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Yellow maize varieties in Ghana have low beta-carotene levels, but if improved, they could lessen the
negative health effects of vitamin-A deficiency. Finding promising yellow maize accessions that could
be used to breed higher beta-carotene varieties was the goal of the study. The study involved the
collection of 100 local accessions, phenotypic identification, evaluation of genetic relatedness, and
guantification of the beta-carotene and total carotenoid contents. The focus of the work was general
trait analysis of the maize collections including existing local pro Vitamin A accessions from National
Research Stations. A factor score for 15 traits revealed that the main drivers of variation in the first
component axis were 100 seed weight, cob weight, and number of kernels per row, whereas the main
contributors to variation in the second component axis were cob height, plant height, and leaf length.
The third component axis was dominated by 50% anthesis, 50% silking and 50% leaf senescence. The
three component axis accounted for 54.19% of the observed variation. Variability was also observed in
kernel beta-carotene and total carotenoid contents. It is possible to develop higher beta-carotene
varieties from the accessions NZER1 and HONAMPA, which have the highest beta-carotene contents
(5.19 and 4.34 ugl/g, respectively) and fall within the recommended range (3 to 8 ug/g) for first-
generation medium to high pro-vitamin-A maize genotypes.
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INTRODUCTION
One of the crucial cereal crops that support Ghana’s is maize. An estimated 50 to 60% of the nation’s cereal
national economy and systems for ensuring food security production comes from maize cultivation. According to
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Ragasa et al. (2014), the crop is a primary staple for
more than 50% of the population and also acts as a key
component in the production of poultry feed. Vitamin-A
deficiency is a serious public health issue in several
countries in sub-Saharan Africa, including Ghana (WHO,
2007). Pre-school children, expectant and nursing
mothers are the main populations affected by vitamin A
deficiency. This vitamin deficit has been linked to several
health problems, including impaired immunological
response, gastrointestinal disease-related death, and
childhood blindness (Muzhingi et al., 2011). White maize
grains lacks vitamin A but are nutritionally rich in
carbohydrates (Okai et al.,, 2015). However, because
yellow maize has significantly higher quantities of beta
carotene, the most potent precursor for the synthesis of
vitamin A and is, therefore of more nutritional benefit
when consumed.

Given that a large portion of the population uses maize
to prepare a variety of foods, reducing vitamin-A
deficiency in developing countries through bio-fortification
using maize offers a higher potential for success than
other food fortification methods that are comparably more
expensive, unsustainable, and difficult to access by rural
communities (Muzhingi et al, 2011; Sommer and
Davidson, 2002). It is anticipated that eating yellow maize
varieties high in beta-carotene will greatly help combat
vitamin-A deficiency. For this reason, the Ministry of
Health has made a concerted effort to promote the health
advantages of yellow maize, and the Ghanaian people
have been urged to eat more dishes made with yellow
maize. As a result, yellow maize is currently becoming
more popular, and its use in various food products is
expanding quickly in Ghana (Acheampong et al., 2020).
Yellow maize consumption is on the rise, which indicates
that production levels must keep up with demand if food
security issues are to be avoided in the near future.

A comprehensive breeding program focused at creating
superior yellow maize varieties with farmer-preferred
features is necessary for the success of such a food
production goal. Prior until this, a variety of pro-vitamin A
enhanced and yet high yielding maize varieties had been
created and released. These varieties which are quality
protein maize (QPM) also had better protein quality and
drought resistance. With the help of these improved
varieties, maize production increased from 2016 to an
estimated 2.9 million metric tons in 2019. However,
compared to other maize-producing nations in the region,
this amount of production was far lower. Additionally, the
majority of the existing pro Vitamin A (PVA) maize
varieties fall short of the Harvest Plus Project's
recommended threshold of 15 pg/g for efficient
management of vitamin-A deficiency in populations
(Pfeiffer and McClafferty, 2007; Harjes et al., 2008; Halilu
et al., 2016).

