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losses and grain quality issues are attributed to the storage structures and conditions.

Thus, there is a dire need to improve and evaluate the existing and newly developed
structures. Keeping in view the necessity, this study was conducted to evaluate various storage
structures to assess performance in preventing grain losses during storage. Six treatments, viz,
EB (earthen bin), MB (metallic bin), ATFB (airtight ferrocement bin), FVFB (forced ventilated
ferrocement bin), ATMB (airtight metallic bin), and FVMB (forced ventilated metallic bin)
were replicated thrice in the randomized complete block design. The effect of storage periods
with the interval of three months was also assessed. Six indicators were invoked to obtain the
results, namely; stored grain temperature (°C), moisture content (%), germination (%), insect-
pest infestation (%), weight loss due to insect infestation (%), aflatoxin level (ug kg-1). The
results revealed that there is a significant association between storage structure, storage period,
and grain quality. The traditional structures (EB and MB ) were observed to affect the tested
quality parameter significantly (p> 0.05). While modern structures (ATFB, FVFB, ATMB, and
FVMB) maintained the quality parameters within the permissible limit. However, an airtight
ferrocement bin (ATFB) showed significantly better results among all treatments. Therefore,
farmers are suggested to utilize airtight ferrocement bins to store and maintain wheat grain
quality for various purposes.
Keywords: Quality Parameters, Wheat Grains, Storage Bins, Insects, Storage Periods, Airtight
Bins
Introduction:

Pakistan's agriculture sector plays a crucial role in the economy, contributing 19.3% to

GDP and serving as the largest employer in terms of labor participation. Consequently, the
majority of the population's livelihood is directly or indirectly dependent on it. Wheat, rice,
sugarcane, maize, and cotton account for 21.73 percent of the agriculture sector's value
addition and 4.20 percent of GDP [1]. Agricultural products must be stored from one harvest
to the next, and sometimes beyond, for various reasons. Farmers store their crops for personal
consumption, future sales, or seed preservation for the next planting season [2]. Storage losses
of food grain are usually in the range of 1-2%, particularly in the developed countries, when

( ; rain quality maintenance and storage losses are a big challenge for the world. The
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grains are stored in well-managed silos with aeration and drying. However, it may be as high
as 20-50% in the lesser developed countries, particularly in cover and plinth storage with
poorly managed storage facilities [3]. Thus, savings of agricultural produce with proper storage
is as good as additional production, which emphasizes the need for proper storage
management [4]. According to the Food and Agriculture Organization of the United Nations
(FAO), 17% of the world's food production today is destroyed during storage (10% by insects
and 7% by mites, rodents, and diseases) [5]. It is vital to ensure product quality for the
consumer to maximize profitability. As a result, standardization of scientific research and the
industrial chain is required in this discipline.

Wheat is the most important staple food, with a high level of regular production and
relatively consistent consumption throughout the year. Cereal storage is critical for conserving
production amounts and ensuring adequate food for the human population [6]. Farmers have
used a variety of techniques for grain storage [7]. Efficient post-harvest handling storage can
help developing countries achieve socioeconomic empowerment. These storage structures are
relatively inexpensive, environmentally beneficial, and give stored goods a long shelf life. With
minimal modifications, these old storage systems can be adapted for modern storage rooms
to protect food items from insect damage [8]. Grain storage's main goal is to retain the
product's quality for as long as possible. Freshly harvested grains should be able to maintain
their nutritional qualities for a long time while also preventing substantial degradation [9].
Grain composition and quality can change during storage, especially if environmental
conditions are adverse [10].

In some regions, pest infestation during storage can cause cereal grain losses of up to
50% of the total yield [11]. Furthermore, grain storage losses contribute significantly to post-
harvest losses and are one of the leading causes of food insecurity among smallholder farmers
in developing nations [12]. Ensuring proper grain storage is not only vital for individual
farmers but also for national and global food supply chains. Reducing storage losses helps
stabilize market prices, minimize food waste, and strengthen food security policies.
Governments and agricultural organizations should raise awareness and support the adoption
of improved storage technologies to ensure long-term benefits for farming communities.
Variations in the frequency and intensity of climatic events such as floods and droughts, as
well as temperature and rainfall patterns, could have a considerable impact on agricultural
production [13]. Temperature is another important environmental component that affects
arthropods' physiological, life history, behavioral, and population activities [14]. Consequently,
grain losses increase. Insect infestation of stored grains also leads to a drop in grain amount,
as well as grain quality, weight loss, and decreased flour yield [15][16][17]. Whereas aflatoxins
are a global public health and economic concern because they cause serious health and
economic problems for consumers and farmers around the world [18].

