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ABSTRACT

This study set out to determine the impact of different storage temperatures and packing materials on storage
fungi, genotoxic effect, germination rate, and chemical properties of three different cultivars of maize (SC131,
TWC324, and Balady) that were stored for 0, 8, and 18 months. Data show that Fusarium verticilioides, was the
most common fungus attacking maize grains and causing kernel rots in all tested maize cultivars and under all
storage conditions. It was followed by Aspergillus niger, Aspergillus flavus and Penicillium spp. For storage
conditions, keeping maize grains in refrigerators (at 10°C and -5°C) in high density polyethylene packing was the
most effective technique to prevent kernel rot. Results for grain germination and chemical attributes showed that
when grains were maintained in refrigerators (at 10°C, and at -5°C) in high density polyethylene packing, maize
SC131 had the highest germination percentage, protein, carbs, oil, and fibre content. In contrast, the Balady
cultivar that was held at room temperature in woven polyethylene containers had higher amounts of ash, free fatty
acids, and acidity than normal. Increased storage periods were observed to significantly reduce germination
percentage and chemical grain component, particularly at room temperature and in woven polyethylene packing.
In terms of genotoxicity, maize grain cultivar SC131 had the lowest percentage of chromosomal aberrations (CA),
the highest percentage of mitotic index (Ml), and the lowest infection by kernel rot.

Keywords: Kernels rot, Genotoxic effects, Storage conditions, Packaging materials, maize cultivars.

INTRODUCTION

Maize (Zea mays L.) is the world's third most important food crop, trailed only by wheat and rice. Food
consumption in developing countries alone is expected to rise by roughly 1.3% per year (International Grains
Council, 2020). Maize demand in the developing world is expected to double by 2050, and maize is expected to
become the grain with the highest production globally and in the developing world by 2025 (Rosegrant et al., 2008;
International Grains Council, 2020). According to the International Grains Council (2020), fungal diseases reduce
worldwide maize production by 11%. The contamination of maize grain either before harvest or after harvest
results from ear rot fungi that create mycotoxins under specific environmental conditions (Mukanga et al., 2010).
According to Tsedaley and Adugna (2016), fungi are one of the primary causes of maize grain deterioration and
loss. The predominant Fusarium species present in maize grains was always F. verticillioides, independent of the
treatment, location (plot), or sampling time. While the others Fusarium species found in low percentages (Farahat
and El-Shabrawy, 2021; Carbas et al., 2021). According to Tsedaley and Adugna (2016), fungi can cause 50-80%
damage to farmers' corn during storage if conditions are favorable for their growth. Numerous fungi can remain
attached to maize grains during storage, either destroying them or just remaining alive to infect germinating
seedlings. Aspergillus, Penicillium, Fusarium, and a few xerophytic species are the most prevalent fungal genera
found in stored grains (Orsi et al., 2000; Castlellarie et al., 2010). Several of these species can create toxins.
Fusarium verticillioides (Sacc.) Nirenberg (synonym F. moniliforme Sheldon, teleomorph Gibberella moniliformis
Wineland) is the most common pathogen responsible for ear or kernel rot in maize (Lanubile et al., 2017; Gai et al.,
2018; Lina et al., 2019). The predominant Fusarium species present in maize grains was always F. verticillioides,
independent of the treatment, location (plot), or sampling time. While, the others Fusarium species founded in low
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percentages (Farahat and El-Shabrawy, 2021; Carbas et al., 2021). The discovery that F. verticillioides not only
reduces yield but also affects seed quality and can produce the secondary metabolite fumonisins has renewed
interest in the fungus (Zhou et al., 2018; Czembor et al., 2019). Paddy et al. (2018) found that, the combined effect
of warm temperatures and unsuitable storage bags results in accelerated grain deterioration and promotes growth
of insects and fungi. Storage fungi including F. moniliforme, Aspergillus spp., and Penicillium spp. can grow in stored
grain and cause large losses (Mehrotra, 1983; Mesterhazy et al., 2022).

Maize grain quality can be significantly influenced by the handling and storage procedures utilized after
harvest (Mulhanga et al., 2022). Chemical composition, physiological germination, seed vigor, and the presence of
seed-borne diseases are all considered "seed quality." The quality of the seed may remain constant during storage
or decline to the point where it is unfit for planting. Factors influencing seed quality include environmental
conditions, pests, diseases, seed oil content, moisture content, mechanical damage during processing, storage
longevity, packaging, pesticides, storage temperature and humidity, and biochemical injury to seed tissue (Al-
Yahya, 2001; Guberac et al., 2003; Simic et al., 2004; Fufa et al., 2020; Topan et al., 2023). The physical and
chemical properties of maize can change during storage, affecting its nutritional value and acceptability for
ingestion (Lacerda et al., 2003; Chattha et al., 2012; Chen et al., 2020). Temperature, humidity, and pest
management approaches can all be considered as storage conditions. However, storage times, storage
temperatures, and packaging materials all had an impact on changes in grain germination, chemical composition,
acidity, and oil content of maize grains as a result of infection by various fungi that cause ear and kernel rots
(Chatha et al., 2012; Rahraw et al., 2013; Timoteo and Marcos-Filho, 2013; Santoso et al., 2015; Kibar et al., 2021).
Inadequate storage conditions can also foster the growth of fungi, which produces mycotoxins that pose serious
health problems to both humans and animals (Basyal et al., 2022). At all, Elsayed et al. (2023) illustrated that the
tested maize cultivars, i.e., SC10 and SC176, were resistant to some diseases in maize, as compared with the open
pollinated variety, i.e., the Balady cultivar. They also added that, the lowest kernel rot diseases, and high
quantitative and qualitative yields per 2 rows were obtained from the plots sprayed with insecticide and fertilized
by stored animal manure (decomposing animal manure).

Bewley and Black (1994) defined germination as the process by which seeds begin to take up water, and
that is followed by the radical penetrating the endosperm and seed coat and the embryo lengthening. Because of
their great initial downward development potential and quick subsequent expansion, maize seeds have a high
germination potential. For seed to attain such a high germination rate, it must be stored for the necessary length of
time to maintain its quality. To maintain high viability from harvest to planting, some seeds must be kept in a
controlled environment (Tripathi and Lawande, 2014; Santoso et al., 2015). Marco (2023) showed that, the
increasing of storage period can reduce grain weight, nutritional value, and germination capacity of stored maize
grains. As a result, commercial grain buyers may pay a reduced price. Proper storage can increase a seed's vitality
(Garoma et al., 2017). On the other hand, chromosomal abnormalities and genotoxic consequences are often the
consequence of exposure to chemical and physical mutagens (Gecheff, 1996). One of the primary problems with
Fusarium verticillioides is the production of genotoxic chemicals called mycotoxins (Sekhon et al., 2006). Numerous
studies have reported that chromosome stickiness, univalent, multivalent, laggard, chromatin bridges, micronuclei,
and other abnormalities can be caused by physical and chemical mutagens (Kumar and Singh, 2004; El-Diasty et al.,
2009). Particularly in underdeveloped countries worldwide, there are worries regarding how to safely store seeds,
including maize grains, for an extended period of time without rot pathogens and compositional changes. There is a
need for precise and comprehensive approaches to evaluate how storage circumstances affect maize quality, given
how important it is to maintain maize quality during storage. The current study set out to determine the impact of
packing materials and storage conditions on the incidence of storage fungi in maize, grain quality, and genotoxic
effects on the studied cultivars of maize.

MATERIAL AND METHODS

Study area, maize cultivars and treatments:

This study was carried out at the Sakha Agriculture Research Station, Agricultural Research Centre (ARC), Egypt, in
the Research Farm, the Laboratory of Seed Technology, and the Laboratory of Plant Pathology. One commercial
single cross (SC), three way cross (TWC) and open pollinated variety (balady) were used. These cultivars were
namely, SC131 (A1), TWC 324 (A2) and balady cultivar (A3), respectively. These cultivars were obtained from the
Egyptian Agricultural Research Centre (ARC). The cultivars listed above were cultivated in clay soil during the 2021
growing season as part of a field experiment. All prescribed farming techniques were followed. During harvest, ten
kg of grains from each investigated maize cultivar were randomly picked and placed in containers composed of
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paper (C1), high density polyethylene (143 g/m?), and woven polyethylene (C2). Each container contained one kg of
the tested grains, which were kept at three distinct temperatures: ambient (B1), 10°C (B2), and -5°C (B3). A factorial
totally randomized design experiment consisted of three replicates were used.

