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Abstract

Seed deterioration is a serious problem where seeds are usually
stored without adequate humidity and temperature control. In the
present study storage potential of four different types of cultivated
rice varieties viz Mahsuri (HYV), Bokul Bora (Local glutinous rice),
Kola Joha (Local aromatic rice) and Ronga Sali (Local pigmented
rice) has been evaluated under ambient storage condition based
on different physiological and biochemical parameters. Effect of
packaging material on the storability of the rice seeds was evaluated
using three different types of packaging materials viz. Cloth bag,
HDPE interwoven bag and HDPE bag (600gauges). The highest
seed viability was maintained by seeds stored in HDPE Interwoven
bag (100%) by Ronga Sali followed by Bakul Bora (98.22%), Mahshuri
(96.55%) and Kon Joha (97.89%) and followed by HDPE bag. Among
the tested varieties Kola Joha- an aromatic variety is found to be most
sensitive and prone to deterioration. The estimated biochemical
parameters indicate gradual changes in all the tested varieties
with increase in storage period. Seeds stored in HDPE Interwoven
bags had the highest mean a-amylase activity (0.390pg) followed by
the seeds stored in HDPE bags (0.362pg) and Cloth bags (0.352pg).
Bokul Bora exhibited highest alpha amylase activity after storage of
ten months and lowest was observed in Kola Joha indicating higher
storage potential of the glutinous variety which is also assayed in the
germination percentage and other vigour parameters. Variation in
MDA content in tested rice varieties throughout the storage period
indicates possibility of genetic factors associated with storability of
different types of rice cultivars.

Keywords: packaging material, rice, seed deterioration, storage,
viability.

1. Introduction

Seed is the basic input of agricultural production system
and a living entity which ages with time. After physiological
maturity and over storage time, seed quality deteriorates
due to different internal and external factors; therefore
assessment of seed deterioration is required to predict the
storage behaviour of any crop. Determination of deteriorative
changes is essential to minimize the rate of deterioration,

and its finale impact on seed production. In general the
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rate of deterioration is influenced by seed moisture, storage
temperature, but genetic makeup of the seed is another
important factor (Lee ez al., 2019). It is also have dependency
on pre and post harvest operation and environmental
condition (Walters et al., 2010). However temperature,
seed moisture content and relative humidity of the storage
environment are major determinants of seed aging (Ellis ez al,
1992, Rao et al., 2017). The aged seeds are reported to have
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lower germination and field emergence, with low vigour,
hence susceptible to field stress conditions (Copeland and
McDonald, 2001; Powell, 2012). Moreover, the seed reserve
mobilization decreases with aging duration (Mohammadi ¢
al., 2011).Genetic effect of seed aging has been reported in
many studies. QTLs for seed longevity have been identified
after natural aging in many crop species (Bentsink et al., 2000,
Schwember and Bradford, 2010; Sasaki et al., 2005, Rao et
al., 2017). While studies showed that proteins and enzymes
are one of the major biomarker for seed longevity testing,
several other studies have reported free radical-mediated
lipid peroxidation, protein degradation, decrease in the
activities of anti-oxidative enzymes, loosening of cellular
membranes, and also damage to DNA integrity as major
causes of seed deterioration (McDonald, 1999; Bailly, 2004;
Zhang et al., 2021). Final consequences and extent of lipid
peroxidation can be estimated through aldehydes including
malondialdehyde (MDA) hence determination of MDA
content is the conventional method for determination of lipid
peroxidation (Sung and Jeng, 1994). Many studies confirmed
the connection between MDA content in seed and storage
period (Tian et al,, 2008). During cereal seed germination,
Alpha amylase in the aleurone layer plays an important role
in hydrolyzing the endosperm starch into sugars, which is
utilized for the growth of roots and shoots (Akazawa and
Hara-Mishimura, 1985), hence it may be an indicator in

determining deteriorative state.

