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Identification of superior soybean lines by assessing
genetic parameters and path analysis of grain yield
components
Bruno Henrique Pedroso Val*, Fabiana Mota da Silva, Eduardo Henrique Bizari, Wallace de
Sousa Leite, Eder Licieri Groli, Elise de Matos Pereira, Sandra Helena Unêda-Trevisoli and
Antonio Orlando Di Mauro
São Paulo State University (Unesp), School of Agricultural and Veterinarian Sciences, Jaboticabal - SP, Brazil.
Received 4 November, 2016; Accepted 2 February, 2017

This study estimated genetic parameters, identified traits of direct and indirect correlation with the
grain yield through path analysis and select superior lines, maximizing genetic gain. Two experiments
were conducted in 2012/2013 season in randomized blocks with three replications. 23 lines (experiment
I) and 44 lines (experiment II) were seeded. For all traits analyzed in both experiments, there was a
significant difference by F test (P <0.05) between the lines. Estimates of genetic parameters have
identified the traits plant height at maturity and 100-seeds weight in both experiments I and II as the
most favorable to the selection by presenting heritability values above 0.5. The genotypic correlations
and the path analysis indicated the plant height at physiological maturity (PHM) of greater effect on
direct favorable grain yield in both experiments. The indirect selection for grain yield (GY) via the PHM
trait is considered effective while superior lines identified included 10, 15, 17, 20, 32, 41, 48, and 57.
Key words: Glycine max, genetic correlation, heritability, genetic gain.

INTRODUCTION
Soybean breeding programs in Brazil aim at mainly
increasing oil and protein content and grain yield in order
to ensure competitiveness in the world market (Batista et
al., 2015). This has been achieved through continuous
genetic improvement which has contributed to the
development of soybean cultivars with high yield and
adapted to the different environments of Brazilian (Lima

et al., 2008). However, the continued progress of
breeding and subsequently genetic gain in soybean
depends on the genetic variability and the application of
information about genetic parameters to obtain
information that can facilitate the efficient selection
process (Hamawaki et al., 2012). Knowledge about
genetic parameters such as heritability, genetic gain and
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genetic correlations also aids in decision making and thus
choosing the most appropriate strategy for improving
yield related traits (Hamawaki et al., 2012; Leite et al.,
2016).
Grain yield is a complex trait that results from
expression and interaction of many factors (El-Mohsen et
al., 2013; Silva et al., 2015). Knowledge of the degree of
this interaction through genetic correlation studies helps
to identify traits that can be used for direct and indirect
selection for optimum genetic gains (Cruz et al., 2004;
Silva et al., 2015). The direct and indirect correlation
among traits can be achieved through the method
developed by Wright (1921). It helps to identify traits that
contribute most to the final value of the main character
(Akram et al., 2011; Alcântara Neto et al., 2011).
The objective of this study was to estimate genetic
parameters, and identify directly and indirectly correlated
traits with the grain yield in order to select superior lines
with high yield.
MATERIALS AND METHODS
Two experiments were conducted in the season 2012/2013 at the
Teaching, Research and Extension Farm (TREF), Universidade
Estadual Paulista "Julio de Mesquita Filho", Jaboticabal Campus,
located in the North of the State of Sao Paulo, 21° 15 ' South
latitude and 48° 18' West longitude, with an approximate altitude of
595 m. The soil of the experimental area is classified as clayey Red
Eutroferric Latosol. The climate is subtropical with a hot and humid
summer and a dry winter with average annual temperature of
22.2°C (Köppen, 1948).
The first experiment evaluated 23 F7-F8 lines and the second
experiment evaluated 44 F6-F7 lines. The division into two
experiments was necessary due to the difference in the generations
of the two groups, although all lines are from crossing PI200456 ×
MGBR46 (Conquista). The evaluation was done using randomized
complete blocks with three replications. Each experimental plot
consisted of four rows of 5 m long, spaced 0.5 m apart, being
considered as useful area for the two central rows, disregarding 0.5
m from each end, totaling 4 m².
Sowing was mechanically done on November 27, 2012, for the
first experiment and November 29, 2012 for the second experiment,
with seeding density of 15 plants m-1. In planting, 350 kg ha-1 of
formula 00-30-15 were used and experimental plots were
maintained throughout the crop cycle, with strict control of pests,
diseases and weeds, as recommended for the soybean crop
(Embrapa, 2013).
All phenotypic data were collected as a mean of six plants when
the crop was at R8 development stage, when approximately 95% of
the pods are physiologically mature (Fehr and Caviness, 1977).
The following traits were evaluated: height of the first pod (HFP):
measured from plant's stem base to the height of the first pod (cm);
plant height at physiological maturity (PHM): measured from the
height of the plant’s stem base to the apex of the main stem (cm);
number of days to physiological maturity (NDM); lodging (Lg):
basing on visual notes scale, ranging from 1 (all erect plants) to 5
(all lodged plants); agronomic value (AV): visual notes scale,
ranging from 1 (plants with poor agronomic characteristics) to 5
(plants with optimal agronomic characteristics), and the assigned
note represents a set of visual traits (plant architecture, quantity of
filled pods, plant vigor and health, premature thrashing of pods,
lodging and leaf retention at maturity); number of branches (NB):
obtained as a mean of number of branches for six plants; number of
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pods (NP): obtained by counting the number of pods from each
plant and taking the average in the useful area; 100-seed weight
(HSW): obtained by the average of three samples of 100 seeds; oil
content (OC): percentage of oil contained in the soybeans obtained
by the equipment NIR Bruker, Tango model; grain yield (GY):
obtained from the harvest of the plants of the useful area of the plot,
which were threshed and the grain weight was corrected to 13%
moisture and subsequently converted into kg ha-1.

Data analysis
Data were analyzed using MIXED model analysis of variance
procedure of SAS ® 9.3 software (2011). Where necessary,
transformation of data was done.
The values were estimated for the coefficients of heritability and
genetic correlation (Falconer, 1987), and later, the path analysis
was performed. The trait GY was chosen as the main variable to
determine the correlations between direct and indirect effects of
other traits on GY (Wright, 1921).
Then, the methodology of selection index of the sum of "ranks"
(Mulamba and Mock, 1978) was applied. The selection intensity
was 30% and performed based on the traits GY, AV and OC. Path
analysis and selection index were processed by the software
Genes (Cruz, 2013).

RESULTS AND DISCUSSION
For all traits analyzed in both experiments, there was a
significant difference by F test at 5% of probability
between genotypes. The experimental coefficients of
variation ranged from 2.18% (OC) (Table 1, experiment I)
to 32.09% (GY) (Table 2, experiment II).
The ratio between the genetic coefficient of variation
(gCV) and the environmental coefficient of variation
(eCV) was above 1 for HFP, PHM, NDM, AV, NB, NP,
HSW, OC and GY (Table 1) and PHM and HSW (Table
2), indicating favorable situation in obtaining gains with
selection based on the traits. The broad sense heritability
coefficient was 22.11% for Lg (Table 1, experiment I), a
low value indicating little gain for the trait that does not
present favorable situation for selection as the ratio
(gCV/eCV) was below 1. This fact will not result in major
problems since the average of the trait in the population
is 1.25, very close to the ideal, which is 1. The same is
true for the trait Lg in the second experiment (Table 2).
The heritability coefficients for the traits HFP, PHM,
NDM, AV, NB, NP, HSW, OC and GY in experiment I
(Table 1) showed medium to high values and are
favorable situation for selection as significant gains are
possible in these traits.
For the second experiment, the heritability coefficient
showed low values for all traits except PHM and HSW,
which showed higher values. These two were also the
only ones who had a favorable situation for selection. In
the situation of the experiment II, the gains with the
selection tend to be low, since eight of the ten traits
evaluated showed low values for the heritability
coefficient and an unfavorable situation for selection
(Table 2).
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Table 1. Mean squares and genetic parameters for Experiment I.

Source of variation
Block
Genotype
Residue
gCV/eCV
Genetic Variance
Environmental Variance
Heritability (%)
Average***
CV (%)

Df
2
22
41
-

HFP (cm)¹
0.44**
0.60**
0.11
1.22
0.17
0.11
59.80
9.18
11.08

FV
Block
Genotype
Residue
gCV/eCV
Genetic Variance
Environmental Variance
Heritability (%)
Average***
CV (%)

df
2
22
41
-

NB
0.01
0.22**
0.06
1.04
0.06
0.06
51.87
3.34
12.22

2

3

PHM (cm)
132.46**
321.71**
32.50
1.74
98.29
32.46
75.17
77.99
7.31

NDM
46.36
80.68**
16.65
1.13
21.34
16.65
56.17
111.29
3.67

Lg
0.07
0.05**
0.03
0.53
0.01
0.03
22.11
1.25
21.2

AV
0.00
0.0041**
0.00
1.17
0.00
0.00
57.65
2.83
4.38

NP
1009.10
2603.65**
467.96
1.31
794.27
466.13
63.02
107.43
20.14

HSW (g)
1.00
4.06**
0.78
1.40
1.51
0.77
66.20
17.34
5.11

OC (%)
0.18
1.84**
0.20
1.87
0.70
0.20
77.74
20.62
2.18

GY (kg ha )
41574.22
2110400.40**
352087.77
1.43
693248.60
338253.80
67.21
3707.64
16.00

4

-1

**Significant at 5% of probability. ¹Transformation Y0.5; ²Transformation Y-1; ³Transformation Y-0.4; 4Transformation √x+0.5; ***Values
presented without data transformation. HFP, Insertion height at first pod; PHM, plant height at maturity; NDM, number of days to maturity;
Lg, lodging; AV, agronomic value; NB, number of branches; NP, number of pods; HSW, 100-seed weight; OC, oil content; GY, grain
yield.

Table 2. Mean squares and genetic parameters for Experiment II.

FV
Block
Genotype
Residue
gCV/eCV
Genetic Variance
Environmental Variance
Heritability (%)
Average***
CV(%)

GL
2
43
73

HFP (cm)¹
0.01
0.42**
0.19
0.66
0.08
0.19
30.42
7.34
16.27

PHM (cm)
12.29
405.91**
58.41
1.48
128.05
58.36
68.69
70.89
10.78

NDM
132.64**
78.98**
38.52
0.59
13.49
38.52
25.93
111.36
5.57

Lg¹
0.01
0.03**
0.01
0.73
0.01
0.01
34.80
1.28
10.22

AV¹
0.06**
0.04**
0.02
0.72
0.01
0.02
33.87
2.59
8.44

FV
Block
Genotype
Residue
gCV/eCV
Genetic Variance
Environmental Variance
Heritability (%)
Average***
CV(%)

GL
2
43
73

NB¹
0.19
0.20**
0.08
0.75
0.04
0.08
36.00
3.17
15.66

NP
668.28
1284.48**
726.99
0.53
201.22
727.37
21.67
97.64
27.61

HSW (g)
0.97
4.27**
1.20
1.04
1.29
1.20
51.83
17.08
6.42

OC (%)
2.12
2.25**
0.91
0.79
0.56
0.91
38.24
20.16
4.73

GY (kg ha )
1276843.00
1910844.91**
1029143.10
0.50
287937.20
1160137.00
19.88
3161.19
32.09

-1

**Significant at 5% of probability by the F test. ¹Transformation Y 0.5. ***Values presented without data transformation. HFP, Insertion height at
first pod; PHM, plant height at maturity; NDM, number of days to maturity; Lg, lodging; AV, agronomic value; NB, number of branches; NP,
number of pods; HSW, 100-seed weight; OC, oil content; GY, grain yield.
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Table 3. Estimates of genotypic correlation coefficients in Experiment I (above the diagonal) and Experiment II (below the diagonal)
between ten traits evaluated in advanced soybean lines.

