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ABSTRACT

Okra (Abelmoschus esculentus L.), an economically important vegetable, suffers substantial postharvest
losses due to physiological deterioration during storage. This study aimed to assess the impact of
integrated crop management and packaging conditions on the shelf life and quality of okra fruits. The
experiment was laid out in a Factorial Completely Randomized Design (FCRD) with nine treatment
combinations of recommended fertilizer doses (100%, 75%, and 50% RDF) integrated with three organic
modules, and two storage conditions: open storage at ambient temperature and Modified Atmosphere
Packaging (MAP). The results indicated that the combination of 100% RDF with Organic Module-1
under MAP (L,M;S,) significantly improved postharvest attributes such as average fruit weight, reduced
physiological loss in weight (PLW), and prolonged shelf life up to 10.38 days. MAP significantly
decreased moisture loss and slowed ripening, thereby preserving ascorbic acid, chlorophyll, and total
soluble solids (TSS) better than ambient storage. Among all treatments, L;M,S, consistently retained
superior nutritional and visual quality throughout storage. The synergistic effect of balanced nutrient
supply and advanced packaging effectively mitigated postharvest deterioration. These findings
emphasize the role of integrated crop and postharvest management practices in reducing postharvest
losses and enhancing marketability of okra, contributing to sustainable horticultural production and food
security.

Keywords: Ascorbic acid, chlorophyll content, integrated crop management, Modified atmosphere
packaging and okra shelf life.

Vegetables play a vital role in human nutrition as
provide

they

Introduction vegetable crop native to tropical and subtropical

Africa, with a chromosome number of 2n=130. It
belongs to the family Malvaceae and is widely

minerals, . .
cultivated as a rainy and summer season crop

essential vitamins,

carbohydrates, and dietary fiber necessary for a healthy
diet. Their nutritional importance is especially critical
in developing countries like India, where
undernourishment remains a major concern among
children and adults. Besides their nutritional value,
vegetables also offer medicinal benefits and contribute
to overall health protection. Okra [Abelmoschus
esculentus (L.) Moench], commonly known as lady’s
finger and locally as bhindi in India, is an important

(Adeboye and Oputa, 1996). Okra is one of the oldest
and most traditional vegetable crops grown across
tropical and subtropical lowland regions of Asia,
Africa, the Americas, and warmer Mediterranean areas.
It is a cross-pollinated crop with outcrossing rates
ranging from 11.8 to 60 per cent (Martin, 1979).

Okra has diverse industrial and nutritional uses.
Its dried stems and roots are used for clarifying
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sugarcane juice in gur or jaggery manufacture in India,
and its fully ripe fruits and fibrous stems are used in
the paper industry. Nutritionally, okra is an excellent
source of iodine and is beneficial in treating goiter,
genito-urinary disorders, spermatorrhea, and chronic
dysentery. The fruits are also preserved by drying or
freezing for off-season use. Dried okra fruits contain
13-22 per cent edible oil and 20-24 per cent protein,
making them suitable for refined edible oil production.
The dry fruit skin and fibers are valuable for
manufacturing paper, cardboard, and fibers (Bose et
al., 2003). According to Markose and Peter (1990),
100 g of fresh okra pods contain approximately 89.6%
moisture, along with significant amounts of potassium
(103 mg), calcium (90 mg), magnesium (43 mg),
phosphorus (56 mg), vitamin C (18 mg), and trace
metals such as iron and aluminum.

India is the world’s largest producer of okra,
exporting fresh and frozen okra primarily to the Middle
East, UK, Western Europe, and the USA. In 2020-21,
okra cultivation covered about 513,000 hectares in
India, producing approximately 646,600 metric tons of
green fruits with an average productivity of 11.63 t/ha
(Anonymous, 2021). Okra accounts for around 4.9% of
the total vegetable cultivation area and contributes
3.3% to total vegetable production in the country. West
Bengal leads in area and production, while Jammu and
Kashmir show the highest productivity. Major okra-
producing states include West Bengal, Andhra
Pradesh, Bihar, Odisha, Gujarat, Jharkhand, Telangana,
Karnataka, and Tamil Nadu. For export-quality
produce, okra is grown in Maharashtra regions such as
Nasik, Ozar, Saikheda, Dindhori, Kolhar, Naraingaon,
and Sholapur, contributing significantly to foreign
exchange earnings, accounting for approximately 60%
of fresh vegetable exports.

Postharvest handling is a crucial stage in
delivering quality fresh fruits and vegetables to
markets or storage facilities (Genanew, 2013). During
postharvest operations including harvesting, handling,
processing, storage, and transportation produce is
subjected to wvarious stresses leading to quality
degradation (Kumar et al, 2015). Losses of fresh
horticultural produce can reach 20-50% in developing
countries compared to 5-25% in developed countries
(Kader, 2002). Producers can incur up to 20% losses
due to transportation delays alone. Moreover, storage
conditions significantly affect produce quality since
respiration, transpiration, and ethylene production rates
increase with temperature, accelerating deterioration
(Abubakari and Rees, 2011; Kabir et al., 2020).

To mitigate such losses during transportation and
storage, innovative approaches like Modified

Atmosphere Packaging (MAP) have been developed.
MAP employs polymeric films that regulate gas
exchange, maintaining high CO: and low O:
concentrations around the produce to slow respiration
and extend shelf life (Beckles and Technology, 2012).
According to recent studies, effective preservation of
vegetables depends on multiple factors including
adequate protection through packaging, selection of
suitable materials, application of MAP, and optimal
storage conditions (Prabhadharshini et al., 2023;
Swetha et al., 2023). These strategies preserve the
nutritional and organoleptic quality of vegetables,
extend shelf life, and contribute to reducing global
food waste. Such efforts align with Sustainable
Development Goal (SDG) 12, promoting responsible
consumption and production (United Nations, 2015).

In particular, polymeric packaging materials such
as polypropylene and polyethylene have demonstrated
efficacy in balancing functionality, sustainability, and
safety, especially for perishable vegetables (Singh &
Lal Banerjee, 2023). Biaxially oriented polypropylene
(BOPP) and low-density polyethylene (LDPE) films
are commonly used for packaging and storing various
vegetables, including nettle leaves, and are well-suited
for MAP applications (Mampholo et al, 2013;
Dujmovi¢ et al., 2024). MAP works by modifying the
internal gas atmosphere oxygen (O:), carbon dioxide
(CO:), and nitrogen (N:) thereby slowing oxidation,
enzymatic reactions, and microbial growth to extend
shelf life and preserve bioactive components (Fang &
Wakisaka, 2021). These packaging innovations not
only reduce postharvest losses but also enhance food
security, which is a critical component of SDG 2
(United Nations, 2015).

