Effect of Natural Extracts During Storage Conditions on Seed Quality and Yield
Performance of Soybean Cultivar Giza 22

ABSTRACT

Aims:The present study aimed to investigate the effects of Diatomaceous Earth (DE) at 20
g/kg dry seeds, Neem seed extract (NSE) at 25 g/kg dry seeds, and Silica gel (SG) at 25
g/kg dry seeds on the stored seed quality, field performance and seed yield of soybean
(cultivar Giza 22) seeds.

Study design:Three experiments of storage, germinability, and field performance were
conducted using a FCRD with four replicates.

Place and Duration of Study: The storage and laboratory germination trials were
conducted at the preservation labs of the Seed Technology Research Unit, Mansoura,
Dakahlia Governorate, FCRI, ARC, Egypt. While, the field experiment took place on a
private farm in the village at geographical location 30°53'39"N 31°20'51"E.
Methodology:The seeds were tested under open storage at ambient room conditions and
cool storage at 5°C and 30% RH), and storage periods at four levels with two months
interval. Results:Isolated data presented that, applying cool storage or seed treatments
significantly (P = 0.05) exceed open storage or untreated seed (Cont.) treatments,
respectively. Additionally, cool storage showed the highest significant improvements over
open storage, and DE treatment showing the most substantial enhancements over the
untreated seed (Cont.). The combination. (cool storage x DE) resulted in better rates
compared to the other interaction treatments with rates of 88.77% for G, 82.03% for CT,
and 2.18% for infected seeds, 85.7% for FE, 26.39% for No. pods/plant, 62.89 for No.
seed/plant, 13.38 g for seed wt./plant, 4.21 kg for plot yield, and 1.68 ton/fed for seed
yield.

Conclusion:It could be concluded that, the application of diatomaceous earth, neem seed
extract, and silica gel on soybean seeds during storage has been shown to provide several
benefits i.e., extend seed storability; reduce insect damage, improve seed germination and
seedling vigor, and increasing seed yield.
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INTRODUCTION

A major challenge in soybean production in arid and semi-arid regions is the rapid
decline in seed quality during storage. Farmers in these areas often store seeds under
suboptimal conditions, negatively impacting seed quality and germination. Enhanced
packaging can help maintain storage quality. Assessing seed quality and vigor is crucial for
selecting seed lots for the planting season, emphasizing the need for reliable laboratory
methods and vigor tests to accurately evaluate seed viability. Maintaining seed quality during
storage is crucial, as seeds experience physiological deterioration over time. This underscores
the necessity for controlled storage conditions to preserve germination and vigor, especially



for short-lived seeds like soybeans and onions [1]. While seed storability is largely genetic,
factors such as maturation, seed shape, moisture, pre-storage conditions, environmental
influences, rapid deterioration, fungal infections, and storage duration also significantly affect
seed metabolism and physiological quality [2&3]. High storage quality is vital for successful
sowing, as it influences the maintenance or deterioration of seed quality, impacting planting
suitability. For example, storing soybean seeds in air-conditioned environments at varying
temperatures for six months can improve seed quality. Rapid deterioration in soybeans is
linked to lipid peroxidation, which reduces viability [4]. Fungal infections can cause
substantial quality losses, including seed abortion, rot, necrosis, reduced germination
capacity, and lower nutritional value [5]. Optimal storage conditions, particularly
temperature, are essential for preserving seed quality. Elevated storage temperatures can
drastically diminish soybean seed viability, leading to metabolic deterioration. High storage
temperatures can also induce physiological stress in soybean seeds, adversely affecting
germination potential and seedling vigor [6]. Conversely, cooler temperatures enhance
soybean seed longevity by slowing metabolic decline, making artificial cooling critical [7].
Seeds stored in cold conditions maintain better vigor and_germination rates, while those at
room temperature degrade more rapidly [8]. Lower temperatures. help reduce biochemical
reactions, preserving initial seed characteristics for a_longer<period [9]. Thus, maintaining
appropriate storage temperatures is vital for ensuring the viability and germination potential
of soybean seeds. Recent studies emphasize the detrimental effects of high temperatures on
seed quality and germination rates, highlighting the importance of effective temperature
management during storage.

Diatomaceous earth (DE), a naturally occurring compound, serves as an effective pest
control agent. DE typically has a particle size of 10.3 um and is composed mainly of 85.3%
amorphous silicon dioxide (SiO,), with traces of other minerals including aluminum, calcium,
iron, magnesium, and sodium [10]. The silica in DE is derived from fossilized diatoms and
may release additional trace minerals during extraction. Studies have found that applying DE
extract helps maintain soybean seed viability and improve germination rates during storage,
also protect against pests and pathogens, and support overall seed health. Additionally,
adsorbed water in DE ensures optimal moisture levels in stored soybean seeds, preventing
excess drying or moisture accumulation, thereby helping to preserve seed viability [11], and
providing a protective barrier-against pests and moisture [12]. Neem extract (Azadirachta
indica A. Juss), known for its insecticidal properties, improves plant growth parameters like
height, stem girth, leaf area, and branching. Neem oil nanoemulsions effectively control
fungal pathogens in soybean seeds without causing phytotoxicity, thus enhancing seedling
quality and yields [13]. Research indicates that neem seed extract maintains seed viability and
boosts. germination rates during storage [14]. The bioactive compound azadirachtin is
particularly effective against pests and pathogens, safeguarding seed quality and vigor [15].
Neem-based pesticides are well-suited for organic farming and developing countries due to
their simple preparation methods.Silica gel extract, primarily composed of silica (SiO,),
enhances seed viability and vigor by improving water absorption and germination while
protecting against pests [16]. The silica gel retains water during extraction, helping maintain
seed moisture content. It may also contain trace minerals like calcium, magnesium, and
potassium, which benefit seed health [17]. Additionally, organic compounds in silica gel may
offer antioxidant and antimicrobial properties, further protecting soybean seeds [18]. Studies
show that silica gel effectively maintains low moisture levels crucial for seed preservation,
leading to higher germination rates and seedling vigor when used for storage [12].