Correlation
HFP
PHM
NDM
Lg
AV
NB
NP
HSW
OC
GY

HFP (cm)
1
0.33
0.00
-0.17
0.49
-0.05
-0.41
-0.20
-0.30
0.18

PHM (cm)
0.78
1
0.35
0.22
0.66
-0.11
-0.08
-0.16
-0.40
0.37

NDM
0.37
0.40
1
0.29
-0.04
-0.19
0.04
0.07
-0.07
0.14

Lg
-0.03
-0.01
0.12
1
-0.34
0.38
0.48
0.25
-0.03
-0.24

AV
0.47
0.60
-0.02
-0.59
1
-0.27
-0.35
-0.33
-0.36
0.37

NB
-0.30
-0.39
-0.07
0.44
-0.51
1
0.55
0.21
0.32
-0.35

NP
-0.29
-0.34
0.09
0.28
-0.45
0.90
1
0.04
0.11
-0.39

HSW (g)
0.03
0.04
0.57
0.40
-0.29
0.41
0.51
1
0.11
-0.08

OC (%)
-0.07
0.17
0.27
0.09
-0.04
0.10
0.24
0.19
1
-0.07

-1

GY (kg ha )
0.40
0.58
0.57
-0.02
0.24
-0.05
0.12
0.21
0.44
1

HFP, Insertion height at first pod; PHM, plant height at maturity; NDM, number of days to maturity; Lg, lodging; AV, agronomic value; NB,
number of branches; NP, number of pods; HSW, 100-seed weight; OC, oil content; GY, grain yield.

Leite et al. (2015) obtained heritability estimates of
70.60% for HFP and 79.29% for PHM enabling obtaining
gain estimates with significant selection for the two traits.
Muniz et al. (2007) found heritability values ranging from
0 to 53% for PHM and from 0 to 19% for GY. These
values are very close to those found in this study; the
said author obtained for the same traits gain estimates
with low selection, ranging from 0 to 6.87% for PHM and
from 0.57 to 5.76% for GY, indicating that the situation it
is not favorable to selection for all populations for the two
traits. Leite et al. (2016) found heritability values of 85.00,
81.00, 74.00 and 53.00% for PHM, HFP, NP and GY,
respectively. These values differ from those observed in
this study. Heritability estimates are intrinsic to the study
population, and may vary a lot or almost nothing from one
population to another. Moreover, the parameter can vary
widely within the same population according to the
method used for its estimation. In this work, authors used
the method of restricted maximum likelihood, which is
most appropriate when having unbalanced data.
It appears that the estimates of genetic correlations of
GY with HFP, PHM, NDM and OC in experiment I (Table
3) indicate a significant degree of association and are in
the same direction, corroborating the results of Akram et
al. (2011) and Nogueira et al. (2012). This indicates that
selecting higher values for these traits may result in
indirect gain in productivity.
The trait AV presented low magnitude of genotypic
correlation with GY in the same direction and correlations
ranging from medium to high magnitude also occurred
between other traits of agronomical interest such as AV ×
HFP (medium correlation and same direction), AV × PHM
(high correlation and same direction) NB × AV (medium
correlation and opposite direction) and NP × AV (medium
correlation and opposite direction) (Experiment I).
In experiment II, the correlations of GY with HFP, PHM,
and NDM were of low magnitude and same direction and
the correlation GY × Lg was of low magnitude and

opposite direction, meaning that grain productivity gains
may result in reduced lodging. The highest correlation
coefficients for the second experiment occurred for PHM
× AV, NB × NP, and HFP × AV, all in the same direction.
The results obtained in this study of low and medium
correlations, both in the same direction for the two
experiments, corroborate those found by Leite et al.
(2015), who obtained genotypic correlation of medium
magnitude in the same direction for GY × PHM in
soybeans. The genetic correlation between GY × PHM in
opposite direction can be interesting when, in the
population, the average of the trait PHM is high (close to
100 cm). This is because by selecting the most
productive plants, one will also select lower plants,
facilitating mechanized harvesting and seeking a more
upright stand, as in many cases there is a correlation
between PHM × Lg in the same direction.
In order to identify and quantify the direct and indirect
effects that other characters have on the grain yield,
wehare carried out the unfolding of genotypic correlation
coefficients in direct and indirect effects through path
analysis (Wright, 1921). The direct and indirect effects of
the explanatory traits on grain yield for the 23 soybean
lines (experiment I) are shown in Table 4 and for the 44
soybean lines (experiment II) are shown in Table 5.
The coefficient of determination showed that 63.03% of
grain yield (experiment I) is explained by the effect of the
traits analyzed based on genotypic correlation matrix,
while for the second experiment this figure was only
33.10%.
As shown in Table 4 (experiment I), the traits that most
influenced the GY were PHM, NDM and NP, which had
the highest values of direct effects on the genotypic
coefficient. This indicates that these traits that had larger
direct effects on GY may be suitable and important in
soybean breeding due to presenting great influence on
the final determination of GY. Alcantara Neto et al. (2011)
and Nogueira et al. (2012) observed a positive correlation
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Table 4. Unfolding of genotype correlations in direct effect components (diagonally) and indirect effect components involving the main
dependent trait (GY) and explanatory independent traits (HFP, PHM, NDM, Lg, AV, NB, NP, HSW and OC) for Experiment I.

Traits
HFP
-0.07
HFP
PHM
-0.06
NDM
-0.03
Lg
0.00
AV
-0.03
NB
0.02
NP
0.02
HSW
0.00
OC
0.00
2
Coefficient of determination R
Residual effect
Matrix determinant
Matrix collinearity
Number of conditions

PHM
0.5.4
0.58
0.23
0.00
0.35
-0.23
-0.20
0.02
0.10

NDM
0.15
0.17
0.41
0.05
-0.01
-0.03
0.04
0.23
0.11

Lg
0.00
0.00
-0.01
-0.08
0.04
-0.03
-0.02
-0.03
-0.01

AV
-0.02
-0.03
0.00
0.03
-0.05
0.02
0.02
0.01
0.00

NB
0.05
0.07
0.01
-0.08
0.09
-0.17
-0.15
-0.07
-0.02
0.6303
0.6081
0.0008
Fraca
64.736

NP
-0.15
-0.17
0.04
0.14
-0.22
0.45
0.50
0.25
0.12

HSW
-0.01
-0.01
-0.14
-0.10
0.07
-0.10
-0.12
-0.24
-0.05

OC
-0.01
0.03
0.05
0.02
-0.01
0.02
0.04
0.03
0.17

GY
0.40
0.58
0.57
-0.02
0.24
-0.05
0.12
0.21
0.44

HFP, Insertion height at first pod; PHM, plant height at maturity; NDM, number of days to maturity; Lg, lodging; AV, agronomic value; NB, number
of branches; NP, number of pods; HSW, 100-seed weight; OC, oil content; GY, grain yield.

Table 5. Unfolding of genotypic correlations in direct effect components (diagonally) and indirect effect components involving the mai n
dependent trait (GY) and explanatory independent traits (HFP, PHM, NDM, Lg, AV, NB, NP, HSW and OC) for Experiment II.

Traits
HFP
-0.02
HFP
PHM
-0.01
NDM
0.00
Lg
0.00
AV
-0.01
NB
0.00
NP
0.01
HSW
0.00
OC
0.01
2
Coefficient of determination R
Residual effect
Matrix determinant
Matrix collinearity
Number of conditions

PHM
0.16
0.48
0.17
0.10
0.31
-0.05
-0.04
-0.08
-0.19

NDM
0.00
0.01
0.01
0.00
-0.00
0.00
0.00
0.00
0.00

Lg
0.04
-0.05
-0.06
-0.21
0.07
-0.08
-0.10
-0.05
0.01

AV
-0.02
-0.02
0.00
0.01
-0.04
0.01
0.01
0.01
0.01

NB
0.01
0.02
0.04
-0.07
0.05
-0.19
-0.10
-0.04
-0.06
0.331
0.818
0.0219
Fraca
25.237

NP
0.07
0.02
-0.01
-0.09
-0.06
-0.10
-0.18
-0.01
-0.02

HSW
-0.01
-0.01
0.00
0.02
-0.02
0.01
0.00
0.06
0.01

OC
-0.05
-0.07
-0.01
0.00
-0.06
0.05
0.02
0.02
0.17

GY
0.18
0.37
0.14
-0.24
0.37
-0.35
-0.39
-0.08
-0.07

HFP, Insertion height at first pod; PHM, plant height at maturity; NDM, number of days to maturity; Lg, lodging; AV, agronomic value; NB,
number of branches; NP, number of pods; HSW, 100-seed weight; OC, oil content; GY, grain yield.

between GY and NP and direct effect of number of pods
on GY and stated that the number of pods is a possibility
in soybean breeding, for indirect selection of grain yield.
The overall correlation between HFP and GY was
positive and higher than the direct effect, indicating in this
case that the cause of correlation is due to the indirect
effects exerted by the other traits. The trait PHM for the
experiment I showed high correlation with GY of 0.58; the
direct effect exercised by PHM on GY was equal to the
overall correlation, indicating in this case that the total

correlation explains the true relationship between the
traits and that the direct selection on PHM will be
effective. Akram et al. (2011) stated that the trait PHM
can be regarded as an indirect selection alternative of GY
because it exerts great influence on the final value of
grain yield.
The trait NDM in the first experiment showed overall
correlation of 0.57 and direct effect on GY of 0.41. As the
direct effect of NDM on GY is high and close to the
overall correlation, we can say that the correlation
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Table 6. Averages of the original population (X0) and selected population (Xs), heritability (h² %)
and estimates of gains with the selection (GS%) obtained for ten traits by the sum index of "ranks"
of Mulamba and Mock (1978) in 23 soybean lines (experiment I).

Traits
HFP
PHM
NDM
Lg
AV
NB
NP
HSW
OC
GY
Total gain

X0
9.49
74.74
111.29
1.31
2.82
3.10
97.55
12.59
15.25
2719.88

Xs
11.88
85.25
112.57
1.41
3.10
3.46
110.85
14.88
19.06
4020.90
-

h² (%)
59.80
75.17
56.17
22.11
57.65
51.87
63.02
66.20
77.74
67.21
-

GS
1.43
7.90
0.72
0.02
0.16
0.19
8.38
1.52
2.96
874.42
897.69

GS (%)
15.06
10.57
0.65
1.60
5.65
6.09
8.60
12.04
19.40
32.15
111.80

HFP, Insertion height at first pod; PHM, plant height at maturity; NDM, number of days to maturity; Lg,
lodging; AV, agronomic value; NB, number of branches; NP, number of pods; HSW, 100-seed weight;
OC, oil content; GY, grain yield.

explains the true relationship between traits, and in this
case, the direct selection on NDM will also be effective.
This result agrees with that obtained by Akram et al.
(2011), who reported positive direct effect of NDM on GY.
For the trait AV, overall correlation was 0.24 and the
direct effect on GY was 0.05, indicating that in this case
the indirect effect is the cause of correlation. This was
expected, as the trait AV is a visual note assigned by the
researcher, taking into account several other traits.
Rigon et al. (2012) found overall correlation and
negative direct effects on GY for NDM, Lg and PHM, in
which the correlation explained the true relationship
between the traits. In this case, the direct selection on
these traits may be effective for indirect gains in GY; the
authors found positive direct effect only for the trait HSW.
In Table 5 (experiment II), the trait PHM showed overall
correlation of 0.37 and the most favorable direct effect on
GY (0.48), indicating that the correlation explains the true
relationship and that the direct selection on the trait is
effective. No trait presented pronounced indirect effect.
Perini et al. (2012) found for cultivars with indeterminate
habit overall correlation between the trait HSW and grain
productivity of -0.785 and direct effect on grain yield of 0.020, indicating that in this case the correlation does not
explain the true relationship and that the direct selection
on the trait is not effective, which can be confirmed by the
indirect effect of number of grains per plant of -0.764. For
the trait number of grains per plant, the authors found
overall correlations very close to the direct effect on grain
yield, which indicates the possibility of using this trait for
indirect gains in grain yield.
Regarding the trait AV for the second experiment, the
correlation between AV × GY is due to the indirect effect
of the trait PHM. The trait Lg showed overall correlation
with GY very close to the direct effect on GY, indicating

that the correlation between the two traits explains the
true relationship and that the direct selection on the trait
is effective.
The trait PHM can be used in selection indexes in the
upper direction in order to obtain indirect gains for grain
yield and the trait Lg too, but in the lower direction.
In analyzing the results of the two experiments, it can
be seen that the correlations, as well as their direct and
indirect effects, are intrinsic to the population under study
and that they cannot be extrapolated to other
populations. In view of this, there is need for studying
each population (experiment) so that one can adopt an
effective selection strategy to maximize the gains
according to the purpose of the program.
Regarding the analysis of genetic gains, the index
based on the sum of "ranks" of Mulamba and Mock
(1978) allowed a total gain of 111.80% distributed for the
ten traits in the experiment I. The biggest gain was for GY
(32.15%), followed by OC and HFP, with 19.40 and
15.06%, respectively. The trait NDM was the one with the
lowest gain (0.65%) (Table 6).
Table 7 shows that the index had good applicability in
the selection of superior lines, as the direct selection on
GY also selected the same lines.
The use of selection indexes allows efficient
simultaneous selection of a group of agronomic traits
(Cruz, 2013), as they provide gains distributed in all
evaluated traits with higher total gains, without providing
significant loss in the main trait (Rezende et al., 2014).
The lines that stood out in the trait GY for experiment I
were 10, 15, 17 and 20.
For the experiment II (Table 8), lower total gains were
observed (58.57%) compared to experiment I, which can
be explained by the high values of environmental
variances checked in (Table 2), which have indirect
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Table 7. Averages of ten traits of the lines selected by the sum index of "ranks" of Mulamba & Mock (1978) in 23 F 7-F8 soybean lines
(experiment I).

