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The study investigated the impact of three sowing dates (May 15, June 15, and July 15) on
physiological traits, yield components, and grain rot disease infection rates in maize cultivars,
including single-cross hybrids (SC131 and SC168) and the three-way cross TWC324 during the 2023
and 2024 growing seasons. Early planting (May 15) resulted in the highest significant values for dry
matter accumulation (g/m?) and leaf area per plant (cm?). Additionally, early sowing significantly
enhanced photosynthetic pigment content in leaves, yield and yield components (plant height [cm],
ear diameter [cm], ear height [cm], ear weight [g], ear length [cm], 100-grain weight [g], grain
weight per ear [g], grain yield [ard/feddan]), as well as grain crude protein and carbohydrate
content (%). Furthermore, early planting reduced infection levels by Fusarium verticillioides, F.
semitectum, Aspergillus niger, A. flavus, and Penicillium spp. compared to later sowing dates (June
15 or July 15). Among the tested cultivars, SC168 outperformed the others in all measured traits.
The highest mean values for physiological parameters, yield characteristics, grain quality
components, and resistance to grain rot disease were achieved by planting SC168 at the early
sowing date (May 15) in both growing seasons. Therefore, this combination is recommended for
optimal maize production under similar conditions.
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INTRODUCTION

Zea mays L. is a crucial crop in Egypt and globally. It is
a key component in industrial feeds, human health
foods, and veterinary nutrition due to its high starch,
protein, fat, vitamin, and mineral content. However,
maize production and consumption have stagnated
recently, with significant variability among hybrid
cultivars. The Egyptian Field Crops Research Institute
has developed high-yielding single and three-way-
cross hybrids adapted to summer growing conditions,

following optimized cultivation practices (Buriro et
al., 2015; Liaqat et al., 2018; El-Hosary et al., 2019).

Sowing dates are critical in determining maize yield
components and grain quality. Optimal sowing
periods enhance crop growth rate, dry matter
accumulation, and plant height, whereas delayed
planting negatively affects both yield and quality
(Prasad et al., 2017; Rahuma, 2018; Alam et al., 2020;
Rabbani & Safdary, 2021; Afzal et al., 2022; Liu et al.,
2023).
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Delaying sowing by 15 days increases kernel fiber and
fat content but reduces crude protein and starch
levels. Moreover, late sowing adversely impacts yield
performance and grain quality (Qian et al.,, 2016;
Liagat et al., 2018).Thus, selecting appropriate
planting dates is essential for maximizing maize yield
and quality while mitigating biotic and abiotic stress
effects (Gurmu & EshetuYadete, 2020; Jahangirlou et
al., 2021; Liu et al., 2023; Elsayed et al., 2024).

Compared to late sowing (beyond 20 days after the
recommended date), optimal sowing dates
significantly improve crop growth rate, dry matter
production, and plant height. Cultivation timing also
differentially affects relative growth rate and stands
density, with some hybrids exhibiting higher dry
matter accumulation than others (Prasad et al., 2017;
Massoud et al.,, 2020). The interaction between
sowing dates and maize genotypes enhances
vegetative  growth,  photosynthetic  pigment
concentrations (chlorophyll a, b, carotenoids, and
total pigments), and yield potential (Afzal et al.,
2022).

Fusarium spp. pathogens exhibit higher prevalence in
maize cultivated under dry soil than in optimal
moisture regimes. Additionally, maize hybrids
demonstrate  differential  susceptibility = to F.
verticillioides and other grain rot pathogens (Rahuma,
2018; Bocianowski et al., 2020). Early sowing can
substantially reduce disease incidence and mycotoxin
contamination in temperate agricultural regions in
maize grain, though interannual climate variability
may alter this effect. Consequently, early planting
combined with rot-tolerant hybrid selection is
recommended for sustainable maize production with
minimized disease risk (Krnjaja et al., 2022; Kaur et al.,
2023; Edzili Awono et al., 2025). Late-planted maize
shows increased vulnerability to western bean
cutworm infestation and ear rot infection, resulting in
significantly reduced yields compared to early-sown
crops (Abdel-Kader et al., 2024; Elsayed et al., 2024).
While early planting generally decreases disease
pressure and mycotoxin accumulation, climate
variability can modulate these benefits. The adoption
of early sowing dates and rot-resistant hybrids
synergistically enhances maize quality parameters
while reducing ear and kernel rot incidence (Garba &
Ogara, 2016; Kamle et al., 2019; Kaur et al., 2023;
Singh et al., 2025).

This work investigates the influence of maize planting
dates on physiological characteristics, crop
production, yield components, and grain rot disease

infection. Also, to determine the best planting date
and high grain yield, quantitative and qualitative
selection and disease resistance for the examined
region.

MATERIALS AND METHODS

All maize plant materials and cultivars were gently
obtained from the Maize Production Dept., Sakha
Agricultural Research Station, Field Crops Research
Institute- Agricultural Research Center, Egypt.

Experimental design

One experiment was performed during two
successive seasons (2023 and 2024) at the Sakha
Agricultural Research Farm using a split-plot design
with three replicates. The main plots consisted of
three sowing dates: 15 May, 15 June, and 15 July. The
sub-plots were planted with three maize genotypes:
single-cross hybrids (SC131 and SC168) and a three-
way cross hybrid (TWC324). Each plot comprised six
rows spaced 80 cm apart, covering an area of 24 m?
(5 m length x 4.8 m width). Plants were thinned to
one plant per hill at 25 cm spacing. All recommended
agronomic practices were applied at their
appropriate timings. Weather data were recorded by
the Rice Research & Training Center Weather Station
(Sakha, Kafr El-Sheikh, Egypt). During the 2023
season, the mean minimum: maximum temperatures
were 23.2:31.1°C (May 15), 26.6:34.4°C (June 15),
and 28.8:36.3°C (July 15). In 2024, temperatures
averaged 22.8:30.6°C (May 15), 26.3:32.1°C (June
15), and 27.6:35.0°C (July 15). Mean relative humidity
values were 68.3% (May 15),79.8% (June 15),
and 86.9% (July 15)in 2023, and 65.4% (May
15), 76.8% (June 15), and 90.2% (July 15) in 2024.

Studied characters

Soil chemical analysis

Representative soil samples were collected from each
experimental location at 0-30 cm depth during both
growing seasons. Samples were immediately air-
dried, ground, and passed through a 2-mm sieve. The
processed samples were thoroughly homogenized
prior to chemical analysis following standard
protocols (Ryan et al., 1996; Abo-Marzoka et al.,
2017).

Vegetative growth attributes

Five plants were randomly selected from each plot's
second and third rows at 50, 65, and 80 days after
planting (DAP) to evaluate vegetative growth
parameters. The following measurements were taken
leaf area (LA), leaf area index (LAl), photosynthetic
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pigment content (chlorophyll a, b, and carotenoids),
dry matter accumulation, crop growth rate (CGR),
relative growth rate (RGR), and net assimilation rate
(NAR).

Leaf area/plant (cm?) and leaf area index (LAI)

Maize leaf area was measured using the CI-203 laser
area meter. The leaf area index (LAl) was calculated
according to Abo-Marzoka et al. (2017) using the
formula: LAl = Total plant leaf area/Plant ground area
occupied.

Corn leaf area (cm?)

Five corn leaves were used to determine the average
flag leaf area at 100 days after sowing for each plot
(Abo-Marzoka et al., 2017).

Leaves photosynthetic pigment contents

Photosynthetic pigments (chlorophyll a, b, and
carotenoids) were determined from five leaf discs
sampled from maize foliage. Pigments were extracted
by homogenizing the tissue in 20 mL of 85% aqueous
acetone containing a pinch of CaCOs. After filtration,
the final extract volume was adjusted to 20 mL.
Pigment concentrations (mg/L) were determined
spectrophotometrically at 662 nm, 644 nm, and 470
nmusing the equations of Lichtenthaler &
Buschmann (2001):

Chl. a =11.24(Ass2) - 2.04(Asa4)

Chl. b =20.13(A644) - 4.19(Ass2)

Carotenoids = [1000(As70) - 1.90(Chl.a) -
63.14(Chl. b)]/214.