The quality of wheat grains deteriorates over time due to various environmental factors
such as temperature, humidity, and storage conditions. Different types of storage bins,
including metal, concrete, and plastic, have varying impacts on grain quality due to differences
in aeration, moisture control, and insulation. A significant amount of food grains is damaged
after harvesting due to inadequate storage and processing facilities [19]. Traditionally, farmers
use various grain storage methods, such as earthen bins, metallic bins, and bulk storage room
structures, which are often inefficient. Smallholder farmers in developing countries use
conventional grain storage structures and handling systems such as woven bags or cribs to
store grain [20][21]. The storage deficit generally leads to qualitative and quantitative losses
[22]. Understanding these effects is crucial for ensuring food security, minimizing post-harvest
losses, and optimizing storage practices. However, there is limited research on the comparative
quality analysis of wheat grains stored in different bins over time. This study aims to assess
and compare the physical, chemical, and microbiological quality parameters of wheat grains
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stored in different bins to identify the most effective storage method for preserving grain
quality.

Obijectives:

1. To evaluate the changes in the physical, chemical, and microbiological quality of wheat
grains over time under different storage bin types.

2. To identify the most effective storage bin type in preserving the quality of wheat grains.
3. To determine the key factors influencing the deterioration of wheat grains in various
storage conditions.

Materials and Methods:

Experimental Area:

The current study evaluated various types of storage structures. The experiment was
conducted at the Latif experimental farm, Sindh Agriculture University, Tandojam, Sindh
Pakistan. The farm is located at 25°26'17.7"N, and 68°32'44.4"E. The storage structures were
fabricated at the Laboratory of Farm Structures, Faculty of Agricultural Engineering, SAU,
Tandojam.

Construction Methodology of Structures:

A total of six storage structures (Figure 1), including two traditional and four modern
designs, were evaluated. The storage techniques and technologies discussed in this study are
cost-effective and constructed using locally available materials. The characteristics and design
details of each structure are provided in the following paragraphs.

Storage

Structures

Traditional Madern

Forced Airtight Forced

Earthen bin Metallic bin Ventilated Ferrocement Alrtl.ght. ventilated
metallic bin

Ferocement bin bin metallic bin

Figure 1. Types of storage structures evaluated in the present study
Earthen Bin (EB): It is usually circular and made of clay mixed with straw as the binding
material to provide strength.
Metal Bin (MB): It is a cylindrical structure made of iron sheets of varying gauges depending
upon the size of the bin.
Airtight Ferrocement Bin (ATFB): Ferrocement is the most adaptable form of reinforced
concrete. It consists of fly ash, sand, cement (mortar), and closely spaced light reinforcing rods
or wire mesh. It requires no skilled labor and is easy to handle. The primary function of the
wire mesh and reinforcing rods is to serve as a lath, supporting the mortar in its plastic state
and absorbing tensile stresses once it hardens. The mechanical behavior of ferrocement
depends on the strength, quantity, type, and orientation of the reinforcing rods and wire mesh.
Forced Ventilated Ferrocement Bin (FVFB): The same procedure of construction was
adopted to design a forced ventilated ferrocement bin with the addition of a forced ventilated
air system at the bottom of the bin. Fans along with main and lateral ducts were provided at
the bottom of the bin as per design calculation.
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Airtight Metallic Bin (ATMB): A prototype airtight metallic bin was designed and
developed using the galvanized metallic sheet. For insulation purposes, a rubber stopper was
provided at the inlet, outlet, and all monitoring ports to make it airtight. The conical roof of
the bin was fabricated similarly to the wall.

Forced Ventilated Metallic Bin (FVMB): The same procedure of construction was adopted
to design a forced ventilated metallic bin with the addition of a forced ventilated air system at
the bottom of the bin, A 12V DC Fan was operated during low humidity hours with 0.2 cfm
/bushel.

Experimental design:

The experiment was carried out in a randomized complete block design. The effect of
two factors, storage structures and storage period was recorded on the wheat grain quality and
losses. The treatments were replicated thrice.

Preparation of the Wheat Grains for Storage Structures:

The freshly harvested wheat grain was obtained from the SAU Farms Tandojam,
Pakistan. The wheat grains were cleaned manually and foreign matter such as stones, straw,
and dirt was removed. Wheat grain samples were adjusted to a safe moisture level (wet basis)
by sun drying or rehydration (18). These moisture levels were randomly selected taking into
account the safe moisture level i.e. 12% [23]. Around 350 kg of wheat was stored in each
structure.