This research addresses the critical need to
develop effective strategies that enhance the shelf life
and maintain the nutritional quality of okra fruits. By
integrating crop management practices including
balanced fertilization and organic amendments with
Modified Atmosphere Packaging (MAP), the study
provides a sustainable solution to reduce postharvest
deterioration. The results demonstrate that this
integrated approach not only improves fruit quality
attributes such as ascorbic acid, chlorophyll content,
and weight retention but also extends marketability.
Such findings are highly valuable for farmers,
exporters, and supply chain stakeholders aiming to
minimize losses, improve profitability, and deliver
better-quality produce to consumers. Moreover, it
aligns with food security goals and promotes
environmentally responsible agricultural practices by
reducing input wastage and postharvest waste. The
outcomes can guide policy formulation, on-field
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training, and technology dissemination, especially in
developing countries.

Materials and Methods

The present investigation was conducted during
2022-23 at the College of Horticulture, Rajendranagar,
affiliated with Sri Konda Laxman Telangana State
Horticultural University, to evaluate the effect of
storage and packing conditions on the quality and shelf
life of okra.

Experimental design

The study followed a Factorial Completely
Randomized Design (FCRD) with two factors:

e Factor 1: Nine treatments from a preceding field
experiment.

e Factor 2: Two storage and packaging conditions.

A total of 18 treatment combinations were
evaluated, each replicated three times.

Field experiment (Source of Fruits)

Okra fruits were harvested from the earlier field
experiment comprising 9 treatments (details below).
The harvested fruits were used for shelf-life and
quality evaluation under two storage and packaging
conditions.

Treatment details
Factor 1: Field experiment treatments

Each field treatment is a combination of fertilizer
dose and organic module:

e LI1: 100%
(RDF)

e L,:75% RDF
e L;:50% RDF

Each level was combined with the following
Organic Modules:

Organic Module 1 (M;):

e Soil application: Trichoderma viride @ 5 kg/ha in
FYM + Neem cake @ 250 kg/ha

e Seed treatment: Trichoderma viride @ 4 g/kg seed

Recommended Dose of Fertilizers

e Foliar sprays (10-day intervals):
o Panchagavya @ 3%
o Neem oil @ 5%
o Beauveria bassiana @ 5 g/L. (from flowering)

o Bacillus 1 kg/ha (from

flowering)

thuringiensis @
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Organic Module 2 (M,):

e Soil application: Pseudomonas fluorescens @ 5
kg/ha in FYM + Neem cake @ 250 kg/ha

o Seed treatment: Bacillus macerans @ 3% wiw
e Foliar sprays (10-day intervals):
o Vermiwash @ 10%

o NSKE @ 5%
o Metarhizium anisopliae @ 5 g/L. (from
flowering)

o NPV @ 250 LE/ha (from flowering)
Organic Module 3 (M;):

e Soil application: VAM @ 10 kg/ha in FYM +
Neem cake @ 250 kg/ha

e Seed treatment: Beejamrit @ 10%
e Foliar sprays (10-day intervals):
o Jeevamruth @ 10%
o Neemastra @ 5%
(from

o Lecanicillium lecanii

flowering)

@ 5 gL

o Trichoderma + Pseudomonas spp. @ 5 g/L
(from flowering)

Factor 2: Storage and packaging conditions

e S;: Open at room temperature (Ambient: 28 + 2°C)

e S;: Modified Atmosphere Packaging (MAP)

Treatment combinations:

Ty: LM, + Open at room temperature (S,)

T,: L;M; + Modified atmosphere packaging (MAP)
(S2)

T;: LM, + Open at room temperature (S,)

Ty LM, + Modified atmosphere packaging (MAP)
(S2)

Ts: L;Mj; + Open at room temperature (S,)

Te: LiM; + Modified atmosphere packaging (MAP)
(S2)

T7:  L,M; + Open at room temperature (S;)

Ts: L,M; + Modified atmosphere packaging (MAP)
(S2)

Ty:  L,M, + Open at room temperature (S))

: LM, + Modified atmosphere packaging (MAP)

(S2)
Ti: LoM; + Open at room temperature (S,)
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Ti: L,M; + Modified atmosphere packaging (MAP)
(S2)

Ti3: LsM; + Open at room temperature (S;)

Ti4: LsM; + Modified atmosphere packaging (MAP)
(S2)

Tis: LsM, + Open at room temperature (S;)

Tis: LsM, + Modified atmosphere packaging (MAP)
(S2)

Ti7: LsMj + Open at room temperature (S;)

Tig: LsM; + Modified atmosphere packaging (MAP)
(S2)

Fruit handling and storage

Freshly harvested, tender green okra fruits of
uniform size (7-9 cm), shape, and color (bright green)
were collected from each treatment plot. After sorting
for quality and physical defects, the fruits were divided
into two storage conditions:

e S;: Stored open in plastic bowls at ambient room
temperature.

e S,: Packaged
Packaging (MAP).

Modified Atmosphere Packaging (MAP) Details:

e Material: Perforated LDPE film (107 pm
thickness, 0.075 m?)

e Sealing: Impulse sealing machine

using Modified Atmosphere

e Gas composition analysis: PBI Dansensor
Checkpoint II
e Water vapor permeability: Measured using

Labthink TSY-W3 tester

All treatments were replicated thrice and stored at
ambient conditions (28 + 2°C). Data on shelf life and
quality parameters were recorded during storage.

Observations recorded; The observations were

recorded after every alternate day.
Average fruit weight (g)

Known quantities of fruits were kept in each
treatment to record the weight of fruits. The weight of
the fruits was recorded using electronic weighing
balance (Model: Sartorius, BSA 320 2S d=0.01g)
before storage. Thereafter, the weights were recorded
regularly at every alternate day during storage.

Physiological loss in weight (%)

Weight loss of fresh fruits was calculated from the
differences in weight between the start of the
experiment and each storage period, according to
below formula. The weight of the fruits was recorded

using electronic weighing balance (Model: Sartorius,
BSA 320 2S d=0.01g). The loss of weight in grams in
relation to initial weight was calculated and expressed
as percentage.