Grain samples and data to be collected:

Random grain samples were collected from each package at three different storage intervals: zero time storage,
eight months storage, and eighteen months storage. These samples were tested for germination, grain oil
properties, acidity, physical and chemical compositions, and the isolation of fungi that cause kernel rot. To assess
the mitotic index (MI) and chromosomal aberrations (CA), additional samples of the previously reported samples
were transferred to the Cytogenetics and Animal Cell Culture Laboratory, National Gene Bank, ARC, Egypt, for
further research.

Isolation and frequency of kernel rot pathogens:

According to EL-Sayed and Tolba (2005), laboratory tests were used to isolate the kernel rot fungi. Three maize
cultivars (SC131, TWC 324, and Balady) were sampled at random on and after each storage term, storage condition,
and under each evaluated packaging material test. To isolate the pathogens that cause maize kernel rots, 100
kernels of each tested maize cultivar were sterilized in 1% sodium hypochlorite for 3-4 minutes, washed several
times in sterilized distilled water, blotted between two sterilized filter papers, and plated in Petri dishes with 10 ml
of potato dextrose agar medium (PAD). For 8-10 days, the plates were incubated at 26-27 °C. The emerging fungi
were examined and purified under a microscope using the hyphal tip procedure. Purified fungi were identified at
the Department of Mycology, Institute of Plant Pathology, ARC, Giza, Egypt. The acquired fungi were counted (as a
percentage) in each maize cultivar and treatment based on how frequently they appeared on isolation plates (ISTA,
1985).

Standard germination:

The test was conducted under ideal conditions in accordance with international testing standards (I.S.T.A., 1999).
Chemical composition characters:

Random samples of maize grain were taken from each container and ground to a fine powder that could pass
through a 2 mm mesh for chemical analysis. A.0.A.C. (1990) provided the techniques for calculating the
percentages (%) of oil, crude protein, carbs, crude fiber, ash, free fatty acids (FFA), and acidic value (AV).

The genotoxicity assay:

Grains of various maize varieties were germinating on wet filter paper in Petri dishes at room temperature. Root-
tips that were between one and two centimeters long were gathered, processed, and fixed in a 3:1 mixture of
ethanol and glacial acetic acid. The root tips were put into 70% ethyl alcohol and preserved for 24 h. The root tip
cells were stained using the aceto-orcein staining technique as reported by Sayed-Ahmed (1985) and Ismail and
Abd El-Gawad (2021). Following a thorough wash with distilled water, the fixed root tips were pressed onto dry,
clean slides and stained with a little drop of aceto-orcein stain. At least five prepared slides with 400 cells each
were used to score cytological criteria. Using a vertical fluorescence microscope (Leica DM4 B) fitted with a cooled
digital color camera (Leica DFC450C), chromosomal aberrations and the mitotic index was calculated. The number
of chromosomal abnormalities overall was estimated in dividing cells, and the mitotic index represented the
proportion of divided cells to the total number of cells analyzed. Micronuclei (compact and non-compact), pieces,
sticky binucleate cells, and laggards were among the abnormalities (Jacobs, 1997).

Statistical Analysis:

Statistical evaluation of data was performed by Mstatc program using two-way analysis of variance (ANOVA)
followed by Duncan’s multiple range test at p= 0.05 were considered as significant.

RESULTS

Effect of storage temperature on kernels rot fungi:

According to the data in Tables 1 and 2, SC131 had the lowest frequency of the kernels rot disease whereas balady
cultivar had the highest frequency. On the other hand, storage at ambient temperature resulted in the highest
incidence of kernel rot-causing fungi, whereas storage at -5°C resulted in the opposite. After an eight-month
storage period, results in Table 1 showed that the cultivars SC 131, TWC 324, and balady each had a frequency of
presence of the fungus F. verticilioides of 28.0, 33.1, and 37.1 %, respectively. Additionally, it measured 37.2, 32.4,
and 28.2 % at room temperature, at 10°C, and at -5°C, respectively. The storage temperature 10°C was also suitable
and resulted in decreasing of infection by the tested fungi, being 32.4, 3.0, 9.0, 11.0, 11.2 and 7.4 % comparing with
storage at room temperature which recorded 37.4, 3.4, 13.0, 14.2, 15.0 and 10.1 % for each of F. verticilioides, F.
semetictum, A. flavus, A. niger, Penicillium spp. and other fungi, respectively. The fungus F. verticilioides recorded
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the highest frequency of occurrence (%) after an 18-month storage period, with respective frequencies of 32.3,
38.2, and 41.1 % in the SC 131, TWC 324, and Balady cultivars, respectively (Table 2). Additionally, it measured
45.4, 36.2, and 30.1 % at room temperature, at 10°C, and -5 at -5°C, respectively. As compared to storage at room
temperature, which resulted in infection rates of 45.4, 19.1, 13.0, 21.0, 22.0 and 17.0 % for each of the tested fungi
(F. verticilioides, F. semetictum, A. flavus, A. niger, Penicillium spp., and other fungi), storage at 10°C was also
effective and decreased infection rates by tested fungi.

Effect of packaging materials on kernels rot fungi:

Data given in Tables 1 and 2 demonstrated that, for all tested maize cultivars and storage settings, the highest
frequency of kernel rot causal fungi were observed in cases of storage in paper and woven polyethylene package.
However, the opposite was true when stored in high density polyethylene container. Regarding packaging
materials, data in Table 1 showed that the fungus F. verticilioides recorded the highest frequency of occurrence of
32.0, 30.1 and 36.2 % when paper, high density polyethylene, and woven polyethylene package materials were
used after an 8-month storage period. The reverse was true in case of infection by the fungus Fusarium semetictum
and slightly other tested fungi. When employing paper, high density polyethylene, and woven polyethylene
package materials, respectively, the infection percentage by F. verticilioides was the highest after an 18-month
storage period, coming in at 36.4, 34.0, and 41.2 %. The opposite, however, was true when other examined fungi
and the Fusarium semetictum causative organism were the source of the infection.

Effect of storage temperature, durations and packaging materials on kernels rot fungi:

Regarding the interactions between the tested treatments, after 8 months of storage, the obtained results in Table
1 illustrated that, the highest infection % by the tested fungi was obtained with interaction between A3xB1xC3
(balady cv x at room temperature x woven polyethylene). The frequencies of F. verticilioides, F. semetictum,
Aspergillus flavus, Aspergillus niger, Penicillium spp. and other fungi were recorded as 45.0, 4.3, 18.3, 22.3, 25.0
and 15.3 %, respectively. The interaction between A1xB3xC2 (SC131x at -5°C x high density polyethylene) resulted
in the lowest infection rate, with frequencies of 20.3, 2.0, 3.3, 5.3, 3.3, and 3.0% for the fungi indicated. The results
in Table 2 showed that, after an 18-month storage period, the interaction between A3xB1xC3 (balady cv x at room
temperature x woven polyethylene) produced the highest infection percentage by the tested fungi. It was recorded
frequencies of 56.0, 26.3,25.3, 30.3, 32.0 and 22.3 % for F. verticilioides, F. semetictum, A. flavus, A. niger,
Penicillium spp. and other fungi, respectively. The interaction between A1xB3xC2 (SC131x at -5°C x high density
polyethylene) resulted in the lowest infection percentage, which was 23.3, 7.0, 5.0, 8.0, 4.3, and 4.3 %,
respectively.

142



Elsayed et al. Egypt. J. Agric. Res., (2024) 102 (1), 139-154

Table 1. Effect of storage conditions and different package materials on the percentage of kernels rot causal
organisms after eight months storage period in three maize cultivars.