Lines
2
10
17
15
18
20
22

HFP (cm)
11.40
15.80
8.67
9.60
16.93
12.93
7.80

PHM (cm)
92.53
103.60
77.07
80.40
91.73
78.13
73.27

NDM days
115
118
105
107
108
114
118

Lg
1.67
1.17
1.17
1.17
1.67
1.67
1.33

AV
2.83
3.67
3.17
3.33
3.17
2.33
3.17

NB
2.67
3.27
3.27
3.08
3.93
3.53
4.47

NP
100.53
94.33
116.73
96.18
100.73
105.93
161.53

HSW (g)
13.15
17.80
15.55
15.97
16.12
12.55
12.99

OC (%)
13.85
21.52
21.90
20.83
19.67
21.60
14.04

-1

GY (kg ha )
3291
5534
4492
3941
2993
4647
3244

HFP, Insertion height at first pod; PHM, plant height at maturity; NDM, number of days to maturity; Lg, lodging; AV, agronomic value; NB,
number of branches; NP, number of pods; HSW, 100-seed weight; OC, oil content; GY, grain yield.

Table 8. Averages of the original population (X0) and selected population (Xs), heritability (h² %) and
estimates of gains with the selection (GS%) obtained for ten traits by the sum index of "ranks" of
Mulamba & Mock (1978) in 44 soybean lines (Experiment II).

Traits
HFP
PHM
NDM
Lg
AV
NB
NP
HSW
OC
GY
Total gain

Xo
6.82
63.81
111.22
1.15
2.29
3.03
91.58
13.43
16.05
2316.36

Xs
8.53
78.17
112.02
1.21
2.87
2.95
87.73
15.85
19.17
3465.75
-

h² %
30.42
68.69
25.93
34.80
33.87
36.00
21.67
51.83
38.24
19.88
-

GS
0.52
9.86
0.21
0.02
0.20
-0.03
-0.83
1.25
1.19
228.50
240.90

GS (%)
7.63
15.46
0.19
1.95
8.61
-1.00
-0.91
9.34
7.44
9.86
58.57

HFP, Insertion height at first pod; PHM, plant height at maturity; NDM, number of days to maturity; Lg,
lodging; AV, agronomic value; NB, number of branches; NP, number of pods; HSW, 100-seed weight; OC,
oil content; GY, grain yield.

relationship with heritability. The gain for the trait GY was
much lower than in the first experiment. The traits PHM,
GY and HSW showed the highest gains, which were
15.46, 9.86 and 9.34%, respectively.
The lowest gain was observed in the trait NDM of
0.19%, a loss of 1 and 0.91% was observed for traits NB
and NP, respectively. However, the gain in the trait HSW
was of 9.34%.
In the first experiment, the index also had good
applicability in the selection of superior lines for the
experiment II, differing from the direct selection on GY
only in the last three least productive lines. The lines 41,
57, 32 and 48 showed higher values for trait GY in
experiment II (Table 9).
Costa et al. (2004) observed 46.67% of gains for grain
yield by using Mulamba and Mock index (1978),
economic weight 1 and considering GY, AV and PHM as
the main traits. The authors concluded that Mulamba and
Mock index proved to be better suited to the conditions of

their work, with greater progress in various situations.
In the selection of superior progenies in popcorn
populations, some authors observed higher and more
appropriate gains by using Mulamba and Mock index
(1978) for the capacity of expansion and grain yield, with
respective values of 7.16 and 10. 00% in the third cycle
of recurrent selection (Santos et al., 2007); 10.55 and
8.50% in the fourth cycle (Amaral Junior et al., 2010); and
6.01 and 8.53% in the fifth cycle of recurrent selection
(Rangel et al., 2011).
Conclusions
Estimates of genetic parameters helped to identify that
traits PHM, HSW, OC and GY in experiment I and PHM
and HSW in the experiment II are ideal for selecting high
grain yield.
Genotypic correlations and the path analysis showed
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Table 9. Averages of ten traits of the lines selected by the sum index of "ranks" of Mulamba & Mock (1978) in 44 F6-F7 soybean lines
(Experiment II).

Lines
25
26
29
32
33
34
39
40
41
48
56
57
64
67

HFP (cm)
11.67
8.83
9.89
6.56
6.06
9.06
8.33
5.72
6.72
9.44
9.89
7.94
10.72
8.56

PHM (cm)
72.72
64.39
81.56
69.39
91.22
85.11
94.61
84.83
72.67
65.94
83.94
74.67
72.78
80.61

NDM
108
107
114
115
111
107
122
108
123
111
108
111
108
110

Lg
1.17
1.00
1.17
1.33
1.00
1.00
1.50
1.67
1.00
1.00
1.67
1.17
1.17
1.17

AV
2.83
2.67
2.83
2.67
3.17
3.33
2.83
2.83
3.00
2.67
3.00
2.67
3.00
2.67

NB
3.00
1.17
2.94
2.22
1.83
3.50
2.83
3.06
1.94
3.11
4.06
2.56
4.78
4.28

NP
89.11
50.94
96.56
83.00
78.94
91.17
100.33
114.00
76.72
77.78
102.56
95.44
85.94
85.78

HSW (g)
16.56
11.42
16.73
11.58
16.34
15.91
17.29
16.62
16.17
16.58
17.77
12.17
20.57
16.16

OC (%)
18.28
19.54
20.07
13.62
19.74
18.99
19.30
20.01
21.03
21.72
20.49
13.99
20.85
20.78

-1

GY (kgha )
3227
2948
3355
3819
3740
3374
3737
3366
4114
3806
2704
4070
3309
2946

HFP, Insertion height at first pod; PHM, plant height at maturity; NDM, number of days to maturity; Lg, lodging; AV, agronomic value; NB, number
of branches; NP, number of pods; HSW, 100-seed weight; OC, oil content; GY, grain yield.

PHM, in both experiments, as the trait with the most
favorable direct effect on GY. Thus, the indirect selection
for GY via the trait PHM is considered effective.
The superior lines identified were 10, 15, 17, 20 32, 41,
48 and 57. These lines can be used in breeding
programmes to improve soybean yield.
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The feasibility of growing Euglena gracilis in some crop fertilizers was investigated and some biological
activities of the produced biomass were evaluated. A fed-batch mixotrophic culture was done in an
-1
airlift photobioreactor operated at an aeration rate of 0.2 vvm. A final biomass concentration of 2.6 gL
-1
obtained with NPK15:15:15 after 96 h of cultivation was significantly lower than the 5.7 gL obtained
with BGII medium under the same culture condition. There was no significant effect of supplementing
conventional rat feeds with Euglena biomass or captopril (an antihypertensive drug) on the body weight
of the rats. However, supplementation with Euglena biomass had significant (P<0.05) effects on some
biological activities such as, inhibition of angiotensin converting enzyme (ACE), hypocholesterolaemic
activity and increase in red blood count (P<0.05). Analysis of the dried algal biomass showed a protein
content of 33.327%, fat content of 16.4%, poly unsaturated fatty acid (PUFA) content of 51.33 mgKOH/g,
and vitamin E content of 171.3 mg/100 g.
Key words: Mixotrophic, angiotensin converting enzyme, hypocholesterolaemic activity, photobioreactor.

INTRODUCTION
There is an increase in chronic–degenerative diseases all
over the world. This has been attributed to environmental
factors such as high caloric diet intake, lack of exercise,
tobacco and alcohol consumption; and genetic
predisposition (Torres-Duran et al., 2007). There is
therefore, a growing interest in functional foods which

provide physiological benefits in addition to nutrients and
energy (Lordan et al., 2011). Functional foods can be
prepared by fortification of traditional foods with some
ingredients which directly or indirectly have beneficial
effects on human health. Although such ingredients can
be synthetic or natural ingredients usually extracted from
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natural sources such as, plants, food by-products and
microalgae which are preferred (Lordan et al., 2011;
Dufosse et al., 2005).
Microalgae are good sources of antioxidants such as αtocopherol (Vitamin E), phytosterol and Carotenoids
(Sivakurma et al., 2014; Luo et al., 2015). They are rich in
a range of nutrients such as carbohydrates, proteins,
essential amino acids, and vitamins, as well as some
pharmaceuticals and bioactive molecules. Besides
supplying amino acids and energy that are essential for
growth and maintenance, food proteins of microalgae can
act as an important source of biologically active peptides
with antihypertensive, antiamnestic, hypocholesterolemic,
opiod, immunomodulatory, antioxidative, antimicrobial,
antithrombic and other activities (Irit et al., 2009; Lordan
et al., 2011; Elena et al., 2015). It has been
experimentally proven by in vivo and in vitro studies that
Spirullina platensis is effective in treatment of certain
allergies, anaemia, cancer, hepatotoxicity, viral and
cardiovascular diseases (Bin-Meferij, 2008; Torres-Duran
et al., 2007).
However, the type and level of such activities depend
on species of microalgae, and even, to an extent, on the
growth condition. For example, both chlorophyll and
tocopherol contents of Euglena gracilis produced under
heterotrophic conditions are different from those
produced under photoautotrophic conditions (Ogbonna,
2009). Also, adjusting the nutrient, salinity and cultivation
duration have been reported to enhance the
accumulation of phytosterol in some microalgae spp.
(Luo et al., 2015). The commercial production of these
bioactive compounds in microalgae can be achieved by
scaling up the production of microalgae biomass in
photobioreactors. Sivakumar et al. (2014) have reported
biomass and RRR - α – tocopherol production in
Stichoccus bacillaris strain siva2011 in a ballon
bioreactor.
Various species of microalgae are currently produced
as food and feed supplements. The choice of microalgae
use in food and feed industries depend on their growth
rates, nutrient composition and digestibility. Although
Euglena species have many advantages such as high
protein content and high digestibility for animal feed
compared to Chlorella sp. (Chae et al., 2005),
commercial cultivation of this species is faced with many
problems. Their growth rates are relatively low, they are
prone to contamination by fast growing heterotrophic
species, and the current media used for their cultivation
are very expensive. Thus, commercialization of Euglena
culture requires both drastic reduction in the production
costs, and production of high value products such as
functional foods and pharmaceutical products such as αtocopherol and phytosterol (Luo et al., 2015).
Cost of media represents a significant percentage of
microalgae production costs. There are many
formulations of culture media for laboratory cultivation of
microalgae but regardless of the complexity and

effectiveness of the media commonly used, production
costs are often prohibitive for commercial cultivation
(Pacheco-Ruiz et al., 2004). Thus, for large-scale
cultivation of microalgae, it is necessary to use cheaper
and simple sources of media to reduce the production
cost (Nwuche et al., 2014; Simental and SanchezSaavedra, 2003). Another method of reducing the cost of
production is to increase the productivity. Some species
of microalgae can grow photoautotrophically (using
inorganic carbon and light), heterotrophically (using
organic carbon in dark) or mixotrophically (using both
inorganic and organic carbon sources in light) (Ogbonna
and Moheimani, 2015; Ogbonna and Mchenry, 2015;
Ozioko et al., 2015). It has been shown that productivity
of Euglena is highest under mixotrophic condition
(Afiukwa and Ogbonna, 2007). In this study, the potential
of using some plant crop fertilizers as alternative cheap
media for cultivation of Euglena was investigated under
mixotrophic condition, and some biological activities of
the resulting biomass were evaluated with a final
objective of developing a high value functional food and
feed.
MATERIALS AND METHODS
Euglena gracilis Z. was obtained from the Culture Collection Centre
of the Institute of Applied Microbiology, University of Tokyo, Japan
and sub cultured at OGB Biotechnology Research and
Development Centre Enugu, Nigeria. Four types of crop fertilizers
were investigated. They include NPK 15:15:15 (composed of 15%
nitrogen, 15% phosphorus and 15% potassium), NPK 12:12:17
(composed of 12% nitrogen, 12% phosphorus and 17% potassium),
NPK 20:10:10 (composed of 20% nitrogen, 10% phosphorus and
10% potassium), and boost extra liquid fertilizer from Candel
(composed of 20% nitrogen, 20% potassium, 20% phosphorus, 1%
manganese, 0.075% EDTA, 0.075% copper EDTA, 0.0012% cobalt
EDTA, 0.075% zinc EDTA, 0.15% iron, 0.0315% boron, and
0.0012% molybdenum). A mineral salt medium (BG II) is composed
of (in g/l) KH2PO4, 0.4; (NH4)2HPO4, 0.2; MgSO4.7H2O, 0.5; CaCO3,
0.2; Trace element solution, 1.0 ml/l and Iron (Fe) solution, 1.0 ml/l
was used for the control. These elements are supplemented with
ethanol as an organic carbon source, and peptone as an organic
nitrogen source for mixotrophic cultures.