Another significant trend that threatens future food
security is farmers’ heavy reliance on the extensive
cultivation of just a handful of these improved hybrid

maize varieties, the majority of which are white varieties
resistant to pests and diseases. A growing concern is the
significant loss of germplasm resources and the decline
in bio-diversity brought on by genetic erosion. In light of
this, the most sustainable approach to maize breeding in
Ghana will be to select promising accessions from a large
germplasm collection in order to create higher yielding,
pest and drought resistant, and high beta carotene
content varieties that will lessen the effects of vitamin-A
deficiency. In this context, the current maize genetic
resources must be preserved and improved upon by
extensive germplasm collection, preservation and
breeding (Prasanna, 2012). Crop accessions are
regarded as a great resource for genetic diversity since
they represent local adaptations of plant species and
include the entire gene pool. Germplasm resources must
be accurately defined and categorized in order to act as
the foundation for any successful breeding operation.
Crop improvement through plant breeding, release, and
popularization depends on accurate plant characterization
(Chavan, 2010).

Unfortunately, not enough time and money have been
spent on study over the years to fully characterize the
Ghanaian maize genetic resources that are available,
especially with regard to measuring the total carotenoid
and beta carotene levels. The best ways to find and
select elite materials for breeding higher performing
varieties is to thoroughly characterize and describe local
crop germplasm and also use elite materials available
and already have recommended levels of carotenoids,
can be accessed from CGIAR centers working on pro-
vitamin A varieties. Some already released in Ghana.
The first steps in conserving and preserving genetic
resources are phenotypic evaluation and genetic diversity
descriptions in gathered germplasm (Osei et al., 2014;
Figas et al.,, 2015; Sacco et al., 2015). Characterizing
genetic variation frequently entails separating accessions
based on well-established, highly heritable physical or
phenotypic descriptors (IPGRI, 1996). These descriptors
primarily represent a broad spectrum of genetic variation,
according to which accessions are divided into several
varietal classes (Gepts, 2006; Upadhyaya et al., 2008).
However, phenotypic trait characterization along with
molecular analysis has been demonstrated to produce
more thorough data for accession identification (Clement
et al., 2010; Dias et al., 2013); germplasm fingerprinting
(Pereira-Dias et al., 2020); and establishment of genetic
diversity and relatedness (Xu et al., 2013; Zhou et al.,
2015; Mohan et al., 2016; Lazaro, 2018).

This study aimed at the collection and characterization
of 100 local maize accessions based on phenotypic and
nutritional assessment with respect to beta carotene
content in order to establish genetic relatedness among
the accessions, speed up breeding efforts in the crop,
and as a preliminary work towards a large scale maize
molecular characterization. The findings will offer fresh
information about the regional biodiversity of maize and



the bio-fortification approach for vitamin A in an effort to
reduce vitamin-A deficiency.

MATERIALS AND METHODS
Germplasm collection

From farmers, research facilities (CSIR-Crop Research Institute,
CSIR-Savanna Agricultural Research Institute), and marketplaces
all over the nation, one hundred (100) local maize accessions were
gathered. The materials were set up for characterization on the
Biotechnology and Nuclear Agriculture Research Institute (BNARI)
experimental  fields, which are located at Latitude
5.672617729637774 and Longitude -0.2146581024463941.

Experimental plot design, agronomic practices and data
collection

The field was prepared and demarcated into three replications in a
10x10 lattice design based on randomization using Genstat12
edition. The accessions were planted on May 29, 2018. Single row
plots of two plants per hill later thinned to one, two weeks after
planting at 80 cm between rows and 40 cm between plants. On the
third and sixth weeks following planting, manual first and second
weed control procedures were respectively carried out. On the third
week, NPK (15-15-15) fertilizer was administered at a rate of 7 g
per hill, following the Ministry of Food and Agriculture’s guidelines
(GTZ/MOFA, 2006). On the basis of a descriptor created by the
International Board for Plant Genetic Resources and CIMMYT,
information was gathered regarding the vegetative and yield metrics
on five middle plants on each plot. 32 accessions that performed
well in terms of 100 seed weight and were primarily yellow in colour
were chosen for the measurement of traits and estimation of the
levels of beta-carotene and total carotenoids.

Carotenoids and Beta-carotene quantification using HPLC

The Rodriguez-Amaya and Kimura-described technique for beta-
carotene extraction was followed (Rodriguez-Amaya and Kimura,
1998). An extract portion was utilized for High Pressure Liquid
Chromatography (HPLC), and an additional portion was used to
measure absorbance. The beta-carotene content was quantified
using Agilent HPLC 12 equipment.