Seed deterioration is a serious problem in countries where
seeds are usually stored without adequate humidity and
temperature control. It is also directly related to crop
security and thereby food security of a country. Rice is
primarily grown in tropical and sub-tropical climates
where humidity is high due to high rainfall along with
higher temperature. However, these climatic conditions
are not favorable for storage of rice hence lead to rapid
seed deterioration (Emam, 2007). Genetic variability for
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Fig. 1. Metrological observations during storage period
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most of characters were reported in different types of rice
by many other scientists (Thakur and Pandey 2020; Kaur
et al., 2020) In the present study analysis of deteriorative
pattern was investigated in regards to physiological and
biochemical parameters and the functional indicators
of deteriorative changes has been estimated using four

different types of cultivated rice varieties.
2. Materials and Methods
2.1 Experimental materials

Rice varieties were selected from four different groups of rice
viz. Mahsuri, Bokul Bora, Kola Joha, and Ronga Sali. Mashuriis
afine grained notified high yielding variety, characterized by
brown husk colour, grain length and shape is long, medium
and narrow and de-husked rice colour is white. Bokul Bora
is a local glutinous rice variety characterized by brownish
yellow husk and long and large grain type. Dehusked grain
colour is yellowish, when cooked becomes sticky. Kola Joha
is a popular aromatic local variety with husk colour black,
grain type is short and round and length is medium. Coloured
rice variety Ronga saliis with red husk colour, grain length is
ranges from long to medium, and de-husked rice colour is
red. Seeds of these varieties were collected just after Kharif

harvest in the year 2018.
2.2 Storage condition and packaging materials

Seeds were cleaned and sundried properly to bring
the moisture content to12% (Indian Minimum Seed
Certification standard). Three different packaging
materials were chosen based on available reports to
conduct the storage study vizcloth bag, HDPE interwoven
bags and HDPE (thickness 600 gauge) and five kg seeds
of each variety were packed replicating thrice. Bags
were stacked stored in ambient storage condition for ten
Months. Meteorological data was recorded for the period
and presented in the Fig. 1.
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2.3 Observation procedure

Seed quality parameters were evaluated at bimonthly
intervals. Samples were drawn from each bag with

minimum disturbance to the whole seeds stored.

2.4 Seed viability testing

Tetrazolium test was done following procedure given
by Copeland and McDonald (2001). Germination
percentage was calculated following (ISTA, 1999) with
four replications of 100 seeds taken in each Petri- plates

in seed germinator at 25°C temperature.

2.5 Physiological quality testing

Seedling vigour index was calculated with method given
by Copeland and McDonald (1985). On 14" day of
germination test, the root and shoot length of the normal

seedlings were measured and calculated the seedling

vigour index as follows.

SVI= Germination % x Total average length of 10 normal

seedlings (cm).

Seedling dry weight was also calculated from the same
sample over 10 seedlings / replication. Seed moisture
content was tested by oven dry method following ISTA
(1999) procedure. In electrical conductivity test using,
three replications of 25 uninjured seeds of each treatment
were placed in a 100 ml beaker and 75 ml of de-ionized
water was added and placed at the constant temperature
of 25°C for 24 hours in an incubator (Gupta, 1993). The
electrical conductivity of each replication was measured
by using a digital conductivity meter (Model Conductivity-
TDS Meter 308, Company Systronics, and India) and

expressed in milliohms cm'gm™.
2.6 Biochemical quality testing

Soluble protein content was estimated following Lowry
et al. 1951, total free amino acid content was estimated
following procedure given by Moore and Stein, 1948.
To study the enzymatic activity, procedure described by
Khan and Faust (1967) was followed to estimate a-amylase
enzyme activity. Lipid peroxidation was determined as the
concentration of thiobarbituric acid (TBA), equated with
malonaldeyde (MDA). MDA content was determined by
the TBA reaction (Hendry et al., 1993).
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2.7 Statistical analysis

The data recorded for each parameter were subjected
to analysis of variance (ANOVA), following the method
suggested by Gomez and Gomez (1984). The significance
and non-significance of the given variance were determined
by calculating the respective values of F and by comparing
the calculated F values with corresponding tabulated F
value of 5 % level of probability and significantly different
treatment means were compared by the method of Least
Significance Difference (LSD).