Initial weight - final weight y

PLW (%) =
(%) Initial weight

100

Shelf life (days)

Okra fruits were observed periodically at the time
of taking weights for PLW calculation. The
marketability in terms of the overall shelf life of okra
fruits was determined taking into account the general
appearance, spoilage/rotting, and PLW (%). The
number of days the fruits were in edible condition was
taken as the shelf life or keeping quality and expressed
in days

TSS (°Brix)

Total Soluble solid contents (TSS) were obtained
using Hanna digital refractometer model H196801; the
values were expressed in °Brix (corrected for the
temperature of 20°C). For the TSS reading,
homogenized pulp was used. The pulp was obtained
from four whole okra fruits (without seeds), which
were homogenized with the aid of a blender. The
mixture was then inserted in the calibrated
refractometer with distilled water to obtain the °Brix.

Ascorbic acid (mg/100 g)

The ascorbic acid content in potato was
determined by 2, 6-dichlorophenol indophenol visual
titration method as followed by Ranganna (1986) and
expressed in mg 100 g

Preparation of 2, 6- dichlorophenol indophenols dye
solution

The sodium salt of 2, 6 dichlorophenol indophenol
dye of 50 mg was weighed into a beaker and 42 mg of
sodium bicarbonate and dissolved in 150 ml of hot
distilled water. The volume was made up to 200 ml
with distilled water.

Preparation of 3 per cent metaphosphoric acid

Metaphosphoric acid of 30 g was dissolved in
a small quantity of distilled water and the volume was
made up to 1000 ml.

Procedure

A freshly grounded sample of 10 g was blended
with 3 per cent metaphosphoric acid and made up to 50
ml with 3 per cent HPO;. The contents were filtered
through the Whatman No.1 filter paper. 10 ml of the
HPO; extract was taken and titrated against standard 2,
6-Dichloro phenol indophenol dye to a pink endpoint.
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The ascorbic acid content of the sample was
calculated by adopting the following equation

Titre value X Dye factor X Volume made up x 100

Aliquot of extract taken for estimation

x Weight of sample taken for estimation

Dye factor = 0.5/ Average burette reading for
standardization of dye solution

Chlorophyll content in fresh fruit (mg/100 g)

Total chlorophyll content was determined by the
homogenization of 3 g of the median part of fresh
fruits with 10 mg of magnesium sulphate and 30 mL of
80% (v/v) acetone. The resultant suspension was
filtered and measured in a 50 ml volumetric flask. Total
chlorophyll content was determined
spectrophotometrically at wavelengths of 645 and 663
nm according to the methodology of Arnon (1949).

Results and Discussion

The results of shelf life and quality attributes of
okra during storage are statistically analyzed, presented
and discussed in this chapter under the following
headings.

Average fruit weight (g)

The effect of storage and packing conditions i.e.,
open at room temperature, modified atmosphere
packaging (MAP) with nine treatments from the field
experiment (different levels of RDF + organic
modules) on average fruit weight (g) in okra are
presented in Table 1. There was a significant difference
among different levels of RDF + organic modules and
storage and packing conditions. Interaction effect has
found non-significant difference with respect to
average fruit weight.

Highest average fruit weight on 2" and 4™ day of
storage (14.89 g and 14.00 g respectively) was
recorded in LiM; (100 % RDF + organic module-1)
which is followed by LiM; (100 % RDF + organic
module-3) (14.26 g and 13.40 g on 2" and 4" day of
storage, respectively) whereas, lowest average fruit
weight on 2™ and 4™ day of storage (10.52 g and 9.73
g, respectively) was reported in L;M, (50% RDF +
organic module -2).

On 2™ and 4" day of storage maximum fruit
weight (13.22 g and 13.11 g, respectively) was
recorded in S, (modified atmosphere packaging),
minimum fruit weight (12.03 g and 1042 g,
respectively) was noticed in S; (open at room
temperature).

Interaction effect has no significant difference
between different levels of RDF + organic modules
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and storage and packing conditions on 2™ and 4™ day
of storage.

The mean values of average fruit weight recorded
on the 6™, 8" and 10™ day of storage are presented in
Table 1. A consistent decreasing trend in average fruit
weight was observed with the progression of storage
duration, indicating a gradual loss of moisture and
physiological quality over time. Among the treatments,
LM, (100% Recommended Dose of Fertilizers
integrated with Organic Module 1) recorded the
highest average fruit weight throughout the storage
period. This could be attributed to the enhanced
nutrient availability, which likely promoted vigorous
physiological activity and contributed to better
assimilate partitioning towards the developing fruits.
Additionally, the presence of growth-promoting
substances such as auxins and cytokinins in
panchagavya, a component of Organic Module 1, may
have stimulated cell division and elongation, thereby
increasing fruit weight. These reserves may also have
supported the synthesis of pectin compounds, which
help maintain cell wall integrity, reducing fruit weight
loss during storage (Bhattarai and Budathoki, 2005;
Arivazhagan et al., 2019).

Furthermore, among the storage and packaging
conditions, S, (Modified Atmosphere Packaging)
recorded the maximum average fruit weight during
storage. This could be due to the ability of the
packaging film to limit water vapor diffusion to the

external environment, thereby maintaining high
relative  humidity inside the package. This
microenvironment reduced both respiration and

transpiration rates, which are the major causes of
weight loss in stored produce. In contrast, fruits stored
under open conditions (S;) experienced greater weight
loss, primarily due to the larger gradient in water vapor
pressure between the fruit surface and the surrounding
atmosphere. This gradient led to excessive moisture
loss and depletion of internal reserves due to increased
metabolic  activities such as respiration and
transpiration (Singh et al., 2020).

Physiological loss in weight (%)

The data pertaining to physiological loss in weight
(PLW) (%) presented in the Table 2 revealed
significant difference among treatments on 2" and 4™
day of storage. PLW (%) values showing an increasing
trend from 2™ day to 10" day of storage.

On 2™ and 4™ day of storage lowest physiological
loss in weight (4.70% and 10.36%, respectively) was
recorded in LiM; (100 % RDF + organic module-1)
which is at par with LiM; (100 % RDF + organic
module-3) (4.87 % and 10.62 %, respectively), while,
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highest physiological loss in weight on 2™ and 4™ day
(6.25 % and 13.25 %, respectively) was noticed in
L;M, (50 % RDF + organic module -2).

Among storage and packing conditions lowest
physiological loss in weight on 2" and 4™ day of
storage (0.86 % and 1.64 %, respectively) was
observed with S, (modified atmosphere packaging)
while, highest physiological loss in weight on 2™ and
4™ day of storage (9.81 % and 21.92 %, respectively)
was noticed with S; (open at room temperature).