Frequency of occurrence (%)
Treatment o - - T "
F. verticilioides | F. semetictum | A. flavus | A. niger | Penicillium spp. | Other fungi
A= varieties
SC131 28.0c 3.0c 7.0c 9.0c 8.0c 6.0c
TWC 324 33.1b 3.0b 9.0b 11.0b 12.0b 7.0b
Balady 37.1a 3.4a 12.0a 13.4a 144 a 9.2a
F. teSt k% * %k * %k k% k% k%
LCD 5% 0.2 0.1 0.3 0.3 0.3 0.3
B = Storage conditions
At RT 37.4a 3.4a 13.0a 14.2 a 15.0a 10.1a
At 10°C 32.4b 3.0b 9.0b 11.0b 11.2b 7.4b
At -5°C 28.2c 3.0c 6.0c 8.0c 8.0c 43c
F. test k% * %k * %k k% k% * %k
LSD 5% 0.2 0.1 0.3 0.3 0.3 0.3
C= Package kinds

Paper 32.0b 3.0b 8.4b 10.0b 10.0b 7.0b
HDP 30.1c 2.7c 7.2c 9.0c 9.0c 6.0c

WP 36.2a 3.4a 12.0a 14.2 a 15.0a 10.0a
F. test k% * %k * %k k¥ k¥ k%
LSD 5% 0.3 0.1 0.3 0.4 0.3 0.3

AxBxC

AlxB1xC1 32.0 3.0 10.0 11.0 10.0 8.0
AlxB1xC2 28.3 3.0 8.3 9.0 9.0 6.3
A1xB1xC3 39.0 4.0 13.0 14.0 15.0 11.0
A1xB2xC1 26.0 3.0 6.0 8.0 7.0 5.3
A1xB2xC2 25.3 2.3 4.3 7.3 5.3 5.0
A1xB2xC3 33.0 3.0 10.0 11.3 11.3 7.3
AlxB3xC1 21.3 2.3 4.0 5.3 4.3 3.3
Al1xB3xC2 20.3 2.0 3.3 5.3 3.3 3.0
Al1xB3xC3 28.0 3.0 5.3 7.3 7.3 4.3
A2xB1xC1 37.0 3.3 12.0 13.0 14.3 9.3
A2xB1xC2 35.0 3.1 11.0 11.3 12.3 8.0
A2xB1xC3 42.0 4.0 16.3 20.0 19.0 12.3
A2xB2xC1 32.3 3.0 8.0 9.3 10.3 7.0
A2xB2xC2 31.0 3.0 6.3 8.3 10.0 5.3
A2xB2xC3 35.3 4.0 10.3 14.3 14.3 9.3
A2xB3xC1 28.3 3.0 5.0 6.3 7.3 3.3
A2xB3xC2 27.0 2.3 3.3 5.3 6.3 3.0
A2xB3xC3 32.0 3.0 7.3 11.3 11.0 6.0
A3xB1xC1 42.0 4.0 14.0 15.3 16.0 12.0
A3xB1xC2 39.3 3.4 13.0 14.0 15.0 10.3
A3xB1xC3 45.0 4.3 18.3 22.3 25.0 15.3
A3xB2xC1 37.0 3.2 11.3 13.3 13.0 9.0
A3xB2xC2 34.3 3.0 10.3 10.3 12.0 8.0
A3xB2xC3 39.3 4.0 14.3 16.3 20.0 12.3
A3xB3xC1 32.3 4.0 8.0 10.0 9.3 53
A3xB3xC2 31.3 3.0 6.3 8.0 7.3 3.3
A3xB3xC3 35.0 4.0 11.3 12.3 14.3 8.3
F' test %k k% k% %% %% * %k
LSD 5% 0.8 0.2 0.9 1.0 0.9 0.9

RT= Room temperature, HDP= High density polyethylene and WP= Woven polyethylene
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Table 2. Effect of storage conditions and different package materials on the percentage of kernels rot causal
organisms after eighteen months storage period in three maize cultivars.

Frequency of occurrence (%)
Treatment P - - - -
F. verticilioides | F. semetictum | A. flavus | A. niger | Penicillium spp. | Other fungi
A= varieties
SC131 32.3c 12.2c 11.1c 124 c 12.0c 93¢
TWC 324 38.2b 15.0b 13.1b 143 b 15.4b 11.0b
Balady 41.1a 17.0a 154 a 18.0a 18.0a 13.0a
F_ teSt k% * %k * %k k% k% k%
LCD 5% 0.2 0.2 0.2 0.2 0.2 0.2
B = Storage conditions
At RT 45.4a 19.1a 13.0a 21.0a 22.0a 17.0a
At 10°C 36.2 b 13.0b 9.0b 13.3b 14.0b 10.0b
At -5°C 30.1c 8.0c 6.0c 10.2 c 10.0c 6.0c
F. test * % * % * % %k % % %k
LSD 5% 0.2 0.2 0.2 0.2 0.2 0.2
C= Package kinds
Paper 36.4b 14.0b 12.1b 14.0b 13.2b 10.0b
HDP 340c 12.3¢ 11.5¢ 12.1c 124 ¢ 9.1c
WP 412 a 18.0a 16.0a 19.0a 19.1a 14.0a
F. test * %k * %k * %k k¥ k¥ k¥
LSD 5% 0.2 0.207 0.2 0.2 0.2 0.2
AxBxC

A1xB1xC1 38.3 15.3 15.3 17.3 16.3 13.0
A1xB1xC2 33.0 14.3 15.0 16.0 16.0 11.3
A1xB1xC3 46.0 19.0 18.3 20.0 22.0 17.0
A1xB2xC1 32.0 12.3 10.0 9.3 9.3 8.0
A1xB2xC2 29.3 11.0 9.3 9.0 8.3 7.3
A1xB2xC3 36.3 15.0 13.3 15.3 14.0 12.0
A1xB3xC1 24.0 7.3 5.3 8.3 6.0 5.0
A1xB3xC2 23.3 7.0 5.0 8.0 4.3 4.3
A1xB3xC3 30.0 11.0 10.0 10.3 11.0 8.0
A2xB1xC1 45.3 17.3 19.0 19.0 21.3 15.0
A2xB1xC2 43.3 17.0 18.3 16.3 20.3 15.3
A2xB1xC3 53.0 23.0 23.0 26.3 25.3 22.0
A2xB2xC1 37.3 14.3 11.3 12.0 13.0 9.0
A2xB2xC2 34.0 13.0 11.0 11.3 12.3 8.3
A2xB2xC3 38.3 18.3 14.3 16.3 17.0 12.0
A2xB3xC1 31.0 10.0 7.0 8.0 9.0 5.3
A2xB3xC2 29.3 9.0 6.3 7.3 8.3 3.3
A2xB3xC3 34.0 12.3 10.0 14.0 14.0 9.0
A3xB1xC1 48.3 20.0 20.3 23.0 21.3 19.0
A3xB1xC2 46.3 18.3 19.0 20.3 20.3 18.3
A3xB1xC3 56.0 26.3 25.3 30.3 32.0 22.3
A3xB2xC1 40.0 16.0 14.0 17.0 14.0 10.3
A3xB2xC2 36.3 13.3 14.0 11.3 12.3 10.0
A3xB2xC3 43.3 21.0 18.0 20.0 24.0 13.3
A3xB3xC1 33.3 10.3 8.3 11.3 10.3 5.3
A3xB3xC2 31.3 10.0 8.0 11.0 10.0 4.3

A3xB3xC3 36.3 15.3 14.0 16.0 16.0 11.0
F. test k% * %k * %k k% k¥ k%
LSD 5% 0.7 0.6 0.6 0.6 0.7 0.7

RT= Room temperature, HDP= High density polyethylene and WP= Woven polyethylene
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Effect of storage temperature and durations on kernels rot fungi and grains germination:

Data presented in Table 3 summarized that, the infection % by F. verticilioides was the highest on all tested maize
cultivars and under all tested storage conditions and periods. It varied from 23.3 to 49.3 %, while, the reverse was
true in case of infection by F. semetictum. The obtained results in Table 3 also showed that, the infection % by
tested fungi i.e. F. verticilioides, F. semetictum, A. flavus, A. niger, Penicillium spp. and other fungi was significantly
increased under storage at room temperature after 8 months, ranged from 37.3 to 14.4 % comparing with zero
time, it ranged from 28.3 to 4.0 %, in SC131, and ranged from 42.0 to 7.0 % comparing with zero time it ranged
from 33.3 to 6.0 % in TWC324, while it ranged from 45.3 to 17.0 % comparing with zero time it ranged from 38.0 to
9.0 % in balady maize cultivar. On the other hand, the germination % were decreased and the infection by tested
fungi were very increased after 18 months storage period under room temperature comparing with infection at
zero time, in all tested maize cultivars.