Dry matter accumulation (g/m?)

Maize plants were separated into stems, leaves, ears,
and tassels, then dried to constant weight in a forced-
air oven at 105 °C. Dry weights were recorded
following the methodology of Abo-Marzoka et al.
(2017).

Crop growth rate (CGR)

The CGR was estimated to measure the increase rate
of maize material/unit of ground area/unit of time
through 2 intervals such as; CGR= (W2-W1)/(T2-T1)
g/m?/week (W2= 2" weight; Wi1= 1% weight; T2= 2"
time; and T1= 1°time; Abo-Marzoka et al., 2017).
Relative growth rate (RGR)

RGR was calculated to assess the growth efficiency
per unit of existing biomass between two intervals
using the formula: RGR = (InW - InW;)/(T2 - T1)
[8/8/week].

Where: W, =Dry weight at time 2 (g), W; = Dry weight
at time 1 (g), T» = Time at second sampling (weeks),
and T, =Time at first sampling (weeks) (Abo-Marzoka
et al., 2017).

Net assimilation rate (NAR)

NAR was calculated to quantify biomass accumulation
per unit leaf area over time using the formula:

NAR = (W; - W1)(InA; - InAq) / (A - A)(T2 - Ta) [g/m?/week].

Where: W;, W, = Dry weight at times 1 and 2 (g); A,
A, = Leaf area at times 1 and 2 (m?); and Ty, T, = Time
at sampling points 1 and 2 (weeks) (Abo-Marzoka et
al., 2017).

Yield and yield components

At harvest, 10 plants were harvested from the 2" and
3" ridges of each plot to determine the length of plant
(cm), ear height (cm), ear length (cm), ear weight (g),
rows no./ear, kernels no./row, ear diameter (cm),
weight/100-grain (g), grain weight/ear (g) and the
grain yield/two on fourth and fifth rows (kg/two
rows) in each plot on each replicate.

Chemical analysis

In both seasons, chemical analyses were performed
on maize samples 80 days after planting (expressed
as percentages specific to sample dry weight) (AOAC,
1990). 250 g of grain samples were picked randomly
from every plot, then directly ground, and fine
powder was obtained by passing througha 2 mm
mesh for the determination of N% x 5.75 for crude
protein, Carbohydrates, Fiber, Ash%, Silica (mg/100g)
and Oil content by Soxhlet extraction method (Tolba
& El-Sayed, 2002). Furthermore, the electrical
conductivity (EC) was measured at20 °Chy a
calibrated conductivity meter for 50 weighted
seeds from 4 sub-samples/each seed grade that were
individually placed in 250 mL distilled water and then
incubated at 25 °C for 24 hrs (AOAC, 1990).

Fungal pathogen frequency incidence

The incidence of fungal pathogen frequency was
examined by randomly collecting 500-g grain
samples from maize -cultivars SC131, SC168, and
TWC324 at harvest for each sowing date (May 15,
June 15, and July 15). Samples were stored under
laboratory conditions until analysis. Sterilized 100-
kernel samples were cultured in Petri plates
containing 10 mL potato dextrose agar (PDA)
(Massoud et al., 2023). Plates were incubated at 26-
27 °C for 7-12 days. Emergent fungi from infected
kernels were light microscopy (400x magnification)
using an Otika digital camera (Model B-193,
Germany) and quantified as occurrence (%) based on
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isolation frequency (ISTA, 1985). Fungal isolates were
purified via the hyphal tip technique and identified at
the Mycology Department, Plant Pathology Research
Institute, ARC, Giza, Egypt.

Statistical analysis

All recorded data were statistically analyzed using the
MSTAT-C software package (Version 1988). Mean
comparisons were performed with Duncan’s multiple
range test (Duncan, 1955) at a 5% probability level.

RESULTS
Soil chemical analysis

The results in Figure 1show the soil particle size
distribution (%) comprised as; Sand: 15.70% (2023),
14.90% (2024); Silt: 29.20% (2023), 31.30% (2024);
Clay: 55.10% (2023), 53.80% (2024); Soil texture: Clay
(both seasons). Soil chemical properties were pH:
7.92 (2023), 8.56 (2024); EC (dS/m): 2.31 (2023), 2.42
(2024); Soluble cations (K*, Ca**, Mg**, Na*) and
anions (COs™ + HCO;3™, CI7, SO4~) were measured at 1:2
ratio (cmol/kg soil). Additionally, all values differed
between 2023 and 2024 seasons parameters
included Calcium carbonate (%), total nitrogen (%),
available phosphorus (mg/kg) and organic matter (%).

Growth characteristics

The study analyzed the growth characteristics of
maize cultivars at different sowing dates, as shown in
Table 1. The highest leaf area values were recorded
for the first sowing date (May 15) at 50, 65, and 80
days after sowing, reaching 4440.64, 4961.0, and
5033.9 cm?/m? in the 2023 season, and 4852.75,
5421.39, and 5501.0 cm?/m? in the 2024 season,
respectively. In contrast, the lowest values were
observed at the last sowing date (July 15), with
measurements of 3553.72, 3970.2, 4028.4 cm?/m?
in 2023 and 3277.52, 3661.61, and 3715.3 cm?/m?
in 2024.

The variety SC168 exhibited the highest leaf area
values at 50, 65, and 80 days after sowing, followed
by SC131, whereas the lowest values were recorded
for TWC324 across all tested sowing dates.
Specifically, the highest leaf area values at the three
growth stages were observed for SC168 at the first
sowing date, reaching 4574.8, 5110.8, and 5185.9
cm¥m? in 2023, and 5427.5, 6063.8, and 6152.6
cm¥m? in 2024. Conversely, the lowest values were
recorded for TWC324 at the last sowing date, with
measurements of 3518.9, 3931.3, and 3989.0 cm¥m?
in 2023, and 2779.9, 3105.7, and 3151.3 cm¥m?
in 2024, at 50, 65, and 80 days after sowing,
respectively, in a statistically significant interaction.

Yield and yield components

The highest crop yield characteristics and component
values were observed at the first sowing dates (Table
2). These included the following measurements in the
2023 season: 504.7 kernels/ear, 36.82 g (100-kernel
weight), 186.40 g (kernel weight/ear), 318.4 cm (plant
height), 25.9 cm (ear length), 6.22 cm (ear diameter),
3.260 ton/feddan (grain yield), and 73.16% (shelling
percentage). Similarly, in the 2024 season, the values
were: 487.8 kernels/ear, 36.20 g, 176.37 g, 326.4 cm,
25.7 cm, 6.00 cm, 3.117 ton/feddan, and 67.70%,
respectively.

Conversely, the lowest values were recorded at the
latest sowing date.In the 2023 season, these
were: 403.8 kernels/ear, 29.47 g, 119.51 g, 254.8 cm,
20.7 cm, 4.95 cm, 2.609 ton/feddan, and 58.54%.

Similarly, in 2024, the values were: 402.9 kernels/ear,
28.57 g,117.10 g, 253.2 cm, 19.7 cm, 4.40 cm, 2.623
ton/feddan, and 58.00%. Among the cultivars, SC168
exhibited the highest values for all tested traits,
including the maximum shelling percentage (68.80%),
whereas TWC 324 showed the lowest (58.20%).
Furthermore, the statistical interaction between
sowing dates and maize cultivars revealed that SC168,
when planted on the earliest sowing date (May 15),
achieved the highest shelling percentage (73.19%),
while TWC 324, sown at the latest date (July 15), had
the lowest (54.04%).