Data analysis

Statistical analysis was done using Genstats12 edition, Microsoft
Excel and SPSS. Analysis of variance was appropriately carried
and means were separated by least significant difference and error
bars with standard error. A principal component analysis was also
conducted to determine the percentage contribution of various traits
to the total genetic variation. Cluster analysis was performed based
on similarity matrix. Total carotenoids were calculated using the
formula:

Absorbance + Total Volume of extracts x 10*

Sample weight x A%

Totalcaroteniod =

RESULTS
Variability in phenotypic characteristics

Figures 1 to 3 display the phenotypic traits determined
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and the related percentage of occurrence in the collected
accessions. The primary tassels on all accessions lacked
any secondary ramifications. In 59% of the accessions,
the stem colour was mostly green, while in 41% of the
accessions, purple stem color was mixed with the green
(Figure 1A). 53% of the accessions had good husk cover,
41% had intermediate husk cover, and 6% had poor husk
cover in terms of husk cover integrity (Figure 1B). The
majority of the accessions (72% of accessions) had
cylindrical cobs (Figure 1C and Figures 2A, B, C, D, E, F
and H), whereas the remaining 28% had conical cobs
(Figures 1C and 2G). In addition, the culms of 87% of the
accessions had pubescence, while the culms of the
remaining 13% did not (Figure 1D).

Cob colours were yellow-white (Figures 2A and 3G),
yellow (Figure 2B, F), orange (Figure 2C), white (Figure
2D), orange-white-purple (Figure 2E) to red (Figure 2H).
The configuration of the kernel rows on the cob was
primarily regular (Figure 2A), straight (Figures 2B and
3F), spiral (Figure 2C), and irregular (Figures 2D and
3H). The majority (64%) of the accessions had a linear
arrangement of the kernel rows. In 31% of the
accessions, regular kennel row layout was seen, whereas
in 3% of the accessions, kennel row arrangement was
irregular. In 2% of the accessions, spiral kennel row
arrangements were seen (Figure 1F). Figures 3A and D
show red kernels, whereas Figures 3B, C, E and F show
brown, orange, white, cream and yellow kernels (Figures
3G and H) respectively. The percentage of accessions
with different colours of kernels varied from 38% for white
accessions to 42% for yellow accessions, 9% for yellow-
white, 5% for red accessions, 3% for cream accessions,
2% for orange accessions, and 2% for brown accessions
(Figure 1E). Regarding the kennel upper surface, 41% of
the accessions had an indented upper kennel surface. 38
accessions (38%) had flat kennel surfaces, while 21%
had rounded kennel surfaces (Figure 1G). We also
noticed dent and flint varieties of kernels. Flint type
kernels were detected in 52 accessions (Figure 1H and
Figures 3B, C, D and E), while dent type kernels were
discovered in 48 accessions (Figures 1H and 3F and H).
Alueorone layer variation was also noted. The alueorone
layer was colourless in the vast majority (91%) of the
accessions (Figures 3E, F, G and H), while red alueorone
layer was seen in 5% of accessions (Figures 3A and D).
In 2% of the accessions, brown-colored alueorone layers
were seen, while 2% of the accessions also included
orange-colored layers (Figure 3C).

Variability in qualitative traits among accessions

The number of leaves found above the highest ear
ranged from 4.5 to 6.8, respectively. Over the top of the
highest ear, there were, on average, 5.4 leaves. Over the
highest ear, the majority of the accessions (24)
possessed five leaves. 14 accessions with six leaves and
eight accessions with 5.5 leaves came after this group.
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Figure 1. Proportion of accessions showing various qualitative traits in the collections.

Source: Data from this research work.

Figure 2. Variation in cob colour, cob shape and kernel row arrangement among
accessions. Cob colour: (A, G) yellow-white; (B, F) yellow; (C) orange; (D) white;
(E) Orange-white-purple; (H) red. Cob shape: (A, B, C, D, E, F, H) cylindrical; (G)
conical. Kernel row arrangement: (A) regular; (B, F) straight; (C) spiral; (D, H)
irregular.

Source: Data from this research work.

Lower than 5.5 leaves were present above the highest
ear in the remaining accessions. The accessions’
maturity phase classifications were evaluated. The range
of days to 50% anthesis was 37 to 65, with a mean of
55.4 days. Days to 50% silking ranged from 44 to 71
days, with 61.01 days serving as the average. The mean
anthesis-silking intervals ranged from 4 to 7 days, with a
mean of 5.5 days. Days until 50% leaf senescence varied
from 68 to 110 days, with 89.01 days serving as the
average. The majority of the accessions (55), followed by
34 late maturing accessions and 9 early maturing

accessions, were found to be medium maturing.