Effects of media concentration on the growth of E. gracilis
Erlenmeyer flasks (500 ml) containing 400 ml of varying
concentrations of the crop fertilizers were prepared in four
replicates and sterilized by autoclaving at 121 °C for 15 min. Each
flask was inoculated with approximately 10% of a pure culture of E.
gracilis containing 0.5x107 cells/ml and was incubated at room
temperature (25°C ± 1) indoors, between two parallel daylight
fluorescent tubes at a light intensity of 2570 Lux. The culture flasks
were manually shaken thrice daily and cell growth was monitored
by taking samples and counting the cell number with microscope
and Neubaur counting chamber.

Fedbatch culture of the cells in an airlift photobioreactor
A pre-culture was prepared using 10% stock culture in 500 ml
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Figure 1. A schematic diagram of an airlift Photobioreactor used for cultivation of Euglena gracilis.

Erlenmeyer flasks containing 300 ml of BG 11 or NPK NPK15:15:15
media. This was incubated under continuous light illumination (2570
lux) and was agitated manually (three times per day) for 10 days at
room temperature. An airlift photobioreactor was constructed using
plastic glass with thickness of 3 mm. The photobioreactor was 20
cm high, 5 cm wide and 15.0 cm long. The interior was divided into
a riser and down comer columns with cross sectional areas of 25
and 50 cm2, respectively (Figure 1). The photobioreactor was filled
with 70% ethanol and left to stand an overnight for sterilization. It
was then rinsed with sterilized distilled water, followed by addition
of 1.2 L of autoclaved 5.0 g/l of NPK15:15:15, supplemented with
0.5 g/l peptone or BG II. The photobioreactor was then inoculated
with the pre-culture to give an initial cell concentration of 5.5x10 7
cells/ml. Ordinary air was used for aeration (0.2 vvm) through a ring
sparger. The bioreactor was surrounded by four daylight fluorescent
tubes. Ethanol (2.0 ml) was added once per day to the culture. The
light intensity was 2570 Lux on each of the four sides of the
bioreactor. The cultivation was done at room temperature 28°C ±
3°C.

Biomass determination
Cell biomass was determined gravimetrically as dry cell weight per
unit volume. A given volume of the culture was washed by diluting
with distilled water and centrifuging at 3000 rpm for 15 min. The cell
pellet was re-suspended in distilled water and then filtered through
a pre-weighed Whatman No.1 filter paper, and dried in the oven at
105°C for 24 h. The filter paper containing the cell biomass was
weighed and the weight of the biomass was obtained by subtracting
the weight of the filter paper.

Feed preparation
Animal feed (Vital feed; Growers Grand Cereals Nig. Plc) (2.8 kg)
bought at Nsukka local market was soaked in algal biomass culture
containing 4.2x109 cells (3.08 g biomass) and stirred very well to
ensure proper mixing of the algal cells and feed particles. The wet
feed containing algal biomass was dried under the sun with
continual stirring to ensure even drying. The dried feed contained

an algal biomass of 1.1 g/kg which was stored in a clean dry
container until it was time for use.
Biological activity of Euglena biomass in rat model
Experimental animals
The animals used for the study were 15 male rats (Rattus rattus)
each weighing between 100 and 150 g. They were purchased from
the Animal House Unit of the Department of Veterinary Medicine,
University of Nigeria, Nsukka. They were randomly separated into
three groups (A, B and C), kept in three animal cages of five rats
each and fed with the normal feed for one week of acclimatization.
The animals in each cage were then fed 120 g of feed per day for a
period of four weeks. Group A was fed with animal feed containing
Euglena biomass (1.1 g/kg of the feed), and 100ml algal culture
containing 6.5 x 107 cells/ml (0.1 g) per cage in place of water every
day. Thus, each rat in group A received 0.02 g Euglena biomass
per day and group B received pure animal feed and 100 ml of water
containing 0.25 mg/ml per cage of captopril (antihypertensive drug)
every day. Thus each rat in group B received 5 mg per day of
captopril. Group C was fed with pure animal feed and water only.
The weight of the rats in each of the cages, were measured on daily
basis using a weighing balance.
Collection of samples for analysis
At the end of the fourth week, blood samples were collected from
each of the rats in EDTA bottles and test tubes. The thoracic cavity
of each rat was opened, and the lungs were removed. The lungs
were then washed with 60 ml of ice-cold 0.9% saline, and then kept
in an ice-cold 0.02 M potassium phosphate buffer at pH 8.3. The
lungs were homogenized in the ice-cold buffer and kept in the
refrigerator for analysis.
Determination of the angiotensin converting enzyme (ACE)
activity of Euglena biomass
The lungs of the animals were homogenized in ice-cold 0.02 M
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Figure 2. Effects of crop fertilizer type on the growth of E. gracilis 12:12:17
= NPK 12:12:17 with ethanol; 20:10:10 = NPK 20:10:10 with ethanol;
15:15:15 = NPK 15:15:15 with ethanol; 15:15:15C = NPK 15:15:15 without
ethanol; Boost xtra = Boost xtra fertilizer with ethanol. The volume of
ethanol added was 1.0 ml/L of the medium, while the concentrations of the
fertilizers were 5.0g/L, 0.5 g/L, 2.5 g/L and 5.0 mL for NPK15:15:15,
NPK20:10:10, NPK12:12:17 and Boost Xtra fertilizer, respectively.

potassium phosphate buffer at pH 8.3 (30 ml of buffer per set of
lungs). The ACE activity in these homogenized lungs was then
assayed following the method of Cushman and Cheung (1971).

Determination of hypocholesterolemic effect of
biomass

Euglena

The serum cholesterol content of the blood collected from the rats
was assayed, using Monoreagent Enzyme Cholesterol (an
enzymatic colourimetric test kit, AXIOM diagnostic, Germany).
Cholesterol esterase and cholesterol oxidase were added to the
sample to release free cholesterol and hydrogen peroxide. The
hydrogen peroxide was released from a red dyestuff with 4Aminoantipyrine and phenol under the catalytic action of
peroxidase. The intensity of the red colour formed is directly
proportional to the concentration of cholesterol in the sample and
was determined photometrically at 550 nm.

Proximate analysis
The protein content of the microalgae was determined by Kjeldahl
method, the crude fibre content was determined by the use of
Wendee method while the fat content was determined using
continuous solvent extraction method (Pearson, 1976). The ash
content of the algae biomass was determined using the procedure
of AOAC (1990).
Statistical analysis
All the data were analyzed statistically using one way analysis of
variance (ANOVA), and the means were separated using Least
Significant Different methods.

RESULTS
Effects of fertilizers on the growth of E. gracilis

Effect of Euglena biomass on red blood cell
The blood of the rats collected in EDTA containers was diluted by
adding 2 µl of blood in 4.0 ml of diluents (a solution of formol –
citrate) to give a final dilution of 1 in 201. The diluted sample was
then mixed and loaded into haemocytometer. When the cells have
settled out of suspension, the cells were counted and calculated
thus:

N = the number of cells counted; DF = dilution factor (201), 10 6
converts to cells per litre.
A = the area of chamber counted (0.2 mm2), D = the depth of
chamber (0.1 mm).

E. gracilis grew in all the fertilizers tested but their growth
rates were different for each fertilizer. The optima
concentrations of the fertilizers were 5.0 g/L, 0.5 g/L, 2.5
g/L and 5.0 ml for NPK15:15:15, NPK20:10:10,
NPK12:12:17 and Boost Xtra fertilizer, respectively (data
not shown). A comparison of the final cell concentrations
obtained with the optima concentrations of the different
fertilizers is shown in Figure 2. NPK 15:15:15 gave the
7
highest cell concentration of 26.0 ± 1.07 ×10 cell/ml
(P<0.05). Statistically, the effectiveness of the various
optima concentrations of fertilizers in supporting the
growth of E. gracilis was ranked as NPK 15:15:15 >
(NPK12:12:17 = Boost Xtra) > NPK 20:10:10.
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Figure 3. A comparison of the growth of E. gracilis in BG II and
NPK15:15:15 media at 2570 Lux using airlift bioreactor Fertilizer
medium = NPK 15:15:15 medium; Mineral salt medium = BG II
medium.

Production of E. gracilis in an air-lift bioreactor
The time courses of E. gracilis growth in BG II and
NPK15:15:15 media using the air-lift Photobioreactor are
9
shown in Figure 3. Cell concentrations of 2.30×10 cell/ml
9
(2.65 g dry weight/L) and 4.87×10 cell/ml (5.76g dry
weight/L) were produced with NPK15:15:15 and BG II,
respectively. In comparison with the flask cultures, the
final cell concentrations in the airlift bioreactor were 8.8
and 18.7 times higher for NPK and BG II media
respectively.
Furthermore,
the
maximum
cell
concentration
obtained
with
NPK15:15:15
in
photobioreactor was 7.84 times higher than the value
obtained in the 500 mL Erlenmeyer (Figure 4).
Growth of experimental rats during the feeding
experiment
The result of the average weight of the rats in the cages
(Data not shown) illustrated that, the weights were
increasing per day for all the groups of animals. However,
the average weight gain of the group fed, with the animal
feed supplemented with microalgae biomass was not
significantly higher than the groups fed with feed
supplemented with Captopril, and the group fed with the
animal feed only (Figure 5).
Angiostensin Converting Enzyme (ACE) inhibitory
activity
The effect of feed supplementation on the antiostensin

converting enzyme activity is shown in Figure 6. The
angiostensin converting enzyme (ACE) activity was
highest in group C rats (those fed with animal feed only).
The ACE activities were significantly lower (p < 0.05) in
group A (rats fed with algal biomass and animal feed)
and group B (rats fed with captopril and animal feed) than
in group C rats. The enzyme activities were in the order
of Group C > Group A > Group B.

Plasma cholesterol level
The results of the effect of Euglena biomass on plasma
cholesterol level is shown in Figure 7. The plasma
cholesterol level is highest in group C (rats fed with
animal feed and water only) with an average
concentration of 189.5 ± 7.9 mg/L. The cholesterol level
was significantly (p<0.05) reduced in the rats fed with
feed
supplemented
with
Euglena
biomass.
Supplementation of feed with captopril also reduced the
cholesterol level in the rats but was not as effective as
Euglena biomass.

Effect of feed supplementation with E. gracilis
biomass on their red blood cell count
The effects of Euglena biomass on red blood cells in the
rats are shown in Figure 8. Supplementation of the feed
with E. gracilis biomass significantly increased the red
blood counts in the rats (p<0.05). The red blood counts of
the rats fed with fed supplemented with E. gracilis

342

Afr. J. Biotechnol.

Figure 4. A comparison of the maximum cell concentrations of E. gracilis
obtained in airlift bioreactor and 500 ml Erlenmeyer flask NPK15:15:15
medium was used and the light intensity was 2570 Lux in both reactors.

contents of E. gracilis biomass is illustrated in Table 1. E.
gracilis has a high protein content of 33.327%, Vitamin E
content of 171.3 mg/100g, and Polyunsaturated Fatty
acid (PUFA) content of 51.33 mgKOH.

