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Abstract

To assess the genetic diversity in nutrients and yield contributing traits under the normal
environmental conditions an experiment was conducted in the research area of the Department of Plant
Breeding and Genetics, University of Agriculture, Faisalabad. Analysis of variance indicated significant
diversity among the genotypes for all traits except manganese and magnesium. Variability for different
traits was ranging as following; 116.5-216 cm for plant height, 10-20.5 cm for cob length, 0.5-4 for bad
husk, 44.5-55 for days to 50% tasselling, 48-58.5 for days to 50% silking, 0.5-4 for anthesis silking interval,
1.23-1.985 for ear per plant, 208-379.5 for grains per ear, 7.5-34.5 for grains per row, 5.5-17.5 for row per
ear, 3.37-4.545 cm for cob diameter, 21.1-47.25 g for hundred grains weight, 6.013-43.626 ppm for iron,
19.64-38.29 ppm for zinc, 0.9635-3.95 ppm for copper, 1.275-2.675 ppm for manganese, 2.0847-3.54 for
magnesium, 1.05-4.9 ppm for potassium, 51.892-79.967 ppm for calcium and 0.315-1.5879 ppm for
sodium. This quality and yield based variation provided a valuable source for developing high yielding

and nutrient rich maize germplasm to eradicate the issues of food security and malnutrition.
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INTRODUCTION

Maize (Zea mays L.) belongs to family
Poaceae and has diploid chromosome number 2n =
20. It is the third most important staple cereal crop
after wheat and rice and used animal feed. Maize is
monoecious, tall, annual grass with broad leaves.
(Sleper and Poehlman, 2006). China and Brazil
are largest producers of maize following USA
which is producing 0.366 million metric tons
(FAO, 2020). Maize is cultivated in tropical, sub-
tropical, temperate, and hilly zones of Asia,
America, Africa and Europe (Anonymous 2012).

Maize feed around one billion people in
developing countries (Ndukwe et al., 2015). It is
highly rich in nutrition and used as raw material in
poultry, animal feed and food industry (Khan et al.,
2011). Maize oil contains very low amount of
unsaturated fatty acids which can be used for human
consumption (Khan et al., 2011).

Microelement deficiency in human beings
is an important issue (Goudia et al., 2015).
Approximately 1/3 population of the world is
suffering from micronutrients deficiency like iron
(Fe) and zinc (Zn) ultimately a main disease source
in third world countries (Kanwal et al., 2010).
Microelement deficiency is a major issue
worldwide, however, third world countries are being
affected severely as they depend upon staple food
only which is naturally deficient in microelements.
Micronutrient plays vital role in human nervous

system, cellular signalling, and reproductive health
(Comertpay et al., 2016). Since, micronutrients
could not be produced by human bodies therefore
they must be provided through the food. Insufficient
micronutrients will result in poor health (Bouis,
2002; Welch and Graham, 2002). Most importantly
Fe?* and Zn?* in the cereal grain are important source
for feed and food (Mason and D Croz-Mason, 2002).
It was reported that notable amount of genetic
diversity is present in the maize grain which can be
used for enhancement of micronutrients (Graham et
al., 1999; Bénziger and long, 2000; Welch and
graham, 2002).

The development of effective breeding
technique to enhance the  micronutrients
concentration in maize grain mainly based on the
presence of genetic diversity in species (Menkir,
2008). Many new strategies for increasing
micronutrients concentration in the maize seed were
being developed. Among these, bio-fortification
seems to be very important, sustainable and cost-
effective method particularly for enhancement of
zinc, iron, potassium, calcium, manganese and
copper (Welch and Graham, 2002; Cakmak, 2008).

Diversity regarding yield components and
nutrient enrichment have great significance in plant
breeding programs. Keeping in view a study was
conducted to observe diversity of the different maize
genotypes for essential nutrients and vyield
components. The assessment of genetic diversity of
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maize for high yield and essential nutrient traits
would be used in future breeding programs.

MATERIALS AND METHODS

Germplasm was collected from Plant
Genetic Recourses Institute, National Agriculture
Research Center, Islamabad, Pakistan and sown in
the research area of the Department of plant
Breeding and Genetics, University of Agriculture,
Faisalabad. In total 40 maize accessions were used
for experiment. The seed of all varieties were sown
in complete randomized block design (RCBD) with
row-to-row distance 75 cm and plant to plant to
distance 15 cm. Five plants were tagged randomly
for each variety to study traits like plant height (cm),
cob length (cm), bad husk, days to 50 % silking, days
to 50% tasselling, anthesis-silking interval (ASI),
ears per plant, grains per row, grains per ear, row per
ear, cob diameter(cm), 100 grain weight (g), mineral
contents. For micronutrient digestion wet-ashing
method was used (Pinta and DeWele, 1975). The
samples of maize accessions for microelements were
dried in sunlight and then grinded. These samples
were then analysed following standardized methods
of (Van Soest et al. 1991). Potassium (K*), calcium
(Ca?? and sodium (Na*) estimation were done by
flame photometer (1385/1382) from (Esico) using
their respective methods (Banerjee, 2020).