3. Results and Discussion
3.1 Storage effect on indicators of seed viability

In the present study, the results of tetrazolium test and
germinations were taken as indicator of seed viability.
The results of terazolium test indicates that the seed
viability declined at minimum rate during entire storage
duration for all varieties and in all the tested packaging
materials (Table 1). Seed viability declined more rapidly
in cloth bags and HDPE bags as compared to HDPE
interwoven bag as the storage duration advanced. The
highest seed viability was maintained by seeds stored in
HDPE Interwoven bag (100 %) by Ronga Sali followed
by Bakul Bora (98.22 %), Mahshuri (96.55 %) and Kon
Joha (97.89 %) and followed by HDPE bag. Significant
effect of seed storage duration and packaging materials
was also observed on germination of the tested varieties
(Table 2). However, the seed germination percentage
was at certification level irrespective of varieties until
fourth months of storage (>80 %). Highest viability in
Ronga Sali indicates probable role of anthocyanin, an
antioxidant might have a role in keeping viability by
minimising affects of Reactive oxygen Species (ROS).
Role of antioxidant on seed viability has been reported
in earlier studies (Govindaraj et al., 2017). Two moisture
semi-pervious packaging materials were found to more
suitable than the cloth bag. However performance of
HDPE interwoven bag is superior over other two.
Variation for seed viability in different types of indica
rice varieties has been reported various studies (Lee et
al., 2019; Bakhtavar and Afzal, 2020).
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Table 1.  Effect of storage duration, variety and packaging materials on seed viability (%)(Tetrazolium
test) of rice varieties
Storage Mabhsuri Bokul Bora Kola Joha Ronga Sali
D“,‘r“?“m;/ Cloth HDPE HDPE Cloth HDPE HDPE Cloth HDPE HDPE Cloth HDPE HDPE
Pa:]z;eg?ng Bag Interwoven Bag Bag Interwoven Bag Bag Interwoven Bag Bag Interwoven Bag
Material Bag Bag Bag Bag
March 100.00 100.00 100.00 100 100.00 100.00 100.00 100.00 100 100 100 100
(Initial)
May 97.33 98.00 97.33 100 95.33 98 96.67 98.00 98.00 98.67 100 97.33
July 96.00 94.00 92.67  98.00 96.67 94.67 97.33 98.67 95.33  96.67 100 94.00
September  90.00 91.33 90.00  94.00 99.33 91.33  90.00 96.00 90.67 86.67 100 93.33
November 88.00 100.00 86 87.33 98.00 86.67 86.67 96.67 90.00 84.00 100 87.33
January 80.67 96.00 80.67  80.00 100 80.67 81.33 98.00 84.00 80.67 100 80.67
Mean 92.00 96.55 91.11  93.22 98.22 91.89  92.00 97.89 93.00 91.11 100 92.11
CD,,0.281 (Variety)
CD, ,,0.488 (Interaction Variety X Packaging Material)

(
CD,,,0.689 (Interaction Variety X Storage Duration )
CD,,;0.597 (Interaction Storage Duration X Packaging Material)

Table 2. Storage Performance of rice varieties based on germination percentage (%) in ambient condition

Storage Mahsuri Bokul Bora Kola Joha Ronga Sali
Duration/
Variety/  Cloth . BPPE  gppE cloth . HPPE  gppE cloth . HPPE  pppE clom . FPPE  gppE
Packaging Bag Inte]l;woven Bag Bag Interwoven Bag Bag Interwoven Bag Bag Interwoven Bag
Material ag Bag Bag Bag
March (Initial)  90.67 90.67 90.67 8733 87.33 87.33 86.33 86.33 86.33 88.33 88.33 88.33
May 86.33 88.00 87.00 85.67 87.00 86.00 84.00 85.00 84.33 84.00 88.00 85.67
July 84.00 86.33 85.33 82.00 87.00 84.00 81.00 86.00 82.00 81.00 88.00 83.00
September 82.00 86.00 83.00 79.00 86.00 80.00 78.33 85.00 80.33 78.00 87.00 80.00
November 76.00 86.00 79.33 7767 87.00 78.00 73.00 85.00 74.67  75.00 87.00 77.67
January 64.00 84.00 70.00 62.00 86.00 74.00 61.67 83.00 71.00  70.00 87.00 75.33
Mean 80.5 86.83 82.56 78.95 86.72 81.56 77.39 85.06 79.78 79.39 87.55 81.67

CD,,,0.296 (Variety)

CD,,;0.513 (Interaction Variety X Packaging Material)
CD,,;0.725 (Interaction Variety X Storage Duration)
CD,,;0.628 (Interaction Storage Duration X Packaging Material)

3.2 Storage effect on Physiological Indicators

Seed storage duration and packaging materials had
significant effect on moisture content of the observed
varieties (Fig 2). The moisture percentage of the varieties
increased with increasing seed storage duration (up-to
July) during initial periods and then declined during later
period (from September onwards). Highest mean moisture
percentage observed in the month of July (13.17-13.95 %)
in cloth bag followed by HDPE bags and then moisture
percentage was declined gradually indicating role of
atmospheric humidity and temperature on seed moisture
content (Fig 2). Equilibrium moisture content (EMS) of
seed is directly related to seed micro environment. HDPE
inter woven bags allows migration of seed moisture and

its minimum entry into bags enables the seed to maintain

moisture content. Thus proves to be a betters packaging
material in relation to maintenance of better seed quality
characters. Seeds sensitivity to high temperatures is
strongly dependent on their water content, loss of viability
being higher with increasing moisture percentage (Kibinza
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Fig. 2. Interactive effect of storage duration and packaging
materials on seed moisture content (%) in rice varieties
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et al., 2006, Bradford et al 2016). Thus, moisture plays a

vital role in seed quality.