Mean weight gain (g)

80
70
60
50

DISCUSSION
40
30
20
10
0
Alga + feed

Cap + feed

Feed

Group of rats.
Figure 5. The mean weight gain of rats fed with various feeds
after one month of feeding Alga+feed = Group fed with animal
feed supplemented with microalgae biomass (group A).
Cap+feed = Group fed with animal feed supplemented with
captopril (group B). Feed = Group fed with animal feed only
(group C).

biomass, feed supplemented with captopril or fed alone
11
11
were 8.9 ± 0.02×10 RBC/L, 6.3 ± 0.02×10 RBC/L, or
11
7.8 ± 0.04×10 RBC/L, respectively, showing that
captopril reduced red blood cells in rats.
Proximate composition of E. gracilis biomass
The result of analysis for some of the intracellular

This study revealed that NPK (nitrogen, phosphorus, and
potassium.) 15:15:15 fertilizer can support the growth of
E. gracilis and the optimum concentration of the fertilizer
for cell growth was 5 g/L. NPK fertilizer was recognized
as important requirement for induced growth of
phytoplanktons (Davies et al., 2006). Tavares et al.
(2015) reported on the cultivation of Ankistrodesmus
gracilis and Haematococcus pluvialis in NPK medium
with productivities comparable with cultures in
commercial medium (WC or CHU12). The reason for the
differences in the effectiveness of the various crop
fertilizers tested is not clear.
However, Korbitz et al. (2011), in their work on effects
of different fertilizer on algal development, reported that
fertilizers with high levels of phosphate and nitrate had
the most algal growth. In addition, the differences in the
turbidity of the individual fertilizer culture medium affected
light penetration into the cultures, which in turn would
affect photoautotrophic growth. Poor distribution of light
inside the culture medium is known as a strong limiting
factor to the growth of microalgae. Although growth of
other species of microalgae on NPK fertilizer had been
reported, to the best of our knowledge, this is the first
report on the cultivation of E. gracilis on different crop
fertilizers. The mineral salt medium (BG II) supported
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Figure 6. Effects of supplementing feeds with E. gracilis biomass
and captopril on the angiostensin converting enzyme activities in
rats Alga+feed = Group fed with animal feed supplemented with
algae biomass (group A). Cap+feed = Group fed with animal feed
supplemented with captopril (group B). Feed = Group fed with
animal feed and water only (group C).

Figure 7. Effect of feed supplementation with E. gracilis
biomass on plasma cholesterol level in rat. Alga+feed = Group
fed with animal feed supplemented with Euglena biomass
(group A). Cap+feed = Group fed with animal feed
supplemented with captopril (group B). Feed = Group fed with
animal feed and water only (group C).

better growth of E. gracilis than NPK15:15:15 probably
because of the presence of some components, contained

in the synthetic media. Hence, there is need to
supplement NPK 15:15:15 with other components
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Figure 8. Effect of feed supplementation with E. gracilis biomass
on their red blood cell count. Alga+feed = Group fed with animal
feed supplemented with Euglena biomass (group A). Cap+feed =
Group fed with animal feed supplemented with captopril (group B).
Feed = Group fed with animal feed and water only (group C).

Table 1. Proximate composition of E. gracilis biomass .

Intracellular contents
Protein
Ash
Fat
Fibre content
Moisture content
Vitamin E
PUFA

Percentage (%) weight
33.3
4.8
16.4
17.2
7.8
171.3mg/100g
51.33mgKOH/g

provided its cost is effective. It is also noteworthy that, the
simple airlift photobioreactor used in this study gave
significantly higher cell concentration of E. gracilis
(p<0.01) than the value obtained in flask cultures,
indicating the high potential of scaling up E. gracilis
cultivation with NPK15:15:15 for reduced cost of biomass
production.
There was no significant difference (p>0.05) in the
average weight gain of rats fed with various feeds. In
other words, although E. gracilis resulted in higher weight
gain, the difference was not statistically significant. On
the other hand, Dvir et al. (2000) reported that,
supplementation of feed with Porphyridium sp biomass
resulted in a significant weight gain in rats. The difference
in the results may be due to the difference in the species
microalgae used, the concentration of biomass, the
length of feeding and the type the animal feed. The rats
fed with E. gracilis biomass- supplemented feed reduced
level of ACE activity in their lungs compared with the
control. This may be probably as a result of peptic
digestion of the algal biomass in the animals’ intestine to
release some biologically active tetrapeptides such as
Ala-Lys-Tyr-Lys, Tyr-Lys-Tyr-Tyr, Lys-Phe-Tyr-Gly, and

Tyr-Asn-Lys-Leu. These have been shown to have ACE
inhibitory activity in vitro and blood pressure lowering in
vivo (Suetsuna and Nakano, 2000; Jao et al., 2012; Jiang
et al., 2006; Darewicz et al., 2014). However, the extent
of reduction of ACE activity by algae biomass
supplementation was not as high as that of captopril,
which is a known drug, used to lower ACE activity. It is
possible that, further reduction in the ACE activity can be
achieved by increasing the amount of algae biomass in
the feed.
It is also interesting to note that a hypocholesterolaemic
effect was observed in the rats fed with a feed
supplemented with E. gracilis biomass. Abd El Baky and
El-Barty (2013) and Bansal and Jaswal (2009) also
reported that there was reduction in plasma cholesterol
concentration in animals fed with Duneliella salina and
Spirullina biomass. This attributed to a fact that, D. salina
biomass contains carotenoid which inhibit the cholesterol
synthesis through the inhibition of β- hydroxyl βmethylglutaryl CoA (HMG- CoA) synthesis; an enzyme
that is involved in cholesterol biosynthesis. Some authors
also reported that, significant hypocholesterolaemic effect
was observed following administration of diets containing
Porphyridium sp in comparison with animals fed with the
control diet (Dvir et al., 2009). They attributed the
hypocholesterolaemic effect to steroid excretion,
increased fecal bile acid and increased intestinal
viscosity. In addition, in rat, mice and human studies,
Spirulina has been reported to show positive effect with
respect to serum cholesterol reduction and elevation of
HDL – cholesterol level and HDL to LDL ratio (Abd El
Baky and El-Barty, 2013; Fong et al., 2000). However, to
the best of our knowledge, this is the first report showing
that E. gracilis is capable of reducing serum cholesterol in
rats.
Supplementation of feed with E. gracilis biomass also
resulted in a significant increase in the total RBC count
when compared with the controls. This could probably be
due to other nutritional values of the microalgae. E.
gracilis contains a lot of important nutrients such as
protein, vitamins, and PUFA. Venkataraman et al. (1980)
also reported similar result on the profile of RBC of rats
fed with microalgae. In their work, the RBC of rats fed
with 24% and 36% Scenedesmus acutus, gave a higher
RBC than the rats fed with 12 % casein. However,
Stewart et al. (2008) reported that there was no
significant difference in RBC of the rats fed with
astaxanthin-rich microalgae biomass (Haematococcus
pluvialus) and the control. Thus, the effect of microalgae
on RBC depends on the species of microalgae used. To
the best of our knowledge, the present study is the first
report on the effect of E. gracilis on red blood cell.
The significant reduction in total RBC count of rats fed
with captopril is an apparent side effect of this drug and
indicates the need to take multivitamins and other
nutrient supplements while taking captopril. This also
highlights the significance of using microalgae and other
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natural products to treat some of these diseases and
health problems.

Conclusions
NPK15:15:15 can serve as a cheap basal medium for the
production of E. gracilis biomass. There is however, a
need to supplement other components. E. gracilis
biomass could serve as a rich source of biologically
active compounds which can alleviate some physiological
problems in animals such as hypercholesterol, Anaemia
and hypertension.
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Sweet cassava is a food culture of great importance because it is a source of nutrition and energy for
millions of people in tropical and sub-tropical regions. For that reason, genetic diversity and population
structure studies are necessary in order to obtain more information regarding the evaluated genotypes,
reassuring their use in future breeding programs. The objective of this study was to evaluate the
genetic diversity and population structure of 51 traditional sweet cassava accessions collected in the
Southern of Minas Gerais State, Brazil, using 20 microsatellite markers. All markers used to genotype
the 51 sweet cassava accessions were polymorphic (PIC = 0.4080). Four sub-populations were
identified using different methods (Bayesian analysis and multivariate analysis). The PhiPT (analogous
Wright Fst) index of 0.073 indicated a moderated genetic variability among the studied traditional sweet
cassava accessions. The dissimilarity index ranged from 0.097 to 0.560. Among the most divergent
accessions stands out BGM 690, BGM 655 and BGM 660, which are the most recommended for
obtaining a heterosis in order to increase yield production.
Key words: Manihot esculenta, genetic diversity, microsatellite markers, heterozygosity.

INTRODUCTION
Cassava (Manihot esculenta Crantz), originally from the
Neotropical region (Olsen and Schaal, 2001) is a
perennial plant of the dicotyledonous class (Euphorbiacea

family), which plays a considerable role as the fourth
most cultivated food culture in the world (Nassar, 2000;
Olsen and Schaal, 2001; Perera et al., 2014; Legg et al.,
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2014). The genus of highest importance is Manihot which
consists of approximately 98 species with a diploid
genome of 36 chromosomes (Nassar, 2000; ElSharkawy, 2004).
According to data recently published by FAO (2014),
cassava is pointed out as crop that serves as nutrient
source for more than 800 million people from the tropical
and sub-tropical regions. African countries are currently
leading the sweet cassava production as they possess
most of the cultivated areas, such as Nigeria, the biggest
world producer, followed by the Asian countries of
Thailand and Indonesia (FAO, 2014). Brazil is the fourth
biggest producer of sweet cassava in the world with a
harvested area of 2,342.619 ha and yield production of
23,087.828 tons (IBGE, 2014). In a regional context, the
yield production of cassava tuberous root in the year of
2013 in Minas Gerais State was estimated in 820,000
tons in a harvested area of 59,000 ha, occupying this
way, the second place as the largest producer of cassava
in the Southeastern Brazilian region, surpassed only by
the state of São Paulo.
Cassava in Brazil is mainly grown on smallholdings by
low-income farmers for their own consumption, a
condition that ensures great genetic diversity to this crop
(Zuin et al., 2009). This kind of subsistence farming has
been extinguished in the past years due to the migration
from rural to urban areas, and also to the expansion of
large-scale farmers that now dominate areas previously
occupied by smallholders, consequently leading to a
drastic reduction of genetic diversity (Cleveland et al.,
1994). Therefore, the characterization of the available
germplasm, elucidation of genetic identity and population
structure of sweet cassava accesses is very important
(Costa et al., 2013; Ortiz et al., 2016). Genetic diversity
can be assessed by using biochemical and morphological
markers (Elias at al., 2001; Ortiz et al., 2016), but
molecular markers are highly recommended because
they provide more detailed information about
polymorphism, independently of physiological state of the
plant and environmental conditions (Agarwal et al., 2008;
Raji et al., 2009). Molecular marker techniques, such as
microsatellites (Raji et al., 2009; Monteiro-Rojas et al.,
2011; Asare et al., 2011; Turyagyenda et al., 2012; Costa
et al., 2013; Mezette et al., 2013; Kawuki et al., 2013;
Ndung’u et al., 2014; Fu et al., 2014; Ortiz et al., 2016)
have showed satisfactory results for evaluating the
genetic diversity and population structure in sweet
cassava. Furthermore, microsatellite markers, also known
as simple sequence repeats (SSR), are informative due
to their multi-allelic nature, codominant inheritance and
wide distribution through the genome (Varshney et al.,
2005; Raji et al., 2009). These tools require a low cost
and are highly reproducible, which make them attractive
and applicable for breeding programs (Turyagyenda et
al., 2012).
The objective of the present work was to study the
genetic diversity and population structure of sweet
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cassava accessions from South of Minas Gerais State,
Southeastern of Brazil, using microsatellite markers.
MATERIALS AND METHODS
Germplasm collection
Fifty traditional sweet cassava accessions from the counties of Poços
de Caldas (21°S 47′, 46°W 33′), Botelhos (21°S 38', 46°W 23'),
Caldas (21°S 55', 46°W 23') and Alfenas (21°S 25', 45°W 56' ),
located at the Southern region of Minas Gerais state, Brazil, were
collected for further analysis (Figure 1). The climate of this region
according to Köppen’s classification is Cwa, a humid temperate with
dry winters (Mello and Viola, 2013).
At the instance of collection, the traditional sweet cassava
accessions were catalogued and phenotypic variability among plants
were registered. Plants with different characteristics located at the
same site were collected separately. Approximately five to eight
branches of 0.8 m from each mature adult plant were collected and
individually identified. At the end of the collection a total of 50
accessions were obtained, which were maintained ex situ at the
Sweet Cassava Germplasm Bank located at the Fazenda
Experimental de Iguatemi (Iguatemi Experimental Farm), 23°S 20'
48'', 52°W 04' 17'') of the Universidade Estadual de Maringá
(Maringá State University - UEM), PR, Brazil. The list of the
evaluated accessions is shown in Table 1.
The planting was performed in February 2013. The stems were
cut in small fragments of 0.15 to 0.20 m and planted at 0.10 m
depth. For comparison purposes, the commercial sweet cassava
cultivar IAC 576-70 was added as a control. The cultivar IAC 576/70
has some interesting features, such as resistance to the causal
agent of bacteriosis (Xanthomonas axonopodis pv. manihotis), high
yield in relation to other sweet cassava varieties, besides great
biochemical and commercial characteristics (external root structure,
cooking time, low content of HCN acid, yellowish root pulp), which
fulfills the requirements of consumers in Brazilian Southeastern
region (Vilella et al., 1985). At the end the total of access evaluated in
this study were 51.
DNA extraction
The molecular analysis were conducted at the Laboratório de
Melhoramento do Feijão Comum e de Biologia Molecular of the
Núcleo de Pesquisa Aplicada a Agricultura (Nupagri) at the UEM
(23ºS 26' 8'', 51ºW 53’ 42”). Genomic DNA extraction from freshly
young leaves of each accession was performed following the
protocol described by Dellaporta et al. (1983). The obtained
genomic DNA was quantified using FluorometerQubit ® (Invitrogen,
California, USA). DNA samples were diluted to obtain a final
concentration of 50 ng µL-1.
A set of 20 microsatellite markers identified and characterized in
previous studies (Chavarriaga-Aguirre et al., 1998; Mba et al.,
2001, Kunkeaw et al., 2010; Sraphet et al., 2011) were used to
genotype the sweet cassava accessions (Table 2). PCR reactions
were performed using 50 ng µL-1 of DNA; 0.25 mM of each
deoxyribonucleotide (dATP, dCTP, dGTP and dTTP); 1.5 mM of
MgCl2; 10 mM of 10x PCR Buffer, 0.08 μM of each primer (forward
and reverse), 1 U of Taq DNA polymerase enzyme and add
ultrapure water to achieve a total volume of 25 µL.
Amplification reactions were carried out in a thermal cycler
Endurance TC-412 (Techne Limited, Staffordshire, England)
followed by pre-established parameters for each marker
(Chavarriaga-Aguirre et al., 1988; Mba et al., 2001).
Thermal parameters for SSRY primers started of 94°C by 5 min
followed by 30 cycles of denaturation at 95°C for 1 min, annealing
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Figure 1. Geographic localization of the counties from Southern of Minas Gerais State, Brazil,
where the traditional sweet cassava accessions were collected. Source: IBGE(2016).