In summary, using diatomaceous earth, neem extract, and silica gel for seed
treatments significantly impacts the viability and vigor of soybean seeds during storage,
preserving seed quality and enhancing overall yield. These practices are valuable for
promoting food security and sustainability.

MATERIALS AND METHODS
Materials and location

Freshly harvested seeds of the soybean (Glycine max L.) cultivar Giza 22 were
obtained from Food Legumes Research Department, Field Crops Research Institute,
Agricultural Research Center, Giza, Egypt. Seed treatments such as diatomaceous earth,
neem seed extract, and silica gel were chosen for seed storage purposes. The storage and
laboratory germination trials were conducted at the preservation labs of the Seed Technology
Research Unit, Mansoura, Dakahlia Governorate, FCRI, ARC, Egypt. While, the field
experiment took place on a private farm in the village at geographical location'30°53'39"N
31°20'51"E, Mait al-Amel, Aga Center, Dakahlia Governorate.
Seed sampling

The recently harvested soybean seeds underwent a cleaning process to eliminate
impurities, gravel, debris, and foreign matter. These seeds were then dried in silos using
radial airflow (Retsch TG100 model, 230V&50Hz) set to 1m/s, 40°C air temperature, and
20% air humidity. Moisture content was checked every: thirty minutes with a digital grain
moisture meter (Multi Grain) until reaching a stable 7% level. Subsequently, before
implementing storage procedures, a seed sample was subjected to tests for electrical
conductivity, cold test, and germination percentage. The sample exhibited electrolyte leakage
of 27 ps/cm™/g™ seed weight, a cold‘germination rate of 86%, and an overall germination
percentage of 91%. Following these tests, the.seed.sample was partitioned into three groups
for experimenting with natural extract treatments at recommended concentrations.
Treatments details

The process of treating diatomaceous earth (DE) or neem seed extract (NSE) involved
blending the designated quantity of seeds with pure DE or NSE powder. The rate for DE was
20 g per kg of dry seeds, and for NSE, it was 25 g per kg of dry seeds. The blend was
carefully stirred in a clean bowl to guarantee uniform distribution and coating of the seeds,
aligning with the recommended procedures outlined by Subramanyam and Roesli (2000)
[19].

The silica gel extract (SG) was made using food-grade silica gel granules. Weighed
SG extract was put in a clean glass container and combined with distilled water at a 1.5 ratio
by.weight. After thorough stirring for complete wetting, the mixture sat for 24 hours to
extract the active.compounds. The mix was then filtered through a mesh sieve to separate the
extract from the solids. The resulting SG extract was ready for use at a concentration of 2-3%
by weight.“Around 25g/kg seed was applied to soybean seeds by coating them in a clean
container, then drying them to the initial moisture level. The soybean seeds were stored in
dual-layer kraft bags in dry, well-ventilated areas at ambient room varying temperatures and
relative humidity and in airtight plastic bags at 5 °C & 30% RH to maintain their quality in
both room temperature and cool storage environments.
Experiments characterization
1. Storage experiment

The seed storage trial involved a 2 x 4 x 4 factorial setup in a Randomized Complete
Block Design (RCBD) with four replications. The first factor examined storage



environments under two conditions: (1) Open storage under ambient room conditions with

varying temperatures and relative humidity, and (2) Cool storage at 5°C & 30% RH.The

second factor studied storage periods of 1, 4, 8, and 12 months. The third factor included
seed treatments induced by some natural extract materials: (1) Diatomaceous Earth (DE) at

20 g/kg" dry seeds, (2) Neem seed extract (NSE) at 25 g/kg" dry seeds, (3) Silica gel (SG) at

25 g/kg® dry seeds, and (4) untreated seeds as the control treatment.

During storage, seed storage quality was assessed every four months (at 1, 4, 8, and

12 months) through tests for seed moisture content, electrical conductivity, cold test, and

fungal disease contamination tests, according to the guideline of ISTA (2024) [20], as follow;

- Seed moisture content (SMC%): The standardized method accurately determines the
moisture level in seed samples, a crucial factor for seed quality, storage, and viability. Seeds
are first weighed and then dried in an oven at 103°C for 17 hours. After drying, they are
weighed again. The change in weight is used to calculate moisture content as a percentage
of the original weight with the formula; Moisture content (%) = [(Initial weight - Dried
weight) / Initial weight] x 100.

- Electrical conductivity test: - Electrical conductivity test::Four seed samples of 5 grams
each treatment was selected, weighed, and surface sterilized with.0.1% sodium hypochlorite
for 10 minutes. They were then thoroughly washed. in distilled water, placed in a glass
beaker with 100 mL of distilled water, and incubated at 25°C.for 24 hours. Following
imbibition, the seeds were extracted, the electrical conductivity of distilled water was
measured. After cleaning the electrode with tissue paper, the conductance of the leachate
was recorded. The leachate's EC was calculated by subtracting the distilled water reading
from the sample reading. The result was expressed-as mmhos/cm/g of seed, as follow;
Electrolyte leakage (us. cm™. g* seed weight) = (leachate solution electrical conductivity —
distilled water electrical conductivity) / seed sample weight (gram).

- Cold test: Four replications of 50 seeds for each treatment were sown on two sheets of
paper, enclosed by a third sheet, rolled up, and stored in plastic bags at 10°C for seven days.
After this period, the bagswere unsealed, and the rolls were moved to the incubator at 25°C
for four days and evaluated similar to the germination test. The results are reported as a
percentage of viable seedlings.

- Fungal diseases contamination: Four samples of each treatment containing 100 intact
seeds were used. Seeds were-soaked in a 1% sodium hypochlorite (NaOCI) solution for 10
minutes, then drain and rinse thoroughly with sterile water before draining again. Following
this, 10-seeds were placed on the agar surface in each Petri dish and incubate for 7 days at
20 °C in, darkness. After incubation, visually inspect each seed for abundant white
mycelium that may cover infected seeds. Percentage of infected seeds = (Number of
infected seeds /:Total number of seeds tested) x 100.