Table 3. Effect of different storage periods on grain germination (%) and kernels rot pathogens (%) in three maize

cultivars.
Cultivar Percentage of germination and ear and kernel rots pathogens (%)
Germination | F. verticilioides | F. semetictum | A. flavus | A. niger | Penicillium spp. | Others
At zero time

SC131 94.3 28.3 4.0 9.0 7.4 8.0 5.0

TWC 324 92.0 33.3 6.0 10.0 11.0 10.0 7.0

Balady 90.0 38.0 10.0 13.0 12.4 12.2 9.0

After 8 months storage at room temperature

SC131 91.1 37.3 15.0 13.0 15.0 14.4 11.0

TWC 324 88.0 42.0 18.0 16.4 18.0 17.0 14.0

Balady 84.3 45.3 23.0 19.2 21.0 22.0 17.0

After 18 months storage at room temperature

SC131 89.1 39.3 18.3 16.3 18.1 18.0 14.0

TWC 324 84.4 46.3 22.0 20.0 21.0 22.0 18.0

Balady 82.0 49.3 26.3 24.0 25.0 25.0 20.1
After 8 months storage at 10°C

SC131 95.3 27.3 5.0 8.3 8.4 8.0 6.0

TWC 324 92.3 33.0 8.0 11.0 11.0 10.3 8.1

Balady 92.0 36.3 10.3 14.0 14.0 13.0 10.0
After 18 months storage at 10°C

SC131 93.0 28.3 5.3 9.0 10.0 10.0 7.3

TWC 324 90.3 36.3 9.0 11.3 12.0 13.0 10.0

Balady 90.0 39.3 11.3 15.0 14.0 13.0 10.1
After 8 months storage at -5°C

SC131 97.3 23.3 4.0 7.0 7.1 7.1 4.4

TWC 324 94.4 28.3 7.3 9.0 10.0 10.0 7.0

Balady 93.1 32.3 10.0 11.0 12.0 12.0 9.4
After 18 months storage at -5°C

SC131 95.0 25.3 5.0 8.0 8.0 8.0 5.3

TWC 324 92.3 31.0 8.0 9.3 10.3 10.3 8.0

Balady 91.3 33.3 10.3 12.0 13.0 12.0 10.0

F. test k% L L k% k% * %k * %k

LSD 5% 1.5 1.1 0.9 1.1 0.9 0.7 0.8

LSD 1% 2.0 1.5 1.2 1.5 1.3 1.0 1.0
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Effect of storage temperature, durations and packaging materials on grains components:

The maize cultivar SC131, according to the data in Table 4, was the best hybrid and had the largest percentage of
grains containing oil, protein, carbohydrates and fiber, being 6.1, 10.0, 80.0 and 5.0 %, respectively. In terms of
free fatty acids, ash, and acidic value, this cultivar had the lowest concentrations (0.2, 1.4 %, and 4.3, respectively).
The reverse was true in case of balady cultivar. The best storage conditions, on the other hand, were obtained at -
5°C and 10°C; storage at these temperatures led to high grain concentrations of protein, carbohydrates and fiber,
being 6.1 & 6.0, 9.0 & 9.0, 79.1 & 76.3 and 5.0 & 5.0 %, under -5°C and 10°C, respectively. According to data from
Table 4 regarding storage packaging materials, high density polyethylene packages were the best and kept the
grain components. The oil, protein, carbohydrates, and fiber contents of maize grains stored in high density
polyethylene packages were high being 6.0, 9.0, 79.0 and 5.0, respectively, while the bad compounds, such as free
fatty acids, ash, and acid value, were at their lowest levels being 0.5, 1.2 % and 5.0, respectively. In the case of
storage in woven polyethylene packaging materials, the opposite was true.

Table 4. Effect of storage conditions and different package materials on chemical properties of maize grains after

eighteen months storage period in three maize cultivars.

Treatment Chemical properties of corn grains
% oil | Free fatty acids | % protein | % carbohydrates | % ash | % fiber | Acidic value
Cultivars
SC131 6.1a 0.16 ¢ 10.0a 80.0a l4c 5.0a 4.3b
TWC 324 6.0 b 0.17 b 9.0b 78.0b 16b 4.2b 4.2b
Balady 6.0c 0.19a 8.4¢c 76.0c 2.0a 3.7c 5.0a
F- teSt * %k k¥ * %k k¥ k¥ k¥ sk
LCD 5% 0.1 0.05 0.4 1.2 0.2 0.3 0.3
Storage conditions
At RT 52c 1.0a 8.2c 73.2¢c 2.0a 41c 9.0a
At 10°C 5.6b 0.8b 8.6b 76.3 b 1.7b 45b 7.0b
At -5°C 6.1a 0.6 ¢ 9.0a 79.1a l4c 5.0a 52c
F- teSt * %k k¥ * %k k¥ k¥ k% sk
LSD 5% 0.3 0.1 0.3 1.6 0.2 0.3 0.9
Package kinds

Paper 5.6b 0.7b 8.6b 76.3 b 16b 4.6b 6.3b
HDP 6.0 a 0.4c 9.0a 79.0a 12¢c 5.0a 49c
WP 51c 1.0a 8.2¢c 74.0c 2.0a 43¢ 8.0a
F. teSt * %k k% * %k k% k% * 3k kk
LSD 5% 0.3 0.1 0.3 1.5 0.2 0.2 1.1

RT= Room temperature, HDP= High density polyethylene and WP= Woven polyethylene

Genotoxicity of storage conditions on maize grains:

Table 5 displays the results of the mitotic index (MI) and chromosomal aberrations (CA) analysis of the three maize
cultivars (SC131, TWC 324, and Balady) that were kept for eight months in three distinct environments (at room
temperature, at 10°C, and below -5°C). Of particular interest is the comparison between the storage conditions of
high-density polyethylene at -5°C and room temperature. For SC131, the MI and CA values were 20.3 and 8.9,
respectively, when stored at 10°C, and 26.0 and 2.1, respectively, when stored in high-density polyethylene at -5°C.
The Ml value for SC131 was significantly higher under both 10°C and high-density polyethylene at -5°C compared to
room temperature (19.0). The CA value for SC131 was significantly lower in high-density polyethylene at -5°C
compared to room temperature (6.0 vs. 2.1). For TWC 324, the Ml and CA values were 20.0 and 9.0, respectively,
when stored at 10°C, and 24.1 and 3.0, respectively, when stored in high-density polyethylene at -5°C. The Ml value
for TWC 324 was significantly higher in high-density polyethylene at -5°C compared to room temperature (18.0 vs.
19.0). When compared to room temperature, the CA value for TWC 324 in high-density polyethylene was much
lower at -5°C (5.2 vs. 3.0). The Ml and CA values for Balady were 19.0 and 10.2 while held at 10°C and 23.7 and 3.1
when stored in high-density polyethylene at -5°C, respectively. In high-density polyethylene, the Ml value for
Balady was much greater at -5°C than it was at ambient temperature (17.5 vs. 19.0). At -5°C, high-density
polyethylene had a much lower CA value for Balady (8.0 vs. 3.1) than it did at room temperature. Table 5 displays
the results of the mitotic index (MI) and chromosomal aberrations (CA) analysis of the three maize cultivars (SC131,
TWC 324, and Balady) that were kept under various temperatures for 18 months (at room temperature, at 10°C,
and under -5°C). The contrast of high-density polyethylene storage conditions at -5°C and room temperature is very
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fascinating. The Ml and CA values for SC131 were 14.3 and 17.0 while held at 10°C and 20.2 and 3.8 when stored in
high-density polyethylene at -5°C, respectively. When compared to high-density polyethylene at -5°C, the Ml value
for SC131 at 10°C was significantly higher (14.3 vs. 20.2). In high-density polyethylene, the CA value for SC131 was
much lower at -5°C than it was at ambient temperature (17.0 vs. 4.0). The Ml and CA values for TWC 324 were 13.0
and 18.0 while held at 10°C and 18.6 and 4.6 when stored in high-density polyethylene at -5°C, respectively. The Ml
value for TWC 324 was significantly higher at 10°C compared to high-density polyethylene at -5°C (13.0 vs. 19.0). At
-5°C, high-density polyethylene had a substantially lower CA value for TWC 324 than it did at ambient temperature
(18.0 vs. 5.0). The Ml and CA values for Balady were 11.2 and 18.0 while held at 10°C and 15.4 and 6.2 when stored
in high-density polyethylene at -5°C, respectively. The MI value for Balady was significantly higher at 10°C
compared to high-density polyethylene at -5°C (11.2 vs. 15.4). The CA value for Balady was significantly lower in
high-density polyethylene at -5°C compared to room temperature (18.0 vs. 6.2). The data suggest that storing
maize genotypes in high-density polyethylene at -5°C is a better storage method compared to room temperature
for maintaining the quality and viability of the seeds, even over a longer period of 18 months. This is evidenced by
the higher MI values and lower CA values observed in the former. It is important to note that the storage
conditions for 18-months at room temperature led to much lower Ml values and significantly higher CA values for
all three genotypes, showing a clear drawback of utilizing this approach for long-term storage.
Table 5. Effect of storage conditions and different package materials on the percentage of mitotic index (Ml) and
chromosomal aberrations (CA) of maize grains after 8- and 18-months storage period in three maize