Interactions between different levels of RDF +
organic modules and storage and packing conditions
was found significant difference, L;M3S, (100% RDF
+ organic module-3 + modified atmosphere packaging)
recorded significantly least physiological loss in
weight on 2™ day of storage (0.59 %), which is at par
with LiM;S, (100% RDF + organic module-1 +
modified atmosphere packaging) (0.62 %) and L;M,S,-
100% RDF + organic module-2 + modified atmosphere
packaging (0.69%).

On 4™ day of storage L;M;S, (100 % RDF +
organic module-1 + modified atmosphere packaging)
noticed least physiological loss in weight (1.15 %)
which is at par with L;M;S, (100 % RDF + organic
module-3 + modified atmosphere packaging) (1.24 %)
and LiM,S, (100 % RDF + organic module-2+
modified atmosphere packaging). While, highest
physiological loss in weight on 2" and 4™ day (11.20
9% and 24.15 %, respectively) was observed with
L;M,S; (50% RDN + organic module-2 + open at room
temperature).

The mean values recorded with respect to
physiological loss in weight at 6™, 8" and 10" day
during storage are tabulated in Table 2. The increasing
trend of physiological loss in weight with advancement
of storage has been reported.

The high loss of fruit weight resulted from the
loss of water in to the atmosphere during the storage
period, because the water vapor pressure of the fruits
was higher than the water vapor pressure of the
surrounding, resulting in a water vapor deficit, water
vapor migrated from a higher pressure to a lower
pressure, causing the loss of product weight (Kader,
2002). The weight loss was due to uncontrolled water
loss and food reserve from tissues of okra due to
biochemical activities such as transpiration and
respiration (Santi et al., 1992).

Significantly least physiological loss in weight
(PLW) of okra fruits was observed in the treatment
L:M; (100% RDF + Organic Module 1), as presented
in Table 2. This reduction in weight loss can be
attributed to the application of 100% recommended

dose of fertilizers (RDF), along with farmyard manure
(FYM), Trichoderma viride @ 5 kg/ha enriched in
FYM, and the regular foliar spraying of 3%
panchagavya solution. These inputs likely enhanced
the plant's nutrient status, promoting efficient
photosynthesis and the accumulation of food reserves.
These reserves may have contributed to the synthesis
of pectin compounds, which play a crucial role in
maintaining cell wall integrity, thereby reducing
cellular breakdown and subsequent weight loss during
storage. Additionally, the micronutrients present in
Organic Module 1 may have further strengthened
cellular structures, contributing to reduced PLW
(Bhattarai and Budathoki, 2005; Arivazhagan et al.,
2019).

Among the storage and packing conditions, fruits
stored under Modified Atmosphere Packaging (MAP)
(S,) exhibited lower physiological loss in weight
compared to those stored in open room conditions (S;).
The controlled atmosphere created by MAP likely
slowed down the respiration and transpiration
processes by maintaining a high relative humidity
inside the package and limiting water vapor diffusion.
This protective environment helped in minimizing
moisture loss and preserving fruit quality, which aligns
with the findings of Singh et al. (2020). Similar results
have been previously reported by Negi and Roy
(2004), Reddy et al. (2013), and Indore et al. (2016),
particularly in okra and other vegetables.

A significant interaction effect was also recorded
between nutrient management practices and storage
methods. The combination L;M;S, (100% RDF +
Organic Module 1 + MAP) recorded the lowest PLW,
further emphasizing the synergistic impact of optimal
nutrient input and modified atmosphere storage. The
benefits observed may be due to a combination of
robust fruit cell structures, enriched by micronutrients
and pectin synthesis from L;M;, and the MAP-induced
reduction in transpiration and respiration rates due to
elevated humidity levels inside the packaging (Anurag
et al., 2016). Supporting evidence from other crops
includes the work of Vanndy et al. (2008), who
reported that MAP extended tomato shelf life by 6-9
days while reducing ripening and weight loss without
affecting quality. Similarly, Shankarprasad and
Shivanand (2018) noted that ivy gourd fruits stored in
non-perforated polyethylene and polypropylene MAP
exhibited better shelf life and moisture retention with
minimal physiological weight loss.

Shelf life (days)

The results presented in Table 3 clearly indicate
that both the levels of recommended dose of fertilizers
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(RDF) integrated with different organic modules and
the storage and packing conditions significantly
influenced the shelf life of okra fruits. Among the
storage conditions, Modified Atmosphere Packaging
(MAP) (S82) significantly outperformed open storage at
room temperature (S1), with an average shelf life of
7.55 days compared to 4.70 days under open
conditions. This suggests that MAP effectively
prolongs the shelf life of okra by slowing down
respiration and moisture loss, thereby reducing
deterioration.

With regard to fertilizer and organic module
combinations, the highest shelf life (10.38 days) was
recorded in the treatment L;M; (100% RDF combined
with Organic Module 1) under MAP. The same
treatment under open conditions resulted in a shelf life
of 5.32 days, reflecting nearly a two-fold increase
when stored under MAP. This highlights the strong
influence of both nutrient management and storage
conditions on postharvest performance. In contrast, the
lowest shelf life was observed in L;M, (50% RDF with
Organic Module 2), which recorded only 4.22 days
under open storage and 5.50 days under MAP. Overall,
a clear trend was observed wherein treatments with
higher fertilizer levels (L;) and more comprehensive
organic management (particularly Module 1) resulted
in longer shelf life, while reduced fertilizer levels (L,
and L;) combined with less effective organic inputs
resulted in poor postharvest longevity.

The interaction effect between nutrient
management and storage method was found to be
significant, indicating that the impact of storage
conditions varied depending on the fertilizer-organic
module combination. This interaction further
reinforces the importance of integrated nutrient
management in combination with proper postharvest
handling techniques to enhance the marketability and
storage potential of okra. Therefore, the combination of
100% RDF with Organic Module 1 and Modified
Atmosphere Packaging was found to be the most
effective in maintaining the postharvest quality and
extending the shelf life of okra fruits.

