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Maize is the most important cereal crop grown and consumed worldwide. Open pollinated maize varieties are
increasingly becoming more important and popular among resource-poor farmers due to their low cost. Maize
breeding programme should continue in developing inbred lines from maize OPVs to achieve greater genetic
improvement. However, recently the proportion of released open pollinated varieties (OPVs) versus hybrids for
farmers is continuously decreasing as compared to the past 10 years. Therefore, it has become important to broaden
the genetic pool of open pollinated maize varieties by introducing germplasm from abroad, characterizing
phenotypically using agronomic per se and checking their stability across different environments.
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1. INTRODUCTION

1.1 Maize crop and its center of origin

Maize (Zea mays L.) is an open pollinated annual cereal crop. It belongs to the grass family Poaceae, genus Zea
and species mays (L.) [1], [2]. The genus Zea (L.) has been examined and found to majorly have 2n = 20
chromosomes [3]. Maize plant has a large genome of about 2.3 — 2.7 Giga base pairs (Gbp) with a total number of
gene estimated to be between 42,000 and 56,000 [4]. The center of origin of maize is believed to be the
Mesoamerican region in the Mexican highlands, from where it rapidly spread to other parts of the globe [5]. Maize
is a versatile crop, growing across a wide range of environments.

1.2 Economic importance of maize

Maize is the most important cereal crop in sub-Saharan Africa (SSA) where it is an important staple food for more
than 1.2 billion people and plays an important role in the diet of millions of African populations [6]. Compared
with other major cereal crops, maize is proficient in taking advantage of sunlight and enabling it to grow quicker
[7]. These characteristics makes it highly productive and among the food crops with maximum photosynthetic
rates [8]. Maize is capable of producing maximum grain yield per unit area compared to all other cereal crops[9].
Maize kernel contains about 72% starch, 10% protein, and 4% fat, supplying an energy density of 365 Kcal/100g,
as compared to rice (360Kcal/10g) and wheat (340 Kcal/100g). However, maize kernel endosperm protein content
is lower than wheat and rice. Maize provides many of the B vitamins and essential minerals along with fibre.
However, maize is deficient in vitamin B, and vitamin C and is generally a poor source of calcium, folate, and
iron [10]. Worldwide, almost 66% of maize is used to provide feed for domestic animals, 25% for human
consumption and 9% for manufacturing purposes.

In the United States of America, maize is one of the most important crops in terms of acreage harvested and
agricultural output [11]. According to reports from Renewable Fuels Association [12] the use of cereal crops for
industrial purposes (such as biofuel production) has increased by more than 26%. The Organization for Economic
Co-operation and Development (OECD) and FAO [13] reported that ethanol in US and China is expected to be
produced predominantly from maize. Likewise, in the European Union, it is assumed that ethanol will be made
mostly from maize and wheat. Additionally, the World Food Programme, the Red Cross and the UN High
Commission for Refugees also buy substantial amount of maize grain from Uganda to use in food aid programmes
in nearby African countries [14], [15]. Manda et al. (2014) reported that agricultural commodities including maize
grain are Uganda’s leading informal exports to Kenya estimated at 65.4% of total Informal Cross Border Trade
(ICBT), estimated at US$ 56.2 million. The maize grain informally exported to Kenya is estimated to be 58, 212
tones, with an estimated value of US$10.3 million.

2. Phenotypic characterization of maize traits
Open pollinated maize varieties are highly heterogeneous and hence morphologically more variable than single-
cross hybrids. Information on the phenotypic diversity within and between the breeding material and the genetic
distances between available germplasm is important for deciding which method will be applied in breeding
programmes. The phenotype of an individual is determined by the effect of its genotype and environment. Maize
has enormous genetic diversity that offers incredible opportunities for genetic enhancement [17].

The existence of the database on phenotypic characterization according to the principles of the UPOV
(International Union for the Protection of New Varieties of Plants) descriptor also allows the comparison of
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genotypes that have been observed during different temporal periods and in situations when different example
varieties were used. This characterization can be obtain through visual assessment of a single measurement on a
group of plants or parts of plants, a measurement of a number of individual plants and by the observation of
individual plants or parts of the plant [18]. Phenotypic characterisation can be used to identify desirable genotypes
for their traits of interest for example plant height, ear height, number of ears per plant, pest or disease resistance,
tolerance to heat and drought; to identify the adaptation level of the tested genotypes on a given agro ecology and
to better understand and use the relationships among genotypes for crop improvement [19].

