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Abstract: The seventy one (71) genotypes were  subjected  to  a  cycle  of  phenotypic  recurrent  selection.
After the original cycle of the phenotypic recurrent selection method, they had the following agronomic and
chemical characteristics: 190.9cm for plant height, ear height of 88.1cm, tassel number plant  of 32.9, ear number1

plant  of 2.0, 54 days for the number of days to 50% tasselling, 60 days for number of days to 50% silking,1

20.3cm for cob length, 13.5cm for cob circumference, 48.7g for 100 seed weight, 1.6gcm  for kernel density,3

percent protein content of 10.8%, lysine content of 0.3%, 3.8% for oil, 23.1% for amylose, 76.9% for amylopectin
and 41.7% for sugar.  There  were  genetic  gains  of  -3.6cm  from  plant  height,  6.7  from  tassel  number
plant , 0.3 from ear number plant , 2.6cm from cob length, 1.10cm from cob circumference, 9.4g from 100 seed1 1

weight, 0.1gcm  from kernel density, 2.1% from protein, 0.1% from lysine, 1.4% from oil, 0.5% for amylopectin3

and 3.7% from sugar. There were genetic losses of -0.1 days in the number of days to 50% tasselling, -2.5 days
in number of days to 50% silking and -0.5% for amylose content.
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INTRODUCTION selection for yield has increased starch and decreased

Maize (Zea mays L.) is one of the world’s most associated with a change in ratios of the essential amino
important crops. Several million people throughout the acids lysine, methionine and tryptophan, but the low
world consume maize as an important food and it is grown content of these amino acids in maize has contributed to
in more countries than any other crop. Thus maize is a nutritional deficiency in regions where maize is the staple
potential source of protein for humans and animals. food, such as in Africa and Central America, particularly
During fiscal year 2010, over 27 billion bushels of maize in cases where maize makes up more than 50% of the diet
was produced globally [1]. Maize grains, nutritionally, is [7, 8]. These amino acids are also important when maize is
known to be predominantly carbohydrate but has small used as an animal feed, such that maize must be combined
proportions of protein, oil, amylose, amylopectin and with other grains or with synthetic amino acids to provide
other minerals [2, 3]. a complete protein source.

The total protein content of maize grain is highly Recurrent selection is one of the simplest ways to
elastic. The Illinois Long Term Selection Experiment is a improve a trait, if there is a straight forward way to
well-known experiment that altered total protein content quantify the trait of interest and a population with
in maize. Starting with a single open pollinated variety, heritable variation for the  trait  [9].  Recurrent  selection
selection for high and low protein has been conducted is simply  the  selection  for  a certain trait or traits over
since 1896 [4]. Typical maize lines consist of 8-12% many generations and can be used to control complex
protein, but selection has resulted in a high protein line multi-genic  traits.  It  results  in  combinations  of genes
with over 32% protein and a low protein line with 4% in a genetic background that directly influence a
protein [5]. Even though high protein is possible in maize, phenotype.

total protein [6]. The decrease in total protein is not
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Consequently, the objective of this study is to select, were performed. (f) Harvesting of the crosses of each
using phenotypic recurrent selection method, high genotype was done when the plants had completely
yielding and high quality maize varieties. senesced  and had reached to physiological maturity

MATERIALS AND METHODS (g) After harvest, the intercrossed ears were dried and

The experiment was conducted at the Department of analyzed for protein, lysine, oil, sugar, amylose and
Crop Production and Landscape Management Teaching amylopectin.
and Research Farm, Ebonyi State University, Abakaliki The progenies of the intercrossed genotypes with
(Longitude 08°03 E and Latitude 06°25 N). good agronomic traits and high quality were selected and1 1