The maximum shelf life with treatment L;M;S,
(100% RDF + organic module-1 + modified
atmosphere packaging) (Table 3) might be due to
increased nutrient reserves might have resulted in
increased photosynthesis which will helps in synthesis
of enough food reserves and these food reserves might
help in synthesis of pectin compounds. The pectin
compounds are responsible for cell integrity and less
physiological loss in weight during storage and storing
these fruits in MAP (S;) has reduced chlorophyll
degradation, restricted respiration rate, reduced
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physiological loss in weight which cumulatively
resulted in increased shelf life of okra in the present
investigation (Bhattarai and Budathoki, 2005;
Arivazhagan et al., 2019).

Total Soluble solids (°Brix)

The data regard to total soluble solids (TSS)
presented in the Table 4showed significant difference
among different levels of RDF + organic modules and
storage and packaging and interaction between the
treatments showed non-significant difference.

On 2" and 4™ day of storage, highest TSS (7.31
and 7.43 °Brix respectively) was noticed in LM,
(100% RDF + organic module-1) which is at par with
L;M; (100% RDF + organic module-3) (7.22 and 7.40
“Brix respectively) while, lowest TSS was recorded
with L;M, (50 % RDF + organic module-2) (6.11 and
6.25 °Brix respectively).

Maximum TSS on 2™ and 4" day of storage (6.94
and 7.20 °Brix respectively) was recorded with S,
(open at room temperature) while, minimum TSS on
2" and 4™ day of storage (6.67 and 6.73 °Brix
respectively) was registered with S, (modified
atmosphere packaging).

Interaction effect has no significant difference
between different levels of RDF + organic modules
and storage and packing conditions with respect to TSS
on 2" and 4™ day of storage.

The mean values of Total Soluble Solids (TSS)
recorded on the 6", 8", and 10" day of storage are
presented in Table 4. TSS is an important indicator of
fruit quality, representing the concentration of sugars,
carbohydrates, proteins, fats, minerals, and organic
acids in the fruit. A higher TSS value indicates a
greater concentration of these soluble solids, which
directly influences the taste and ripeness of the produce
(Abiso et al., 2015). During storage, the highest TSS
values were recorded in fruits stored under open room
conditions (S;). This increase in TSS over time is
likely due to the degradation of pectin and the
hydrolysis of polysaccharides (mainly starch) into
simple sugars, a natural process during fruit ripening
(Munhuewyi, 2012).

Among the different nutrient management
treatments, the L;M; combination (100% RDF +
Organic Module 1) recorded the highest TSS
throughout the storage period. The application of
higher nitrogen levels under L; may have enhanced
biomass production and subsequently increased the
synthesis of photoassimilates, many of which
contribute to the soluble solids in the cell sap,
particularly sugars (Arivazhagan et al, 2019). This
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aligns with the understanding that TSS accumulation
during storage is primarily associated with ripening
and the conversion of carbohydrates into simpler,
soluble forms.

In contrast, fruits stored under Modified
Atmosphere Packaging (S,) recorded lower TSS values
compared to those stored in open conditions. This
reduction is likely due to the limited water loss from
fruits and the slowed respiratory metabolism resulting
from decreased oxygen and elevated carbon dioxide
levels inside the MAP environment (Singh et al,
2020). The restricted gaseous exchange in MAP slows
the ripening process, thereby retarding the conversion
of polysaccharides into sugars (Chitarra and Chitarra,
2005). Furthermore, the relatively higher TSS in S1
can also be attributed to greater moisture loss, which
concentrates the fruit pulp and increases the proportion
of soluble solids (Moretti and Pineli, 2005). These
findings are consistent with earlier studies reported by
Tigist et al. (2013) in tomato and Patel et al. (2016) in
okra, confirming that open storage conditions tend to
enhance TSS due to both ripening and water loss-
induced concentration effects.

Ascorbic acid (mg/100g)

There was a significant difference among different
levels of RDF + organic modules and storage and
packing conditions. Non-significant difference was
noticed for interactions between different levels of
RDF + organic modules and storage and packing
conditions with respect to ascorbic acid (mg/100g)
content at 2" day of storage while, significant
difference was noticed on 4™ day of storage. Ascorbic
acid (mg/100g) content showed decreasing trend with
the increase in storage period at room temperature up
to 10" day (Table 5).

Highest ascorbic acid content on 2™ and 4™ day of
storage (14.34 mg/100 g and 13.47 mg/100 g
respectively) was recorded in L;M; (100% RDF +
organic module -1) which at par with LiM; (100 %
RDF + organic module-3) (14.07 mg/100 g) and LM,
(100% RDF + organic module -2) (14.03 mg/100 g) on
2" day of storage, whereas, lowest ascorbic acid
content on 2™ and 4™ day of storage (10.74 and 9.49
mg/100 g respectively) was reported in L;M, (50%
RDF + organic module -2).

On 2™ and 4™ day of storage maximum ascorbic
acid content (13.05 mg/100g and 12.55 mg/100g
respectively) was recorded in S, (modified atmosphere
packaging), while, minimum ascorbic acid content
(12.02 mg/100g and 10.52 mg/100g respectively) was
noticed in S; (open at room temperature).

Interaction effect has no significant difference
between different levels of RDF + organic modules
and storage and packing conditions on 2™ with respect
to ascorbic acid content. Whereas, on 4™ day there was
significant difference observed among the interactions.
Highest ascorbic acid content i.e., 14.26 mg/100g was
recorded in L;M;S, (100% RDF +organic module -
1+modified atmosphere packaging) which is at par
with L;M;S, (100% RDF + organic module-3 +
modified atmosphere packaging) (13.99 mg/100g) and
LiM,S; (100% RDF + organic module-2 + modified
atmosphere packaging) (13.98 mg/100g), while lowest
ascorbic acid content (8.23 mg/100g) was noticed in
L;M,S; (50% RDF + organic module -2 + open at
room temperature).

The mean values recorded with respect to ascorbic
acid content at 6™, 8" and 10" day during storage were
tabulated in Table 5. The decreasing trend of ascorbic
acid content with advancement of storage has been
reported.

Ascorbic acid, being a form of carbohydrate, is
closely linked to the plant’s carbohydrate synthesis
pathways. Hence, any factor enhancing carbohydrate
production is likely to increase the ascorbic acid
content as well. In the present study, the maximum
ascorbic acid content was observed with the
application of L;M; (100% RDF + Organic Module 1).
This could be attributed to the synergistic effect of
inorganic fertilizers and organic inputs, which provided
a balanced supply of macro- and micronutrients,
thereby promoting photosynthetic efficiency and sugar
synthesis, ultimately leading to higher ascorbic acid
accumulation in okra fruits. Additionally, the presence
of potassium in higher amounts, as noted by Mohit et
al. (2019), may have contributed to slowing down the
enzymatic oxidation of ascorbic acid, thus aiding in its
retention. These results are in close agreement with the
findings of Anuja and Archana (2012) in bitter gourd,
and those of Murmu et al. (2012) and Rajyalaxmi et al.
(2015) in tomato, who also reported increased ascorbic
acid content from integrated use of organic and
inorganic nutrient sources.

