seed quality
parameters viz., germination, shoot and root length,
seedling dry weight, vigour index-I & II and
enzymatic activities were found to be gradually
decreasing except the electrical conductivity which
was increasing with the advancement of ageing. Seed
treatment with botanicals showed better results as
compared to control. The best interaction was
recorded in Azadiracta indica coated seeds stored
in a metal box. This could enhance the storage
potential of okra seeds during natural ageing.
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