temperature established for each primer for 2 min, extension at
72°C for 2 min and final extension for 5 min (Mba et al., 2001).
Further, amplification reaction for GA primers run as follows:
initial denaturation at 94°C for 2 min; 30 cycles of denaturation at
94°C for 1 min, annealing temperature varying between 45 and
59°C, extension at 72°C for 2 min, and final extension at 72°C for 5
min (Chavarriaga-Aguirre et al., 1998). The amplification products
were analyzed on 10% polyacrylamide gel stained with 0.02%
SYBR Safe (Invitrogen, Oregon, EUA). The DNA bands were
visualized under ultraviolet light and images were digitalized using
the L-Pix EX photo documentation system (Loccus Biotech, Cotia,
Brazil).

The software GenAlEx 6.5 (Peakall and Smouse, 2012) was
used to estimate the allele frequencies per locus and to perform a
principal coordinate (PCoA) analysis and analysis of molecular
variance (AMOVA) (Excoffier et al., 1992). The statistical
significance of the variances was tested using 999 random
permutations at 1%. The genetic diversity of genes and alleles, the
allele frequencies and the polymorphism information content (PIC)
were calculated for each microsatellite locus using the Power
Marker 3.25 software (Liu and Muse, 2005). A matrix based on the
CS Chord distances (Cavalli-Sforza and Edwards, 1967) was used
to develop a Neighbor-Joining Tree in the software Mega version 6
(Tamura et al., 2011).

Data analysis

RESULTS AND DISCUSSION

The population structure analysis of 51 sweet cassava accessions
was performed using the software Structure 2.3.4 (Pritchard et al.,
2000) based on a Bayesian algorithm to categorize the accessions
into K groups. The analysis was conducted by assigning 10,000
interactions as burn-in and performing 100,000 interactions using
the Markov Chain Monte Carlo (MCMC) method and 14 grouping
simulations with the K-factor (number of groups in the population)
ranging from 2 to 20. To determine the optimal K groups, the "ΔK"
parameter was estimated using the Structure Harvester program
(Earl and von Holdt, 2012), as proposed by Pritchard et al. (2000)
and Evanno et al. (2005).

Genetic diversity indices
In the present study, 68 different alleles were identified
based on the analysis of 20 microsatellite markers, with
an average of 3.4 alleles per marker (Table 3). A study
developed by Chavarriaga-Aguirre et al. (1998) revealed
the presence of 128 alleles in 522 sweet cassava
accessions from Colombia (CIAT), showing a range from
one to 15 alleles per marker. Later, Fregene et al. (2003)
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Table 1. Identification and origin of the sweet cassava accessions collected in the Southern region of Minas Gerais State, Brazil.

Accession
BGM 634
BGM 635
BGM 636
BGM 637
BGM 638
BGM 639
BGM 640
BGM 641
BGM 642
BGM 643
BGM 644
BGM 645
BGM 646
BGM 647
BGM 648
BGM 649
BGM 650
BGM 651
BGM 652
BGM 653
BGM 654
BGM 655
BGM 656
BGM 657
BGM 658
BGM 659

Origin
Village, Poços de Caldas
Sta Rosália, Poços de Caldas
Sta Rosália, Poços de Caldas
Santana, Poços de Caldas
Santana, Poços de Caldas
Village, Poços de Caldas
Campo das Antas, Poços de Caldas
Campo das Antas, Poços de Caldas
Alfenas
Alfenas
Vila Togni, Poços de Caldas
Jd. Kenedy, Poços de Caldas
Jd. Kenedy, Poços de Caldas
Jd. Kenedy II, Poços de Caldas
Jd. Kenedy II, Poços de Caldas
Jd. Kenedy II, Poços de Caldas
Alfenas
Jd. Kenedy II, Poços de Caldas
Jd. Kenedy II, Poços de Caldas
Campo das Antas, Poços de Caldas
São José II, Poços de Caldas
Cond. das Antas, Poços de Caldas
Cond. das Antas, Poços de Caldas
Santana, Poços de Caldas
Estrada BR 459, Caldas
Estrada BR 459, Caldas

analyzed the genetic diversity of cassava accessions
from Tanzania using 67 microsatellite markers. The
authors identified 66.7 alleles per locus with an average
of 4.03 alleles per marker. Further, a recent study
presented by Turyagyenda et al. (2012) shows the most
expressive results. In this case, genetic diversity and
population structure were investigated in 51 farmerpreferred cassava landraces and 15 elite accessions
grown in Uganda by using 26 SSR markers. A total of
154 alleles with an average of 6.77 alleles per marker
was reported.
All evaluated molecular markers were polymorphic and
the average of the most frequent allele was 0.6056
(Table 3). The marker GA 131 showed the presence of
five alleles. On the other hand, the molecular markers GA
136, SSRY 100 and SSRY 51 revealed the presence of
two alleles (Table 3). The obtained results were
consistent, corroborating to most studies regarding the
use of SSR markers to evaluate the genetic diversity in
sweet cassava and confirmed that approximately 100%
of the tested markers are typically polymorphic (Siqueira
et al., 2009; Turyagyenda et al., 2012). Although
Chavarriaga-Aguirre et al. (1998) reported that the

Accession
BGM 660
BGM 661
BGM 662
BGM 663
BGM 664
BGM 665
BGM 666
BGM 667
BGM 668
BGM 669
BGM 670
BGM 671
BGM 662
BGM 673
BGM 674
BGM 675
BGM 676
BGM 677
BGM 678
BGM 680
BGM 681
BGM 682
BGM 683
BGM 690
BGM 686

Origin
Estrada BR 459, Caldas
Santana, Poços de Caldas
Santa Cruz, Botelhos
Rua Tiradentes, Botelhos
Creboja, Botelhos
Creboja, Botelhos
Creboja, Botelhos
Santana, Poços de Caldas
Santa Cruz, Botelhos
Santa Cruz, Botelhos
Pica Pau Amarelo, Botelhos
Pica Pau Amarelo, Botelhos
Pica Pau Amarelo, Botelhos
Santana, Poços de Caldas
Santana, Poços de Caldas
Sta. Rosália, Poços de Caldas
Herculano do Lago, Botelhos
Sta. Cruz Botelhos
Sta. Cruz, Botelhos
Casa dona Benedita, Botelhos
Sta. Rosália, Poços de Caldas
Sta. Rosália, Poços de Caldas
Sta. Rosália, Poços de Caldas
Santana, Poços de Caldas
IAC 576-70*

marker GA 57 was not polymorphic when tested in
Colombian sweet cassava accessions, in the present
study the GA 57 marker revealed the presence of three
alleles.
According to Siqueira et al. (2009), rare alleles are
those present in the population with frequencies lower to
0.05. Our results show the presence of 17 rare alleles
with frequency values ranging from 0.0096 to 0.0306,
corroborating with previously published data (Mkumbira
et al., 2003; Peroni et al., 2007; Rocha et al., 2008;
Siqueira et al., 2009; Asare et al., 2011; Turyiagienda et
al., 2012; Costa et al., 2013; Ferreira et al., 2015; Ortiz et
al., 2016).
In Costa Rica, a genetic diversity study including
cassava accessions collected in indigenous communities
has shown the presence of rare alleles for GA 140
marker (Rocha et al., 2008). A study carried out with 41
sweet cassava accessions from different Brazilian
regions has further demonstrated the existence of rare
alleles for GA 126 marker (Siqueira et al., 2009). In
addition, genetic diversity studies performed with cassava
accessions from Uganda, Africa (Turyagyenda et al.,
2012) showed the presence of rare alleles for SSRY 19,
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Table 2. Features of the microsatellite markers used to genotype the 51 sweet cassava accessions collected in the Southern region of Minas
Gerais State, Brazil.

Order

Motif
1

Markers

1

NP

GA57

2

NP

GA134

3

NP

GA136

4

NP

GA 21

5

NP

GA131

6

NP

GA12

7

NP

GA126

8

NP

GA127

9

NP

GA140

10

(CT)29

SSRY13

11

(CT)8(CA)18

SSRY19

12

(GA)26

SSRY21

13

(CT)27

SSRY45

14

(GCT)13

SSRY101

15

(CT)16

SSRY135

16

NP

SSRY35

17

NP

SSRY100

18

NP

SSRY51

19

NP

SSRY28

20

NP

SSRY27

2

Primer (5’ – 3’)
F´: AGCAGAGCATTTACAGCAAGG
R´:TGTGGAGTTAAAGGTGTGAATG
F´: ACAATGTCCCAATTGGAGGA
R´: ACCATGGATAGAGCTCACCG
F´:CGTTGATAAAGTGGAAAGAGCA
R´: ACTCCACTCCCGATGCTCGC
F´: GGCTTCATCATGGAAAAACC
R´: CAATGCTTTACGGAAGAGCC
F’: TTCCAGAAAGACTTCCGTTCA
R’: CTCAACTACTGCACTGCACTC
F’: GATTCCTCTAGCAGTTAAGC
R’: CGATGATGCTCTTCGGAGGG
F´:AGTGGAAATAAGCCATGTGATG
R´: CCCATAATTGATGCCAGGTT
F´: CTCTAGCTATGGATTAGATCT
R´: GTAGCTTCGAGTCGTGGGAGA
F´: TTCAAAGGAAGCCTTCAGCTC
R´: GAGCCACATCTACTGCACACC
F´: GCAAGAATTCCACCAGGAAG
R´:CAATGATGGTAAGATGGTGCG
F´:TGTAAGGCATTCCAAGAATTAA
R´: TCTCCTGTGAAAAGTGCATGA
F´: CCTGCCACAATATTGAAATGG
R´: CAACAATTGGACTAAGCAGCA
F´: TGAAACTGTTTGCAAATTACGA
R´: TCCAGTTCACATGTAGTTGGCT
F´: GGAGAATACCACCGACAGGA
R´: ACAGCAGCAATCACCATTTC
F´: CCAGAAACTGAAATGCATCG
R´: AACATGTGCGACAGTGATTG
F’: GCAGTAAAACCATTCCTCCAA
R’: CTGATCAGCAGGATGCATGT
F’: ATCCTTGCCTGACATTTTGC
R’: GGAGAATACCACCGACAGGA
F’: AGGTTGGATGCTTGAAGGAA
R’: GGATGCAGGAGTGCTCAACT
F’: TTCCAGACCTGTTCCACCAT
R’: ATTGCAGGGATTATTGCTCG
F’:ACAATTCATCATGAGTCATCAAC
R’: CCGTTATTGTTCCTGGTCCT

3

4

AR (bp)

TA (°C)

Ref

153-183

59

A

309-337

59

A

145-165

55

A

104-126

58

A

75-19

54

A

131-157

57

A

176-214

58

A

203-239

57

A

154-164

55

A

234

55

B

214

55

B

192

55

B

228

55

B

213

55

B

253

45

B

277-285

55

B

209-273

55

B

298

55

B

100-120

55

B

265-280

55

B

5

NP1 Motif not published; 2Primer, Forward (F´) and Reverse (R´); 3AR, amplified region in base pairs (bp); 4TA, Annealing temperature used; 5Ref,
Reference: A, Chavarriaga-Aguirre et al. (1998); B, Mba et al. (2001).