2. Laboratory germination experiment

An experiment testing germination was carried out on the seed samples stored for 8
months, which closely mimics the duration of natural seed storage until the next planting
season. The seed germination trial was conducted in a 2 x 4 factorial experiment following a
Randomized Complete Block Design (RCBD) with four replications. The first factor
investigated two storage conditions: Open storage under ambient room conditions with



varying temperatures and relative humidity and cool storage at 5°C & 30% RH. The second

factor involved seed treatments induced by natural extract materials: DE at 20 g/kg' dry

seeds, NSE at 25 g/kg® dry seeds, SG at 25 g/kg' dry seeds, with untreated seeds used as the
control treatment.

Before initiating the germination process for soybean seeds, a suitable quantity of
treated seeds was selected. The seeds were sterilized using a diluted solution of sodium
hypochlorite at 0.1% [21], washed multiple times with distilled water. Physiological seed
quality (vigor and viability tests) was conducted following ISTA (2024) [20]guidelines. Four
sets of 100 seeds per treatment were placed between moistened Whatman No.1 filter papers
in 15 cm diameter Petri dishes. Each dish contained 20 seeds, with four dishes grouped as one
replication and placed in an incubator room at 25 °C and 80% relative humidity. Filter papers
were periodically moistened with 10 ml of distilled water to prevent.drying. Physiological
seed quality parameters were monitored daily for 7 days after sowing to  track
seedgerminabilitymeasurements.

- Germination percentage (G%): It was determined by counting only viable seedlings 7 days
after sowing using the following formula;G% = (Number of.germinated seeds / Total seeds
evaluated) x 100.

- Mean germination time (MGT, day): It was determined using the formula; MGT = X (D x
n) / Xn,where n is the number of seeds germinated on day D, and D is the number of days
from the start of the test [22].

- Seedling dry weight was measured by selecting 30 seedlings randomly from all replications
(10 per replicate) seven days post-sowing; expressed in mg seedling™[23].

- Seedling vigor index (SVI-11) was calculated using.the formula;SVI-II = Seedling dry
weight (mg) x Germination percentage [24].

3. Field experiment

The field trial was conducted in a 2 x 4 factorial experiment following a Randomized
Complete Block Design (RCBD) with four replications. The first factor consisted of two
storage environments:> (1). Open storage under ambient room conditions with varying
temperature and relative humidity,~and (2) Cool storage at 5°C & 30% RH. The second
factor included. three natural extract materials: (1) Diatomaceous Earth (DE) at 20 g/kg" dry
seeds, (2) Neem seed extract (NSE) at 25 g/kg" dry seeds, (3) Silica gel (SG) at 25 g/kg* dry
seeds, with untreated seeds as the control group. Seeds were sown on 1% June (2021/2022 and
2022/2023)-at 2.5 cm depths with a density of 25PIn/m. Each plot (10.5 m?) consisted of 5
rows, 4 :meters in:length, spaced 50 cm apart. Soil moisture was maintained for germination,
and irrigation was performed as needed. Weeds were manually controlled during crop growth.
Field performance and yield parameters were evaluated as follow;

- Field emergence was monitored daily until no further emergences were observed and
percentages of seedling emergence were calculated; FE% = (Number of emerged seeds /
Total seeds evaluated) x 100.

At maturity, plants from the middle meter of each plot were harvested, and seed yields
per unit area were recorded, including the number of pods per plant, seeds per plant, seed
weight per plant (g), 100 seed weight (g), plot seed yield, and seed yield (ton/fed). Seed yield
(ton/fed) was measured in kilograms from each plot and converted to kilograms per feddan (1
fed = 10.5 m? x 400). The results from the two growing seasons were combined and
presented.



Statistical analysis

A factorial experiment was conducted using a Randomized Complete Block Design
(RCBD). The averages from two growing seasons were calculated for the field experiment.
Data were statistically analyzed using analysis of variance (ANOVA) at a 0.05 significance
level, with Tukey HSD applied to identify significant differences among means. Co-Stat
(version 6.400) software was used for the analysis, and graphical statistics were created with
Microsoft Excel (2021).

RESULTS

The data in Table 1 indicate significant differences (P = 0.05) in stored soybean seed
indices, the results show that storage at 5°C & 30% RH for one month, along with
diatomaceous earth (DE) treatment at 20 g/kg dry seeds, performed better than other
treatments studied. Cold storage treatment outperformed open storage, showing
improvements of approximately 8% for SMC, 4.3% for G, 10% for EC, 7% for CT, and 75%
for infected seeds. The highest storage indicators were recorded after the one-month storage
treatment compared to other periods in the experiment. All seed treatments significantly
outperformed the untreated seed (Cont.), with DE showing the highest improvement rates
with approximately 13% for G and 19% for CT. SG treatment achieved the best results with
8.8% for SMC and 30% for EC. Additionally, all treatments reduced infected seeds by around

62% compared to the untreated seed.

Table 1: Means of germination percentage (G%), electric:conductivity test (EC, ps cm™ g™ dry
seed), cold test (CT, %), and fungal diseases contamination (infected seeds, %)as
affected by storage environments conditions, storage periods and seed
treatments and their interactions on soybean stored seed quality indices.

-1
Treatments / Traits SMC (%) G (%) EC(S.?)C”“ CT (%) Szggesczﬁ/‘j)
Main factors
I: Storage conditions (SC)
- Open storage (Variable °C & RH) 7.94 82.12 44.28 73.12 6.26
- Cool storage (5 °C & 30% RH) 7.30 85.63 39.79 78.18 2.63
HSD 0.05 0.02 0.39 0.96 0.39 0.15
11: Storage periods (SP)
- 1 Month 7.20 89.76 32.43 84.73 3.98
- 4 Months 7.47 85.80 37.97 80.41 3.28
- 8 Months 7.81 82.33 46.83 71.27 4.10
- 12 Months 8.00 77.62 50.93 66.19 6.43
HSD 0.05 0.04 0.72 1.80 0.74 0.29
I11: Seed treatments (ST)
- Untreated seed (Control) 8.01 76.99 52.07 66.58 8.36
- DE (20 g/kg" dry seeds) 7.40 86.95 38.42 79.43 3.20
- NSE (25 g/kg* dry seeds) 7.78 86.16 41.20 76.15 3.11
- SG (25 g/kg" dry seeds) 7.30 85.41 36.47 78.45 3.12
HSD 0.05 0.04 0.72 1.80 0.74 0.29
Grand Means 7.61 83.87 42.03 75.65 4.44
CcVv 0.80 1.14 5.63 1.28 8.60

*Comparison methods; Tukey HSD at 0.05 level of probability, Grand Means, and coefficient of variation (CV)

Table 2: Pairwise comparisons test as affected by the interaction between storage
environment conditions, storage periods, and seed treatments on soybean
stored seed quality indices.