cultivars.
% mitotic index (MI) and chromosomal aberrations (CA)

Package Cultivar Control (zero time) AtRT At 10°C At -5°C

M [ cA M | cA MI CA MI CA
After 8 months storage
SC131 25.7 2.1 19.0 6.0 19.3 5.0 20.3 3.4
Paper TWC324 25.0 2.4 18.0 6.7 19.0 5.2 19.4 4.5
Balady 25.1 3.0 17.5 7.5 18.5 5.7 19.0 5.0
SC131 25.7 2.1 20.3 8.9 23.8 3.2 26.0 2.1
HDP TWC324 25.0 2.4 20.0 9.0 21.7 4.0 24.1 3.0
Balady 25.1 3.0 19.0 10.2 20.0 4.5 23.7 3.1
SC131 25.7 2.1 12.0 12.5 18.2 8.0 15.8 6.7
wp TWC324 25.0 2.4 10.3 13.6 16.0 8.7 14.5 8.0
Balady 25.1 3.0 10.1 15.1 15.4 9.0 14.0 9.0
LSD 0.05 0.4 0.7 1.2 0.8 0.7 0.6 1.7 0.8
After 18 months storage

SC131 25.7 2.1 10.2 10.2 10.2 8.1 18.2 6.0
Paper TWC324 25.0 2.4 9.6 12.5 10.1 11.1 15.0 8.2
Balady 25.1 3.0 9.0 16.0 10.0 12.3 11.2 11.0
SC131 25.7 2.1 14.3 17.0 14.5 7.2 20.2 3.8
HDP TWC324 25.0 2.4 13.0 18.0 13.6 9.0 18.6 4.6
Balady 25.1 3.0 11.2 18.0 11.9 10.0 15.4 6.2
SC131 25.7 2.1 8.2 20.2 12.3 13.2 11.2 8.0
WP TWC324 25.0 2.4 7.0 21.3 11.4 15.0 10.0 11.2
Balady 25.1 3.0 6.0 24.1 10.0 17.0 9.1 15.3
LSD 0.05 0.4 0.7 1.4 1.1 0.6 0.7 13 1.5

RT= Room temperature, HDP= High density polyethylene and WP= Woven polyethylene
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Fig. 1. The chromosomal aberrations, a: Non-Compact micronuclei, Compact micronuclei and Stickiness, b:

Fragments, Compact micronuclei and Laggard, c: Binucleate cells and Stickiness, d: Laggard.
DISCUSSION

The obtained data show that Fusarium verticilioides, was the most common fungus attacking maize grains
and causing kernel rots in all tested maize cultivars and under all storage conditions. It was followed by Aspergillus
niger, Aspergillus flavus and Penicillium spp. and other Fusarium species. These results are in the same with
findings of Carbas et al., (2021). They illustrated that, the predominant Fusarium species present in maize grains
was always F. verticillioides, independent of the treatment, location (plot), or sampling time. While, the others
Fusarium species founded in low percentages. In general. the results also showed that: 1) The maize single cross
hybrid 131 was recorded the lowest infection (%) by the storage fungi compared to other tested maize cultivars.
This result in the same line with which reported by Samar et al. (2023). They illustrated that, the tested maize
cultivars, i.e., SC10 and SC176, were resistant to ear and kernel rots disease in maize, as compared with the open
pollinated variety, i.e., the Balady cultivar. The tested maize hybrids were also had the highest quantitative and
qualitative yields per 2 rows as compared with Balady cultivar. 2) The best storage condition which resulted in
lowest infection (%) was storage under -5°C followed by storage at 10°C compared with storage at room
temperature for all tested fungi. 3) The best packaging material which resulted in lowest kernels rot infection (%)
was high density polyethylene package followed by paper package, comparing with storage in woven polyethylene
package one. These findings followed a similar pattern to those published by (El-Sayed and Tolba, 2005; Shabana et
al., 2015; Czembor et al., 2019; Paddy et al., 2018). They demonstrated that decreasing the storage duration
reduced kernel rot disease infection of maize grains. Storage at temperatures below 10°C resulted in a decrease in
the infection of maize grains by the pathogens that cause kernel rot (F. verticilioides, A. niger, A. flavus and
Penicillium spp.). They further said that, especially when stored at 10°C, high density polyethylene packaging was
the optimum material for storage at various times and resulted in a reasonable proportion of germination and the
lowest percentage of infection by kernels rot disease. The findings were also consistent with those of Shabana et al.

148



Elsayed et al. Egypt. J. Agric. Res., (2024) 102 (1), 139-154

(2015), who found that maize grains should be stored at low temperatures (in a refrigerator at 10°C) in low-density
polyethylene bags in order to preserve the vitality of the seeds and maintain high oil content, as well as to reduce
the prevalence of storage fungi, particularly those that produce mycotoxins and aflatoxins. Therefore, Paddy et al.
(2018) found that, the combined effect of warm temperatures and unsuitable storage bags results in accelerated
grain deterioration and promotes growth of insects and fungi.

In the current study, increasing storage period from eight months to eighteen months in all tested maize types,
storage conditions, and all evaluated storage packing materials resulted in a modest rise in the infection % by the
kernels rot fungi. When compared to storage at 10°C and under -5°C conditions, with the use of high density
polyethylene and paper packages material, the rate of infection kernels rot fungi was highest when packaging was
made of woven polyethylene and stored at ambient temperature. For all evaluated maize cultivars, storage at room
temperature and use of woven polyethylene packaging material resulted in the highest frequency of the organisms
that cause kernel rot. The opposite was true when high density polyethylene packaging material was used and
storage temperatures of 10°C and -5°C. These findings can be summed up as follows: 1) By increasing storage time
from eight months to eighteen months, the infection percentage by kernels rot fungi was slightly increased. 2) The
maize single cross hybrid 131 was recorded as having the lowest infection (%) by the kernels rot fungi compared to
other tested maize cultivars. 3) In comparison to storage at room temperature, storage under -5°C, followed by
storage at 10°C, resulted in the lowest infection percentage. 4) Likewise, high density polyethylene packaging
outperformed paper packaging in terms of infection percentage when compared to storage in woven polyethylene
packaging. These findings followed the same pattern as those reported by Shabana et al. (2015). Moreover, Marco
(2023) added that, the increasing of storage period can reduces grain weight, nutritional value, and germination
capacity of stored maize grains. As a result, commercial grain buyers may pay a reduced price.