Storage conditions had a notable effect on
ascorbic acid retention. Fruits stored under Modified
Atmosphere Packaging (MAP) (S,) retained higher
levels of ascorbic acid throughout the storage period.
This can be explained by the low oxygen and elevated
carbon dioxide environment created inside MAP,
which slows respiration and reduces oxidative
degradation of ascorbic acid (Singh et al., 2020).
Conversely, fruits stored in open conditions (S))
exhibited the lowest ascorbic acid content, which may
be due to the oxidation of L-ascorbic acid to
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dehydroascorbic acid under exposure to oxygen, light,
and enzymatic activity (Mahajan et al., 2016; Plaza et
al., 2006). According to Selmon (1994), the
degradation of ascorbic acid during storage is primarily
due to its water solubility, thermal degradation, and
enzymatic oxidation. A declining trend in ascorbic acid
content with increased storage duration was also
documented by Mota et al. (2010), Rani et al. (2015),
Indore et al. (2016), and Patel et al. (2016).

A significant interaction was observed between
nutrient management and storage method on the 4™ day
of storage, where LiM;S, (100% RDF + Organic
Module 1 + MAP) recorded the highest ascorbic acid
content. This could be due to the enhanced
accumulation of carbohydrates and secondary
metabolites from L;M; treatment enriched with FYM,
Trichoderma viride @ 5 kg/ha, and 3% panchagavya
sprays which contribute to ascorbic acid biosynthesis.
The MAP further helped preserve this ascorbic acid by
creating a high-humidity, low-respiration environment,
minimizing moisture loss and oxidative reactions. This
combination effectively slowed the ripening process,
thereby maintaining higher ascorbic acid content
during storage (Mahajan et al., 2016).

Chlorophyll (mg/100g) content

The effect of different levels of RDF + organic
modules and storage and packaging on chlorophyll
(mg/100 g) content of okra was presented in the Table
6 showed significant difference for among the
treatments. The chlorophyll content showed a
decreasing trend with increasing the storage period
(Table 6).

Highest chlorophyll content on 2™ and 4™ day of
storage (0.99 mg/100 g and 0.93 mg/100 g
respectively) was recorded in L;M; (100% RDF +
organic module -1) which is followed by L;M; (100 %
RDF + organic module -3) (0.95 mg/100 g and 0.90
mg/100 g, respectively) whereas, lowest chlorophyll
content on 2" and 4™ day of storage (0.53 mg/100g
and 0.47 mg/100g respectively) was reported in L;M,
(50% RDF + organic module -2).

On 2" and 4" day maximum chlorophyll content
(0.78 mg/100g and 0.76 mg/100g respectively) was
recorded in S, (modified atmosphere packaging),
minimum chlorophyll content (0.70 mg/100g and 0.61
mg/100g respectively) was noticed in S; (open at room
temperature).

Interaction effect has found significant difference
between different levels of RDF + organic modules
and storage and packing conditions on 2" and 4" day
of storage with respect to chlorophyll content. On 2™
day maximum chlorophyll content (1.05 mg/100 g)
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was noticed in L;M;S,; (100 % RDF + organic module-
1+ modified atmosphere packaging) which is followed
by LiM,S, (100% RDF + organic module-2+ modified
atmosphere packaging) (1.00 mg/100 g) and L,;M;S,
(100 % RDF + organic module-3+ modified
atmosphere packaging) (1.00 mg/100g).

On 4™ day maximum chlorophyll content (1.00
mg/100g) was noticed in L;M;S, (100% RDF +
organic module-1+ modified atmosphere packaging)
which is at par with L;M3S, (100 % RDF + organic
module-2 + modified atmosphere packaging)
(0.98mg/100 g) and L;M,S, (100% RDF + organic
module-2+ modified atmosphere packaging) (0.97
mg/100 g). While, minimum chlorophyll content on
2" and 4™ day (0.50 mg/100g and 0.41 mg/100g
respectively) was observed with L;M,S; (50% RDF +
organic module-2 +open at room temperature).

The mean values recorded with respect to
chlorophyll content at 6", 8" and 10" day during
storage tabulated in Table 6. The decreasing trend of
chlorophyll content with advancement of storage has
been reported.

The treatment L;M; (100% RDF + Organic
Module-1) recorded the highest chlorophyll content in
okra fruits, which can be attributed to the enhanced
mineralization and mobilization of essential nutrients
such as Fe, N, P, and S. The improved availability and
uptake of these nutrients facilitated greater chlorophyll
synthesis. This increase in chlorophyll content is likely
associated with an elevated photosynthetic rate in
plants, as reported by Karanatsidis and Berova (2009).
The enhanced photosynthesis likely contributed to the
production of pectin-like substances and increased
vitamin C, both of which play a role in antioxidant
activity and maintaining cell integrity. These factors
cumulatively improved fruit quality by reducing
chlorophyll degradation during storage.

The preservation of fruit color is critical
throughout production, storage, and marketing, as it
influences consumer acceptance. Fruits stored under
Modified Atmosphere Packaging (MAP, S,) retained
significantly higher chlorophyll content compared to
those stored openly at room temperature (S;), which
exhibited greater chlorophyll loss and noticeable color
deterioration. The low oxygen and high carbon dioxide
environment within MAP effectively slows chlorophyll
degradation and delays yellowing, a key indicator of
senescence in non-climacteric vegetables such as okra
(Mota et al., 2010). The accelerated loss of chlorophyll
in open storage conditions can be explained by
increased activity of chlorophyllase enzyme, exposure
to elevated temperatures, and low humidity, as noted
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by Gong and Mattheis (2003). Similar trends of
declining chlorophyll with prolonged storage have
been reported in shredded cabbage (Rai et al., 2009),
okra (Indore et al., 2016), and capsicum (Singh et al.,
2020).