Treatments / Traits ‘ SMC (%) G (%) EC CT (%) Infected




(s clr)n'1 g seeds (%)

Open storage x 1 Month 7.27° 89.32° 31.87° 84.17% 4.96°
Open storage x 4 Month 7.72° 84.77° 40.61° 77.41° 4.17°
Open storage x 8 Month 8.31° 79.46° 48.64° 67.89" 5.72°
6 Open storage x 12 Month 8.45° 74.90° 56.00° 63.00° 10.19%
Cool storagex 1 Month 7.13° 90.18° 32.99° 85.27° 2.99°
Cool storagex 4 Month 7.21" 86.82" 35.32, 83.41° 2.39"
Cool storagex 8 Month 7.29° 85.18° 45.00° 74.65 2.47"
Cool storagex 12 Month 7.52° 80.33° 45.85™ 69.37° 2.67°
HSD 0.05 0.07 1.22 3.02 1.24 0.48
Open storage x Cont. 8.59° 74.72° 57.20° 64.04' 12.64°
Open storage x DE 7.54° 85.11° 40.19% 76.83° 4.22°
Open storage x NSE 8.22° 84.58° 42.46° 75.58¢ 4.02°
SCx ST Open storage x SG 7.41° 84.04° 37.26®  76.02% 4.16°
Cool storage x Cont. 7.42° 79.24° 46.92° 69.10° 4.07°
Cool storage x DE 7.24" 88.77° 36.64° 82.03% 2.18°
Cool storage x NSE 7.32° 87.74® 39.93% 80.68" 2.20°
Cool storage x SG 717" 86.77" 35.68° 80.88* 2.06°
HSD 0.05 0.07 1.22 3.02 1.24 0.48

1 Month x Cont. 7.28% 88.89% 33.16' 84.257° 4.18°
1 Month x DE 7.7 89.51® 32.29' 85.17° 3.99%
1 Month x NSE 7.24%" 90.12%® 31.74' 85.12° 3.89%
1 Month x SG 7.09' 90.50° 32.52' 84.36° 3.85%
4 Month x Cont. 7.70° 79.15 42.83% 71.22¢ 5.76°
4 Month x DE 7.33¢ 89.46% 35.88%" 83.69°% 2.53¢
4 Month x NSE 7.58% 88.40" 38.71%" 83.53° 2.53¢
Sp x ST 4 Month x SG 7.25% 86.17° 34.43" 83.19° 2.31¢
8 Month x Cont. 8.32° 75.06° 60.88" 59.83¢ 8.68°
8 Month x DE 7.48° 86.00° 41.41% 77.00° 2.519
8 Month x NSE 8.07° 84.48% 45.69% 72.76° 2.70%
8 Month x SG 7.350 83.75 39.31°" 75.49" 2.49¢
12 Month x Cont. 8.72 64.83" 71.37° 50.99" 14.81°
12 Month x DE 7.57° 82.80" 44.07%% 71.86% 3.78%
12 Month x NSE 8.20° 81.64° 48.65° 71.12% 3.32¢f
12 Month x SG 7.46% 81.19° 39.62° 70.76 3.81%
HSD 0.05 0.12 1.96 4.87 1.99 0.78

- SC: Storage conditions, ST: Seed treatments, DE: Diatomaceous Earth at 20 g/kg® dry seeds, NSE:
Neem seed extract at 25 g/kg' dry seeds, SG: Silica gel at 25 g/kg® dry seeds. Comparison methods;
Tukey HSD at 0.05 level of probability.

Regarding the pairwise comparisons test, the interaction between storage environment
conditions, storage periods, and seed treatments significantly (P = 0.05) affected all studied
seed storage indices (Table 2). The interaction treatment (cool storage x one month of
storage) resulted in the highest seed vigor indices compared to other treatments involving
storage conditions and periods. The best rates were 7.13% for SMC, 90.18% for G, 32.99 ps



cm™ g* for EC, 85.27% for CT, and 2.99% for infected seed. Additionally, the interaction

treatment involving (cool storage x DE) resulted in better rates compared to the other

interaction treatments involving storage conditions and seed treatments. The combinations of

DE, NSE, or SG with storage period levels achieved the highest seed vigor indices compared

to untreated seeds across all durations.

Table 3 indicates significant differences (P = 0.05) in various soybean seed
germinability tests. The results show that, cool storage along with DE treatment, performed
better than other treatments studied. Cool storage treatment outperformed open storage,
showing improvements of approximately 7.2% for G, 3.3% for MGT, 8.3% for SDW, and
19% for SVI (Il). Additionally, all seed treatments (DE, NSE, and SG) show higher
significant rates compared to the untreated seed (Cont.), while the DE treatment showed the
highest improvement rates over the control treatment, with improvements of approximately
14.6% for G, 6% for MGT, 8.7% for SDW, and 24.2% for SVI(II).

Table 3: Means of germination percentage (G%), mean germination time (day), seedling dry
weight (mg), and seedling vigor index (Il) as affected by storage environments
conditions and seed treatmentson soybean seeds germinability indices.