Photosynthetic pigments contents

The highest concentrations of chlorophyll a,
chlorophyll b, carotene, and their totals were
observed at the early sowing date, with values
of 4.415, 2.331, 1.119, and 7.864 mg/g/dcm? in
the 2023 season and 4.812, 2.284, 0.884, and 7.980
mg/g/dcm? in the 2024 season, respectively. In
contrast, the lowest values were recorded at the
latest sowing date (Figure 2A). The cultivar SC168
exhibited the highest pigment concentrations across
all sowing dates, measuring 4.201, 2.218, 1.065, and
7.483 mg/g/dcm? in 2023 and 4.374, 2.076, 0.841,
and 7.254 mg/g/dcm? in 2024 for chlorophyll a, b,
carotene, and their totals, respectively. Conversely,
TWC324 showed the lowest values (Figure 2B).

The statistical interaction between sowing dates and
cultivars revealed that SC168 achieved the highest
total chlorophyll and carotene content (7.917
mg/g/dcm?) when sown early (May 15), while
TWC324 displayed the lowest (6.145 mg/g/dcm?) at
the latest sowing date (July 15) (Figure 2C).

548

Egypt. J. Bot. Vol. 65, No.3 (2025)



Influence of sowing dates on physiological traits, yield components and grains Rot disease resistance in maize (Zea mays L.) cultivars

60 4

M Season 2023
 Season 2024

50 -

40

30

20

10

EC(1:1) dSm
CO3-+HCO3-

Calcium carbonate (%)
Total nitrogen (%)
Available P (mg/kg)
Organic matter (%)

Particle size distribution (%) pH and EC assay Soluble cations (1:2) cmo1/kg soil Soluble anions (1:2)cmo1/kg soil

Figure 1. Some physical and chemical soil properties of maize experimental plants in the 2023 and 2024 seasons; and mean values are not
significantly different at P<0.05 at a 5% level using DMRT.
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H Maize cultivar SC131
m Maize cultivar SC168
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Sowing date mid-May Sowing date mid-June Sowing date mid-July

Figure 2. Chlorophyll a, b and carotene content of three tested maize cultivars during three tested sowing dates during the 2023 and 2024 growing
season; (A): Mean plots-planting dates, (B): Sub plots-maize cultivars, (C): Interaction between planting dates and maize cultivars, and mean values
are not significantly different at P<0.05 at 5% level using DMRT.
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Figure 3. Effect of different sowing dates on infection by ear and kernel rot disease pathogens on three tested maize genotypes during 2023 and

2024 seasons; (A): Mean plots-planting dates, (B): Sub plots-maize cultivars, (C): Interaction between planting dates and maize cultivars, other
fungi Nigrospora oryzae, Epicoccum nigrum, F. oxysporum and Alternaria sp., and mean values are not significantly different at P<0.05 at 5%
level using DMRT.

Table 1. Leaf area, leaf area index, and relative photosynthesis in 50, 65, and 80 days of sowing under three different sowing dates on three
tested maize cultivars during the 2023 and 2024 growing seasons.

Leaf area ( cm?/m?)

Leaf area index

Relative of photosynthesis

S at period of at period of
at 50 days at 65 days at 80 days at 50 days at 65 days at 80 days 50-65 days 65-80 days
(g/m?/ ) (g/ k)
Season 2023 2024 2023 2024 2023 2024 2023 2024 2023 2024 2023 2024 2023 2024 2023 2024
Mean plots-planting dates (A)
Planting = May 15 4440642 4852.75a  4961.0a | 542139 | 5033.9a | 5501.0a 21152 2311a 32362 3536a 45532 49432 126452 | 15.553a 18.996a | 21.845a
date (A) | June 1S 4265.55b  4426.54b  4765.4b  4945.24b | 4835.4b | 5017.8b 2.031b 2.108b 3.109b 3.226b 4.344b 4.508b 12147b | 14.940b | 18.247b | 20.985b
July 15 3553.72¢ | 3277.52c | 3970.2c  366l6lc | 4028.4c | 37153c 1.692¢ 1.561¢ 2590 ¢ 2388¢ 3.620¢ 3338¢ 10.120c | 12448 15201c | 17.481c
Ftest i - I - A - * * B B * * * A * s
Sub plots-maize cultivars (B)
Maize sc131 4532.3c | 3998.17c | 4422.82b  4466.7c | 4941.10b | 4532.3c 1.904b 2.004b 2914b 3.223b 4.072b 4505 b 11385c | 14.138b | 17.103c | 19.857b
cultivars | SC168 4789.6a | 4225.19a  4628.66a  47203a | 5171.05a | 4789.6a 2.012a 2.106a 3.079a 3373a 4303a 47142 12032a | 14.80la  18073a | 20.785a
(®) TWC324 4575.8b | 4036.55b  3505.33c | 4509.6b | 3916.09c | 4575.8b | 1922 ab 1671 ab 2942 ab  2.555ab | 4111ab 3570 ab  11495b  14.004c | 17.267b | 19.669c
Ftest * * - 5 - * * * . . * * - * . *
Interaction (AxB)
May 15 sc131 4342.0c | 5078.0b | 4850.1b  5673.0b | 4922.0b | 57563b | 2.2.068b  2.418ab  3.164b | 3.705ab | 4.422b  5.72ab | 12.364a  15.428ab | 18.575b 21.67b
sC168 457482 | 5427.5a  5110.8a  6063.8a 518592 | 6152.6a 2.178a 25852 3334a 3.955a 4.6602 55282 13.027a | 16.025a 195692 | 22.505a
TWC324 4440.0b | 4052.8¢  4921.1b  4527.7e | 4993.7b | 4594.2e | 2098ab  1930b  3210ab  2954b  4.487ab  4.128b 12545a | 152080 | 18.844a 21.36b
June 15 sc131 4233.1d | 4868.1c | 4729.2c | 5438.5c | 4798.6c | 5518.4c | 2016bc | 2251bc | 3.085bc | 3.446bc  431lbc | 4816bc | 12055b | 14.828bc 18109  20.825bc
sc168 43780c | 47282d  4891.0b  5282.3d | 4962.8b | 5359.8d | 2.085ab  2.318ab  3.190ab | 3548ab | 4.459ab | 4.954ab  12467a  15335b | 18.727ab | 21.538b
TWC324 4185.6d 3683.3f | 4676.0d | 4114.9f | 4744.7c 4175.3f 1.993¢ 1.754¢ 3.050¢ 2.684¢ 4.263¢ 3.752¢ 11.919b | 14.660c  17.905c | 20.593c
July1s sc131 34194g | 3462.3h | 38201g | 3868.0h 3876.2f | 3924.8h 1628 1649e 2492 2523e 3483e 3526e 9.737d  12325de | 14.627e | 17.308e
sC168 3722.9e | 3590.4g  4159.le | 4011.2g  42202d | 4070.0¢ = 1773cd  1710cd | 2713cd | 2.616cd | 3.792cd | 3657cd  10.60lbc’  13.043d | 15.925d | 18.313d
TWC324 3518.9f 2779.9i 3931.3f 3105.7i 3989.0e 31513 1676 f 1324f 2.564 2.026 3.584f 2.832f 10021c | 11978e | 15.052e | 16.822e
Frest - - I 5 B - - * - * * * * B . -

* and ** indicate P < 0.05, P < 0.01 and not significant, respectively. The means of each column designated by the same letter are not significantly different at the 5%

level using DMRT.
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Table 2. Yield, yield component, and shelling% of three tested maize cultivars under three tested sowing dates during the 2023 and 2024

seasons.
Treatments ker’:;:/fear Weight of 100 kernels (| cioh of kernels/ear (g) P‘a"“c'r:"‘g‘h Ea: ':m"f”‘ far ‘("::)e"“ (g:/l;‘e:;;dn; Shelling%
Season 2023 2024 2023 2024 2023 2024 2023 2024 2023 2024 2023 2024 2023 2024 2023 2024
Mean plots-planting dates (A)