Of these phenotypic traits, plant and ear height play important roles in plant lodging. Therefore, maize
breeders give special attention to these two traits in maize breeding [20]. Low plant height and central or near to
central placement of the top ear on the plant is desired, because such plants are less vulnerable to lodging and
hence could contribute to enhanced grain yield. Plant height and ear height can be measured any time between 2
and 3 weeks after flowering until just prior to harvest, depending on your work schedule [21]-[23]. They are one
of the most heritable and accurately predictable and easily measured traits in maize breeding [24]. Plant and ear
height are strongly associated with flowering date, both morphologically and ontogenetically, because internodes
formation stops at floral initiation, which means that earlier flowering maize is usually shorter [25].

Another important trait in maize breeding is the flowering period. It can be defined as the time span between
the beginning of the first pollen shed and the last wilted silks [26]. Unlike other cereal crops, the male and female
flowers of maize are distinctly separated. This allows cross pollination and the massive level of hybrid maize
production which is based on the exploitation of hybrid vigour [27], wide-ranging morphological variation [8],
and hereditary plasticity and diversity [28]. If maize is flowering during hot, dry weather this places extra stress
on the plant’s resources and the silks may wither and burn off before the pollen reaches the ear. Hence fertilisation
does not occur for all kernels and seed set is greatly reduced. This is commonly referred to as pollen blasting [22],
[29], [30]. Days to anthesis and silking, anthesis to silking interval (ASI) and days to maturity are some of those
important flowering related phenotypic traits which are critical in generating early to medium maturing
commercial varieties. According to Setimela et al., (2014), early maturing maize varieties are able to yield fairly
well because they mature before the detrimental effects from drought intensify and hence they are ideal crop
varieties for food security. Anthesisi to silking interval measures the time difference in days between pollen shed
and silk emergence. It is highly correlated with grain yield and has a high heritability under drought stress and
hence flowering in maize is a crucial trait in breeding for drought tolerance. It is during flowering and pollination,
when there is a high demand for water to ensure grain filling so low ASI is very important trait in maize breeding
[32]. A study done in Kenya by [19] demonstrated that AST was significantly negatively correlated with grain yield
(GY). Earliness and high yield were considered to be in reciprocal ratio to each other and there was also a positive
correlation between earliness and stress tolerance. The higher the ear is, the later the plant matures, but earliness
and lower ear height have no absolute reciprocal effect [26].

Concerning the grain yield and related traits, grain yield is a complex phenomenon which results from the
interaction of various contributing factors [33]. It is a result of kernel number plant! (KNP) and kernel weight
plant! (KWP) at harvest. Various studies have evaluated the relationship between grain yield and yield parameters
[34]. In maize, grain yield is closely associated with number of ears and kernels at harvest [35] and is primarily
correlated to KNP [36]. The endosperm occupies about two thirds of a maize kernel’s volume and accounts for
approximately 86% of its dry weight. The endosperm of maize kernels can be yellow or white. The primary
component of endosperm is starch, together with 10% bound protein (gluten), and this stored starch is the basis of
the maize kernel’s nutritional uses [29]. Grain yield at 12.5% moisture content can be calculated on a plot basis
using the following formula [33]:

F.W.(kg /plot) (100—-MC) x S x 10,000

Grain yield (kg/ha) (12.5%) = (100-12.5) x harvested area (plotsize)~* """+ s [1]

Where, F.W. = Fresh weight of ear in kg at harvest, MC = Grain moisture content at harvest, S= Shelling co-
efficient (0.80), moisture content required in grain at storage 12.5%, lhectare = 10,000 m?, Area/plot = 3.75 m?
with 5m long, 0.75 m wide and 2 row plot.