Treatments / Traits G(%) MGT (day) SDW(mg) SVI (1)

Main factors
I: Storage conditions (SC)

- Open storage (Variable °C & RH) 79.46 3.88 0.24 18.89
- Cool storage (5°C & 30% RH) 85.19 3.75 0.26 21.91
HSD 0.05 0.59 0.06 2.40 0.16

11: Seed treatments (ST)
- Untreated seed (Control) 75.07 4.01 0.23 17.63
- DE (20 g/kg" dry seeds) 86.01 3.77 0.25 21.90
- NSE (25 g/kg" dry seeds) 84.48 3.78 0.25 21.41
- SG (25 g/kg" dry seeds) 83.75 3.70 0.25 20.66
HSD 0.05 1.13 0.11 4.60 0.31
Grand means 82.32 3.81 0.24 20.40
CcVv 0.82 1.69 1.11 0.91

*Comparison methods; Tukey HSD at 0.05 level of probability, Grand Means, and coefficient of variation (CV)

Regarding the pairwise comparisons test, the combination between storage
environment:conditions and seed treatments significantly (P = 0.05) affected all studied seed
germinability.indices (Table 4). The interaction treatment of (cool storage at 5 °C & 30% RH
x DE at 20 g/kg" dry seeds) resulted in the highest seed vigor indices compared to other
treatments involving storage conditions and seed treatments. The best rates were 88.44% for
G, 3.72 day.-for MGT, 0.27 mg for SDW, and 23.52 for SVI(II).

Table 4: Pairwise comparison test for the impact of storage environment and seed treatments
interaction on soybean seed germination indices.

Treatments (SC x ST) / Traits G(%) MGT (day) SDW(mg) SVI (1)

- Open (Variable °C & RH) x Cont. 70.76 4.14° 0.22° 15.52f



- Open (Variable °C & RH)x DE 83.57" 3.82" 0.24° 20.28°
- Open (Variable °C & RH)x NSE 82.10° 3.79" 0.25% 20.19%
- Open (Variable °C & RH)x SG 81.42" 3.76 0.24° 19.53¢
- Cool (5°C & 30% RH)x Cont. 79.37° 3.87° 0.25% 19.72%
- Cool(5°C & 30% RH) x DE 88.44° 3.72 0.27° 23.52°
- Cool (5°C & 30% RH)x NSE 86.86° 3.76 0.26® 22.63"
- Cool (5°C & 30% RH)x SG 86.07° 3.63° 0.25™ 21.78°
HSD 0.05 1.94 0.18 7.897E-03 0.53

- SC: Storage conditions, ST: Seed treatments, DE: Diatomaceous Earth, NSE: Neem seed extract, SG: Silica gel. Comparison methods;
Tukey HSD at 0.05 level of probability, Uppercase letters; Scheffe All-Pairwise Comparisons Test

Figure 1 demonstrates the significant increase in G% and SVI percentages due to
seed treatments compared to untreated seeds (Cont.) under varying storage conditions for
soybean seeds. All seed treatments outperformed the control treatment regardless of storage
conditions, with the combination of cool storage and seed treatments showing the highest
improvement. The most notable enhancements as indicated by DE were seen in G% (18.10%

for open storage and 24.99% for cool storage) and in SVI (23.44% for open storage and
51.48% for cool storage).
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Fig 1. Relative increasesover control treatment of germination (G%) and seedling vigor index
(SVIhinduced by seed treatments under open and cool storage environments.

Table 5. indicates significant differences (P = 0.05) in various soybean field
establishment parameters, including field emergence (FE%), No. of pods per plant, No. of
seeds per plant, seed weight/plant (g), 100 seed weight (g), plot yield (kg), and seed yield
(ton/fed). influenced by storage conditions and seed treatments. The results indicate that
storing seeds at 5°C & 30% RH and treating them with 20 g/kg" of DE resulted in superior
outcomes compared to other methods.

Calculated the percentage of increases according to data in the Table 5 showed that,
cool storage at 5°C & 30% RH showed significant improvements over open storage, with
increases of about 9.9% in FE%, 27.7% in No. pods/plant, 45.1% in No. seed/plant, 26.1% in
seed wt./plant (g), and 10.8% in 100 seed wt. (g), 45.0% in plot yield (kg), and 45.3% in seed
yield (ton/fed). All seed treatments (DE, NSE, and SG) displayed significantly higher rates
than untreated seeds (Cont.), with DE treatment at 20 g/kg' dry seeds showing the most
substantial enhancements over the control, with improvements of around 12.3% in FE%,



19.0% in No. pods/plant, 16.7% in No. seed/plant, 26.6% in seed wt./plant (g), and 21.1% in

100 seed wt. (g), 26.5% in plot yield (kg), and 27.0% in seed yield (ton/fed).

Table 5: Means of the two growing seasons of field emergence (FE%), No. pods/plant, No.
seed/plant, seed weight/plant (g), 100 seed weight (g), plot yield (kg),and seed
yield (ton/fed)as affected by storage environments conditions,
treatments and their interactions on soybean seed yield parameters, across the

two growing seasons (2021/2022 and 2022/2023).

and seed

. No. e W?jgtljan 100 F?IOt )?iielg
Treatments / Traits FE (%) seed/plan Seed yield
pod/plant t t Wt. (g) (kg) (t/fed)
()]
Main factors
I: Storage conditions (SC)
- Open storage (Variable °C & RH) 76.40 19.25 4345 861 17.74 271 1.08
- Cool storage (5°C & 30% RH) 84.00 2459 60.02 1250 19.66 3.93 157
HSD 0.05 0.70 0.85 1.06 0.43 0.58 0.13 0.05
I1: Seed treatments (ST)
- Untreated seed (Control) 7402 1973 4644 885 1616  2.79 111
- DE (20 g/kg" dry seeds) 83.13 2348 5421 11.21 1958  3.53 141
- NSE (25 g/kg" dry seeds) 8222 2215 5278 11.01 1943 347 138
- SG (25 g/kg" dry seeds) 8135 2232 5350 11.14 1962 351 1.40
HSD 0.05 0.99 1.20 1.49 0.61 0.83 0.19 0.07
Grand means 80.18 21.92 51.73 1055 1870 3.32 133
Cv 1.03 4.49 2.36 4,74 3.62 4.74 4.75

*Comparison methods; Tukey HSD at 0.05 level of probability, Grand Means, and CV

Table 6: Pairwise comparisons of soybean: seed yield parameters impacted by the interaction
between storage .conditions and seed treatments across the two growing

seasons (2021/2022"and 2022/2023).