Planting May 15 504.7 a 487.8 a 36.82a 36.20a 186.40a 176.37a 3184a 3264a 259a 257a 259a 257a 3.260a 3.117a 73.16a 67.70 a

date (A) June 15 484.8 b 4429 b 3536b 32.77b 172.00b 167.57b 305.8b 303.8b 24.9b 24.4b 24.9b 24.4b 3.132b 2.799 b 70.27b 66.30 b
July 15 403.8 ¢ 4029 ¢ 29.47c 28.57¢ 119.51c 117.10c 254.8 ¢ 253.2¢ 20.7 ¢ 19.7¢ 20.7 ¢ 19.7¢ 2.609 ¢ 2.623¢ 58.54 ¢ 58.00 ¢

Ftest * * B * * * x * * x * * * B B B

Sub plots-maize cultivars (B)

Maize SC131 454.4b 439.8b 33.15b 32.17b 162.71a 150.17 a 286.7a 303.0a 23.3a 224a 559a 5.10a 2.935b 2.840b 65.87b 63.30b

cultivars SC168 480.1a 462.6a 35.03a 34.70a 169.91b 166.07 b 302.9b 296.0b 24.6b 24.7b 5.91b 5.80b 3.102a 3.070a 69.60 a 68.80 a

(8) TWC324 458.7 ¢ 4312c¢ 33.46¢ 30.67c 155.23¢ 144.80c 289.4c¢ 2844c 23.5¢ 227c 5.64c 4.90c 2963 ¢ 2.629¢ 66.50 ¢ 58.20 ¢

Ftest * . B * * * . * * . * B * B B B

Interaction (AxB)

May 15 SC131 493.6 ab 4814b 36.00 b 35.80b 178.2b 173.1b 311.3ab 3209b 253b 24.9b 6.08 b 581 b 3.188ab 3.091b 71.53b 69.53 b
SC168 5199a 504.1a 3793a 38.22a 197.7a 191.7a 3280a 3410a 26.7a 269a 6.40 a 6.35 a 3.359a 3.274a 75.38a 73.19a
TWC324 500.6 b 477.9 ab 36.53ab 34.63ab 183.4ab 164.3 ab 315.8b 317.2b 257 b 25.4b 6.19b 5.71ab 3.234b 2.986 ab 62.58 ¢ 60.35¢

June 15 SC131 481.1bc 435.7 be 35.10 bc 32.81bc 169.4b 161.5b 303.5b 311.9b 24.7b 23.9b 5.95 b 5.09 b 3.108 bc 2.794 be 69.75 bc 63.52 bc
SC168 497.5b 465.1b 36.30b 34.63b 181.1ab 183.4ab 3139ab 302.4 bc 25.5ab 26.1ab 6.15 ab 6.08 ab 3.215b 3.039b 72.10b 70.04 b
TWC324 4758 ¢ 427.8¢ 34.68c 3091c¢ 166.4 bc 157.8 bc 300.1c 297.1bc 24.4bc 23.2bc 5.81bc 5.00 bc 3.073¢ 2.564 ¢ 58.95c¢ 60.23 ¢

July 15 SC131 388.7e 402.3d 28.35d 27.94d 110.5d e 115.9d 245.2f 276.3d 19.9 de 18.3 de 4.75 de 4.29 de 2.510d 2.635d 56.33d 56.92d
SC168 423.0 cd 418.7 cd 30.88 cd 31.33 cod 131.0d 123.1d 266.9d 2445f 21.7d 21.2d 5.17d 510d 2.733 cod 2.898 cd 61.33 cd 63.11 cd
TWC324 399.7d 3879e 29.18e 26.59e 117.0e 1123e 2523e 2389e 205e 195e 492e 395 e 2.583e 2.336e 53.00e 54.04e

Ftest * * B * * * * * * * * * * * B B

* and ** indicate P < 0.05, P < 0.01 and not significant, respectively. The means of each column designated by the same letter are not significantly different at the 5%

level using DMRT.

Table 3. Dry maturity, crop growth rate and relative growth rate at the periods of 50, 65, and 80 days of sowing dates during 2023 and 2024

growing seasons.

Dry mature(g/m?2)

Crop growth rate (g/m2/week) Relative growth rate (g/m2/week)

Treatments at period of 50-65 days of | at period of 65-80 days of at period of at period
SN 2ieeicary EENEYS ° sowing i P sowing ’ 50-65 dZys of sowing of 60-80 dZys of sowing
Season 2023 2024 2023 2024 2023 2024 2023 2024 2023 2024 2023 2024 2023 2024
Mean plots-planting dates (A)
Planting May 15 293.07a 320.29a 519.70a 567.93a 851.87a 930.92a 382.74a 418.26a 609.01a 665.53 a 0.408a 0.446a 0.700 a 0.518a
date (A) June 15 261.54b 292.16 b 499.21b 518.05b 818.28b 849.16 b 367.65b 381.53b 585.00 b 607.08 b 0392b 0.406 b 0.734a 0471a
July 15 234.55¢ 216.32¢ 415.90c 383.58¢ 681.72¢ 628.74 ¢ 306.30¢ 252.49¢ 487.37¢ 449.49c 0.326¢ 0.301c 0.600 b 0.349b
Ftest * = * * * ** ** ** ** e x * * *
Sub plots-maize cultivars (B)
Maize SC131 263.88 b 29191b 467.91b 517.61b 766.98 b 848.45b 344.60b 381.21b 548.33¢ 606.57 a 0.367 0.406a 0.554 a 0471a
cultivars 5C168 278.87a 305.50a 494.48a 541.70a 810.54a 887.93a 364.17a 398.94a 579.47a 634.80a 0.388 0.425a 0.509 a 0492a
(8) TWC324 266.42b 231.36ab 472.41 ab 410.24 ab 774.34ab 672.44 ab 347.91b 302.13¢ 553.59b 480.74 b 0.371 0.322b 0.403 b 0.374b
Ftest * * * * *x *x * ** *x * NS * * *
Interaction (AxB)
May 15 SC131 286.58b 335.18b 508.15¢ 594.29b 832.94b 974.13b 374.24b 437.61b 591.49 bc 696.42 b 0.399 0.467 a 0.603 0.541
SC168 301.94a 358.22a 535.39a 635.10a 877.60 1041.2a 394.30a 467.80a 627.41a 744.36a 0.420 0.499a 0.584 0.579
TWC324 290.75b 267.79b 515.55b 474.31c ab 845.06 77746 ¢ 379.69b 349.31d 604.15b 555.82d 0.405 0372b 0.491 0.432
June 15 SC131 279.39¢ 312.07 be 495.41 be 553.36b 812.05b 907.03 be 364.85¢ 407.53¢ 580.55¢ 648.46 0.388 0.434ab 0.464 0.504
SC168 288.95b 321.30ab 512.37ab 569.72 ab 839.85ab 933.06 ab 377.34b 419.58 ¢ 600.43 b 667.63 ¢ 0.402 0.447 a 0.529 0.518
TWC324 276.25¢ 243.10¢ 489.85 ¢ 431.07c 802.93 ¢ 706.58 ¢ 360.76 31747e 574.03c 505.15e 0.385 0.339 bc 0.385 0.393
July 15 SC131 225.69 f 228.52e 400.18 e 405.20e 655.96 e 664.18 e 29472 f 298.42 468.95 f 474.40¢ 0.314 0.318c 0335 0.369
SC168 245.72 cd 236.97 cd 435.70 cd 420.19 cd 714.17 cd 688.75 cd 320.88d 309.46 e 510.57d 492.83 f 0.342 0.330 bc 0.402 0.383
TWC324 232.25e 208.48f 411.82f f 325.34f 675.04 533.28 f 303.30e 239.60g 482.60e 381.25h 0.323 0.255d 0.306 0.296
Ftest x * * ** *x * * TS x ** NS * NS NS

* and ** indicate P < 0.05, P < 0.01 and not significant, respectively. The
level using DMRT.

Table 4. Maize grain analysis in three tested hybrids under three different sowing dates during

means of each column designated by the same letter are not significantly different at the 5%

the 2023 and 2024 seasons.