Samples Collection and Analysis:

Grain sampling was carried out from the top, bottom, and middle of each storage
structure (figure 2) using the sampling probe. The grain samples were thoroughly mixed to get
a composite sample (24 & 25). The readings for each parameter (stored grain temperature,
moisture contents, aflatoxin, insect infestation, weight loss, germination percentage) were
taken 3 times.
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Figure 2. Schematic diagram of storage structures showing sampling and monitoring ports
Determination of Quality Parameters to Evaluate Storage Structures:
The quality parameters that were determined to assess the performance of developed
structures are shown in Table 1.
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Table 1. Quality parameters and their determination methods

S. No | Quality Parameters Equipment Formula/Method Reference
Stored grain Thermometer probe, . .
L temperature (°C) Stopwatch Direct reading 120]
i wt. of sample — wt. of dried sample
2. Moisture content (%o) Weight balance, cans, b P x100 [24]
Oven Wt. of sample
o Petty dish, filter paper No. of germinated seed
0 > >
3. Germination (%) distilled water Total oo of seeds x100 [24]
4 Insect-pesot infestation Sampling probe, tray No. of insect — damaged grain 100 25)
D) Total no of seeds
5. . \X/e1ght loss due to Weight balance, cans No. of insect — damaged grain 100 126]
insect infestation (0/0) Total no of seeds
. ) High-performance
0. Affatoxin 11(;‘761 (g kg liquid chromatography HPLC method [27]
(HPLC)
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Data Analysis:

Analysis of variance was conducted to evaluate differences among the developed
structures. Multiple mean comparisons were performed using the L.SD test at a 1% significance
level using Statistix 8.1 software.

Results and Discussions:
Variation in Ambient Temperature and Relative Humidity Of Experimental Site:

A decreasing trend was observed in ambient temperature and relative humidity from July
to January reaching a lowest value of 23.4 °C and 62%, respectively. From January, both ambient
temperature and relative humidity increased gradually to the highest value of 40.21 °C and 68%,
respectively (Figure 3). Traditional food grain storage and preservation techniques can be
enhanced or adjusted as needed for successful grain storage to guarantee that agricultural
potential is fully utilized to satisfy the world's growing food and energy demands [8]. Naturally,
grains absorb moisture in humid environments. As a result, the storage structure's atmosphete
is influenced by its surroundings. Changes in the environment have an effect on the biological,
chemical, and physical characteristics of the grain in the storage bin [28].
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#-Relative humidity &%)
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Figure 3. Variations in mean ambient temperature and relative humidity of the experimental
site during storage
Table 2. Mean squares of quality parameters of wheat grains under the effect of storage
systems and storage durations

July Jan Jun

SOV D | Moisture Insect | Aflatoxin Grain Grain Germinatio
f | content | infestatio | s (ugkg") | Temperatur | Weight n (%)
(%) n (%) e (°C) loss (%)
Replicatio | 2 | 3.28247 0.219 9.333E- 0.375 0.0001 0.03
n 05
Storage 5 | 7.15562*% | 101.208* | 30.4707* 3.914%* 5.4994*% | 491.63*%*
S) * * *
Duration | 4 | 3.43088* | 505.922* | 121.729* | 610.774*% | 11.2769*% | 2099.54**
D) * * * *
SXD 20 | 0.57490* | 23.030** | 2.18490* 0.362%* 0.9681** | 122.60%*
* *
Error 58 | 0.03099 0.333 9.933E- 0.029 0.0002 0.99
04
Total 89

Highly significant at p<<0.01
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Grain Moisture Contents:

It is noteworthy from the results that storage structure and storage period have a
significant effect (p<0.01) on grain moisture contents (table 2). The average results of grain
moisture contents are presented in Figure 4 with an interval of three months. During study
periods, higher moisture values (14.41 and 14.83%) were obtained in the storage under EB and
MB as they were beyond the upper limit. Grain moisture was high due to variations in relative
humidity and temperature conditions of the surrounding air. The differences between EM and
MB, ATFB and FVMB, and FVFB and ATMB were non-significant after three months but
remained significantly different across all comparisons with the same pattern. However, EB
(after 6, 9, and 12 months), MB (after 6, 9, and 12 months), and ATFB (after 12 months) had
significant differences. While, FVFB, ATMB, and FVMB showed non-significant differences
over time. Modern structures invoked better results and ideal conditions for grain storage by
which healthy grain is obtained. Under an Airtight Ferrocement Bin (ATFB) consistency in grain
moisture contents was observed compared to all other treatments. The results are supported by
the findings of Chattha et al. [20] as high grain moisture can also be due to variations in relative
humidity and temperature conditions of the surrounding air. In the case of traditional bins, grain
uptake moisture from the ground, and poor protection from the weather, and may cause the
growth of mold and insects. According to Laca et al. [29], 13% moisture content is thought to
be the ideal level for storing wheat, corn, barley, and rice. In high-humidity environments,
Hruskova and Machova [30] noted a rise in the moisture of grain. Wheat seeds with an
acceptable moisture content would be better suited for storage because the fungal activities and
cell respirations could be kept under control. The findings regarding moisture content are
consistent with earlier hypotheses made by Hell et al. [31], Hell et al. [32], and Lamboni and Hell
[33]. These hypotheses suggested that the high moisture content of grain in traditional bins may
be caused by the higher respiration of insects, fungi, and wheat grain. Since heavy infestations
can increase moisture content and temperature, which could lead to a rise in the growth of toxic
fungi, insects in grain also like these conditions, which can then encourage the development of
mold.

== EB = MB == ATFB == FVFB
e ATMB = FVMB == == [ower limit === Upper limit
a

__ 15 b b
3 Cc Cc C
= - boeie— - figlafd — — eflef,
g 13 h h KW hT Al &
g — % o B -— -—
]
v 11
2
< 9
=
s 7
4]

Initial 3 months 6 months 9 months 12 months
Storage Time

Figure 4. Effect of storage structures on moisture content (%) of wheat grains during storage
period. Means denoted by different lowercase letters indicate significant differences between
treatments (p < 0.05).

Stored Grain Temperature:

The results indicated that both storage structure and storage period have a significant
impact (p<0.05) on grain temperature (Table 2). The average grain temperature results, recorded
at three-month intervals, are presented in Figure 5. During study periods, grain temperature
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varied due to variations in relative humidity and temperature conditions of the surrounding air.
The difference between EM and MB showed a significant difference over time while non-
significant after 9 months. Temperature is one of the primary environmental elements
influencing the physiological, life history, behavioral, and population processes of arthropods in
conventional bins with minimal environmental protection [14]. Insect population growth is
greatest between the optimum breeding temperatures of 25 and 32°C, but development slows
between 13 and 24°C and 33 to 35°C. Lethal temperatures, which cause insects to cease feeding,
slow down in development, and eventually die, are between 13 and 35 degrees Celsius. Insects
perish more quickly when the conditions are extreme [34]. Ferreira et al. [35] observed that the
composition of black beans did not change (P 0.05) as a result of time (12 months), temperature
(11, 18, 25, and 32 °C), and moisture (14% and 17%) during storage. Depending on the
temperature (5, 15, 25, and 35 °C) and storage duration, Paraginski et al. [30] reported no changes
in the fundamental components of maize grains held at initial moisture of 14%. (12 months).
Zhang et al. [37] also observed alterations after storage at 25 to 50 °C in the physiochemical
properties of wheat. Quality degradation due to artificial aging during storage at 45 °C was noted
by Tian et al. [38]. Modern structures invoked better results and ideal conditions for grain storage
by which healthy grain is obtained.

MEB M MB M FVFB MATFB M ATMB M FVMB
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Figure 5. Effect of storage structures on grain temperature (°C) of wheat grains during the
storage period. Means denoted by different lowercase letters indicate significant differences
between treatments (p < 0.05).

Aflatoxin:

Aflatoxins represent a global public health and economic concern as they are responsible
for significant adverse health and economic issues affecting consumers and farmers worldwide.
The results indicate that storage structure and storage period significantly affect (p<<0.05) the
aflatoxin levels in wheat grain (Table 2). Initially, there was no aflatoxin of grains stored in
various structures. After 3 months, 9 months, and twelve months the aflatoxin of grains was
significantly different in all structures. However, after 6 months, the FVFB and FVMB
maintained the aflatoxin at the same level and showed a non-significant difference. As shown
in Figure 6, the highest aflatoxin levels were detected in traditional bins (EB and MB) due to
elevated moisture content. The findings of the present study on insect infestation are in line
with previous findings that excessive moisture content during storage causes seed aging, storage
insect pests, and aflatoxin contamination [39]. According to Williams et al. [40], underdeveloped
countries, where almost 4.5 billion people are at risk of chronic aflatoxin exposure, are
particularly vulnerable to food grain contamination with fungi that produce aflatoxins.
According to Bewley et al. [41] guidance, 13% seed moisture concentrations or above are the
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baselines for fungal growth and aflatoxin contamination for cereal seeds like wheat. Aflatoxin
contamination was increased due to high seed moisture contents (14%) in super bags and regular
porous bags. The study by Hell et al. [32], which claimed that aflatoxin-producing molds grow
in normally stored grains under high temperatures and RH, also supports the findings.
Additionally, ATFB outperforms the tested structures due to its airtight quality material
consumption even after a year in storage. Similarly, several studies [39][42][43] revealed that
storing food grains in hermetic bags has proven to be the best way to lower aflatoxin
contamination and stored grain pest infestation. Relatively, modern structures (ATFB, FVFB,
ATMB, and FVMB) maintained the grain moisture within permissible limits and thus controlled
the aflatoxin, However, ATFB showed the best result among all storage structures in controlling

aflatoxin.
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Figure 6. Effect of storage structures on aflatoxin (ug/ kg) of wheat grain during the storage
period. Means denoted by different lowercase letters indicate significant differences between
treatments (p < 0.05).

Insect Infestation:

The results highlight that storage structure and storage period significantly impact
(p<0.05) insect infestation in wheat grain (Table 2). At the start of the experiment, the wheat
grains were free from insects. After 3 months, 6 months, 9 months, and twelve months the
grains were infested with insects. The difference between EB and FVFB was non-significant
after 3 months and both structures infested the insects by the same amount. While ATMB and
FVMB were significantly different. However, both structures (ATMB and FVMB) had non-
significant differences against MB, ATFB, and FVFB after three months. However, EB (after 6
months), MB (after 6 months), FVEFB (after 9 months), FVMB (after 9 months), and ATFB
(after 12 months) had non-significant differences (figure 7). Ahmad [42] emphasized that an
increase in storage time led to an increase in the insect population, which in turn caused an
increase in wheat loss. Temperature is one of the primary environmental elements influencing
the physiological, life history, behavioral, and population processes of arthropods in
conventional bins with minimal environmental protection [14]. Insect population growth is
greatest between the optimum breeding temperatures of 25 and 32°C, but development slows
between 13 and 24°C and 33 to 35°C. Lethal temperatures, which cause insects to cease feeding,
slow down in development, and eventually die, are between 13 and 35 degrees Celsius. Insects
perish more quickly when the conditions are harsh [34]. The findings of the current study
regarding insect infestation are consistent with those made previously by Dubale et al. [44], who
noted an increase from 2.42- 20.75% during the storage period under standard storage methods
(zombies and sacks). Similarly, it has been noted that infection of millet grains with flour beetles
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and less severe grain borer increased with longer storage times [45]. The provision of optimum
storage conditions and environmental protection methods under ATFB, FVFB, ATMB, &
FVMB, on the other hand, assisted society in maximizing its benefits by utilizing various ideas.
However, even after a year of storage, ATFB continues to produce the best results of any
treatment. The findings of Bradford et al. [46] and Afzal et al. [39] provide additional support
for the findings. The main idea of hermetic bag technology is to block off the oxygen supply
inside the bags, which reduces insect pest infestation and is effective for grain storage. The
essential idea behind the dry chain is to dry seeds to alow moisture content that is secure enough
to maintain seed viability before packaging them in hermetic containers to maintain continuous
drying [46][39]. If the grain was clear of insects before storage, airtight seed bags could keep it
from insect damage for up to nine months [47]. Figure 7 shows that wheat stored under
traditional bins (EB and MB) was highly affected by insects concerning time. Under these
methods, maximum insect infestation was observed over time. On the other hand, modern
techniques showed relatively less insect infestation. Under an airtight ferrocement bin (ATFB)
minimum infestation was observed compared to all other treatments. Therefore, it is
recommended that good hygiene practices be used to combat the infestation of grains.
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Figure 7. Effect of storage structures on Insect infestation percentage of wheat grain during
storage period. Means denoted by a different lowercase letter indicate significant differences
between treatments (p < 0.05).