While estimating seed vigour indicators, seedling dry
weight of all the varieties declined as the seed storage
duration increases (Fig 3). The rate of decline was found
slower and gradual till six months of storage, later which
became sharp with longer storage duration. Variation for
seedling dry weight was statistically significant among the
all varieties with respect to packaging materials. Similar
reports are available in several studies (Finch-Savage and

Bassel, 2016).
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Fig. 3. Interactive effect of variety and storage duration on
seedling dry weight (g) in rice varieties

The electrical conductivity of the varieties indicated an
increasing trend as the seed storage duration increases (Fig
4). The lowest mean electrical conductivity was observed
in the variety Mahsuri (0.096 mmho/ cm/ gm) followed by
varieties such as Bokul Bora (0.124mmho/cm/gm), Ronga
Sali (0.128 mmho/cm/gm) and Kola Joha (0.177mmho/cm/
gm). The Mahsuri is a high yielding variety therefore it
might have genetic advantage of higher integrity of seed
coat membrane and lesser EC value. Other studies also
reported that electric conductivity in dehulled seeds was
effective to identify vigour differences of genotypes in

storage conditions (Szemruch 2016).

Mahsmi —=8= Bl Do Bucki Jodia =8 Bootgza Sali

F
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Fig. 4. Interactive effect of variety and storage duration on
electrical conductivity (mmho/cm) in rice varieties

3.3 Storage effects on biochemical indicators

The soluble protein content of the varieties decreased with
increasing seed storage duration. The rate of decrease was
slow and gradual till the last month of storage (January)
(Table 3). Highest soluble protein content was recorded in the
variety Mahsuri (13.21 %) followed by Ronga Sali (10.33 %),
Bokul Bora (8.71 %) and Kola Joha (6.89 %). Variation for
soluble protein content was statistically significant for all
the storage duration with respect to variety. However, the
rate of increase of total free amino acid was very slow and
gradual till the last month of storage (Table 4). The total free
amino acid content was recorded higher in the variety Bokul
Bora (1.012 %) followed by Ronga Sali (0.616 %), Kola joha
(0.595 %) and Mahsuri (0.574 %). There are similar reports
on biochemical changes associated with seed ageing (Rajjou
et al.,2012) Many studies confirmed the connection between
increased MDA content in seed and prolonged storage
period, as well as the application of artificial seed aging
(Tian et al., 2008). Highest MDA content in Bokul bora seed
compared to other three tested varieties, on 10® month of
the storage period (Fig 5), lowest was observed in Ronga Sali.
The variation in biochemical indicators indicates possibility
of genetic factors associated with storability of different group
ofrice. The present study also conforms to the earlier reports
on this direction (Wang et al., 2018).

Table 3.  Effect of storage duration, variety and packaging materials on soluble protein content (%) of
rice varieties
Storage Mahsuri Bokul Bora Kola Joha Ronga Sali
Duration/
Variety/  Cloth . BPPE yppp clom - HPPE yppp clom . HPPE  gppp clom  HPPE  pgppg
Packaging Bag Interwoven Bag Bag Interwoven Bag Bag Interwoven Bag  Bag Interwoven Bag
Material Bag Bag Bag Bag
March 13.21 13.21 13.21  8.71 8.71 8.71 6.89 6.89 6.89  10.33 10.33 10.33
(Initial Data)
May 13.32 13.32 13.21  8.70 8.67 8.71 6.84 6.87 6.84 10.33 10.33 10.34
July 13.17 13.19 13.12 854 8.69 8.68  6.81 6.84 6.79 10.13 10.23 10.19
September  12.84 13.23 12.69 8.14 8.67 8.14 6.63 6.83 6.53 9.47 10.33 9.50
32
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November 11.84 13.23 12.14 727 8.67 7.57 6.14 6.81 6.18 9.26 10.33 9.39
January 10.33 13.14 11.32  6.87 8.65 7.17 5.18 6.61 5.33 8.34 10.23 9.05
Mean. 12.45 13.22 12.62  8.04 8.68 8.16  6.42 6.81 6.43 9.64 10.30 9.80
CD,,0.018 (Variety)
CD,,,0.031 (Interaction Variety X Packaging Material)
CD,,;0.043 (Interaction Variety X Storage Duration)