Treatments Crud protein % Carbohydrates % Oils %

Electrical conductivity

Ash % Fiber % Germination % Plume Radical

(EC)
Season 2023 2024 2023 2024 2023 2024 2023 2024 2023 2024 2023 2024 2023 2024 2023 2024 2023 2
Mean plots-planting dates (A)

Planting date =~ May 15 10.501a 9.991a 71.574a 70.892a 6.246¢ 6.120c 1.569¢ 1,432c 2.337c 2.299¢ 8.514c 9.022¢ 94.378a 95.648a 9.798a 9.904a 13.910a 13.
(A) June 15 9.644b 9.534b 70.887b 70.453b 6.964b 6.573b 1.706b 1.631b 24790 2.531b 10.378b 10.865b 91.944b 92.334b 9.253b 9.599b 12.893b 11
July 15 9.296¢ 9.022¢ 70.452¢ 70.111c 7.223a 6.988a 1.898a 1.901a 2.737a 2.795a 11.988a 11.995a 90.578¢ 90.972¢ 8.703c 8.623c 10.536¢ 10.

Ftest * * * * o B * o o o o * * . * * o

Sub plot-maize cultivars (B)

Maize SC131 9.775b 9.901b 71.134b 70.992b 6.692b 6.703b 1.667b 1.658b 2.593b 2.457b 9.911b 9.102b 93.122a 94.677a 9.762b 9.457b 11.987b 11.
cultivars SC168 10.223a 10.561a 71.884a 71.434a 6.860a 6.901a 1.899a 1.799a 2.809a 2.78% 9.267c 8.985¢ 92.622b 92.546b 10.263a 9.888a 13.891a 13.
(8) TWC324 9.209¢ 9.032¢ 70.494c 70.122¢ 6.421c 6.498¢ 1.469c 1.501c 2.396¢ 2.287c 10.592a 9.898a 90.752¢ 91.111c 9.109¢ 8.658¢ 10.334¢ 10,

Ftest * o o o * * o * o * o * o o * * *

Interaction (AxB)

May 15 SC131 10.122c | 10.186¢c 71.564b 71.399b 6.711bc 6.634cd 1.633b 1.598bc 2.511d 2.487f 9.712f 9.613f 95.221a 95.643a 9.966b 9.861b 12.899%b 12.
SC168 11.102a | 11.009a 71.933a 71.801a 6.901a 6.877c 1.745ab 1.644b 2.799¢ 2.722¢ 9.165h 9.112h 92.133¢ 93.143b 10.433a 10.653a 14.132a 13.
TWC324 9.854c 9.789%¢ 70.687d 70.500d 6.564c 6.411d 1.530c 1.399¢ 2.29% 2.167g 10.433¢c 10.289¢ 90.989d 91.085d 8.922e 9.122e 10.534d .t
July 15 SC131 9.989¢ 9.855¢ 71.111c 71.001c 6.899ab 6.744c 1.811ab 1.689b 2.713¢ 2.679d 9.991e 10.003d 93.767b 93.324b 9.423d 9.223d 11.122¢ 11
SC168 10.768b  10.697b 71.566b 71311b 6.998a 6.877c 1921a 1.874a 2.888b 2.821b 9.465g 9.389% 91.554cd  91.233d 9.765¢ 9.565¢ 12.310b 12.
TWC324 9.365d 9.288d 70.322e 70.133e 6.644bbc 6.514d 1.699b 1.499¢ 2.511d 2.435F 11.254b 11.122b 90.111d 90.033e 8.465f 8.265g 9.523e 8.
July 15 SC131 9.232d 9.198d 70.799cd 70.567d 6.988a 6.881c 1.988a 1.799ab 2.899b 2.863b 10.122d 10.109d 92.522¢ 92.122¢ 9.122e 9.001f 9.546e 9.
SC168 9.985¢ 9.887¢c 70.991c 70.772d 7.211a 7.366a 2.003a 1.96%9a 2.987a 2911a 9.988e 9.866e 90.302d 91.002d 9.425d" 9.133de’ 10.573d 10.
TWC324 8.884e 8.653e 70.132¢ 70.033e 7.001a 7.121b 1.876a 1.678b 2.677cd 2.59% 11.99% 11.799a 89.134e 88.934f 8.122g 8.088h 8.115f 9.

Ftest ** o o * * * o w* o * o * o o * o *

* and ** indicate P < 0.05, P < 0.01 and not significant, respectively. The
level using DMRT.

means of each column designated by the same letter are not significantly different at the 5%
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Dry matter and growth rate

The highest dry matter values at 50, 65, and 80 days
after sowing were recorded at the earliest sowing
date, measuring 293.07, 519.70, and 851.87 g/m? in
2023 and 320.29, 567.93, and 930.92 g/m? in 2024,
respectively. Similarly, the crop growth rate (CGR)
during 50-65 and 65-80 day intervals and relative
growth rate (RGR) during the same periods reached
their maxima at the early sowing date, with values
of 382.74, 609.01, 0.408, and 0.700 g/m%day in
2023 and 418.26, 665.53, 0.446, and 0.518 g/m?%day
in 2024, respectively.

Among cultivars, SC168 consistently showed superior
performance in all measured traits, while TWC324
exhibited the lowest values. The interaction analysis
revealed that SC168 achieved peak dry matter
accumulation (at 50, 65, and 80 days) and other
growth parameters when sown early, whereas
TWC324 displayed minimal values when sown
late (Table 3).

Chemical analyses

Chemical analysis of corn hybrids revealed superior
nutritional quality at early sowing dates. The earliest
planting dates showed peak values for crude protein
(10.501%) and carbohydrates (71.574%) in the 2023
season, followed by9.991% and 70.892% in
2024. Conversely, oil content (6.246%), ash (1.569%),
and fiber (2.337%) reached their lowest levels in
2023, with similar trends in 2024 (6.120%, 1.432%,
and 2.299%, respectively).

Germination parameters followed the same pattern,
with the earliest sowings achieving 94.378%
germination, 9.798 cm plumule length, and 13.910 cm
radicle length in 2023, improving to 95.648%, 9.904
cm, and 13.891 cm in 2024. Electrical conductivity
(EC) showed aninverse relationship, increasing
significantly with delayed planting in both seasons.

Among hybrids, SC168 outperformed others,
demonstrating the highest grain quality metrics and
maximal plumule/radicle lengths, followed by SC131
and TWC324. The sowing date x hybrid interaction
analysis confirmed these trends: SC168 at early
sowing achieved optimal chemical properties
(11.102% protein, 71.933% carbohydrates) and
growth parameters (10.433 cm plumule, 14.132 cm
radicle) in 2023, with comparable results in 2024
(11.009%, 71.801%, 10.653 cm, and 13.998 cm) (Table
4).

Fungal pathogen frequency incidence

The early sowing date was recorded the lowest
infections percentage by Fusarium verticillioides, F.

semitectum, Aspergillus niger, A. flavus, Penicillium
spp. and other fungal pathogens as 12.33, 4.67, 2.66,
0.66, 0.33 and 0.33% during season 2023 and, 11.67,
5.33, 1.67, 0.33, 0.33 and 0.33 % via season 2024,
respectively (Figure 3A).

The SC168 corn hybrid had the lowest percentage of
ear and kernels disease pathogens infection as 0.33 to
13.66% during season 2023 and, 0.67 to 12.67%
during season 2024, while TWC324 had the highest
percentage of infection (3.33 to 21.66% during season
2023) and (4.00 to 19.67% during season 2024)
(Figure 3B). The SC168 corn hybrid can be used in
breeding programs as a source of resistance to the
tested diseases.

The statistical interactions between sowing dates and
maize hybrids tested revealed that the lowest
infection percentages on maize hybrid SC168 ranged
from 1.33 to 12.67% during season 2023 and from
1.00 to 12.33% during season 2024 at the earliest
sowing dates, while the highest infection percentages
were recorded at the latest sowing date TWC 324
(Figure 3C).

DISCUSSION

The physical and chemical properties of the
investigated soils, averaged across both seasons, were
suitable for maize cultivation. The soil texture was
clay, which is highly favorable for growing most
current crops. The soil pH was alkaline, and the cation
and anion levels were optimal for maize and other
crops, supporting high yield productivity per feddan,
consistent with the findings of Abo-Marzoka et al.
(2017).