Materials: The materials used in this study comprised up germplasm of high protein, high oil, high lysine, high
of seventy one (71) genotypes of maize developed from amylose, high amylopectin, high sugar and good
two years of mass selection method. The predominant agronomic characteristics suitable for use as original
genotype in the collection   was   local   cultivar  called selection cycle seeds very useful and indispensable in the
“Ami-Acha” in Igboland. The “Ami-  Acha”  (Igbo) which continuation of the phenotypic recurrent selection
literally means “Fruit and Ripen” is a land race grown in programe.
compound and small holder farms in many parts of
Southeastern Nigeria. It is flint maize with small and Agronomic Characters: The following agronomic
almost round kernels. It is eaten either as boiled or roasted attributes were measured and recorded:
“corn on the cob”. It is early to medium maturing, short,
medium to very tall in height. It has small and narrow Days to 50% tasselling and silking.
cobs. Plant and ear heights (cm).

Phenotypic Recurrent Selection: This experiment Ear number plant ,
involved the development of composite varieties using Cob length (cm).
phenotypic recurrent selection method as outlined by Obi Cob circumference (cm).
[10]. The first year of the technique was the planting and 100–seed weight (g) and 
selfing of seventy one genotypes of maize collected from Kernel density (g/cm ) at 15.5% moisture content.
the gene bank of the Department of Crop Production and
Landscape Management, Ebonyi State University, Laboratory Analyses: The determination of protein,
Abakaliki based on their agronomic and chemical lysine, oil, amylose, amylopectin and sugar contents of
characteristics. All genotypes were planted in ear-to-row the harvested seeds were carried out in the Cytogenetics
progeny procedure at the plant spacing of 75 x 25cm and Plant Breeding Laboratory of the Department of Crop
between and within rows, respectively at one plant per Science, University of Nigeria, Nsukka.
hill. Selections of good plants were based on phenotypic
appearance of the desired characteristics under check. Preparation of Samples: Equal quantities of maize seed
After harvest, equal quantities of the seventy one (71) samples were dried in Gallen Kamp Oven (Model OV-440)
genotypes of maize were collected and analysed for their at 60°C for twenty four (24) hours. The samples were then
chemical constituents under check, to re-affirm what was milled to pass through 1mm sieve with a Thomas-Wiley
said about the genotypes from the gene bank. laboratory hammer mill, Model 4. This fineness was

In the second year of the cycle (a) the seventy one particularly necessary in order to increase the surface area
(71) genotypes were planted in ear-to-row progeny of the sample for thorough action of solvents and
procedure. The plant spacing was 75 x 25cm between and reagents used. The milled samples were preserved in
within rows, respectively at one plant per hill (b) each row cellophane bags and stored in properly labeled air-tight
contained seventy five (75) plants (c) all the recommended screw-capped bottles until required for analysis.
agronomic practices were observed and recorded. (d)
During hybridization all possible intercrosses were made Protein Determination: The crude protein of the maize
by hand using the tassel-bag- shoot-bag method [11] to samples was determined by the Micro-Kjeldahl method as
produce n(n-1)/2 crosses. (e) Thus a total of two described by Pearson [13], percent protein was calculated
thousand four hundred and eighty five (2485) crosses as N% x 6.25.

using black layer formation as an index of maturity [12],

shelled and equal quantities of seeds from each row, were

bulked as composite varieties which can serve as a

Tassel number plant .1

1

3



Weight of oil 100 x 
Weight of dry sample 1
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Lysine Determination: The available lysine in the maize Y  = 2(a + b  + X  + E )
samples was determined using the method of 2, 4, 6,
trinitrobenzene-1 sulfonic Acid (TNBS) as described by where
Obi [14].

Oil Determination: Proximate system for food analysis generation.
which employs the Soxhlet’s extractor as described by X = Individual phenotypic values of the original
AOAC [15] was used in determining the percentage oil generation.
content of the maize seed samples. Percent oil was a = The intercept that can be estimated from the
calculated as: equation.