Some parameters were recorded manually
with the help of measuring tape and meter rod, while
microelement contents were measured by standard
methods (Van Soest et al. 1991). Analysis of
variance was used for checking diversity among
indigenous maize using the procedure of Steel et al.
(1997).

RESULTS AND DISCUSSION

Analysis of variance (ANOVA) showed
highly significant variation among the 40 maize
genotypes for plant height (Fig. 1). The genotypes
mean showed that highest plant height was produced
by genotype 14882 (216 cm) followed by 14894
(215 cm) and lowest plant height was observed in
14858 (116.5 cm). Salami et al. 2013 also studied
variation for plant height in maize crop.

Cob length also showed notable variations
as maximum cob length produced by the genotype
14906 (20.5 cm), medium by 14889 (15 cm) and
minimum by 14920 (9 cm) as shown in Fig. 2.
Another researcher Turi et al. (2007) also reported
highly notable variation for cob length in maize
genotypes.

Bad husk also significantly differed among
genotypes as revealed by ANOVA. Rosales et al.
(2015) studies were different from our findings
because of climate difference. Bar graph showed
that maximum bad husk produced by genotype

14913 (4g) and minimum by 14934 (0.59)
respectively (Fig. 3).

Days to 50% tasselling also depicted
significant difference among all genotypes.
Maximum days to 50% tasselling produced by the
genotype 14861 (55) medium by 14934 (51.5) and
minimum by 14904 (44.5) as shown in Fig. 4.
Results of Golam et al. (2011) were not in
accordance with our study. Similarly, days to 50%
silking also differed among genotypes. LSD test
results those maximum days to 50% silking
produced by the genotype 14931 (58.5), medium by
14937 (55), and minimum by genotype 14906 (48)
as shown in Fig. 5. Hussain et al. (2010) also studies
significant difference for days to 50% silking in
maize germplasm which is in accordance with our
experiment.

Analysis of variance results indicated that
the genotypes performance was significantly
dissimilar for anthesis silking interval. Mean
comparison showed that maximum days of anthesis
silking interval were taken by the genotype 18867
(4) followed by 18866 (3) and lowest anthesis
silking interval was taken by the genotype 14919
(0.5) as shown in Fig. 6. Ngugi et al. (2013) studies
are different from our results because of stress
environment used in that study.

Number of ears per plant of maize
accessions under the field condition was found to be
notably different from each other. As shown in the
Fig. 7 that highest number of ears per plant was
measured in genotype 14855 (1.985), medium in
14882 (1.765) and lowest in genotype 14936 (1.23).
Similar results were reported by Qamar et al. (2007).

Analysis of variance showed that grain per
ear of all 40 maize genotypes were notably different
from one another. Mean comparison test concluded
that maximum number of grains per ear was
produced by the genotype 14855 (479.5) followed
by 14933 (1.97) and minimum number of grains per
ear was produced by 14870 (208) as illustrated in
Fig. 8. Opposite results were obtained by Abuzar et
al. (2011).

Grains per row showed variation among the
maize genotypes. Comparison of mean for maize
accessions showed that highest grains per row were
observed in the genotype 14855 (34.5) followed by
18856 (13) and lowest grains per row were found in
the genotype 14897 (7.5) as shown in Fig. 9. Vafa et
al. (2014) also studied variation in grains per row in
stress environment and these results are different
from our study.

The number of rows per ear in maize
accessions indicated variation among genotypes.
Mean comparison for cob length in forty maize
accessions was assessed by LSD test. Highest
number of rows per ear was produced by the
genotype 14866, 14860 and 14922 (17.5) followed
by 14863 (15) and lowest number of grains per ear
was produced by 14915 (5.5) as shown in Fig. 10.
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Similar findings were reported by Tahir et al.
(2008).

Cob diameter also revealed significant
diversity among the 40 maize genotypes. The value
(3.14) was recorded for coefficient of variance.
Results of mean comparison are shown in the bar
graph which revealed that maximum cob diameter
was measured in genotype 14895 (4.545 cm)
followed by 14915 (4.3 cm) and lowest diameter of
cob was observed in 14902 (3.3 7 cm) as shown in
Fig. 11. Similar extent of variation in cob diameter
was reported by Alaei et al (2012).

Results of analysis of variance showed that
the performance of genotypes was different for
hundred grain weight. The genotype means
indicated that highest 100 kernel weight was
produced by genotype 14897 (47.25 g) followed by
14919 (41.05 g) and lowest hundred grain weights
was observed in 14866 (21.1g) as shown in Fig. 12.
Contrary results were reported by Aghdam et al.
(2014) who studied grain weight by applying
different levels of urea.