Weight Loss:

It is noteworthy from the results that storage structure and storage period have a
significant effect (p<0.05) on weight loss in wheat grain (table 2). Throughout the storage period,
there was an increasing trend in grain weight loss, with the greatest rise in grain weight loss seen
in samples from traditional bins (EB, MB) rather than modern bins (ATFB, FVFB, ATMB, and
FVMB). The difference between FVFB, ATMB, and FVMB was non-significant after 3 months
and retained the same amount of weight loss. While EB, MB, and ATFB were significantly
different. However, FVMB (after 6 months), ATMB (after 6 months), FVEFB (after 12 months),
and FVMB (after 12 months) had non-significant differences (figure 8). For smallholder farmers
in developing countries, grain storage loss is one of the main causes of food insecurity and a
significant contributor to post-harvest losses [22]. The current study's findings on grain weight
loss are consistent with earlier research by other researchers, including Phillips [48], who noted
that inadequate environmental protection during storage creates a favorable environment for
insects. Postharvest losses attributed to stored-product insects are estimated up to 9% in
developed countries to 20% or more in developing countries. The findings of the current study
are also in line with those of Sayed et al. [49], who found a correlation between weight loss of
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stored grains and insect infestation level. Structures produced better outcomes and appropriate
grain storage conditions, resulting in healthy grain. The current findings are also consistent with
earlier research by Abdullahi et al. [50] and Javed et al. [51], which demonstrated that insects can
result in a significant economic loss by reducing the quantity and quality of stored seeds and by
increasing the cost of treatment and preventative measures. Modern structures invoked better
results and ideal conditions for grain storage by which healthy grain is obtained. Under an airtight
ferrocement bin (ATFB) minimum weight loss was observed compared to all other treatments.
This shows the good characteristics of the ATFB.
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Figure 8. Effect of storage structures on grain weight loss percentage of wheat grain during
the storage period. Means denoted by different lowercase letters indicate significant differences
between treatments (p < 0.05).

Seed Germination:

Itis observed from the results that storage structure and storage period have a significant
effect (p<<0.05) on seed germination percentage in the wheat grain (table 2). Initially, the
germination percentage was the same but gradually declined throughout the storage period
under different storage structures. The difference between MB, ATFB, and ATMB was non-
significant after 3 months, while EB, FVFB, and FVMB were significantly different. However,
MB (after 6 months), FVFB (after 6 months), ATMB (after 6 months), ATFB (after 9 months),
and ATMB (after 9 months) had non-significant differences. While, the EB, MB, ATFB, and
ATMB showed significant differences over time (figure 9). Modern structures invoked better
results and ideal conditions for grain storage by which healthy grain is obtained. Improved plant
stands in the field and higher yields and increased productivity would follow from greater seed
germination [52]. The data on seed germination is supported by Vales [52], who reported that
during eight months of storage, 77.0% of the seeds had germinated. These numbers fall within
the permissible range (>75% defined by the seed industry), and they agree with the results of
ATFB, FVFB, ATMB, and FVMB. Seed viability can be maintained for up to 9 months after
harvesting when stored at 15°C, but only for 3 months when stored at 30°C. The findings of
Owolade et al. [53], Rani et al. [54], and Ahmed et al. [55], who found that high grain moisture
and temperature are inversely related to grain germination %, provide additional support for the
tindings. Additionally, Mobolade et al. [21] research showed that conventional methods for food
grain storage and preservation can be enhanced or changed as needed for efficient grain storage,
ensuring that agricultural potential is fully realized to meet the growing food and energy demands
of the world. Therefore, even after a year, ATTB has produced the best performance out of all
the modified storage bins with very minor modifications. Under an airtight ferrocement bin
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(ATFB) maximum germination percentage was observed compared to all other treatments. This
shows the good characteristics of the ATFB. FVEFB and FVMB are also not different and have
the same trend concerning storage time.
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Figure 9. Effect of storage structures on Germination percentage of wheat grain during the
storage period. Means denoted by different lowercase letters indicate significant differences
between treatments (p < 0.05).

Conclusions:

The study emphasizes the critical role of proper storage methods in preserving wheat
grain quality and minimizing losses. Poor storage conditions lead to significant deterioration
over time, affecting both grain safety and market value. Among the storage methods analyzed,
airtight and ventilated bins proved to be more effective in maintaining grain quality, with airtight
ferrocement bins showing the best results. These bins offer a durable and cost-effective solution,
protecting wheat from moisture, pests, and spoilage. By adopting airtight ferrocement bins,
farmers can reduce post-harvest losses, enhance food security, and ensure better profitability.
Investing in proper storage infrastructure is essential for sustainable grain management and long-
term agricultural success. Future research should investigate smart storage solutions
incorporating sensors and IoT-based monitoring for real-time quality assessment.
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