Significant interaction effects were observed
between fertilizer-organic module treatments and
storage conditions on chlorophyll content. The
combination L;M,;S, (100% RDF + Organic Module-1
+ MAP) showed the maximum retention of chlorophyll
during storage. This can be explained by the timely
availability of nutrients due to active mineralization
and mobilization under LM, treatment, supporting
robust chlorophyll synthesis in the fruits. Furthermore,
storage under MAP conditions restricted respiration,
promoted the synthesis of antioxidant compounds, and
exposed the fruits to a low O, and high CO,
atmosphere, all of which collectively reduced
chlorophyll degradation (Krishnamoorthy et al., 2019;
Rani et al., 2015).

Conclusion

The study clearly demonstrated that postharvest
quality and shelf life of okra can be substantially
improved through a synergistic approach combining

100% Recommended Dose of Fertilizers (RDF) with
Organic Module-1 and Modified Atmosphere
Packaging (MAP). This integrated approach not only
reduced physiological loss in weight but also enhanced
retention of critical quality attributes like average fruit
weight, chlorophyll, ascorbic acid, and total soluble
solids during storage. Among the treatments, L;M;S,
(100% RDF + Organic Module-1 + MAP) proved
most effective, significantly extending the shelf life up
to 10.38 days compared to 4.22 days under minimal
inputs and open storage. The application of balanced
nutrients ensured vigorous plant growth and higher
nutrient reserves in fruits, while MAP minimized
moisture and nutrient loss by creating a high-humidity,
low-oxygen environment. This strategy can be a
promising solution for farmers and supply chain
managers aiming to reduce postharvest losses, enhance
produce quality, and ensure economic returns. The
outcomes align with global sustainability goals by
promoting efficient resource use, reducing food waste,
and supporting food and nutritional security.
Therefore, adoption of integrated crop management
with MAP is highly recommended for improving
postharvest handling of okra and similar perishable
horticultural crops.

Table 1: Effect of different levels of RDF integrated with organic modules and different storage, packing

conditions on average fruit weight (g) of okra

Treatments 2" day 4™ day 6™ day 8™ day 10" day
Sl Sz Mean Sl Mean Sl Sz Sl Sz Sl Sz
LM, 14.25 15.53 14.89 12.56 15.44 14.00 * 15.22 * 14.84 * 14.33
LM, 13.29 14.58 13.94 11.55 14.47 13.01 * 14.25 * 13.87 * *
L,M; 13.61 14.90 14.26 11.99 14.80 13.40 * 14.57 * 14.22 * 13.75
LM, 12.37 13.63 13.00 10.69 13.52 12.10 * 13.32 * 12.99 * *
L,M, 11.31 12.47 11.89 9.86 12.35 11.10 * 12.21 * 11.90 * *
L,M; 12.07 13.19 12.63 10.40 13.10 11.75 * 12.89 * 12.53 * *
L;M, 10.83 11.97 11.40 9.22 11.87 10.54 * 11.66 * 11.30 * *
L;M, 9.96 11.07 10.52 8.51 10.95 9.73 * 10.79 * * * *
L;M; 10.54 11.60 11.07 9.04 11.51 10.27 * 11.31 * * * *
Mean 12.03 13.22 10.42 13.11 * 1291 * 10.18 * *
A S AXS A AXS -- -- -- -- -- --
SE (m) 0.14 0.07 0.19 0.14 0.07 0.20 -- -- -- -- -- --
C.D. (5%) 0.40 0.19 NS 0.41 0.19 NS -- -- -- -- -- --
#: Okra pods unavailable for observation as all are spoiled/rejected
Factor: 1 Factor: 2
L;: 100% RDF M;: Organic Module-1 Si: Open at room temperature
L,: 75% RDF M,: Organic Module- 2 S,: Modified Atmosphere Packaging (MAP)
L;: 50% RDF Mj;: Organic Module- 3

A: Different levels of fertilizers and organic modules

S: Storage and packing conditions
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Table 2: Effect of different levels of RDF integrated with organic modules and different storage, packing
conditions on physiological loss in weight (%) of okra

Treatments 2" day 4™ day 6™ day 8™ day 10" day
Sl Sz Mean Sl Sz Mean Sl Sz Sl Sz Sl SZ

LM, 8.78 0.62 4.70 19.57 1.15 10.36 * 2.56 * 5.00 * 8.24
LM, 9.44 0.69 5.06 21.30 1.41 11.35 * 2.91 * 5.52 * *

L,M; 9.15 0.59 4.87 20.00 1.24 10.62 * 2.79 * 5.14 * 8.26
L,M, 9.84 0.71 5.28 22.14 1.49 11.81 * 2.95 * 5.34 * *
L,M, 10.14 0.93 5.54 21.64 1.89 11.76 * 2.98 * 5.47 * *
L,M; 9.38 0.97 5.18 21.94 1.67 11.80 * 3.24 * 5.94 * *
LM, 10.25 0.81 5.53 23.64 1.68 12.66 * 3.39 * 6.41 * *
L;M, 11.20 1.31 6.25 24.15 2.34 13.25 * 3.84 * * * *
L;M; 10.15 1.12 5.63 22.94 1.92 12.43 * 3.56 * * * *
Mean 9.81 0.86 21.92 1.64 * 3.14 * 4.31 * *
A S AXS A S AXS - -- - - -- -
SE (m) 0.09 0.04 0.13 0.20 0.10 0.29 - -- - -- -- -
C.D. (5%) 0.26 0.12 0.36 0.58 0.27 0.82 - -- - -- -- -

“*#”: Okra pods unavailable for observation as all are spoiled/rejected

Factor: 1

L;: 100% RDF
L,: 75% RDF
L;: 50% RDF

M;: Organic Module-1
M,: Organic Module- 2
M;: Organic Module- 3

A: Different levels of fertilizers and organic modules

Factor: 2

Si: Open at room temperature

S,: Modified Atmosphere Packaging (MAP)

S: Storage and packing conditions

Table 3: Effect of different levels of RDF integrated with organic modules and different storage, packing
conditions on shelf life (days) of okra

Treatments S S, Mean
LM, 5.32 10.38 7.85
LM, 4.95 8.35 6.65
LM, 5.00 8.85 6.93
L,M; 4.86 7.91 6.39
L,M, 4.55 7.24 5.90
L,M, 4.70 7.58 6.14
LM, 4.40 6.21 5.31
L;M, 4.22 5.50 4.86
L;M; 4.28 5.92 5.10
Mean 4.70 7.55
A S AXS
SE (m) 0.07 0.03 0.09
C.D. (5%) 0.19 0.09 0.27
“*#: Okra pods unavailable for observation as all are spoiled/rejected
Factor: 1 Factor: 2
L;: 100% RDF M;: Organic Module-1 Si: Open at room temperature
L,: 75% RDF M,: Organic Module- 2 S,: Modified Atmosphere Packaging (MAP)
L;: 50% RDF M;: Organic Module- 3