) FE No. No. Seed 100 Elot S_eed

Treatments (SC x ST) / Traits (%)  podiplant seed/plan Wt./plant  Seed yield yield
t (9) Wt. (9) (kg) (Vfed)

- Open (Variable °C & RH)x Cont. | 67.97% 17.25° 40.78° 7.56° 1519° 2.38°  0.95°
- Open (Variable °C & RH)x DE | 80.56° 20.58 4553° 0.04° 18.64°¢ 2.85°  1.14°
- Open (Variable °C & RH)x NSE | 79.52 19.13® 43.05¢ g8.87° 1850@ 279" 1.11%
- Open (Variable °C & RH)x SG | 77.53° 20.06% 44.43° 8.98° 1862*° 283" 113
- Cool (5°C & 30% RH)x Cont. | 80.07° 22.22° 5211° 10.15° 17.14° 3.20°  1.27°
- Cool (5°C & 30% RH)x DE 85.70° 26.39° 62.89° 13.38° 20.52® 421  1.68°
- Cool (5°C & 30% RH)x NSE 84.91° 25.18° 62,52 13.15° 20.36%° 4.14®  1.65°
- Cool (5°C & 30% RH)x SG 85.17° 2458® 62.57*° 13.31° 2062 419" 167"
HSD 0.05 140 170 212 086 117 027 011

- SC: Storage conditions, ST: Seed treatments, DE: Diatomaceous Earth, NSE: Neem seed extract, SG: Silica gel.
Comparison methods; Tukey HSD at 0.05 level of probability, Uppercase letters; Scheffe All-Pairwise Comparisons

Test.

In the pairwise comparisons test, it was found that the combination of storage
environment conditions and seed treatments significantly (P<0.05) affected all studied seed
field indices (Table 6). Specifically, the interaction treatment (cool storage at 5 °C & 30%
RH x DE at 20 g/kg" dry seeds) resulted in the highest seed yield indices compared to other
treatments involving storage conditions and seed treatments. The best rates recorded were



85.70% for FE, 26.39% for No. pods/plant, 62.89 for No. seed/plant, 13.38 g for seed
wt./plant, 20.52 g for 100 seed wt., 4.21 kg for plot yield, and 1.68 ton/fed for seed yield.

Figure 2 in the experiment illustrates that applying seed treatments led to significant
increases in seed weight per plant (g) and seed yield (ton/fed) over the control treatment. All
seed treatments outperformed the control across different storage conditions for soybean
seeds, with the most relative increases observed in the combination treatment of (cool storage
at 5 °C & 30% RH x DE at 20 g/kg" dry seeds). The highest increases over control treatment
in seed weight per plant were 76.98%, and the seed yield reached 76.84% (ton/fed).

Seed Wt/plant (g) Seed yield (t/fed)
= < 100
" 100 76.98 23,04 76.06 = g0 76.84 73.68 75.79
g 80 8
5 g 60
8 ig 34.26 ° L0 | 68
D D
é 2 19.58 17.33 18.78 é 20.00 16.84 18.95
2 0.00 ° 220 40
0 0
Cont. DE NSE SG Cont. DE NSE SG
—@— Open storage Cool storage —@— Open storage Cool storage

Figure 2: Relative increases in seed weight per plant (g) and seed yield per feddan (ton/fed)
from seed treatments in open and, cool storage conditions over the two growing
seasons (2021/2022 and 2022/2023).

DISSCUSSIONS

Adverse storage conditions, .including temperature and humidity, can degrade seed
quality, irrespective of the seeds' initial state. Our findings indicate that cold storage
significantly enhances the storability and quality of soybean seeds compared to room
temperature storage [6&25). Research shows that soybean seeds stored at cold temperatures
(around 4°C) sustain higher germination rates and better physiological quality than those
stored at room temperature (approximately 25°C). For instance, vacuum-packed soybean
seeds in cold storage maintained a germination rate above 91% after 12 months, while those
at room temperature saw a significant decline in viability [26]. Storage duration is also
crucial; seeds in cold conditions exhibited minimal deterioration over time, whereas seeds at
room temperature experienced rapid declines due to increased metabolic activity and
susceptibility to-fungal infections [27]. Thus, lower temperatures and controlled humidity in
cold storage effectively preserve the viability and vigor of soybean seeds, making this method
preferred for long-term storage. [28] noted a significant increase in seed conductivity after
180 days, indicating cellular structure changes. Soybean seed quality is sensitive to storage
duration.and conditions, with vigor declining before standard germination rates. Deterioration
correlates with storage time, leading to decreased food reserves, heightened enzyme activity,
increased fat acidity, and greater membrane permeability. As seeds age, their germination
capacity diminishes due to catabolic processes [29]. Vigor significantly drops after six
months; seeds lose 23% of vigor after three months and 71% after six months compared to
fresh seeds. This deterioration impacts quality, performance, and establishment rates [30].
However, low temperatures and controlled humidity can slow biochemical and metabolic
processes, thereby extending seed quality [31]. Our findings align with Da Silva et al. (2022)
[9], who identified temperature and storage duration as key predictors of soybean seed quality
over time.



Diatomaceous earth (DE) benefits soybean seed storage in several ways: (1)
Enhanced germination and vigor: Treating soybean seeds with DE improves germination
rates and seedling vigor. Bern et al. (2018) [32] found DE-treated seeds reached 90-95%
germination after 12 months, compared to 60-70% for untreated seeds. DE's desiccant
properties help keep seeds dry, preventing fungal growth and insect issues. (2) Reduced
insect damage: DE acts as a physical insecticide, damaging insect exoskeletons[33]. The DE
significantly reduces infestations by pests and lessens seed damage and weight loss. (3)
Longer storability: DE-treated seeds retain quality for 12-18 months, while untreated ones
deteriorate after 6-9 months, due to DE maintaining low moisture and protecting against pests
[33].