E = The error associated with the phenotypic value of

Amylose and Amylopectin Determination: Amylose
content in the maize samples was determined by the Confidence interval estimates were calculated and
method described by AOAC [15]. The percent amylose used to compare the data collected on the original
was determined by comparison of Blue value of sample genotypes (S ) and the intercrossed progenies (S ) as
with that of pure amylose. The percent amylopectin was described by Okporie [18].
determined by subtraction on the assumption that 100%
starch = Amylose (%) + Amylopectin (%). RESULTS

Sugar Determination: The sugar content of the selected Agronomic Characteristics: The range, mean, variance,
progenies was determined using Gravimetric Copper standard deviation and confidence interval (C.I) estimates
Reduction Method as described by AOAC [15]. of the agronomic characteristics of the progeny

Statistical Analyses: Estimation of genetic gain: the 39 representing about 55% produced plant heights less
genetic gain in the selection was estimated according to than the mean, that is 32 genotypes representing about
Falconer [16] and Singh and Chaudhary [17], who stated 45% produced plants whose heights equals the mean and
that response to selection is the difference between the above. 26 genotypes representing about 37% produced
averaged phenotypic values of the progeny from selected ear  heights  that  were  greater  than  the  mean.  Of  the
parents and the parental generation before selection. 71 genotypes, 31 representing about 44% produced
The linear model for the estimation is as follows: number  of  tassels that were equal to or  greater  than  the

j y.x j j

Y = Individual phenotypic values of the selectedj

j

b = The linear regression coefficient of Y  on Xy.x j’s j’s

j

plant j.
2  = constant.

0 1

genotypes are presented in Table 1. Out of 71 genotypes,

Table 1: Range, Variance, Standard deviation and Confidence interval (C.I), P = 0.05, estimates of the agronomic characteristics of the progenies (71 genotypes)

Plant Height Ear height Tassel no. Ear no per 50% tasselling 50%silking Cob length Cob circumfe- 100 seed weight Kernel density
(cm) (cm) per plant plant (days) (days) (cm) rence (cm) at 15.5% M.C (g) at 15.5%(gcm )3

Range
Lower 156.3  90.0 22.0  2  49 56 17.5  11.9  33.9 1.4
Upper 223.0  119.0 45.0  2  57 63 25.1  16.0  65.8 1.9
Mean 190.9  88.1 32.9  2  54.3 59.9 20.3  13.5  48.7 1.7
Variance 146.9 143.7 36.3 0.0  3.6 2.8 4.9  0.9  62.9 0.02
Standard 12.1  11.9 6.0 0.0  1.9 1.7 2.2  0.9  7.9 0.1
deviation

Confidence interval
Lower 188.6  85.8 31.7 0.0  53.9 59.6 19.9  13.3  47.2 1.6
Limit
Upper 193.3  90.5 34.1 0.0  54.6 60.3 20.8  13.7  50.3 1.7
Limit
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Table 2: Range, Variance, Standard deviation and Confidence interval (C.I), P = 0.05, estimates of the chemical characteristics of the progenies (71 genotypes)
Protein (%) Lysine (%) Oil (%) Amylose (%) Amylopectin (%) Sugar (%)

Range
Lower 6.2 0.14 1.9 9.8 69.0 30.9
Upper 14.3 0.63 7.7 31.0 90.1 55.0
Mean 10.8 0.330 3.8 23.1 76.9 41.7
Variance 3.9 0.018 1.9 18.3 18.3 28.6
Standard deviation 1.9 0.133 1.4 4.8 4.3 5.4
Confidence interval
Lower Limit 10.4 0.300 3.5 22.2 76.1 40.6
Upper Limit 11.1 0.350 4.1 23.9 77.8 42.7

Table 3: The mean agronomic and chemical characteristics of the selected parents and their progenies
Plant Height Ear height Tassel no.  Ear no.  50%tasselling 50%silking Cob length Cob circumfe- 100 seed weight Kernel density

Source (cm) (cm) per plant per plant (days) (days) (cm) rence (cm) at 15.5% M.C (g) at 15.5%(gcm )3