The study revealed that maize plants sown at an early
planting date (May 15) exhibited the highest leaf area,
leaf area index, and relative photosynthesis rate
(g/m¥Yweek), whereas delayed planting reduced
yields. These results agree with Liagat et al. (2018)
and Rahuma (2018), who reported that sowing time
significantly influences maize phenology, including
emergence, tasseling, silking, and maturity periods, as
well as crop growth parameters such as leaf area,
plant height, photosynthetic efficiency, and ear
height. Additionally, sowing time affects vyield
components, including rows per ear, ear length, grains
per ear, shelling percentage, and grain weight,
collectively influencing biomass and grain yield. Early
sowing resulted in higher yields and better crop
performance, whereas delayed sowing substantially
reduced productivity.

Based on the current findings, it can be concluded
that the optimal maize planting window ranges from
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May to June, as this period maximizes yield potential
through improved growth traits. Furthermore, early
sowing allowed maize plants to avoid ear and kernel
rot diseases, while also enhancing quality parameters
and milk yield, as supported by Garba & Ogara (2016)
and Kaur et al. (2023).

The study also revealed that the early sowing date
(May 15) resulted in the highest values for plant
height (cm), ear length (cm), number of kernels per
ear, ear diameter (cm), 100-kernel weight (g), kernel
weight per ear (g), grain yield (ton/feddan), and
shelling percentage. In contrast, the lowest values
were recorded for the late planting date. Similar
trends were observed for vyield and vyield
components. Significant variations were detected
among the tested maize hybrids for the traits. These
findings align with those reported by Gurmu &
EshetuYadete (2020), Rabbani & Safdary (2021), and
Krnjaja et al. (2022), who demonstrated that optimal
sowing dates maximize maize grain yield and yield
components, while delayed sowing leads to
substantial reductions.

Among the three maize genotypes evaluated, grain
yield and yield components varied significantly under
the tested environmental conditions. Kaur et al.
(2023) further emphasized that using improved maize
hybrids, combined with optimal planting time, is an
effective strategy for enhancing yield. Also, proper
sowing timing is critical in improving quantitative and
qualitative yield while mitigating adverse biotic and
abiotic stresses.

Chlorophyll a, chlorophyll b, and carotenoid content
in maize plants were highest at early planting dates
and lowest at late planting dates. These results are
supported by Nasr-Eldin et al. (2018), El-Sherif et al.
(2019), Massoud et al. (2020), Afzal et al. (2022),
Elhalag et al. (2025), and Li et al. (2025), who
confirmed that planting time significantly influences
chlorophyll and carotenoid levels in plants.

The study also demonstrated that early sowing dates
promoted faster maize growth rates and shorter dry
maturity  periods than late  sowing. These
observations are consistent with Prasad et al.
(2017), who reported that sowing time strongly
affects maize population dynamics and growth
rates. Similarly, Jiang et al. (2023) found that maize
emergence rate, dry matter accumulation, and
relative growth rate were primarily determined by
sowing dates and regional temperature conditions.

Overripe dent maize grain is composed of starch (60-
72%), protein (8-11%), and oil (4-6%), with amylose

and amylopectin being glucose polymers that
influence starch physicochemical properties (Rausch
et al.,, 2019). Our results demonstrated that early
sowing dates increased protein and carbohydrate
content in maize grains while reducing ash and fiber
content. Conversely, late sowing dates resulted in
lower grain yields and reduced grain filling, potentially
leading to diminished nutrient accumulation. These
findings are consistent with Jiang et al. (2023), who
reported the lowest crude protein and carbohydrate
levels alongside the highest oil, ash, and fiber content
in the latest sowing dates, particularly in cultivar
TWC423. Elsayed et al. (2024) further noted that
under optimal conditions, maize grains exhibited
elevated oil, protein, carbohydrate, and fiber content,
whereas unfavorable conditions increased
undesirable components such as free fatty acids, ash,
and acid value.

Our findings indicated that early sowing dates
produced maize grains with higher protein and
carbohydrate content, while late sowing led to
increased oil, ash, and fiber levels. This aligns
with Megahed et al. (2019), Jahangirlou et al. (2021),
Megahed et al. (2023), and Liu et al. (2023), who
concluded that early sowing maximized protein,
starch, and amylopectin content while minimizing oil
and total unsaturated fatty acids. Additionally,
delayed planting shortened the grain-filling period,
impaired vyield potential, and reduced nutrient
accumulation, as supported by Qian et al. (2016),
Impa et al. (2019), Nasr-Eldin et al. (2019), and Alam
et al. (2020).

Early planting dates also exhibited the lowest
incidence of kernel infections by fungal pathogens (F.
verticillioides, F. semitectum, A. niger, A.
flavus, Penicillium spp.). In contrast, late sowing dates
showed the highest infection rates, underscoring the
importance of early sowing to mitigate ear and kernel
rot diseases. These results corroborate with Rahuma
(2018), who observed that corn borers-vectors of rot-
causing fungi were more prevalent in late-sown
crops. Furthermore, Garba & Ogara (2016), Kamle et
al. (2019), Bocianowski et al. (2020), Krnjaja et al.
(2022), Kaur et al. (2023), and Singh et al.
(2025) confirmed that early sowing enhanced
resistance to ear and kernel rot diseases, improved
grain quality, and increased milk yield. These studies
highlight that combining early planting with resistant
hybrids can optimize disease-free, high-yield maize
production. Researchers can better assess cultivar
suitability for diverse production and consumption
periods by evaluating these factors.
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CONCLUSION

The study underscores the importance of evaluating
multiple factors-including phenotypic traits, yield
components, and physiological characteristics-when
selecting maize cultivars for specific purposes.
Optimal results were observed when maize was
planted early, particularly in mid-May, with this timing
maximizing desired traits and yield potential. Under
Egyptian growing conditions, employing high-
performing hybrids like SC168 and adhering to
suitable planting schedules can significantly enhance
yield while mitigating biotic and abiotic stresses.
Notably, the hybrid SC168 demonstrates strong
resistance to tested diseases, making it a valuable
candidate for breeding programs to improve maize
resilience.

ABBREVIATIONS

LAl; leaf area index, CGR; crop growth rate, (RGR;
relative growth rate, NAR; Net assimilation rate
ACKNOWLEDGEMENT

Acknowledgment to Dr. Sobhy A.E. Tolba, Professor
of Plant Pathology, Sakha Agricultural Research
Station, Plant Pathology Research Institute-

Agricultural Research Center, Egypt for their support
for this study's Maize cultivars and field experiments.

DATA AVAILABILITY

All data and materials are available.
FUNDING

No funding was received.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE
Not applicable

CONSENT FOR PUBLICATION

Applicable.

CONFLICT OF INTEREST

The authors declare no competing interests.
AUTHORS' CONTRIBUTIONS

All authors shared experimental designing, work,
discussion, and comments on the manuscript.

REFERENCES

Abdel-Kader, MM, EI-Mougy, NS, Masoud, HMM, Helmy,
MS, Megahed, AA. (2024) The impact of certain growth
regulators and Trichoderma harzianum on the
incidence of root rot and biochemical activity in
Phaseolus vulgaris L. Archives of Phytopathology and
Plant Protection, 57(8), 569-587.
https://doi.org/10.1080/03235408.2024.237733

Abo-Marzoka, EA, EI-Mantawy, Rania, FY, Soltan, Iman, M.
(2017) Response of Maize to mineral nitrogen and bio-
fertilization. Egypt. J. Agron. 39(1),19-26.