Genetic relationship based on phenotypic traits

In Figure 4, a dendrogram based on 28 phenotypic traits
examined using a Euclidean coefficient single link
similarity matrix illustrates the genetic relationships
among 100 maize accessions. Six significant clusters
were found. It is noteworthy that accession TZE1, which
is thought to be an inbred line, is distinct from the other
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Figure 3. Variability in kernel type, kernel colour and colour of aleurone layer. Kernel type: (B,

C, D, E) dent; (F, H) flint.

Kernel Colour: (A, D) red; (B) brown; (C) orange; (E) white; (F)

cream; (G, H) yellow. Aleurone layer: (E, F, G, H) colourless, (A, D) red; (C) orange.

Source: Data from this research work.
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Figure 4. Genetic relatedness among maize accessions.
Source: Data from this research work.

accessions at a 75% similarity level. The genetic gap
between BAWL1 and TZE1 was found to be the greatest.
BAW1/BAY1, GARY4/NZE3 and AHOODZIN/NY7 were
three sets of duplicates that could be distinguished at
98% similarity.

Variability in traits

accessions

guantitative among maize

Table 1 summarizes the investigation of the variation in
guantitative attributes among maize accessions. The
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Table 1. Variability in quantitative traits for 100 maize accessions.

Traits NL CH/cm PH/cm LL/cm LG/cm ClL/cm CG/cm K/R R/C CW/g 100SWi/g
Mean 5.3 94.34 159.3 96.06 12.8 14.33 8.97 27.21 13.2 82.7 21.81
Min. 4.25 30 91 66.7 8 8 6.4 9 7 14.4 8.44
Max. 6.8 155.4 228 118.2 15.4 21 12 47 18 154.8 31.31
Range 2.55 125.4 137 51.55 7.4 13 5.6 38 11 140.3 22.87
VAR. 0.273 493.8 709.5 83.43 131 5.201 1.11 42.16 2.30 1028 29.65
cv 9.745 23.56 16.72 9.509 8.92 15.91 11.7 23.87 11.4 38.7 24.97
SS 26.2 14765 212140 2494 392.9 1555 334 1260 688.8 3074 2846
SD 0.522 22.22 26.64 9.134 1.14 2.281 1.05 6.493 151 32.0 5.445

CW: Cob weight, CG: Cob girth, CH: Cob height, CL: Cob length, LW: leaf width, LL: leaf length, NK: Number of kernels per row, NL: Number of
leaves above the uppermost ear, NR: Number of rows per cob, PH: Plant height, 100 SW: Seed weight, CV: coefficient of variation, VAR: variance,

SS: Sum of squares, SD: Standard deviation.
Source: Data from this research work.

leaves of accession GH3309, measuring 109.5 cm was
the longest, followed by the leaves of accession
GH96/059, measuring 108.10 cm. In GH3592, the
shortest leaf measured 74.07 cm. The broadest leaf width
was 11.38 cm in GH3450, and the narrowest width was
6.79 cm in GH3366. The shortest cob measured 68 cm in
height in TZE124, while the tallest measured 132.2 cm in
accession GH3496. Notably, the majority of the tallest
plants had a mean height of 212 cm and was found in
accession GAR3, while the shortest accession was TZE1
with a mean height of 99.42 cm. The cobs produced by
GH3530 had the largest length, measuring 19.28 cm,
followed by GH3563 with 19.06 cm. The 10 cm-long cobs
that were the shortest were discovered in GH3309. The
cob girth measured in GH3450 was the widest at 15.53
cm, while GH3309 had the narrowest cob girth at 10.2
cm. Each of the GH3592 and GH96/059 accessions had
15.33 kernels per row. With a mean value of 38.62,
NYR2 had the most kernels per row, followed by NYY9
with 35.83. The mean number of kernels generated per
row was lowest for accession TZE1l. The accession
GH3280 produced the corn with the highest number of
rows per cob (15.44 rows), and the accession GH3509
produced the corn with the lowest number of rows per
cob (10.53 rows). The lowest cob weight of 22.3 g was
reported by TZE1. NYY9 provided the highest value of
153.2 g, followed by BAY6 with 135 g. With 31.31 g,
NYY9 produced the heaviest 100 seed weight, whereas
GH360 generated the lightest weight (8.44 g).