Parents 194.5 100.6 26.2 1.7 54.9 62.6 17.7 12.4  39.4 1.6
(S )0

Progenies 190.9 88.13 32.9 2.0 54.3 59.9 20.3  13.5 48.7 1.7
(S )1

Protein (%) Lysine (%) Oil (%) Amylose (%) Amylopectin (%) Sugar (%)
8.7 0.21 2.4 23.6 76.4 38.0
10.8 0.3 3.8 23.1 76.9 41.7

mean. All  the  genotypes  had  two  ears. None produced were equal or greater than the mean while 46 genotypes
less. 53 genotypes representing about 75% of the total representing  about  65%  produced   lysine   contents
entries took at least 54 days after planting to reach 50% that were greater than or equal to the mean. This means
tasselling; whereas about 25% of  the  genotypes  took that about  35%  produced  less  than  the  mean.  Of  the
less  than  54  days  to   reach   50%   tasselling.   Of  the 71  genotypes,  32  representing   about   45%  produced
71 genotypes, 45 representing about 63% attained 50% oil    contents     that    were    less    than   the    mean.
silking in at least 60 days. This means that 26 genotypes Also, 39 genotypes representing about 55% produced
representing about 37% attained 50% silking in less than more percentage amylose than the mean. About 45%
60 days after planting. produced less than the mean. 32 genotypes representing

The results also show that 26 genotypes representing about 45% produced more amylopectin than the mean
about 37% produced  cobs  whose  lengths  were  longer while 30 genotypes representing about 42% produced
or at least equals to the mean. Thus more of the percentage sugar contents that were greater than the
genotypes  about  63%  produced  less  than  the  mean. mean. About 55% produce less than the mean.
28 genotypes representing about 39% produced cobs The results of the means of agronomic and chemical
whose circumferences were greater than  the  mean; that characteristics of the selected parents as compared with
is 43 genotypes representing about 61% produced less the means of their progenies showed that the parents had
than the mean. 34 genotypes representing  about 48% the mean plant height, ear height, tassel number plant ,
produced seeds whose weights were more than or equal ear number plant , days to 50% tasselling, days to 50%
to the mean; that means about 52% of the total entries silking, cob length, cob circumference, 100 seed weight,
produced seeds whose weights were less than the mean. kernel density; percentage protein content, percentage
31 genotypes representing about 44% produced kernels lysine, percentage oil, amylose, amylopectin and
whose densities were greater than or equal to the mean. percentage sugar contents of 194.5cm, 100.6cm, 26.2, 1.7,
Thus, 40 genotypes (about 56%) produced kernel 54.9days, 62.6days, 17.7cm, 12.4cm,39.4g, 1.6gcm , 8.7%,
densities that were less than the mean. 0.21%,  2.4%,  23.6%,  76.4%  and  38%  respectively

Chemical Characteristics: The range, mean, variance, all  the characters  of  the  progenies  were   compared
standard deviation (SD) and confidence interval (C.I) with those of the selected parental genotypes, it was
estimates of the chemical characteristics of the progeny observed that virtually all the characters of the progenies
genotypes are presented in Table 2. 36 genotypes were more variable than their  parents,  since  the
representing about 51% produced protein contents that estimated   means   of    upper   limit    deviated    from  the

1

1

3

(Table 3).  When  the  confidence  interval  estimates  for
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Table 4: The estimated genetic gain (the difference between the progeny and the parent genotypes) for the agronomic and chemical characteristics
Plant Height  Ear height Tassel no.  Ear no.  50% tasselling 50%silking Cob length Cob circumfe- 100 seed weight Kernel density

Source (cm) (cm) per plant per plant (days) (days) (cm) rence (cm) at 15.5% M.C (g) at 15.5%(gcm )3