It's crucial to comprehend the physiological and molecular mechanisms that cause seed germination to be
delayed and even fail when seeds are stored for a prolonged period of time. Natural seed ageing processes and
physiological changes would occur as seed was stored for a longer period of time (Sisman and Delibas, 2004; Morda
Shaba, 2013; Fufa et al., 2020). In the current study, maize grains stored inside high density polyethylene
containers, particularly under 10°C and at -5°C storage conditions, yielded the maximum grain viability and
germination %. According to a research report, seeds kept for longer periods of time are more likely to have
chromosomal aberration, DNA damage, and/or protein degradation, which can reduce their ability to germinate
and grow new seedlings (Whittle, 2006). These could be the causes of certain seeds in the current study's
prolonged seed storage conditions failing to germinate and emerge. Due to the seasonal variations in usual
warehouse conditions, seeds in storage are exposed to low temperatures and humidity during the winter,
moderate temperatures and humidity during the spring and autumn, and high temperatures and humidity during
the summer. According to Volenik et al. (2006), under these conditions, seeds maintained in cloth or paper bags are
temperate and easily exchange moisture with ambient air of defined relative humidity and temperature. If there is
a rise in seed moisture due to moisture equilibration between the air surrounding the seeds and the seeds
themselves, the deteriorative process and corresponding temperature increase within the seeds speed up, which
ultimately reduces germination and vigor. The best hybrid overall, maize cultivar SC131 had the largest percentage
of grains composed of oil, protein, carbohydrates and fiber. The balady cultivar was the exception to this rule. On
the other hand, -5°C and -10°C were shown to be the ideal storage conditions. These storage conditions led to
increased grain oil, protein, carbohydrate, and fiber concentrations. These findings follow a similar pattern to those
of (Tolba and EL-Sayed, 2002; El-Sayed and Tolba, 2005; Garoma et al., 2017). They provided evidence that by
carefully regulating temperature and relative humidity, seeds of the majority of species may be securely stored for
a number of years. Additionally, they noted a positive correlation between the percentage of fungal infection in
maize grains and the percentages of free fatty acid (FFA), acidic value (AV), acidity, and crude protein. The
proportion of fungal infection in the revers was adversely linked with the percentage of endosperm in the maize
grains. F. verticilioides, F. semetictum, A. niger, A. flavus -infected maize grains stimulated seed respiration, which
reduced the seed's dry weight and viability as seen by poor germination. According to Labuschagne et al. (2014),
storage of maize grains at 3.6°C and 18.5°C resulted in some loss in the amylose and starch content, however the
reduction in starch was not significant. On the other hand, after 6 and 12 months of storage, storage at 30°C
dramatically decreased the starch and amylose concentration. In a similar vein, Shabana et al. (2015) reported that,
storing maize grains at low temperature (in refrigerator at 10°C) inside packages made of low-density polyethylene
was found to preserve the vitality of seeds and maintain high oil content in addition to reducing the incidence of
storage fungi, especially those producing mycotoxins/aflatoxins. Changes in grain germination, chemical
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composition, acidity and oil content of three maize genotypes, due to infection by different fungi of kernels rot,
were affected by storage periods (6 and 18 months), storage temperature (room temperature and 10°C) (Timoteo
and Marcos-Filho, 2013) and package materials (paper, woven polyethylene and high density polyethylene (Chatha
etal., 2012, Rahraw et al., 2013 and Santoso et al., 2015); Topan et al., 2023).

On the other hand, our study compared the chromosomal aberrations (CA) and mitotic index (Ml) of three
maize genotypes (SC131, TWC 324, and Balady) maintained for 8 months under various settings (zero time, at room
temperature, at 10°C, and under -5°C). The contrast of high-density polyethylene storage conditions at -5°C and
room temperature is very fascinating. According to the findings, high-density polyethylene storage of maize
genotypes at -5°C is preferable to room temperature storage for preserving the quality and viability of the seeds as
shown by the former's greater Ml and lower CA values. Moreover, use airtight containers such as plastic bags or
sealed containers can help prevent moisture buildup and reduce the risk of fungal contamination (Ortiz et al., 2010;
Topan et al., 2023). The information in Table 5 also demonstrated that seed quality and viability were higher when
stored in high-density polyethylene bags as opposed to other types of containers. Airtight containers are necessary
for preventing moisture buildup, but it's also crucial to provide proper ventilation to avoid the accumulation of
gases like carbon dioxide that might encourage fungal growth. When compared to storage in paper bags, storage in
woven polyethylene bags (which offer some ventilation) was related with lower Ml and CA values, indicating a
lower risk of fungal contamination. As shown by the lower Ml and CA values seen in the Table5, storing maize seeds
in high-density polyethylene bags at -5°C is the most efficient way to lower the risk of fungal infection. To further
lessen the danger of contamination during storage, airtight containers and appropriate ventilation are crucial
concerns. It's crucial to remember that it's advised to regularly check the viability and quality of seeds in order to
maintain the best storage conditions and avoid fungal contamination. The finding implies that chromosome
abnormalities are produced when a fungal infection is present. According to findings from Agar and Alpsoy (2005)
and El-Diasty et al. (2009), Castlellarie et al., (2010), Chen et al. (2020) this consequence of the fungal infection may
be attributable to the impact of mycotoxin.

CONCLUSION

Conditioned storage facilities are required in various regions of the world, particularly in the tropics, in order to
preserve high viability of some seeds from harvest to planting. The obtained results showed that, 1) The maize
single cross hybrid 131 was recorded the lowest infection (%) by the tested fungi comparing with other tested
maize cultivars. 2) The best storage condition that resulted in lowest kernels rot infection (%) was storage under at
-5°C followed by storage at 10°C comparing with storage at room temperature. 3) When compared to storage in a
woven polyethylene package one, high density polyethylene packaging performed the best and had the lowest
infection percentage. 4) The highest grain concentrations of oil, protein, carbohydrates and fiber were obtained
when grains were stored under -5°C and under 10°C, respectively. 5) Chromosome abnormalities are produced
when a fungal infection is present in maize grains during poor storage conditions and in subpar packaging
materials. The impact of mycotoxin may be responsible for this result of the fungi infection.

REFERENCES

Agar, G., & Alpsoy, L. (2005). Antagonistic effect of selenium against aflatoxin G1 toxicity. Botanical Bulletin of
Academia Sinica, 46, 301-305.

Al-Yahya, S. A. (2001). Effect of storage conditions on germination in wheat. Journal of Agronomy and Crop
Science, 186, 273- 279.

A.0.A.C. (1990). Official Methods of Analysis of the Association of Official Analytical Chemists 15 edition published
by Association of Official Analytical Chemists Arlington, Virginia, U.S.A.

Basyal, K., Sapkota, R., Bajryacharya, A., & Bhattarai, S. (2022). Use of botanicals for management of weeuvil
(Sitophilus zeamais motschulky) in maize storage. Journal of Agriculture and Environment, 23, 166—176.

Bewley, J. D., & Black, M. (1994). Seeds: Physiology of development and germination. New York, press

Carbas, B., Simdes, D., Soares, A., Freitas, A., Ferreira, B., Carvalho, A.R.F., Silva, A.S., Pinto, T.,Diogo, E.,& Andrade,
E. (2021). Occurrence of Fusarium spp. in maize grain harvested in Portugal and accumulation of related
mycotoxins during storage. Foods, 10, 375. https://doi.org/10.3390/foods10020375.

150



Elsayed et al. Egypt. J. Agric. Res., (2024) 102 (1), 139-154

Castlellarie, C., Marcos, F.V., Mutti, J., Cardoso, L., & Bartosik, R. (2010). Toxigenic fungi in corn (maize) stored in
hermetic plastic bags. National Institute of Agricultural Technologies Mardel Plata University Argentina,
pp,115-297.

Chatha, S. H., Jamali, L. A,, libupoto, K. A.,& Mangi, H. R. (2012). Effect of different packing materials and storage
conditions on the viability of wheat seed (td-1 variety). Science, Technology and Development Journal,
31(1), 10-18.