SSRY 135 and SSRY 21 markers. A recent study that
investigated the genetic diversity of traditional sweet
cassava accesses from South region of Brazil revealed
that GA 126 and GA 140 markers exhibited the
occurrence of rare alleles (Costa et al., 2013).
On the other hand, the markers GA 136, SSRY 100,

SSRY 101, SSRY 27, SSRY 35 and GA 134 showed the
presence of high allele frequency which were
respectively: 0.9489, 0.8653, 0.8600, 0.7708, 0.7446 and
0.7282 (Table 3). These high values could be directly
related to the tendency of these alleles to fix in the
population through increasing the homozygosis, since the
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Table 3. Genetic diversity among 51 sweet cassava accessions from Southern region of Minas Gerais State, Brazil, using 20 SSR markers.
o

Marker

N of alleles

GA 12

3

GA 21

0.3852

0.8824

0.5015

0.0800
0.5200
0.4000

0.4712

0.8000

0.5632

GA 57

180
190
200

0.2441
0.5581
0.1976

0.5236

0.6977

0.5898

4

180
190
200
230

0.4615
0.0096*
0.5192
0.0096*

0.4022

0.9423

0.5172

4

214
229
232
242

0.3085
0.2234
0.3297
0.1382

0.6763

0.9362

0.7270

GA 131

5

100
108
116
124
130

0.4600
0.0098*
0.4900
0.0098*
0.0280*

0.4433

1.0000

0.5463

GA 134

3

310
320
340

0.7282
0.2173
0.0540

0.3659

0.2609

0.4194

GA 136

2

160
152

0.9489
0.0510

0.0921

0.1020

0.0968

4

152
163
170
180

0.4803
0.4803
0.0294*
0.0098*

0.4301

1.0000

0.5375

4

200
210
220
230

0.6538
0.2980
0.0288*
0.0192

0.4052

0.5962

0.4824

4

178
191
209
218

0.0306*
0.4693
0.0306*
0.4693

0.4587

1.000

0.5575

SSRY21

4

163
183
186
205

0.2873
0.4361
0.0744
0.2021

0.6237

0.8936

0.6809

SSRY27

3

265
267
275

0.7708
0.0208*
0.2083

0.3098

0.4167

0.3620

GA 140

SSRY 13

SSRY 19

3

108
110
120

3

2

Ho

GA 127

Frequency
0.4313
0.5588
0.0098*

1

PIC

GA 126

Fragment size (bp)
150
160
180

Genetic diversity
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Table 3. Contd.
o

1

2

PIC

Ho

0.5456

0.6731

0.6185

0.1382
0.7446
0.0106*
0.1060

0.3806

0.2340

0.4149

4

172
186
189
199

0.0652
0.5434
0.0108*
0.3804

0.4662

0.5217

0.5555

SSRY51

2

257
270

0.5000
0.5000

0.3750

1.0000

0.5000

SSRY 100

2

190
200

0.8653
0.1346

0.2058

0.2692

0.2330

SSRY 101

3

214
218
224

0.8600
0.1300
0.0100*

0.2183

0.2600

0.2434

SSRY 135

3

263
269
280

0.3333
0.0222*
0.6444

0.3803

0.4889

0.4731

3.4

-

0.6056

0.4080

0.6487

0.4810

Marker

N of alleles

Fragment size (bp)
140
150
160
170

Frequency
0.1442
0.4903
0.0192*
0.3461

SSRY28

4

4

240
250
280
290

SSRY45

SSRY35

Mean

Genetic diversity

1

PIC, Polymorphism information content; 2 Ho, heterozygosity per locus;*Rare alleles.

Table 4. Molecular analysis (AMOVA) of the sweet cassava accessions from Southern of Minas Gerais State, Brazil based on SSR markers.

Source of variation
Intra groups
Inter groups
Total

1

DF
3
48
51

2

SQ
50.780
418.277
469.058

3

MS
16.927
8.714

4

EV
0.690
8.714
9.404

(%)
7
93
100

PhiPT*
0.073

Pvalue
0.001

5

1

DF, Degrees of freedom; 2SQ, sum of squares; 3MS, mean square; 4EV, estimate variance; 5P value, significance probability; ** Statistically
significance at 1%; *PhiPT, analog of Wright's Fst.

heterozygosity values for these alleles were low (Table
4). According to Nei (1987) these values are important to
emphasize the genetic diversity among accessions and
essential for evolutionary studies, because genetic
change in the allele composition of the population could
be evaluated by its allele frequencies.
The lowest allele frequency in this study was 0.0096,
which was observed by the marker GA 126. However,
this marker showed high heterozygosis value of 0.9423,
which emphasizes the existence of allelic variation and,
consequently, genetic diversity among the sweet cassava

accessions (Costa et al., 2013).
The average of heterozygosity observed for the 20
molecular markers used in this study was estimated in
0.6487, which was considered high due to the fact that
cassava plants are able to perform natural crossed
fertilization, open pollination and protogynous flowering
(Fregene et al., 2003). The mean heterozygosis value
reported in this work is similar to previous population
structure studies of cassava, which involved the use of
microsatellite markers (Monteiro-Rojas et al., 2011; Asare
et al., 2011; Turyagyenda et al., 2012; Kawuki et al.,
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Figure 2. Inference of the number of K groups for the 51 sweet cassava
accessions from Southern region of Minas Gerais State, Brazil, according to
Pritchard et al. (2000), as obtained using the program Structure Harvester
(Earl and von Holdt, 2012).

2013; Costa et al., 2013). In Costa Rica, Monteiro-Rojas
(2011) evaluated 185 cassava accessions, demonstrating
a mean heterozygosis of 0.6705. Further, Kawuki et al.
(2013) reported heterozygosis of 0.57 and genetic
diversity of 0.58, when cassava accessions from different
African countries were investigated with 26 microsatellite
markers.
The microsatellites that detected higher genetic
diversity among the cassava accessions were GA 127,
SSRY 21 and SSRY 28, with values of 0.7270, 0.6809
and 0.6185, respectively (Table 3). On the other hand,
the markers GA 136, SSRY 100 and SSRY 101 exhibited
the lowest values for genetic diversity, which were
0.0968, 0.2330 and 0.2434, respectively (Table 3).
Regarding the polymorphic information content (PIC),
our results showed a mean value of 0.4080 (Table 3),
which is moderately informative according to the
methodology proposed by Botstein et al. (1980). The
mean PIC value found was low compared to others
studies related to cassava reported in the literature (Xia
et al., 2005; Asare et al., 2011; Turyagyenda et al.,
2012). On the other hand, studies developed by Costa et
al. (2013) and Ortiz et al. (2016) with traditional sweet
cassava cultivars from Paraná State, Brazil, showed PIC
values such as 0.4040 and 0.4598. This fact can be
explained because smaller and more homogeneous
populations tend to present lower values of informative
content per locus.
The markers with higher PIC values in this study were
GA 127 (0.6763), SSRY 21 (0.6237), SSRY 28 (0.5456)
and GA 57 (0.5236), whereas the markers with the lowest
were GA 136 (0.0921), SSRY 101 (0.2183); SSRY 100
(0.2058). The other evaluated loci were considered

moderately informative with values ranging from 0.3098 to
0.4662.
Population structure
The population structure analysis of the 51 traditional sweet
cassava accessions according to Pritchard et al. (2000)
revealed the formation of four distinct groups, according to
Delta K value (Figure 2). The presence of admixture
among the four sub-populations was observed.
The Figure 3 shows the distribution of the 51 sweet
cassava accessions into the four sub-populations. The
Group 1 allocated seven accessions, while the Group 2
was the most expressive containing 24 accessions,
followed by the Group 3 and Group 4, which each one
allocated 10 accessions.
The distribution dynamics was heterogeneous, as it
was observed that the accessions from the same county
or locality, such as BGM 643, BGM 642 and BGM 650
(from Alfenas, MG), were allocated in distinct groups
through the probabilistic methodology (Pritchard et al.,
2000). Similar results were obtained by Costa et al.
(2013) and Ortiz et al. (2016) when these authors
analyzed traditional sweet cassava accessions from
Paraná State. This fact emphasizes the influence of
exchanging cassava germplasm among cassava
producers, upon population structure: accesses that were
grown in different and distant regions were clustered in the
same group (Lokko et al., 2006; Kizito et al., 2007, Ortiz et
al., 2016).
The Neighbor-joining Tree (Figure 4) was constructed
based on the similarity or dissimilarity among accessions
through the genetic distance matrix of C.S. Chord (Cavalli-
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Figure 3. Population structure of 51 accessions of sweet cassava collected in Southern of Minas
Gerais State, Brazil, assuming K = 4, according to Structure 2.3.4 (Pritchard et al., 2000).

Figure 4. Distribution of 51 sweet cassava accessions from Southern
region of Minas Gerais State, Brazil, based on 20 SSR loci obtained by
the Neighbor Joining Tree from the genetic distance matrix of CS Chord
(Cavalli-Sforza and Edwards, 1967), assuming K = 4 groups (Pritchard
et al., 2000).

Gonçalves et al.