Correlation analysis and coefficients for fifteen traits

In 100 local maize accessions, the correlation coefficient
for fifteen traits and the degree of association between
the attributes were calculated. With respect to cob weight
(r=0.4855), cob girth (r=0.4233), and the number of
kernels per row (r=0.4362), 100 seed weight exhibited a
moderately positive connection (r=0.4362). All parameters
except cob weight (r=0.1811), cob girth (r=0.1266), and

number of kernels per row (r=0.1599) had low positive
correlations with anthesis silking interval. Cob weight
(r=0.4708), leaf length (r=0.3013), leaf width (r=0.2718),
and the number of roles per cob (r=0.2415) all have a
moderately positive connection with cob girth. Cob height
and plant height were shown to be highly favorably linked
(r=0.7547), to be moderately positively correlated
(r=0.7547) with leaf length, leaf width, and the number of
rows per cob, and to be negatively correlated (r=0.7547)
with cob weight and the number of kernels per row. The
correlation between cob length and the number of kernels
per row (r=0.6277) and cob weight (r=0.4925) was
moderately poor. Cob weight and number of kernels per
row showed a strong positive association (r=0.7525),
however days to 50% silking, anthesis, and leaf
senescence showed strong negative correlations (r=-
0.3028, -0.3138, and -0.1889). Days to 50% anthesis and
days to 50% leaf senescence are moderately favourably
correlated (r=0.5839) and substantially positively
correlated (r=0.9893) with days to 50% silking.

Principal component analysis for agronomic traits

The latent root values, percent variance, and cumulative
percentage of fifteen morphological features are
displayed in Table 2. Together, the three principal
components accounted for 54.19% of the variation
among the accessions and have latent root values larger
than 1. The latent root value of PC1 was 3.537, which
accounted for 23% of the total observed variance, the
latent root value of PC2 was 2.716, which accounted for
18.11% of the total observed variation, and the latent root
value of PC3 was 1.874, which accounted for 12.5% of
the total observed variation. The main characteristics that
contributed to PC1 were cob length, cob weight, and
number of kernels per row. Cob height, plant height, leaf
length, and leaf width dominated PC2. Days to 50%
silking, cob length, days to 50% senescence, and days to
50% anthesis had the biggest effects on PC3.
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Table 2. Principal component analysis showing the contribution of fifteen traits among 100 accessions

Trait Component 1 Component 2 Component 3
100 seed weight 0.31948 -0.00578 0.22261
Anthesissilking interval 0.20400 -0.17759 0.02384
CGl/cm 0.24547 0.12817 0.11239
CH/cm -0.08256 0.43829 -0.30628
CL/cm 0.24305 0.18237 0.31938
Cwig 0.43986 0.09757 0.21389
Days to 50% silking -0.34192 0.28613 0.35624
K/R 0.39125 0.09692 0.26869
LL/cm 0.15265 0.33850 -020734
LWicm 0.18237 0.32849 -0.03110
PH/cm 0.06307 0.46963 -0.33812
R/IC 0.06525 0.25099 -0.10572
Days to 50% anthesis -0.35356 0.29693 0.34740
Days to 50% senescence -0.24814 0.17212 0.44048
No of leaves above the uppermost ear -0.12376 -0.04512 -0.11140
Latent roots 3.537 2.716 1.874
Percentage variation 23.58 18.11 12.50
Cumulative percentage 23.58 41.69 54.19

trace

Source: Data from this research work.

Principal component score

The significant qualities that made up the PC1 in the
principal component score for the three major
components were cob weight, number of kernels per row,
and cob length. While accession ERY1 had the lowest
values for the features causing variance in PC1, entry
NYY9, OBATANPA and NZE5 had high values for cob
weight, cob length, and number of rows per cob. Cob
height, plant height, leaf length, and leaf width dominated
PC2. Accessions TZE1 and ERY2 provided the lowest
values for these feature, while accessions NYY9, NYY8
and MNMY6 exhibited high values. Days to 50% silking,
cob length, days to 50% senescence, and days to 50%
anthesis were the main causes of PC3. The early
maturing accessions ERY1, TZE1 and ERY2, as well as
the late maturing accessions GH3563, GH3450, GH3301
and NYRZ2, are responsible for the variance shown in
PC3. In general, peripheral accessions make up a larger
percentage of the observed variation.

