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1. Introduction

Maize (Zea mays L.) is an important staple food crop worldwide. It is the third most impor-
tant cereal crop after wheat and rice [1]. Maize is economically used for both livestock feeds
and human consumption. The agricultural production of maize will have to increase by 60%
over the next 40 years due to the growing world’s population [1]. Additionally, a quarter of
agricultural lands worldwide have suffered degradation, and there is a deepening awareness
of the long-term consequences of a loss of biodiversity in terms of climate change. Oilseed
crops, including maize, also play an important role in the agricultural economy. Globally,
the demand for vegetable oils is increasing due to the increasing per capita consumption of
oil in our daily diets and its use as biofuels [2]. By 2050, the global demand for vegetable oils
is expected to be more than twice the current production. Though the need for maize crop is
expected to increase, the crop productivity is limited by many abiotic and biotic stresses. A
range of new technologies have been developed to enhance the productivity of this crop. Here,
the current work presents an overview and discusses recent progresses on maize research that
could open up new opportunities for crop improvement.

2. Technologies developed to enhance maize productivity

Molecular breeding approach in maize starts with identifying and validating quantitative
trait loci (QTLs) linked to abiotic stress tolerance. Following the identification and valida-
tion of the markers associated with QTLs for traits of interest, the candidate QTLs or genes
can be introgressed in elite lines through marker-assisted backcrossing. Over the past years,
linkage mapping was used to identify QTLs [3]. However, association genetics is currently
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used to enhance this work in numerous crops [4]. Nested association mapping is also being
utilized for the genome-wide dissection of complex traits in maize crop [5]. Association map-
ping is highly recommended to be used for identifying traits associated with abiotic stresses
[6]. Marker-assisted backcrossing has also been utilized for complex traits such as tolerance
to drought, salinity, and heat, which are the key traits targeted for improving and developing
crops that are adapted to low rainfall, salinity, and high temperature conditions. Marker-
assisted backcrossing may not be an effective approach for introgressing QTLs in some cases.
On the other hand, two other molecular breeding approaches, marker-assisted recurrent
selection and genomic selection, can overcome this issue [7]. The genetic progress obtained
using marker-assisted recurrent selection and genomic selection is greater than that can be
obtained using marker-assisted backcrossing. Another technology for enhancing complex
traits has been developed and is based on genome-wide selection. Although marker-assisted
backcrossing and marker-assisted recurrent selection need provided QTL information for
complex traits, information on marker trait associations is not necessarily needed for genome-
wide selection [8]. Furthermore, genome-wide selection relies on the information associated
with the prediction of the genomic-recorded breeding values of progeny.

Most areas planted with maize currently involve transgenic varieties, and the vast majority
of hybrids are now resistant to insects and herbicides. Bt maize containing the protein cry-
1fAb has been started to be grown in 2007 in order to control Spodoptera frugiperda. RR maize,
which is resistant to glyphosate-based herbicides, was then used as an alternative for the
management of weeds. Maize productivity relies on the genetic characteristics of the hybrid
grown, environmental conditions, and the farming technology used [9]. The potential for the
grain production may be affected by the interaction between the hybrid and the cultivation
conditions. Cardoso et al. [10] recorded varying responses of cultivars being well-adapted to
a wide range of conditions, in which they maintain their productivity. In conclusion, besides
the potential use of biotechnological and genetic approaches in the improvement of different
plant species [11-19], they could be used for improving maize yield and quality. The current
work would shed light on the advancements made in those technologies.
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