Finally, from disease and related traits, maize streak virus (MSV) is one of the most important diseases that
cause a leaf disease in maize. It is a serious threat to maize production on the African continent [37]. Maize plants
are vulnerable to infection from emergence to tasselling, but the stage at which infection occurs is important [38].
Virus infection at early crop stages may result in total crop loss. Transmission of MSV to a plant host is
accomplished only by sap-feeding leathoppers. Once in the plant, the virus multiples and moves in the sap above
the point where infection occurred, causing characteristic streaking in the leaves above. MSV can infect many
crops such as maize, oats, barley, wheat, rye, teff, sorghum, pearl millet, napier grass and finger millet. Many non-
crop grasses are also natural hosts. Maize plants infected within 3 weeks of emergence become stunted and may
die early or produce small poorly filled ears. Infection after 8 weeks usually has little or no visible effect on vigour
or productivity of the plants. The main symptom of MSV is broken to almost continuous, narrow chlorotic streaks
centred on leaf veins. The amount of the streaking varies according to maize hybrid or variety. In susceptible
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varieties, noticeable irregular or continuous streaks are distributed uniformly over the leaf surface of infected
leaves. The parallel, yellowish streaks may partially or almost completely combine, leaving irregular green lines
centred between small veins [39].

Turcicum leaf blight or northern corn leaf blight (NCLB) is another important disease that is caused by a
number of fungal diseases affecting photosynthesis with severe reduction in grain yield to an extent of 28 to 91%
[40]. Yield loss is caused predominantly through the loss of photosynthetic leaf area due to blighting. If NCLB
establishes before silking and spreads to upper leaves during grain filling, severe yield losses can occur [41]. NCLB
disease starts first on lower leaves and then spread up the whole plant under favourable weather conditions. High
humidity associated with low temperature and cloudy weather is favourable conditions for disease development
on the host plant. Heavy dew on the growing plant also as supportive factors to lead NCLB disease severity [42].
Disease symptoms first appear on the leaves at any stage of plant growth, but usually at or after anthesis [43].

3. Heterotic grouping of OPVs
A heterotic group is a group of related or unrelated genotypes displaying similar combining ability and giving a
heterotic response when crossed to an opposite or other genetically distinct germplasm group. It comprises of a set
of genotypes that perform well when crossed with genotypes from a different heterotic group. The choice of
heterotic groups is fundamental because heterotic groups and heterotic patterns are important tools for exploiting
heterosis of the trait of interest [44]. Theoretical and experimental evidences suggest that grouping of germplasm
into divergent heterotic groups is advantageous due to (i) a higher mean heterosis and hybrid performance and (ii)
areduced specific combining ability (SCA) variance and a lower ratio of SCA to general combining ability (GCA)
variance [45]. In hybrid maize breeding, information on genetic diversity and heterotic groups is very useful in
inbred line development and germplasm evaluation for planning crosses for hybrid cultivar development. The
classification of elite germplasm and inbred lines into different heterotic groups is an important task in any
breeding program. The inbreeding level of the population from which the families are selected, the number and
type of families selected, and the procedure employed in intermating them to form OPVs have a direct effect on
the level of inbreeding of the resulting OPVs. Use of fewer families makes it easier to ensure that they are truly
superior and similar in morphological traits because it depends on the number of times each landrace is used in the
formation of the OPVs. Therefore, the open pollinated varieties can share the same heterotic groups [46].
Looking at the history of successful heterotic patterns in various crops, there is evidence suggesting that
genetically diverse populations isolated by time, space, or pedigree are the most promising candidates for heterotic
patterns identification. Therefore, the high level of heterosis in a cross indicates that parents are more genetically
diverse than those of crosses that show little or low heterosis [47]. Heterosis in sorghum has been reported in the
form of increased grain and forage yields, hastened flowering and maturity, increased height and larger stems and
panicles [48]. [49] conducted a study to determine levels of heterosis and identify parents for use in sorghum
hybrid production in East Africa. They (Ringo et al) generated 121 experimental hybrids in a line x tester mating
design and evaluated them in multi locations. There were significant differences among locations, crosses and
male parents for all the characters studied. Grain yield showed average heterosis of up to 81.90% expressed in
ICSA11xS35. The parent ICSB11 and S35 were selected because they produced hybrids that yielded high with
medium height and maturity. An investigation done by Rajendran et al., (2014) reported the heterotic grouping
and patterning in quality protein maize inbreds. Based on yield specific combing ability, they [47] classified 6
parental inbreds into 3 heterotic groups.