Variability in total carotenoid and beta-carotene
contents

The highest total carotenoid content was produced by
ERY1 (17.35 pug/g), followed by NY1 (16.84 ug/g).
OBATANPA has the Ilowest overall -carotenoid
concentration (9.11 pg/g). NZER1 has the highest beta
carotene content per gram (5.19 pug/g), followed by

HONAMPA (4.37 pg/g). BAY6 yielded the least amount of
beta carotene, with a value of 0.94 pg/g (Figures 5 and
6). The total carotenoid content ranged from 9.11 (ug/g)
to 17.35 (ug/g), respectively. The coefficient of variation
was 17.46, and the range was 8.24; the variance was
4.953. The highest and lowest levels of beta carotene,
however, were 5.19 (ug/g) and 0.94 (ug/g), respectively.
The range was 4.25 in this instance, the variance was
0.935, and the coefficient of variation was 43.55. With the
exception of DTA (r = 0.015), CH (r = 0.098), LW (r =
0.017), NLUE (r = 0.613), PH (r = 0.088), and RC (r =
0.091), total carotenoid had a negative correlation with all
of the measures. Beta-carotene content also showed a
negative correlation with most features, with the
exception of DTA, DTS, LW and TC (r = 0.181, 0.188 and
0.392, respectively).

DISCUSSION
Variability in qualitative traits

Early, medium, and late maturing were the three maturity
classifications that were found. Days to 50% anthesis,
days to 50% silking, silking interval, days to 50% leaf
senescence and days to maturity were used to categorize
these maturities. Most of the accessions (55%) were
categorized as medium maturing. In most cases, 50%
leaf senescence was discovered 90 to 100 days after
planting. Days to 50% anthesis, plant height, and cob
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height are crucial characteristics that affect maturity
period and production (Izzam et al., 2017). This was due
to the fact that early maturing plants tended to yield less
and grow shorter than medium and late maturing plants.
Buah et al. (2013) achieved comparable outcomes.

In the maize accessions, secondary and tertiary
ramification on tassels was not frequently observed.
Primary ramifications were seen in all of the accessions.
Majority of the accessions had green stem color or green
with different amounts of purple pigmentation. Variation
in husk cover was also noted. For the cobs to be
protected from harmful weather conditions, a good husk
cover is necessary. Additionally, a proper husk cover is
crucial for minimizing pest infestation both in the field and
during storage. However, inadequate husk protection
makes corn more vulnerable to attack by birds and
insects. Due to the emphasis on increasing beta carotene
content, yellow maize made up the majority of the
accessions that were collected. The majority of the maize
grown and eaten in Ghana is white, with a small amount
being red or orange. Brown maize occasionally might be

mixed in with the yellow or white grains. In Ghana, there
are no farms growing red maize. Six primary clusters
were found in a dendrogram generated for 28
morphological features, indicating substantial levels of
diversity between the accessions. It is possible to cross
two unrelated accessions to create new, better lines.

Variation in quantitative traits

All quantitative traits showed significant variance among
the 100 accessions. Compared to other quantitative
features, cob height, plant height, number of kernels per
row, and cob weight exhibited highly significant variation.
All of the tested parameters had low coefficients of
variation, showing the consistency and dependability of
the findings. Significant differences in agro-morphological
features were detected amongst maize accessions,
according to Kandel et al. (2018). The correlation matrix
is used to determine how closely two qualities are
related. Positive correlation means selection for one
feature will automatically choose against the other, and



high correlation suggests greater relationship between
traits. Cob weight, kernels per row and cob length all
showed strong positive correlations (r=7525, r=0.6277).
Additionally, there was a weak positive correlation
between cob weight and 100 seed weight (r=0.4855), cob
girth (r=0.4708), and cob length (r=0.4925). Similar
findings were found by Kandel et al. (2018) when they
revealed that test weight and ear weight showed a
favorable and very significant connection with grain yield.

The majority of the traits examined, with the exception
of cob weight (r=0.1811), cob girth (r=0.1266), and
number of kernels per row (r=0.1599), were found to
have low positive correlations with anthesis silking
interval. This outcome can be explained by the fact that
protracted anthesis silking intervals negatively affect the
majority of quantitative features and are typically the
result of unfavorable field circumstances like drought.
The yield positively correlated with plant height, the
number of kernels per row, and the number of kernels per
ear, and negatively correlated with anthesis days, silking
days, the anthesis-silking interval, ear height, and
maturity days. In maize, Kandel and Shrestha (2020),
Muchie and Fentie (2016), Hussain (2011) and Sujiprihati
et al. (2003) found a similar significant positive
association between grain vyield, ear weight, and
thousand-grain weight. Hussain et al. (2016) revealed
that days to pollen shedding exhibited significantly
positive phenotypic correlation with days to silking (rp =
0.92, P =0.01), ASI (rp = 0.61, P = 0.01) and plant height
(rp = 0.36, P = 0.05).