Neem oil is known to possess acaricidal, antibacterial, antifungal, antimalarial,
antiparasitic, and anti-inflammatory  properties.  Azadirachtin, a  biodegradable
tetranortriterpenoid derived from neem seeds, has gained recognition:as a natural biopesticide
due to its effectiveness and low side effects [34]. Neem seed powder is highly effective,
requiring only small amounts at low concentrations to eliminate fungal diseases from
groundnut seeds, making it an economical solution. Neem seed powder contains biologically
active compounds that are effective against certain pathogenic:fungi, positioning it as a
natural option for controlling these pathogens[35].As a result, neem seed extract enhances
seed viability and vigor, leading to better seedling performance and increased seed yield.

Silica gel enhances soybean seed storage in several key ways: (1) Moisture control
and seed viability: Bern et al. (2019) [36] demonstrated that using silica gel packets helps
maintain optimal moisture levels, preventing both excessive drying and moisture absorption.
Soybean seeds stored with silica gel achieved over 90% germination rates after 12 months,
compared to around 70% for those without desiccants. (2) Fungal growth and mycotoxin
prevention: Silica gel's moisture-regulating properties inhibit fungal growth and mycotoxin
accumulation. Battilaniet al. (2016)[37] found that soybean seeds stored with silica gel had
significantly lower incidences of Aspergillus flavus and aflatoxin B1 over a six-month period.
(3) Insect pest management: Silica gel also helps deter insect infestations. Kavallieratos et al.
(2018) [38] found that.incorporating silica gel packets significantly reduced populations and
damage from pests like the Cowpea weevil and Maize weevil in stored soybean seeds.

CONCLUSION

Natural extracts are preferred for their minimal environmental impact and lower risks
compared to. synthetic options. The application of diatomaceous earth, neem seed extract, and
silica gel on.soybean seeds during storage has been shown to provide several benefits. These
natural treatments can improve seed germination and vigor, reduce insect damage, and extend
the storability of the seeds. This integrated approach using multiple natural protectants offers
a sustainable and environmentally-friendly solution for maintaining soybean seed quality
during prolonged storage periods.

REFERENCES

[1] Rao, P.J.M., Pallavi, M., Bharathi, Y., Priya, P.B., Sujatha, P. and Prabhavathi, K. Insights into
mechanisms of seed longevity in soybean: a review. Front Plant Sci., 2023; 14:1206318.
doi: 10.3389/fpls.2023.1206318.



[2] Arif MAR, Afzal I. and Bérner, A. Genetic Aspects and Molecular Causes of Seed Longevity in
Plants-A Review. Plants (Basel).,2022; 11(5):598. doi: 10.3390/plants11050598.

[3] Pirredda, M., Fafianas-Pueyo, I., Ofiate-Sanchez, L. and Mira, S. Seed Longevity and Ageing: A
Review on Physiological and Genetic Factors with an Emphasis on Hormonal Regulation.
Plants (Basel), 2023; 21;13(1):41. doi: 10.3390/plants13010041.

[4] Shelar, R.V., Shaikh, S.R. and Nikam, S.A. Soybean seed quality during storage: A review. Agric
Reviews, 2024; 29(2): 125-131.

[5] Munkvold, G.P. Fungal pathogens of soybean and their impact on seed quality. Plant Disease,
2021; 105(9), 2415-2426. DOI: [10.1094/PDIS-08-20-1894-FE]

[6] Koskosidis, A., Khah, E.M., Pavli, O.l. andVlachostergios, D.N. Effect of storage conditions on
seed quality of soybean (Glycine max L.) germplasm[J]. AIMS Agriculture and Food.
2022; 7(2): 387-402. doi: 10.3934/agrfood.2022025

[7] Rojas, A.M. and Rodriguez, J. Seed storage conditions impact on germination and seedling growth
of soybean. J. of Seed Science, 2020; 42(2), 156-163. DOI:10.1590/2317-1545v42n216

[8] Tetteh, R., Kotey, D.A. and Yeboah, A. Effect of ambient room and cold temperature on seed
longevity of five soybean (Glycine maxL.) accessions. Vegetos. 2023.
https://doi.org/10.1007/s42535-023-00790-3

[9] Da Silva André, G., Coradi, P.C., Teodoro, L.P.R. and Teodoro, P.E. Predicting the quality of
soybean seeds stored in different environments and packaging using machine learning.
Scientific Reports, 2022; 12(1): 1-13. DOI: 10.1038/s41598-022-08568-5

[10] Morsy, M.M. Sustainable Storage Pest Management Using Diatomaceous Earth against
Sitophilus oryzae L. J. of Applied Plant Protection, 2021; 10 (1): 59-67.

[11] Wakil, W., Ghazanfar, M.U., Aqueel, M.A., Nasir, F. and Qayyum, M.A. Efficacy of
diatomaceous earth and spinosad against Rhyzoperthadominica F. (Coleoptera:
Bostrichidae) in stored wheat. Integrated Control of Plant-Feeding Insects in the Field and
Storage, 2017; 37: 237-243.

[12] Han, B., Fernandez, V. and Pritchard, H.W. Gaseous environment modulates volatile emission
and viability loss during seed artificial ageing. Planta, 2021; 253, 106. DOI:
10.1007/s00425-021-03514-5

[13] De Castro e Silva, P., Pereira, L.A.S. and de Rezende, E.M. Production and efficacy of neem
nanoemulsion in the control of Aspergillus flavus and Penicillium citrinum in soybean
seeds. Eur. J. Plant Pathol., 2019; 155: 1105-1116.