Chen, C., Du, Y., Zuo, G., Chen, F., Liu, K. ,& Zhang, L. (2020). Effect of storage condition on the physico-chemical
properties of corn—-wheat starch/zein edible bilayer films. Royl Society Open Science, 7, 191777.
http://dx.doi.org/10.1098/rs0s.191777

Czembor, E., Waskiewicz, A., Piechota, U., Puchta, M., Czembor, J. H.,& Stepien, t. (2019). Differences in ear rot
resistance and Fusarium verticillioides-produced fumonisin contamination between polish currently and
historically used maize inbred lines. Frontiers in Microbiology, 10,449.d0i:10.3389/fmicb.2019.00449.

El-Diasty, Z. M., Zaied, K.A., Kosba, Z.A., Kawther, S. K.,& Abd El-Azez J, M. H. (2009). Meiotic chromosomal
anomalies resulting from fungal infection of maize compared with those Resulting from gamma irradiation
Journal of Agricultural Science, Mansoura University, 34 (9), 9233 - 9248,

EL-Sayed, Soad, A.,& Tolba, S. A. E. (2005). Effects of storage conditions and package kinds on germination,
chemical composition, infection by ear and kernel rot diseases and oil quality in some maize grain
genotypes. Alexandria Journal of Agricultural Sciences, 50(2), 23-33.

Elsayed, Samar S., Mohamed, Eman N.M.,& Shalaby, Nagwa E. (2023). Stalk rots complex diseases related to kind of
animal manure and insecticide and its effect on the quality of maize grains. Egyptian Journal of Agriculture
Research, 101(2), 653-669.

Farahat, G.A.,& El-Shabrawy, E.M. (2021). Effect of harvest time and insect control as agriculture practices on maize
ear rot disease and kernels contamination by some mycotoxins. Egyptian Journal of Phytopathology, 49(1),
15-24.

Fufa, N., Abera, S.,& Demissie, G. (2020). Effect of storage container and storage period on germination of grain
maize in bako, West Shewa, Ethiopia. International Journal of Agricultural Science and Food Technology,
6(1), 088-092.

Gai, X., Dong, H., Wang, S., Liu, B., Zhang, Z,, Li, X.,& Gao, Z. (2018). Infection cycle of maize stalk rot and ear rot
caused by Fusarium verticillioides. PLoS One, 13(7),e0201588. doi: 10.1371/journal.pone.0201588.

Gecheff , K. I. (1996). Production and identification of new structural chromosome mutations in barley (Hordeum
vulgare L.). Theoretical and Applied Genetics, 92, 777-781.

Garoma, B., Chibsa, T., Keno, T.,& Denbi, Y. (2017). Effect of storage period on seed germination of different maize
parental lines. Journal of Natural Sciences Research, 7(4), 8-14.

Guberac, V., Maric, S., Lalic, A., Drezner, G., & Zdunic, Z. (2003). Hermetically sealed storage of cereal seeds and its
influence on vigor and germination. Journal of Agronomy and Crop Science, 189, 54-56.

International Grains Council (2020). International Grains Council Grain Market Report Five-Year Baseline
Projections of Supply and Demand for Wheat, Maize (Corn), Rice and Soyabeans to 2023/24 March 2019;
International Grains Council: London, UK, 2019; pp. 1-4. Available online:
http://www.igc.int/en/downloads/gmrsummary/gmrsumme.pdf (accessed on 15 January 2020).

Ismail, A. M., & Abd El-Gawad M. E. (2021).Antifungal activity of MgO and ZnO nanoparticles against powdery
mildew of pepper under greenhouse conditions. Egyptian Journal of Agricultural Research, 4, 421-434.

I.S.T.A. (1999). International rules for seed testing association. Seed Science and Technology, 27, 155- 165.

ISTA (International Seed Testing Association) (1985). International rules for seed testing. Seed Science and
Technology, 13, 299-575.

Jacobs, T.W. (1997). Why do plant cells divide? Plant Cell, 9:1021-1029.

Kibar, H., Temel, S.,& Yiicesan, B. (2021). Kinetic modeling and multivariate analysis on germination parameters of
quinoa varieties: Effects of storage temperatures and durations. Journal of Stored Products Research, 94,
101880.

Kumar, G., & Singh, K. K. (2004). Mutagenic potential of EMS and sodium azide in Narendra Mung-1. Journal of
Phytological Research, 17,21- 24.

Labuschagne, M., Phalafala, L., Osthoff, G., & van Biljon, A. (2014). The influence of storage conditions on starch
and amylose content of South African quality protein maize and normal maize hybrids. Journal of Stored
Products Research, 56,16-20. http://dx.doi.org/10.1016/j.jspr.2013.11.004

151


http://dx.doi.org/10.1016/j.jspr.2013.11.004

Elsayed et al. Egypt. J. Agric. Res., (2024) 102 (1), 139-154

Lacerda, A. D. S., Lazarini, E.,& Filho, W. V. V. (2003). Storage of desiccated soybean seed and the evolution of
physiologic, biochemical and sanitary characteristics. Revista Brasileira de Sementes, 25, 97-105.

Lanubile, A., Maschietto, V., Borrelli, V.M., Stagnati, L., Logrieco, A. F.,& Marocco, A. (2017). Molecular basis of
resistance to Fusarium ear rot in maize. Frontiers in Plant Science, 8, 1774. doi: 10.3389/fpls.2017.01774

Lina, L., Qing ,Q., Zhiyan ,C.,Zhengyu, G., Hui J., Ning, L., Yanhui ,W.,& Jingao, D. (2019). The relationship analysis on
corn stalk rot and ear rot according to Fusarium species and fumonisin contamination in kernels. Toxins,
11,320. doi: 10.3390/ toxins11060320.

Marco, M. (2023). Assessment of maize and beans storage insect pest in major grain markets, Morogoro-Tanzania.
Saudi Journal of Biological Sciences, 30, 103491.

Mehrotra, B. S. (1983). The impact of fungal infestation of cereal grains in field and storage. Pages 185-200, in:
Recent Advances in Plant Pathology. Husain,A., Singh, K., Singh, B. P. and Agnihotri, V. P. (eds,), Lucknow
Print House. India.

Mesterhazy, A.,Szieberth, D., Toldine, E.T., Nagy, Z., Szabd, B., Herczig, B., Bors, 1.,& Tdth, B. (2022). Updating the
methodology of identifying maize hybrids resistant to ear rot pathogens and their toxins—artificial
inoculation tests for kernel resistance to Fusarium graminearum, F. verticillioides, and Aspergillus flavus.
Journal of Fungi, 8, 293. https://doi.org/10.3390/jof8030293.

Morad, S. (2013). Physiological aspect of seed deterioration. International Journal of Agriculture and Crop Sciences,
6, 627-631.

Mulhanga, A.D.l., Rebocho, D., Garcia, D.A., Jeque, D.A.S.,& Zevo, I.N.J. (2022). Evaluating the conditions of family
farming maize storage in Mahelane, Mozambique. Revista Agrogeoambiental, 13(4), 698-705.

Mukanga, M., Derera, J., Tongoona, P., & Laing, M. D. (2010). A survey of pre-harvest ear rot diseases of maize and
associated mycotoxins in south and central Zambia. International Journal of Food Microbiology, 141,213—
221. doi:10.1016/j.iffoodmicro.2010.05.011.

Orsi, R. B., Correa, B., Possi, C.R., Schammass, E.A., & Noguerira, J.R, et al. (2000). Mycoflora and occurrence of
fumonisins in freshly harvested and stored hybrid maize. Journal of Stored Product Research, 36, 75-87.

Ortiz, R., Taba, S., Chavez, V.H., Tovar, M., & Mezzalama, Y., et al. (2010) Conserving and enhancing maize genetic
resources as global public goods— A Perspective from CIMMYT. Crop Science, 50, 13-28.

Paddy, L., Anani, Y. B., Tadele, T., & Jones, M. (2018). Maize Grain Stored in Hermetic Bags: Effect of Moisture and
Pest Infestation on Grain Quality. Journal of Food Quality, Article ID 2515698, 9 pp.