Parents 190.9 88.1 32.9 2.0 54.3 59.9 20.3 13.5 48.7 1.7
(S )0

Progenies 194.5 100.6 26.2 1.7 54.9 62.6 17.7 12.4 39.4 1.6
(S )1

Genetic -3.6 -12.5 6.7 0.34 -0.6 -2.6 2.6 1.1  9.4 0.1
gain
Protein (%) Lysine (%) Oil (%) Amylose (%) Amylopectin (%) Sugar (%)
10.8 0.3 3.8 23.1 76.9 41.7
8.7 0.2 2.4 23.6 76.4 38.0
2.1 0.1 1.4 -0.5 0.5 3.7

lower limit by a wide margin. This situation is expected respectively, showing a genetic loss of 0.6 and 2.6 days
because hybridization brings about increase in variability respectively. Probably, it is possible that the genotypes
(Tables 1 and 2). were not random and variable enough to have enough

The results from the estimated genetic gain which is scope. Also for amylose, the increase in the amylopectin
the difference between the value of the progeny and its content  must have affected the amylose content.
parent genotype showed that there were genetic loss of Cameron [19], Kramer and Whistler [20], Zuber et al. [21]
-0.6 days in number of days to 50% tasselling, -2.6 days in and Okporie and Obi [11] reported that while the
the number of days to 50% silking and -0.5% in amylose percentage of amylose increased, the percentage of
content. On the  other  hand,  there  were  genetic  gain of amylopectin decreased and vice versa. The change they
-3.6cm in plant height, -12.5cm in ear height, 6.7 in tassel observed was followed by changes in the amount of oil
number plant , 0.3 in ear number plant , 2.3cm in cob and protein produced. When the amylose proportion of1 1

length, 1.1cm in cob circumference, 9.4g in 100-seed starch decreased, there was a corresponding decrease in
weight, 0.1gcm  in kernel density, 2.1% in protein, 0.1% endosperm weight and increase in pericarp and germ3

in lysine, 1.4% in oil, 0.5% in amylopectin and 3.7% in weight resulting in concurrent increase in oil and protein.
sugar content (Table 4). The genetic losses recorded in The concurrent selection of high quality and high
some of the physical and chemical characteristics are yielding composite is possible because it has  been
highly a welcome development as it is in line with the known that genes controlling the constituents and the
desire in the breeding programe. agronomic traits are related. Onyishi [22] found that

DISCUSSION such as protein, oil, amylose and amylopectin does not

Selection for high quality maize varieties was height, 100- seed weight, kernel density and days to 50%
effective as apparent in  the  results  summarized in silking of the crop. Rainji et al. [23], however, found oil
Tables 1-4. The results show an increase in the general content to be significantly and positively correlated with
mean of the 71 genotypes undergoing selection from 8.7% plant and ear heights. This departure may be due to
to 10.8% for protein, 0.2% to 0.3% for lysine, 2.4% to 3.8% difference in  sample  size  and /or  source  population.
for oil, 76.40% to 76.9% for amylopectin and 38% to 41.7% The results also, showed that source populations affected
for sugar. Showing a genetic gain of 2.1% from protein, the correlations and made generalization of some of the
0.1% from lysine, 1.4% from oil, 0.5% from, amylopectin results difficult. Brunsen et al. [24], Alexander and Seif
and 3.7% from sugar. However, there was a reduction in [25] and Okporie and Oselebe [26] found oil content and
amylose from 23.6% to 23.1%, showing a genetic loss of kernel weight was not correlated in random-mated
-0.5%. population selected for oil content.

The selection method did not favour amylose, as the
mean percentage declined from 23.6% in the original CONCLUSION
population to 23.1% in the progenies, showing a genetic
loss of 0.5%. Also, not favoured were days to 50% From the results of this research, Phenotypic
tasselling and silking. They declined from 54.9 to 54.3 Recurrent Selection method is therefore found to be very
days for 50% tasselling and 62.6 to 59.9 days for 50% effective in improving the chemical and agronomic
silking for the original population and progenies characteristics of maize.

selection of increased chemical constituents in  maize

affect the agronomic traits such as plant height, ear
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