[14] Nath, S., Swaminathan, R. and Shukla, N. Evaluation of neem (Azadirachta indica) seed extracts
as a bio-preservative for the storage of soybean (Glycine max) seeds. J. of Food Sci. and
Technology, 2016; 53(1): 677-685. DOI: 10.1007/s11483-015-0869-5

[15] Bansal, R. and Kumar, S. Role of azadirachtin in enhancing seed quality and plant vigor against
biotic stresses. Agricultural Sci.,2023; 14(1), 100-111. DOI: [10.4236/as.2023.141008]

[16] Qin, Y., Tian, Y. and Liu, X. The role of silica nanoparticles in the improvement of seed
germination and seedling growth of maize under salt stress. Acta Physiologiae Plantarum,
2018; 40(5): 1-10. DOI: 10.1007/s11738-018-2635-9

[17] Zhao, L., Huang, Y., Hu, J., Zhou, H., Adeleye, A.S. and Keller, A.A. Isothermal titration
calorimetry and nuclear magnetic resonance spectroscopy investigations of the interaction
between silica nanoparticles and plant roots. Environmental Sci. & Technology, 2016;
50(13): 7208-7217.

[18] Khan, A.R., Jha, A.K. and Bora, T.C. Silica-based nanomaterials for seed priming and plant
growth promotion. Nanotechnology for Sustainable Agriculture. 2020; 115-140.

[19] Subramanyam, B. and Roesli, R. Inert Dusts. In: Subramanyam, B. and Hagstrum, D.W., Eds.,
Alternatives to Pesticides in Stored-Product IPM, Kluwer Academic Publishers, Boston,
2000; 321-380.

[20] ISTA. International Rules for Seed Testing. Chapter 7: Validated Seed Health Testing Methods.
Detection of Ascochyta pisi in Pisum sativum (pea) seed. 2024; 711005:1-6.




[21] Zhu, S., Hong, D., Yao, J., Zhang, X. and Luo, T. Improving germination, seedling establishment
and biochemical characters of aged hybrid rice seed by priming with KNO3+ PVA.
African J. of Agric.R., 2010; 5 (1): 078-083.

[22] Ellis, R.A. and Roberts, E.H. The quantification of ageing and survival in orthodox seeds. Seed
Sci. Technol., 1981; 9: 373-409.

[23] Agrawal, P.K. Seed vigor: Concepts and Measurements, In: Seed Production Technology. (Ed.
J.P. Srivastava and L.T. Simarsk), ICARDA, Aleppo, Syria. 1986; 190-198.

[24] Abdul-baki, A.A. and Anderson J.D. Vigor determination in soybean seed by multiplication.
Crop Sci. 1973; 3: 630-633.

[25] Ali I.M., Nulit, R. and Ibrahim, M.H. Deterioration of quality soybean seeds (Glycine max L.) at
harvest stages, seed moisture content and storage temperature in Malaysia. Int. J.
Bioscience.2017; 10: 372-381.

[26] Meena, M.K., Dhanoji, M.M., Chandra Naik M., Amaregouda, Vijaykumar, K. and Afshana
Manik. Seed Quality of Stored Soybean (Glycine Max) Seeds as Influenced by Packaging
Materials and Storage Conditions. Agri. Associ. of Textile Chemi. and Critical Rev. J.2024;
288-296.doi.org/10.58321/AATCCReview.2023.11.04.288

[27] Corbineau, F. The Effects of Storage Conditions on Seed Deterioration and Ageing: How to
Improve Seed Longevity Seeds. 2024; 3: 56-75. https://doi.org/10.3390/seeds3010005

[28] Coradi, P.C. Soybean seed storage: Packaging technologies and conditions of storage
environments. J. Stored Prod Res.,2020; 89: 101709. DOI: 10.1016/j.jspr.2020.101709

[29] Shelar, V.R. Strategies to Improve the Seed Quality and Storability of Soybean —A Review. Seed
Technology R. Unit (NSP), Mathtme Phule KrighiVidyprth, Rahuri 413-722, India Agric.
Review, 2007; 28 (3): 188-196.

[30] ISTA. International rules for seed testing. Seed Sci Technol. 1999; 4: 51-177.

[31] Coradi, P.C. and Lemes, A.F.C. Experimental silo-dryer-aerator for the storage of soybean
grains. Rev Bras Eng Agric Ambient. 2018; 22: 279-285. https://doi.org/10.1590/1807-
1929/agriambi.v22n4p279-285

[32] Bern, C.J., Nayampa, P.V., Jr. Hurburgh, C.R. and Brehm-Stecher, B.F. Maintaining soybean
seed quality with diatomaceous earth during long-term storage. J. of Stored Products R.,
2018; 78: 11-16. DOI: 10.1016/j.jspr.2018.09.003

[33] Kavallieratos, N.G., Athanassiou, C.G., Michail, G.D. and Boukouvala, M.C. Use of
diatomaceous earth for the protection of stored legumes: a review. J. of Stored Products R.
2020; 86: 101565. DOI: 10.1016/j.jspr.2020.101565

[34] Martinez, S.S. O Nim-Azadirachta indica. Natureza, UsosMdltiplos, Produgéo. In: Martinez, S.S.
Ed., IAPAR, Londrina, PR, Brazil.2002.

[35] Dauda, H., Murtala, N.G. and Bulama, A. Use of Neem (Azadirachta indica) seed powder to
treat groundnut seed-borne pathogenic fungi. European J. of Experimental Biology, 2021;
5(5): 69-73.

[36] Bern, C.J., Brumm, T.J. andHurburgh, C.R. Preserving soybean seed viability with desiccants
during storage. J. of Stored Products R.,2019; 81: 91-97. DOI: 10.1016/j.jspr.2019.04.001

[37] Battilani, P. Toscano. P. Van der Fels-Klerx, H.J., Moretti, A., Leggieri, M.C., Brera, C., Rortais,
A., Goumperis, T. and Robinson, T. Aflatoxin B1 contamination in maize in Europe
increases due to climate change. Scientific Reports., 2016; 6: 24328. DOI:
10.1038/srep24328

[38] Kavallieratos, N.G., Boukouvala, M.C., Ntalli, N. and Rumbos, C.I. Evaluation of silica gel for

the management of Sitophilus oryzae and Rhyzoperthadominica on wheat and maize. J.
of Stored Products R.2018 79: 83-91. DOI: 10.1016/j.jspr.2018.05.006