Afzal, |, Imran, S, Javed, T, Tahir, A, Kamran, K, Shakeel, Q,
Mehmood, K, Ali, HM, Siddiqui, MH. (2022) Alleviation
of temperature stress in maize by integration of foliar
applied growth promoting substances and sowing
dates. PLOS ONE, 17(1), e0260916.
https://doi.org/10.1371/journal.pone.0260916

Alam, MJ, Ahmed, KS, Nahar, MK, Akter, S, Uddin, MA.
(2020) Effect of different sowing dates on the
performance of maize. Journal of Krishi Vigyan, 8(2),
75-81. https://doi.org/10.5958/2349-
4433.2020.00015.X

AOAC. (1990) Official Methods of Analysis of the Association
of Official Analysis Chemists. 15t (edition published by
Association of Official Analysis Chemists. Arlington,
Virginia, (USA).

Bocianowski, J, Szulc, P, Waskiewicz, A, Cyplik, A. (2020) The
effects of agrotechnical factors on Fusarium
mycotoxins level in maize. Agriculture, 10(11), 1-11.
https://www.mdpi.com/2077-0472/10/11/528/pdf

Buriro, M, Bhutto, TA, Gandahi, AW, Kumbhar, IA, Shar, MU.
(2015) Effect of sowing dates on growth, yield and grain
quality of hybrid maize. Journal of Basic and Applied
Sciences, 11, 553-558. https://doi.org/10.6000/1927-
5129.2015.11.73

Duncan, DB. (1955) Multiple Range and Multiple F-Tests.
Biometrics, 11, 1-42.
http://dx.doi.org/10.2307/3001478

Edzili Awono, AT, Ossamulu, IF, Muhammad, HK, Salubuyi,
SB, Shingu, JP, Garba, UF, Makun, HA. (2025). Historical
data on fungal contamination of maize (Zea mays L.)
from different agroecological zones in Nigeria: A
review. ltalian Journal of Mycology, 54(1), 41-63.
https://doi.org/10.6092/issn.2531-7342/20210

Elhalag, KM, Al-Anany, MS, Megahed, AA. (2025) Efficacy of
plant extracts and bio-fertilizers for the control of
bacterial wilt and soft rot agents in potato. Journal of
Plant Pathology, 107(1), 1-21.
https://doi.org/10.1007/s42161-024-01825-7

El-Hosary, AA, Hammam, GY, EI-Gedwy, EM, El-Hosary, AAA,
Sidi, ME. (2019) Response of white maize hybrids to
various nitrogen fertilizer rates in Qalyubia, Egypt.
Bioscience Research, 16(3), 2475-2485.
https://www.isisn.org/BR16(3)2019/2475-2485-
16(3)2019BR19-298.pdf

Elsayed, Samar, SA, Elshahawy, IE, Hamden, S, Abd Elgawad,
MEH, Sehsah, MD. (2024) Genotoxicity by ear and
kernel rots in three maize genotypes stored at different
conditions. Egyptian Journal of Agricultural Research,
102(1), 139-154.
https://ejar.journals.ekb.eg/article_344764.html

El-Sherif, AG, Gad, SB, Megahed, AA, Sergany, Ml. (2019)
Induction of tomato plants resistance to Meloidogyne
incognita infection by mineral and nano-fertilizer.
Journal of Entomology and Nematology, 11(2), 21-26.

554

Egypt. J. Bot. Vol. 65, No.3 (2025)


https://doi.org/10.1080/03235408.2024.237733
https://doi.org/10.1371/journal.pone.0260916
https://doi.org/10.6000/1927-5129.2015.11.73
https://doi.org/10.6000/1927-5129.2015.11.73
http://dx.doi.org/10.2307/3001478
https://www.isisn.org/BR16(3)2019/2475-2485-16(3)2019BR19-298.pdf
https://www.isisn.org/BR16(3)2019/2475-2485-16(3)2019BR19-298.pdf

Influence of sowing dates on physiological traits, yield components and grains Rot disease resistance in maize (Zea mays L.) cultivars

https://academicjournals.org/journal/JEN/article-full-
text-pdf/5B10D7560261)

Garba, Y, Ogara, IM. (2016) Effect of planting on incidence
and severity of Stenocarpella ear rot of maize in Lafia,
Nasarawa State, Nigeria. Equity Journal of Science and
Technology, 4(1), 57-60.
https://www.bibliomed.org/mnsfulltext/14/14-
1542990250.pdf?1737103822

Gurmu, S, EshetuYadete, MB. (2020) Effect of NP fertilizer
rates and plant population density on late maturing
maize variety at Jimma and Buno-Bedele Zone,
Southwestern Ethiopia. J of Environment and Earth
Science, 10(6), 1-9. doi: 10.7176/JEES/10-6-01

Impa, S, Perumal, R, Bean, SR, Sunoj, VJ, Jagadish, SVK.
(2019) Water deficit and heat stress induced
alterations in grain physic-chemical characteristics and
micronutrient composition in field grown grain
sorghum. Journal of Cereal Sciences, 86, 124-131.
https://doi.org/10.1016/j.jcs.2019.01.013

ISTA. (International Seed Testing Association), (1985).
International rules for seed testing. Seed Science and
Technology,13, 299-575.
https://www.seedtest.org/en/home.html

Jahangirlou, RM, Akbari, GA, Alahdadi, |, Soufizadeh, S,
Parsons, D. (2021) Grain quality of maize cultivars as a
function of planting dates, irrigation and nitrogen
stress: A case study from Semiarid conditions of Iran.
Agriculture, 11(11), 1-16. http://dx
doi.org/10.3390/agriculture11010011

Jiang, L, Wang, M, Chu, Z, Gao, Y, Guo, L, Ji, S, Jiang, L, Gong,
L. (2023) Effects of temperature on growth and grain
maturity of spring maize in Northeast China: A study of
different sowing dates. Atmosphere, 14(12), 1755.
https://doi.org/10.3390/atmos14121755

Kamle, M, Mahato, DK, Devi, S, Lee, KE, Kang, SG, Kumar, P.
(2019) Fumonisins: Impact on agriculture, food, and
human health and their management strategies.
Toxins, 11(6), 328.
https://doi.org/10.3390/toxins11060328

Kaur, H, Difonzo, C, Chilvers, M, Cassida, K, Singh, MP. (2023)
Hybrid insect protection and fungicide application for
managing ear rots and mycotoxins in silage corn.
Agronomy  Journal, 115(4), 1957-1971. doi:
10.1002/agj2.21342

Krnjaja, V, Mandic, A, Bijellic, Z, Stankovic, S, Obradovic, A,
Caro Petrovic, V, Gogic, M. (2022) Influence of sowing
time on Fusarium and Fumonisin contamination of
maize grains and yield component traits. Agriculture,
12(7), 1042-1053. https://www.mdpi.com/2077-
0472/12/7/1042/pdf

Li, W. Pan, K, Huang, Y, Fu, G, Liu, W, He, J, Xiao, W. Fu, Y,
Guo, J. (2025) Monitoring the maize canopy chlorophyll
content using discrete wavelet transform combined
with RGB feature fusion. Agronomy, 15, 212.
https://doi.org/10.3390/agronomy15010212

Liagat, W, Akmal, M, Ali, J. (2018) Sowing dates effect on
production of high yielding maize varieties. Sarhad
Journal of Agriculture, 34(1), 102-113.

http://dx.doi.org/10.17582/journal.sja/2018/34.1.102
113

Lichtenthaler, HK, Buschmann, C. (2001) Chlorophylls and
carotenoids: Measurement and characterization by UV-
VIS spectroscopy. In: Wrolstad RE, Acree TE, An H,
Decker EA, Penner MH, Reid DS, Schwartz SJ,
Shoemaker CF and Sporns P, Eds., Current Protocols in
Food Analytical Chemistry, John Wiley and Sons, New
York, pp. F4.3.1-F4.3.8.