Highest concentration of iron (Fe*") was
produced by genotype 14856 (43.626 ppm) followed
by 14927 (43.434 ppm) and lowest iron content was
observed in 14861 (6.013 ppm) as illustrated in Fig.
13 Contrary results were reported by (Oikeh et al
2003).

The variation among genotypes was
considerably different for Zinc (Zn*) contents.
Highest Zn* concentration was produced by the
genotype 14923 (38.29 ppm) followed by 14913
(37.865 ppm) and lowest zinc content was produced
by 14902 (19.649 ppm) as shown in Fig. 14. Our
results are in accordance with (Harvest plus, 2006).

Analysis of variance for copper (Cu)
concentration indicated that the variation among the
maize genotypes was significant. Highest average
copper concentration was measured in genotype
14931 (3.95 ppm) followed by 14919 (3.75 ppm)
and lowest copper concentration was observed in
genotype 14893 (0.9635 ppm) as shown in Fig. 15.
Ziarati et al. (2015) found that considerable
difference was present for copper concentration in
maize genotypes.

ANOVA results showed that the
performance of genotypes was not different for
average concentration of manganese (Mn?*). The
highest Mn concentration was shown by genotype
14915 (2.675 ppm) followed by 14913 (2.65 ppm)
and minimum manganese content was shown by
genotype 14893 (1.275 ppm) as indicated by Fig. 16.
But other studies showed that significant differences
were present for manganese content in maize
accessions which may be due to pH, soil
composition or due to deficiency of organic matter
(Manasek, 2013).

Likewise non-significant differences were
observed for magnesium (Mg?*) contents. Highest
concentration of Mg?* was produced by the

genotype 14863 (3.5404 ppm) followed by 14906
(3.5313 ppm) and lowest zinc concentration was
produced by 14861 (2.0847 ppm) as shown in Fig
17. Some other studies showed extensively different
results (Drinic et al. 2015).

Highly considerable diversity among the maize
genotypes was identified for potassium (K*)
contents. The genotypes mean indicated that highest
K* concentration was produced by genotype 14897
(4.9 ppm) followed by 14901 (4.85 ppm) and lowest
K content was observed in 14913 (1.05 ppm) as
shown in Fig. 18.

Highly significant results were observed in
calcium (Ca*) concentration among all genotypes.
Highest Ca* concentration was identified by the
genotype 14907 (79.967 ppm) followed by 14857
(78.041 ppm) and lowest Ca* concentration was
identified by the genotype 14924 (51.892 ppm) as
shown in Fig. 19. Contrary results were reported by
(Ikramullah, 2010) due to different locations, their
soil composition

Sodium (Na*) concentration showed
significant variation between genotypes. Coefficient
of variance value was 18.81. Genotype 14867
(1.5879 ppm) showed highest concentration of Na*
followed by 14902 (1.1758 ppm) and lowest Na*
concentration was produced by 14897 (0.315 ppm)
as shown in Fig.20. Ikramullah (2010) also studied
those  maize  accessions  have  different
concentrations of Na* in grains and these studies are
different from our experiment results which may be
due to genetic factor or environmental factors which
included irrigation methods or soil composition.

Conclusion:

It was concluded that notable genetic
difference was shown by plant height, cob length,
bad husk, days to 50% tasselling, days to 50%
silking, anthesis silking interval, ear per plant, grain
per ear, grain per row, row per ear, cob diameter, 100
grain weight, grains per cob, iron, zinc, copper,
manganese, magnesium, potassium  calcium,
sodium. Maize germplasm showed significant
genetic difference under normal condition which can
be used for biofortification and yield traits
improvement.
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Fig. 9. Mean comparison of number of grains per row for genotypes
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Fig. 11. Mean comparison of cob diameter for genotypes
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Fig. 12. Mean comparison of 100 grain weight for genotypes
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Fig. 14. Mean comparison of zinc (Zn?*) for genotypes
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Fig. 15. Mean comparison of copper (Cu) for genotypes
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Fig. 16. Mean comparison of manganese (Mn?*) for genotypes
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Fig. 17. Mean comparison of magnesium (Mg?*) for genotypes

43



Assessment of genetic diversity for some essential nutrients and breeding for high yield Maize (Zea mays L) / J.

Agric. Basic Sci. Vol. 05, No. 01, 2020

n

< (V] N -

(%) wnissejod

o

genotype
Fig. 18. Mean comparison of potassium (K*) for genotypes
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Fig. 19. Mean comparison of calcium (Ca?*) for genotypes
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Fig. 20. Mean comparison of sodium (Na*) for genotypes
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