CD0:0;0.038 Interaction Storage Duration X Packaging Material)
Table 4:  Effect of storage duration, variety and packaging materials on total free amino acid content (%)
of rice varieties
Storage Mahsuri .
Duration/ Bokul Bora Kola Joha Ronga Sali
Variety/ oo . HDPE  ynpe cloth . HPPE  yppe cloth . HPPE  pppg cloth . HPPE  yppg
Packaging B Interwoven B B Interwoven B B Interwoven B B Interwoven B
Material a, Bag ag ag Bag ag ag Bag ag ag Bag ag
March 0.574 0.574 0.574 1.012 1.012 1.012  0.595 0.595 0.595 0.616 0.616 0.616
(Initial Data)
May 0.593 0.563 0.580 1.013 1.02 1.04  0.625 0.630 0.620 0.614 0.607 0.630
July 0.630 0.583 0.607 1.077 1.023 1.143  0.693 0.583 0.680 0.621 0.630 0.623
Sept. 0.680 0.587 0.630 1.23 1.02 1.037 0.730 0.593 0.717  0.730 0.623 0.687
Nov. 0.713 0.613 0.670 1.353 1.047 1.143  0.793 0.627 0.767  0.747 0.620 0.733
January 0.840 0.637 0.770 1907 1.063 142  0.963 0.663 0.837 0.873 0.643 0.770
Mean 0.672 0.593 0.639 1.265 1.031 1.133  0.733 0.615 0.703 0.700 0.623 0.677

CD, ,,0.004 (Variety)
CD,,0.007 (Interaction Variety X Packaging Material)
CD,,0.010 (Interaction Variety X Storage Duration )
CD,;0.009S (Interaction Storage Duration X Packaging Material)
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Fig. 5. Effect of storage duration, variety and packaging materials on (MDA) enzyme activity (absorbance) of rice varieties

The rate of a-amylase activity was decline gradually during
entire experimental period (Table 5). The a-amylase
activity was observed highest in the variety Bokul Bora
(0.564pg) followed by Mahsuri (0.435 pg), Ronga Sali
(0.413 pg) and Kola Joha (0.157 pg). Packaging materials
had significant effect on a-amylase activity of the observed
varieties, of which the seeds stored in HDPE Interwoven

bags had the highest mean o-amylase activity (0.390 pg)
followed by the seeds stored in HDPE bags (0.362 pg)
and Cloth bags (0.352 pg). Kavitha et al. (2017) reported
a significantly higher a-amylase enzyme activity in fresh
seeds of peanut and the values progressively decreased

over the period of natural ageing.
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Table 5.  Effect of storage duration, variety and packaging materials on alpha amylase enzyme activity
(pg) of rice varieties

Storage Mabhsuri Bokul Bora Kola Joha Ronga Sali
Duration/

Variety/  Cloth . NPPE pyppp cloth . HPPE  yppp clotn . IPPE  HppE clotn . HPPE  mppE
Packagin Interwoven Interwoven Interwoven Interwoven

ging  Bag B Bag Bag B Bag Bag B Bag Bag B Bag

Material ag ag ag ag
Ma{ch 0.435 0.435 0.435 0.564 0.564 0.564 0.157 0.157 0.157 0413 0.413 0.413
(Initial Data)
May 0.435 0.436 0.435 0.555 0.562 0.553 0.156 0.156 0.155 0411 0.412 0.422
July 0.434 0.435 0.433 0.542 0.564 0.552 0.146 0.157 0.153 0.410 0.414 0.407

September  0.399 0.431 0.408 0.501 0.562 0.513  0.132 0.149 0.141 0.391 0.411 0.394
November  0.344 0.429 0.377  0.465 0.563 0.493 0.115 0.148 0.121 0.334 0.412 0.357
January 0.304 0.423 0.335 0.395 0.565 0.432  0.098 0.149 0.102  0.304 0.414 0.324
Mean 0.392 0.432 0.404 0.504 0.563 0.518  0.134 0.153 0.138  0.377 0.413 0.386
CD,, 0.010 (Variety)

0.05
CD,,,0.018 (Interaction Variety X Packaging Material)
CD, . 0.026 (Interaction Variety X Storage Duration)

0.05

CD,,,;0.022 (Interaction Storage Duration X Packaging Material)

4. Conclusion materials (SDD,JS,PB); Execution of field/lab experiments

From the above discussion we can conclude that there is and data collection (JS)
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