Rahraw, R., Rai, P. K., Kumar, A., Singh, B. A., Chaurasia, A. K.,& NeeruBala, N. (2013). Influence of polymer seed
coating, biocides and packaging materials on storability of Wheat (Triticum sativum L.). Report and Opinion,
5(12), 51-55.

Rosegrant, M.W., Msangi, S., Ringler, C., Sulser, T.B.,& Zhu T, et al. (2008) International Model for Policy Analysis of
Agricultural Commodities and Trade (IMPACT): Model Description. International Food Policy Research
Institute Washington DC.

Santoso, B. B., AryaParwata, I. G. M., & Jaya, I. K. D. (2015). Seed viability and oil content of castor bean (Ricinus
communis L.) as affected by packaging materials during storage. International Journal of Applied Science and
Technology, 5(2), 56-61.

Sayed-Ahmed, M.S. (1985). Genetical and cytogenetical studies in broad bean (Vicia faba L.). M.Sc. Thesis, Faculty
of Agricultural, Zagazig University, Egypt

Sekhon, R. S., Kuldau , G., Mansfield, M.,& Chopra, S. (2006). Characterization of Fusarium-induced expression of
flavonoids and PR genes in maize. Physiological and Molecular Plant Pathology, 69, 109— 117.

Shabana, Y. M., Ghazy, N. A,, Tolba, S. A.,& Fayzalla, E. A. (2015). Effect of storage condition and packaging material
on incidence of storage fungi and seed quality of maize grains. Journal of Plant Protection and Pathology,
Mansoura University, 6 (7), 987- 996.

Simic, B., Popovic, S.,& Tucak, M. (2004). Influence of corn (Zea mays L.) inbred lines seed processing on their
damage. Plant, Soil and Environment, 50, 157-161.

Sisman, C.,& Delibas, L. (2004). Storing sunflower seed and quality losses during storage. Journal of Central
European Agriculture, 4,239-250

Timoteo, T. S.,& Marcos-Filho, J. (2013). Seed performance of different corn genotypes during storage. Journal of
Seed Science, 35 (2), 207-215.

152


https://doi.org/10.3390/jof8030293

Elsayed et al. Egypt. J. Agric. Res., (2024) 102 (1), 139-154

Tolba, S. A. E.,& EL-Sayed Soad, A. (2002). Viability and chemical component of grains of six maize genotypes as
affected by ear and kernel rot diseases, under different agricultural practices. Journal of Agricultural
Research Tanta University, 28(1), 23-39.

Topan, C., Nicolescu, M., Simedru, D.,& Becze, A.(2023). Complex evaluation of storage impact on maize (Zea mays
L.) quality using chromatographic methods. Separations, 412.https://doi.org/10.3390/separations10070412

Tripathi, P. C.,& Lawande, K. E. (2014). Effect of seed moisture and packing material on viability and vigour of onion
seed. Journal of Engineering Computers and Applied Sciences, 3(7), 1-5.

Tsedaley, B., & Adugna, G. (2016). Detection of fungi infecting maize (Zea mays L.) seeds in different storages
around Jimma, Southwestern Ethiopia. Journal of Plant Pathology and Microbiology, 7,338.
doi:10.4172/2157-7471.1000338

Volenik, M., Rozman, V., Kalinovi¢, 1., Litka, A.,& Simi¢, B. (2006). Influence of relative humidity and temperature on
changes in grain moisture in stored wheat and sunflower, Proceedings of the 9th International Working
Conference on Stored Product Protection, Campinas, Brazil, 24-29.

Whittle, C.A. (2006). The influence of environmental factors, the pollen, ovule ratio and seed bank persistence on
molecular evolutionary rates in plants. Journal of Evolutionary Biology, 19, 302-308.

Zhou, D., Wang,X., Chen, G., Sun, S., Yang, Y., Zhu, Z.,& Duan, C. (2018). The major Fusarium species causing maize
ear and kernel rot and their toxigenicity in chongging, China. Toxins, 10, 90; doi:10.3390/toxins10020090

Copyright: © 2024 by the authors. Licensee EJAR, EKB, Egypt. EJAR offers immediate open access to its material on the
@@@ grounds that making research accessible freely to the public facilitates a more global knowledge exchange. &
Users can read, download, copy, distribute, print or share a link to the complete text of the application

BY NC SA under Creative Commons BY-NC-SA International License.

153


https://doi.org/10.3390/separations10070412
https://creativecommons.org/licenses/by-nc-sa/4.0/

Elsayed et al. Egypt. J. Agric. Res., (2024) 102 (1), 139-154

) @l O, Qg phe (230 Jo daill Olgus 939 3l Byl A5G
dualid! 8yl oo Blyol A3 dumell dewd! iy diluosSIl (aSlase!
oo 3.3\3.7.;”.).,& ‘o;dbb.:\ %, 4510 le.w , *263W| ez | ‘w..ﬁb.)l ,1M| (SO yoi
1 CL,QM ﬁli‘—).)

o dnxdl cduslyyll C)ﬁ.zd\)s).a ol Ua\).ai Sgou dgael
s Byalall (gl gﬂ\ﬁﬂ\ ol uo\_),ci M.éz
an c@wj\)nszbwb ca.Cb)'.H 2\{.5- uc“))” ng.)ﬂ M:é"’
s dnadl cdaclyyll uquUSJo byl L}'}SJ‘ bl - a;slz_” %bﬁﬂ dw"
ibrahim nrc@yahoo.com Jwlwell cagall oy *

LS Sl ] 638 LlasSy dudye Olass o oo Al Qgu By e Adlgall e cpisadl gy (355
(P9 pand e (@1 (1) Olned Dgiall daid] s 58 daylll 048 (p0 gl OF .zl (3 8BS &e i
aes dalise Byl Ol 3 Byl Hl ge lipa) el ol WY (ddlaSII paslasly cogad! lily
TWC324 ¢: SC1318luol BW e duwhll odd oyl s 18 9 8 9 0 bue) dakiseall Cadadlly dasll dlge
Penicillium sAspergillus flavus <Aspergillus niger « Fusarium verticilioides o 3] <ULl a&d .5k
Bz g Bl A Blual grazr 3 Lguadl pand oy Bl Qgr> 023 I E g §19391 ST 58 spp.
5-9 dugin Wlxyd 10 Lis) LI (§ 8§l G tad> OB izl Widlie] Glibasy By . cpisall gyl
) g gl gl el Eigas kel Ayl Juadl 08 2USII e bl Jsdl o Dlgss (3 (Bgho Sl
d)> 5- )ly> Aoy cdigie dyd 10 Byly> damys die) WA (3 Qo) baas> wie &l 48LasSIl polg3dly o gaxl
Sy O 52,59 (1595 drudy OS] daud Juadl e Jguazdl @5 ABUSI Jle kol Jod! o0 Dlgue G (Dgke
43,301 Byly> days (3 eS8 @ sl Aol Byl liyal 38 «ell3 o (Sl e SC131. 511 (3 LWy
Byl dadll (plasYl e Slgiusy ol oo ddle Obgiws Je (Sgimd dzrgudall o] Jodl Slsee &
6385 cp33dl OBt L) OF (e - &jeall §)) g 8397 OIESg 95 (& Caodlus (gl colimall (po el duynasg
oy 40,301 Byly> dzps 3 My pldll i Aols S St LkasSIl Cgradl BgSag Y daud ol )
Bl ded J31 SC131 )l g o gl ¢ Shgll ond! S o 30 . itle] J 9l 1o ool el
caall OF «elld e 8dle .ogadl pany Lol J3T ISy ¢ (MI)lutiV) 250l) dad Ty (CA) Ao gungog,S)l

Wl pinny Hlo] dns el 4 085 ¢ MIdsd 3505 CA dssd e gl

.%}Aﬁ.«uﬁﬁjﬂ‘ ul.‘)b:u}“ cgy&c“ CAL{J\ cu.\)yu.” &_95).19 ck_.{g.'«.?c.n u.u.a :aPU.DAﬂ N

154