A: Different levels of fertilizers and organic modules

S: Storage and packing conditions

Table 4: Effect of different levels of RDF integrated with organic modules and different storage, packing
conditions on TSS (°Brix) of okra

Treatments 2" day 4™ day 6" day 8™ day 10" day

Sl Sz Mean Sl Sz Mean Sl SZ Sl SZ Sl Sz

LM, 741 7.21 7.31 7.63 7.22 7.43 * 7.29 * 7.33 *

LM, 7.29 7.02 7.16 7.51 7.12 7.32 * 7.16 * 7.23 *

LM; 7.34 7.09 7.22 7.65 7.15 7.40 * 7.19 * 7.21 *

L,M, 7.22 6.98 7.10 7.48 7.08 7.28 * 7.14 * 7.18 * *

L,M, 6.74 6.48 6.61 6.91 6.52 6.71 * 6.58 * 6.63 * *

L,M; 7.04 6.78 6.91 7.56 6.84 7.20 * 6.91 * 6.94 * *

L;M,; 6.62 6.33 6.47 6.74 6.38 6.56 * 6.41 * 6.43 * *

L;M, 6.29 5.92 6.11 6.51 5.98 6.25 * 6.10 * 0.00 * *
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L;M; 6.51 6.21 6.36 6.78 6.28 6.53 6.31 0.00
Mean 6.94 6.67 7.20 6.73 6.79 5.44
A S AXS A S AXS -- -- -- -- -- --
SE (m) 0.08 0.04 0.12 0.05 0.03 0.08 -- -- -- -- -- --
C.D. (5%) 0.23 0.11 NS 0.16 0.07 NS -- -- -- -- -- --
“*#”: Okra pods unavailable for observation as all are spoiled/rejected
Factor: 1 Factor: 2
L;: 100% RDF M;: Organic Module-1 Si: Open at room temperature
L,: 75% RDF M,: Organic Module- 2 S,: Modified Atmosphere Packaging (MAP)
L;: 50% RDF M;: Organic Module- 3

A: Different levels of fertilizers and organic modules S: Storage and packing conditions

Table 5: Effect of different levels of RDF integrated with organic modules and different

conditions on ascorbic acid (mg/100g) of okra

storage, packing

Treatments 2™ day 4™ day 6" day 8™ day 10" day
S, S, Mean S, S, Mean S, S, S, S, S, S,
LM 13.96 14.72 14.34 12.68 14.26 13.47 * 13.98 * 13.78 * 13.12
LM, 13.62 14.45 14.03 12.20 13.98 13.09 * 13.42 * 12.84 * *
L,M; 13.84 14.29 14.07 12.31 13.99 13.15 * 13.42 * 12.95 * 12.41
L,M,; 12.36 13.72 13.04 11.97 13.28 12.63 * 12.51 * 12.14 * *
L,M, 11.26 12.29 11.77 9.86 11.71 10.78 * 11.26 * 10.54 * *
L,M; 11.39 12.98 12.19 10.31 12.37 11.34 * 11.62 * 11.31 * *
L:M,; 10.82 11.92 11.37 8.37 11.30 9.84 * 10.89 * 10.28 * *
L;M, 10.25 11.24 10.74 8.23 10.75 9.49 * 10.14 * 0.00 * *
L;M; 10.72 11.81 11.27 8.75 11.29 10.02 * 10.81 * 0.00 * *
Mean 12.02 13.05 10.52 12.55 * 12.01 * 9.32 * *
A S AXS A S AXS -- -- -- -- -- --
SE (m) 0.12 0.06 0.17 0.10 0.05 0.14 -- -- -- -- -- --
C.D. (5%) 0.34 0.16 NS 0.28 0.13 0.40 -- -- -- -- -- --
“*#”: Okra pods unavailable for observation as all are spoiled/rejected
Factor: 1 Factor: 2
L;: 100% RDF M;: Organic Module-1 Si: Open at room temperature
L,: 75% RDF M,: Organic Module- 2 S,: Modified Atmosphere Packaging (MAP)
L;: 50% RDF Mj;: Organic Module- 3

A: Different levels of fertilizers and organic modules S: Storage and packing conditions

Table 6: Effect of different levels of RDF integrated with organic modules and different storage, packing

conditions on chlorophyll (mg/100g) content of okra

2" day 4™ day 6™ day 8™ day 10" day
Treatments S1 Sz Mean S1 Sz Mean S1 S2 S1 Sz Sl Sz
LM, 0.93 1.05 0.99 0.86 1.00 0.93 * 0.96 * 0.93 * 0.90
LM, 0.86 1.00 0.93 0.76 0.97 0.87 * 0.92 * 0.90 * *
L;M; 0.90 1.00 0.95 0.81 0.98 0.90 * 0.95 * 0.93 * 0.87
L,M, 0.78 0.84 0.81 0.67 0.81 0.74 * 0.78 * 0.75 * *
L,M, 0.62 0.67 0.65 0.55 0.66 0.60 * 0.63 * 0.61 * *
L,M; 0.70 0.75 0.73 0.61 0.72 0.67 * 0.68 * 0.64 * *
LM, 0.54 0.61 0.58 0.43 0.58 0.51 * 0.55 * 0.52 * *
L;M, 0.50 0.55 0.53 0.41 0.53 0.47 * 0.50 * * * *
LM, 0.51 0.57 0.54 0.43 0.55 0.49 * 0.52 * * * *
Mean 0.70 0.78 0.61 0.76 * 0.72 * 0.59 * *
A S AXS A S AXS -- -- -- -- -- --
SE (m) 0.007 0.004 0.011 0.008 0.004 0.011 -- -- -- -- -- --
C.D. (5%) 0.021 0.010 0.030 0.022 0.010 0.031 -- -- -- -- -- --
*’: Okra pods unavailable for observation as all are spoiled/rejected
Factor: 1 Factor: 2
L;: 100% RDF M;: Organic Module-1 Si: Open at room temperature
L,: 75% RDF M,: Organic Module- 2 S,: Modified Atmosphere Packaging (MAP)
L;: 50% RDF M;: Organic Module- 3

A: Different levels of fertilizers and organic modules S: Storage and packing conditions
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