Liu, J, He, Q, Wu, Y, Xiao, X, Sun, W, Lin, Y, Yi, R, Pan, X. (2023)
The effect of sowing date on the nutritional quality of
kernels of various maize varieties in Northeast China.
Agronomy, 13(10), 2543.
https://doi.org/10.3390/agronomy13102543

Masoud, HMM, Megahed, AA, Helmy, MS, lbrahim, MA, EI-
Mougy, NS, Abdel-Kader, MM. (2023)
Phytopathological and biochemical impacts of
Trichoderma harzianum and certain plant resistance
inducers on faba bean root rot disease. Egyptian
Journal of Biological Pest Control, 33(1), 63-81. doi:
10.1186/s41938-023-00709-9

Massoud, HY, Abd-Elkader, HH, Ibrahim, FR, Ibrahim, AM.
(2020) Effect of planting dates, compost and foliar
spraying with some amino acids on growth, chemical
composition of Feverfew (Tanacetum parthenium L.)
plants. Journal of Plant Production, Mansoura
University, 11(12), 1361-1373. doi:
10.21608/jpp.2020.149808

Megahed, AA, El-Dougdoug, NK, Bondok, AM, Masoud,
HMM. (2019) Monitoring of co-infection virus and
virus-like naturally in sweet pepper plant. Archives of
Phytopathology Plant Protection, 52(3-4), 333-355.
https://doi.org/10.1080/03235408.2019.1620512

Megahed, AA, Masoud, HMM, Helmy, MS, lbrahim, MA, EI-
Mougy, Nehal, S, Abdel-Kader, MM. (2023) Efficiency of
some abiotic and biotic agents on Vicia faba L. rust and
chocolate spot diseases. Plant Protection 07 (03), 449-
463. doi: 10.33804/pp.007.03.4798

MSTAT-C. (1988) MSTAT-C, a microcomputer program for the
design, arrangement and analysis of agronomic
research. Michigan State University, East Lansing.

Nasr-Eldin, M, Messiha, N, Othman, B, Megahed, A, Elhalag
K. (2019) Induction of potato systemic resistance
against the Potato virus Y (PVYN™N), using crude filtrates
of Streptomyces spp. under greenhouse conditions.
Egy. U Biol. Pest  Control, 29(62):1-11.
https://doi.org/10.1186/s41938-019-0165-1

Nasr-Eldin, MA, Othman, BA, Megahed, AA, El-Masry,
Samar, S, Faiesal, Abeer, A. (2018) Physiological,
cytological and molecular analysis of PVYN™-infected
potato cultivars. Egyptian Journal of Experimental
Biology (Botany), 14(1), 171-185.
https://www.ejmanager.com/mnstemps/15/1515193
30872.pdf?t=1554029194)

Prasad, G, Chand, M, Kumar, P, Rinwa, RS. (2017)
Performance of maize (Zea mays L.) hybrids with
respect to growth parameters and phenological stages
under different sowing dates in Kharif season.

Egypt. J. Bot. Vol. 65, No.3 (2025)

555


https://academicjournals.org/journal/JEN/article-full-text-pdf/5B10D7560261)
https://academicjournals.org/journal/JEN/article-full-text-pdf/5B10D7560261)
https://doi.org/10.1016/j.jcs.2019.01.013
https://doi.org/10.3390/toxins11060328
http://dx.doi.org/10.17582/journal.sja/2018/34.1.102.113
http://dx.doi.org/10.17582/journal.sja/2018/34.1.102.113
https://doi.org/10.1080/03235408.2019.1620512
https://doi.org/10.1186/s41938-019-0165-1
https://www.ejmanager.com/mnstemps/15/151519330872.pdf?t=1554029194)
https://www.ejmanager.com/mnstemps/15/151519330872.pdf?t=1554029194)

El-Sayed et al., 2025

International Journal of Current Microbiology and
Applied Sciences, 6(10), 5079-5087.
https://doi.org/10.20546/ijcmas.2017.610.482

Qian, C, Yu, Y, Gong, X, Jiang, Y, Zhao, Y, Yang, Z, Hao, Y, Li, L,
Song, Z, Zhang, W. (2016) Response of grain yield to
plant density and nitrogen rate in spring maize hybrids
released from 1970 to 2010 in Northeast China. The
Crop Journal, 4(6), 459-467.
doi: 10.1016/j.¢j.2016.04.004

Rabbani, B, Safdary, AJ. (2021) Effect of sowing date and
plant density on yield and yield components of three
maize (Zea mays L.) genotypes in Takhar climatic
conditions of Afghanistan. Central Asian Journal of
Plant Science Innovation, 1(2), 109-120.
https://doi.org/10.22034/CAJPSI.2021.02.06.

Rahuma, MAA. (2018) Sowing dates effect on growth and
grain yield of some maize hybrids. Alexandria Science
Exchange Journal, 39(2), 244-249.
https://doi.org/10.21608/asejaigjsae.2018.7287

Rausch, KD, Hummel, D, Johnson, LA, May, JB. (2019) Wet
milling: The Basis for Corn Biorefineries. In Corn; Serna-
Saldivar, S., Ed.; Elsevier: Amsterdam, The Netherlands,
pp. 501-535. https://doi.org/10.1016/B978-0-12-
811971-6.00018-8

Ryan, J, Garabet, S, Harmsen, K, Rashid, A. (1996) A Soil and
Plant Analysis Manual Adapted for the West Asia and
North Africa Region. International Center for
Agricultural Research in the Dry Areas (ICARDA),
Aleppo, Syria, 140 pp.
https://hdl.handle.net/20.500.11766/66995

Singh, H, Kaur, A, Hunjan, M, Sharma, S. (2025) Unveiling
toxigenic Fusarium species causing maize ear rot:
Insights into fumonisin production potential. Front.
Plant Sci., 16, doi: 10.3389/fpls.2025.1516644

Tolba, SAE, EL-Sayed, SA. (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.

556

Egypt. J. Bot. Vol. 65, No.3 (2025)


https://doi.org/10.1016/j.cj.2016.04.004
https://doi.org/10.1016/B978-0-12-811971-6.00018-8
https://doi.org/10.1016/B978-0-12-811971-6.00018-8
https://hdl.handle.net/20.500.11766/66995

	Email : allam@du.edu.eg
	Soil chemical analysis
	Leaf area/plant (cm2) and leaf area index (LAI)
	Corn leaf area (cm2)
	Five corn leaves were used to determine the average flag leaf area at 100 days after sowing for each plot (Abo-Marzoka et al., 2017).
	Dry matter accumulation (g/m2)
	Crop growth rate (CGR)
	Relative growth rate (RGR)
	Net assimilation rate (NAR)
	Yield and yield components
	Chemical analysis
	Soil chemical analysis
	The variety SC168 exhibited the highest leaf area values at 50, 65, and 80 days after sowing, followed by SC131, whereas the lowest values were recorded for TWC324 across all tested sowing dates. Specifically, the highest leaf area values at the three...
	Photosynthetic pigments contents
	* and ** indicate P < 0.05, P < 0.01 and not significant, respectively. The means of each column designated by the same letter are not significantly different at the 5% level using DMRT.
	Table 3. Dry maturity, crop growth rate and relative growth rate at the periods of 50, 65, and 80 days of sowing dates during 2023 and 2024 growing seasons.
	* and ** indicate P < 0.05, P < 0.01 and not significant, respectively. The means of each column designated by the same letter are not significantly different at the 5% level using DMRT.
	* and ** indicate P < 0.05, P < 0.01 and not significant, respectively. The means of each column designated by the same letter are not significantly different at the 5% level using DMRT.
	Dry matter and growth rate
	The highest dry matter values at 50, 65, and 80 days after  sowing  were  recorded  at  the  earliest sowing date, measuring 293.07, 519.70, and 851.87 g/m² in 2023 and 320.29, 567.93, and 930.92 g/m² in 2024, respectively. Similarly, the crop growth ...
	Fungal pathogen frequency incidence
	DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENT
	DATA AVAILABILITY
	All data and materials are available.
	FUNDING
	No funding was received.
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	Not applicable
	CONSENT FOR PUBLICATION
	Applicable.
	CONFLICT OF INTEREST
	The authors declare no competing interests.
	AUTHORS' CONTRIBUTIONS
	All authors shared experimental designing, work, discussion, and comments on the manuscript.
	REFERENCES