4. YIELD STABILITY

Maize remains the food security crop in worldwide predominantly grown by the resource-constrained and small-
scale farmers. Newly introduced and local OPVs including their newly generated top crosses should exhibit great
yield potential and average stability over a wide range of agro-ecologies. Maize productivity is function of
genotype, environment and the genotype X environment interaction [50], [51]. The differential response of a
genotype across environments is defined as the genotype (G) X environment (E) interaction GEI; [52] and Bernardo
and Rueda (2002) indicated that it is the rule in most quantitative characteristics. Grain yield in nature, routinely
exhibits GXE interaction [54] which necessitates evaluation of cultivars in multiple environments [55], [56]. Crop
cultivars are grown in diverse environments of different soil types, soil fertility levels, moisture levels,
temperatures and cultural practices. During production, all these cumulated conditions constitute the growing
environment for the crop varieties [57].

Additionally, the existence of GEI necessitates that breeders evaluate genotypes in more than one
environment to obtain repeatable rankings of genotypes. High genotype by environmental interaction (GEI) leads
to differential response and stability among genotypes. In maize breeding, choice of a suitable candidate cultivar
is subject to two considerations: (1) high grain yield across a wide range of environments and (2) consistent
performance over environments. Consistency of performance is dependent upon the GEI. Cultivars, which show
less GEI are described as more stable or well buffered. Stability of yield is defined as the ability of a genotype to
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avoid substantial fluctuations in yield over a range of environment [58]. Cultivar performance is a function of the
genotype and the nature of the production environment [59]. The effects that genotypes and environments exert
on genotype environment interactions (G x E) are statistically non-additive, indicating that differences in yields
among cultivars will depend on the environment [60].

Major difference in genotypes stability is due to crossover interaction effect of genotype and environment;
therefore, changes in their rank are various in different environmental conditions [61]. The Genotype x
Environment Interaction (G x E) study is therefore an important common phenomenon in maize, especially when
yield stability of hybrids is going to be studied [62]. Genotype x environment (GE) interaction is an important
issue faced by plant breeders in crop breeding programs. Genotype X environment (GE) interaction is an important
issue faced by plant breeders in crop breeding programs [63]. In addition to genotype and environment main effects,
performance of cultivars is also determined by the GEI, which is a differential response of cultivars to
environmental changes [64], [65]. However, Karnataka (2012) suggested that, the cause of yield stability often is
unclear but the mechanisms of stability fall into four general categories, genetic heterogeneity, yield component
compensation, stress tolerance and capacity to recover rapidly from stress. Since the phenotype of the hybrid is
the resultant of Genotype (G) x Environment (E), a large G x E interaction effect causes problem to the breeder in
selecting a genotype with consistent performance across environments. The performance of a genotype is
determined by three factors: genotypic main effect (G), environmental main effect (E) and their interaction(GE)
[67]. Large GEI is expected when genotypes are grown under a wide range of environments and outside their
normal zone of adaptation [68].

5. Recommendations

The first step in broadening the genetic pool of OPVs should be phenotypic characterization followed by evaluation
of genotypes in different agro ecologies. Considering unpredictability of environmental conditions, breeding for
yield stability and other agronomic characteristics remains the most important way in maize breeding program.
Due to the eternally changing climatic conditions, it is necessary to develop varieties that show stability in grain
yield and in different agronomic aspects in a wide range of environments. A genotype with consistent performance
provides a reasonable yield in adverse environmental conditions. So evaluating genotypes in many locations (G x
E) is very important to determine stability which in turn increases the number of genotypes that can be released
for production. A cereal breeding programme should continue in developing inbred lines from open pollinated
maize germplasm to achieve greater genetic improvement. Evaluation should be done over multiple environments
and more than two seasons to achieve higher genotype stability. To achieve better results in a short time, regional
and international collaboration is also required. Materials that have been proved stabile can be incorporated into
the breeding programme to broaden the genetic pool of OPV and to exploit their maximum genetic potential.
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