Plant height had a low to moderately positive
correlation with every other parameter, with the exception
of the anthesis silking interval (r=-0.1282), and a strong
positive correlation with cob height (r=0.7547) and leaf
length (r=0.5480). Plant height and days to 50% anthesis
were associated (r=0.0752). This observation is
comparable to that made by Ortiz-Covarrubias (2019)
who found a r=-0.22 correlation between plant height and
days until 50% anthesis. Most of the investigated
parameters, including grain yield and cob height, showed
positive and very significant connection with plant height.
Also revealed by Bello et al. (2010) and Hidoto (2010)
was a strong link between grain yield and plant height.
There are differences in plant height among genotypic
variability in maize, according to several research
findings (Bello et al., 2010; Hidoto, 2010; Bhadru et al.,
2011; Kandel and Shrestha, 2020). The competitive
situations, light interception, carbon and nutrient capture,
and weed competition all affect plant height. The grain
yield is positively correlated with the growth
characteristics, such as plant height and leaf area
(Bhadru et al., 2011, Kandel and Shrestha, 2020).

Variability in beta-carotene and total carotenoid
content

The content of beta carotene and total carotenoids in
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kernels varied. The majority of conventional yellow-kernel
maize varieties have beta carotene levels ranging from
0.01 to 4.7 mg/g (Aluru et al., 2008; Chander et al., 2008;
Safawo et al., 2010). The beta carotene concentration of
five genotypes, NZER1, ERY1, NZE1, HONAMPA, and
NYI, exceeded 3 pg/g, which is within the range (3-8
pg/g) advised for first-generation medium pro-vitamin A
maize genotypes (Pfeiffer, 2007; Alhassan 2016). By
enhancing the absorption of iron from non-haem sources
and having anti-carcinogenic properties, the production
and consumption of these genotypes can reduce health
issues including poor eye sight (Graham and Rosser,
2000; Hess et al., 2005). The majority of the yellow maize
grown in underdeveloped countries has kernel beta-
carotene values between 0.5 and 1.5. Beta-carotene
concentration in eight of the 32 accessions is greater
than 1.5 pg/g but far lower than the 15 pg/g level
recommended by the harvest plus project for elimination
of vitamin A deficiency diseases in developing countries.
Beta-carotene and total carotenoid content showed a
strong positive connection, indicating that a higher total
carotenoid content can also result in higher beta-carotene
content (Tufchi et al., 2014). The consequence is that the
total carotenoid content can be used to select for high
beta-carotene content (Tufchi et al., 2014).

Low association between visible grain colour and total
carotenoids was found which is consistent with the
findings of Sefawo et al. (2010). This makes it more
challenging to visually choose grains with high beta-
carotene concentration. On the other hand, De Almeida
Rios et al. (2014) proposed a strong correlation between
grain colour and carotenoids content. The consequence
is that selection for high beta carotene genotypes based
on grain color is technically achievable. When compared
to the use of laboratory methods for the screening of
genetic materials, this approach could save money and
time. Additionally, there was little link found between yield
characteristics and carotenoid content. This demonstrates
that neither feature needs to suffer from simultaneous
improvement. In areas where maize is already a staple
diet and where vitamin-A deficiency is a public health
issue, high beta carotene content genotypes could be
chosen for further breeding of orange maize rich in beta-
carotene as an effective food source to address the
condition (Muzhingi et al., 2011). When doing phenotypic
selection, orange maize is more correlated with
carotenoid content compared to yellow and white maize.
Accession NZER1 and HONAMPA which are orange in
colour had the highest beta carotene contents and there
can selected for further breeding purposes and
recommended for production and consumption.

Conclusion

The study’s findings showed the phenotypic diversity
among the nation’s maize accessions. The accessions
showed significant differences in mean heights, grain
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weight, and maturation times and therefore conventional
breeding methods can used to improve these traits for
increased yield and drought tolerance etc. The maize
accessions’ beta-carotene and total carotenoid contents
were measured and revealed significant variation, but
they were found to be low. This supported the need to
greatly increase the beta carotene content of a few
promising types. Success in this area will aid in the fight
against hunger, nutritional insecurity, and vitamin-A
deficiency.
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