Sforza and Edwards, 1967). This matrix revealed that the
most divergent accessions combination were BGM
690×BGM 655 (Dij = 0.5696), BGM 647×BGM 660, (Dij =
0.5212), BGM 659×BGM 675 (Dij = 0.4854), BGM
674×BGM 655 (Dij = 0.4759). Based on our results, the
accessions considered most divergent could be used in
breeding programs as parents in order to produce
heterotic clones (Gonçalves-Vidigal et al., 1997).
These combinations are interesting because in addition to
the divergence of the plants, most of these accessions are
highly resistant to bacteriosis, caused by X. campestris pv
manihotis, which is one of the most important cassava´s
disease in Brazil, mainly in the Southern of Minas Gerais
State where the accessions were collected. On the other
hand, accessions BGM 669×BGM 668, BGM 670×BGM
671, BGM 652×BGM 653 were the most similar
combination. This genetic similarity could be a reflection
of the intense flow of material among the smallholders,
generating duplicates (Kizito et al., 2007; Ortiz et al,
2016).
There was a discrepancy in the results when compared
to the distribution of the accession inside of the formed
groups by both methodologies proposed. In Group 1, the
accession BGM 683 was the only one that clustered to
the same group according to both methodologies.
According to the probabilistic methodology (Pritchard et
al., 2000), the cultivar IAC 576/70 (BGM 686) was
allocated in the group K = 2 (Figure 3), among two
accessions from Poços de Caldas and Botelhos, MG.
This results revealed genetic similarity between the
cultivar IAC 576/70 and the accessions of the Group 2
(K=2) from Botelhos and Poços de Caldas. It is known
that the IAC 576-70 comes from the cross between the
clone IAC 14-18 and the traditional farming SRT 797Ouro do Vale (Golden Valley), which was commonly
found in small crops of cassava from Southeastern region
of Brazil (Vilella et al., 1985). This fact probably
contributed to the similarity of IAC 576-70 with Botelhos
and Poços de Caldas accessions, which are very close to
the border of Minas Gerais and São Paulo states.
Data regarding the analysis of molecular variance
(AMOVA) is shown in Table 4. Our results revealed that a
variance intra-groups was very expressive with a value of
93%, confirming the presence of a significant genetic
diversity among the evaluated traditional cassava
accessions.
The expressive value for genetic variance in these
accessions reinforces what others mentioned about the
cassava genetic nature being heterotic (Fregene et al.,
2003). In Africa, using 98 cassava accessions from
Uganda, Abaca et al. (2013) found an intra-group genetic
variation (98%). Whereas in Brazil, Costa et al. (2013)
analyzed the genetic diversity among 66 sweet traditional
accessions from the Paraná region (Maringá, PR) and
reported a value for the variation intra-groups of 77%.
Another study of genetic diversity involving traditional
sweet cassava accessions collected in the North of
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Paraná State showed 83% variation intra-groups (Ortiz et
al., 2016). All these values of the variation intra-groups
were similar to our results.
The low variation within the groups indicates that the
accessions in each group are highly similar to each other
but differ from the accessions included in the other
groups. The differentiation among the four corresponding
groups can also be compared by the Fst index, which
estimates the genetic differentiation among groups.
According to Wright (1978), the PhiPT (analogous
Wright Fst) coefficient is an indicative of genetic
variability level among groups. The present study
revealed a FST value of 0.073 that according to Wright's
classification is considered of low genetic diversity (Table
4). Similar results of Fst index (0.07) were found by
Ferreira et al. (2015), when the authors analyzed the
genetic diversity of landraces of sweet cassava from the
Mato Grosso do Sul State. Lokko et al. (2006) conducted
studies of the genetic diversity in cassava accessions
resistant to CMV (cassava mosaic virus). The authors
found a values of Fst index that were considered low,
while Ortiz et al. (2016) accessions of cassava
from Maringá, Cianorte and Toledo, Parana state,
verified a moderate diversity between the two groups of
cassava accessions originally from Maringá, Paraná
State (Fst index = 0.107).
The literature also shows other studies that exhibited
low values for the Fst index, indicating low genetic
variation among accessions formed in the population. For
instance, Turyagyenda et al. (2012) obtained a value of
0.025 for genetic diversity between the two groups
formed by the cassava accessions from Uganda. In
addition, Mezette et al. (2013) reported that traditional
accessions of cassava from different Brazilian regions
revealed a low value of Fst equivalent to 0.041. It is
plausible that a very low Fst index for cassava accession
indicates a reduced overall genetic differentiation due to
the random mating between groups or at least among
their ancestors (Turyagyenda et al., 2012).
The Principal Coordinate Analysis (PCoA) contributed
to the interpretation of the results for genetic diversity and
population structure (Figure 5). The First Principal
Coordinate (PCoA1) explains 26.33% of the variation
among the accessions and is responsible for separating
the accessions in four groups. The Second Principal
Coordinate (PCoA2) explains 21.88% of the total
variation. Together, these results are able to explain
48.21% of the genetic variation.

Principal coordinates analysis
Even though there is a certain divergence considering de
grouping of the accessions among de different methods
used, the individuals considered most divergent such as
BGM 690 and BGM 655 were located in different regions
of Figure 4. The same can be observed with the most
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Figure 5. Principal coordinates analysis (PCoA1, 26.33% vs PCoA2, 21.88%) of SSR
data indicating 48.21% genetic diversity among 51 traditional sweet cassava accessions
from Southern region of Minas Gerais State, Brazil.

similar accessions that are grouped together. It shows
that the methods used had a certain convergence of
results.
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The deficiency of protein in human food and animal feed is well recognized due to the rapid growth of
population. It is therefore, important to increase protein production by utilizing all the available ways
and means. In the light of this, an attempt was made in this study by selecting Candida utilis NOY1. This
yeast was used to determine the optimum concentration of different minerals salts and nitrogen source
on growth. This study aimed at improving the medium composition for efficient and high yield yeast
biomass production using tubers wastes. Proximate analysis of the biomass revealed that the protein
and nucleic acid content were 54.8 and 4.6%, respectively. Amino acid profiles were found to be
comparable to those of the Food and Agriculture Organization of the United Nations reference. This
study shows that tubers wastes supplemented with peptone and yeast extract could be used as a good
production medium for large scale production of yeast biomass and C. utilis NOY1 possesses a high
protein value and can be used as a better choice for single cell protein production.
Key words: Mineral salts, Candida utilis, biomass, tubers, wastes.

INTRODUCTION
Fermentation comprises the oldest and largest
application
of
microbial technology.
It
is
a
biotechnological application with modern forms of
industrial production utilizing living organisms, especially

microorganisms, and their biological processes. It
involves conversion of carbohydrates and related
components to end products such as acids, alcohols and
carbon dioxide (Bamforth, 2005). The main organisms
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employed in food fermentations are lactic acid bacteria
and yeast. Yeasts are common microorganisms which
can grow on fruit and vegetable processing wastes.
Several studies were done on bio-transformation of
different agricultural waste into value-added products
such as yeast biomass from salad oil manufacturing
wastewater (Zheng et al., 2005a), ethanol production
from non-sterilized beet molasses (Patrascu et al., 2009),
biomass production from rice straw and tubers wastes
hydrolysate (Zheng et al., 2005b; Ouédraogo et al.,
2012a), and cultivation of the yeast on pineapple cannery
effluent (Rosma et al., 2005). Yeast from genera
Candida, Saccharomyces, Torulopsis and Lipomyces are
able to transfer carbon source from carbohydrate to lipid,
while the protoplasm contains high quantity of glyceride,
phospholipid and ergosterol. Elevated levels of inorganic
electrolytes in an otherwise satisfactory liquid growth
medium have been found to influence several parameters
of yeast activity. First, cell growth and multiplication: (a)
the number of viable yeast cells per unit volume of liquid
growth medium decreases as salt content increases, (b)
the biomass of the culture (that is, the total weight of
yeast cells per unit volume of liquid growth medium)
decreases as salt content increases, and (c) the length of
the lag phase (that is, the incubation period between
inoculation of the culture and detectable initiation of cell
growth) lengthens as salt concentration increases.
Second, utilization of the primary carbon and energy
source is reduced. Third, change in concentration of
metabolic products: (a) there is a decrease in the
production of ethanol as salt content increases and (b)
there is an increase in the concentration of other
fermentation products (such as glycerol, acetaldehyde,
etc.) as salt content increases. The yeast Candida utilis
has been used for the production of a number of
biologically useful materials, such as amino acids, RNA,
glutathione, NAD, and coenzyme A (Boze et al., 1992;
Rosma et al., 2005). It has long been recognized as a
useful food resource through the production of single cell
protein (SCP) and is approved as a food additive by the
FDA. C. utilis NOY1 can assimilate cheap biomassderived sugars, such as sugar molasses and spent sulfite
liquor, and a broad spectrum of compounds as nitrogen
sources.
The main objective of this study was to determine the
optimal concentration of minerals salts and nitrogen
sources for C. utilis biomass growth in tubers hydrolysate
medium and to evaluate the nutritional value of this
biomass.

Medium and fermentation process
The culture medium used for the minerals salts and nitrogen effect
on yeast strain was a semi synthetic medium (Lagzouli et al.,
2007a). The media (broth and agar medium) were sterilized by
autoclaving for 15 min at 121°C, initial pH being fixed before
sterilization at 5 with HCl 0.1 N. Chloramphenicol (0.5 g/L) sugars,
salts and nitrogen sources sterilized by filtration with Millipore filter
(0.45 μm) were aseptically added. Yeasts strains isolated on
SABOURAUD CAF AGAR were mended in the semi synthetic
broth. After 24 h incubation at 30°C, the yeast isolates were
streaked on the surface of the solid SABOURAUD medium.
Depending on the parameters to test and using the various
concentrations of minerals salts and nitrogen, fermentation was
poured into a fermentor covered with aluminium foil. The fermentor
and contents were cooled to 30°C and the suspension of yeast cells
was added. The loaded fermentor was then placed in a 30°C for 72
h in constant temperature bath, and the mixture was stirred at 150
rpm to keep the cells dispersed. To determine the effect of mineral
salts and nitrogen sources on yeast growth, each parameter varies
according to the different concentrations tested. At the same time,
the other parameters remain constant.

Effects of initial KH2PO4/K2HPO4 concentration on biomass
production
In order to determine the effects of initial KH 2PO4/K2HPO4
concentration of the fermentation medium on the growth and yeast
biomass production kinetics of the yeast strains, KH 2PO4/K2HPO4
concentration was changed between 0.1 and 0.5 g L-1 (Ibrahim and
Lee, 1993).

Effects of
production

initial

(NH4)2SO4

concentration

on

biomass

To determine the effects of initial (NH4)2SO4 concentration of the
fermentation medium on the growth and biomass production
kinetics of the C. utilis, varies concentrations of (NH4)2SO4 were
taken from 0.4 to 0.8 g L-1 (Ibrahim and Lee, 1993).

Effects of initial MgSO4 concentration on biomass production
For the optimization of initial MgSO4, concentrations of MgSO4
ranged between 0.02 and 0.12 g L–1 were taken and fermentation
was carried out. After 72 h of incubation, cell biomass was
evaluated (Ibrahim and Lee, 1993).

Effects of initial FeSO4 concentration on biomass production
In order to determine the effects of initial FeSO4 concentration of
the fermentation medium on the growth and yeast biomass
production kinetics of the yeast strains, FeSO4 concentration was
changed between 0.001 to 0.005 g L–1 (Ibrahim and Lee, 1993).

MATERIALS AND METHODS
Organism

Effects of initial KCl concentration on biomass production

The fermenting organism was C. utilis NOY1 isolated from potatoes
wastes in Burkina Faso. Some of this yeast strain growth
characteristics are known. Optimal pH and temperature are
respectively 5 and 30°C (Ouédraogo et al., 2012b).

The effects of initial KCl concentration of the fermentation medium
on the growth and yeast biomass production kinetics of the yeast
strains were determined by changing KCl concentration between
0.7 and 1.2 g L-1 (Ibrahim and Lee, 1993).
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Effect of nitrogen source (peptone and yeast extract) on C.
utilis NOY biomass production
Two nitrogen sources such as yeast extract and peptone,
respectively were amended separately into the basal medium at
different concentrations of (0, 0.25, 0.5, 0.75 and 1%) (W/V).
Inoculation was done and the cultures were incubated at room
temperature (30°C). After 72 h incubation in an optimal condition,
the biomass production was quantified by measurement of the
optical density at 540 nm and yeast dry biomass was evaluated
(Ibrahim and Lee, 1993).
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methanesulphonic acid hydrolysis. Cysteine was determined by
performic acid oxidation. Nucleic acid was determined according to
the method described by Sambrook et al. (1989).

Statistical analysis
Analysis was performed in triplicate except for total nitrogen content
analysis, where duplicate analysis was carried out. The data was
subjected to Duncan’s Multiple Test of Statistical Package for Social
Science, Version 12 (SPSS Inc., Illinois USA), where p<0.05 was
considered statistically significant.

Biomass of yeast cells
After 72 h of fermentation, the concentration of yeast cells in the
fermenting mash was measured by the turbidimetric (absorbancy)
method. Cells were harvested by centrifugation at 16000 rpm for 20
min (Olsson and Nielsen, 1997), washed twice with distilled water
and dried in an oven at 50°C for 48 h. After 48 h, dry cells were
weighed. A standard curve of optical density versus yeast dry
weight (grams per liter) that covered the appropriate range of
concentrations was made with a series of six suspensions prepared
from the dry, packaged yeast cells.

Optimization of yeast biomass culture conditions and biomass
value evaluation
Fermentation medium and process
The inoculum for 900 ml of growth medium was prepared by the
suspension. A synthetic medium was used for yeast culture. The
fermentations were carried out in 2-L Pyrex glass jars closed with
aluminum foil, with approximately 900 ml of working volume.
Growth medium, a synthetic medium was the basal fermentation
medium. This synthetic medium is composed of tubers wastes
hydrolysates with supplement (0.2 g.L-1 KH2PO4; 0.02 g.L-1 MgSO4;
0.77 g.L-1 CH4NO2; 0.5% yeast extract) and 1 ml of oligoelements
solution. All supplemented substances were used in their optimum
concentration tested. The initial pH of the medium was adjusted to
5 with 0.1 M of HCl before sterilization. The inoculum was prepared
in Erlenmeyer flasks in a volume corresponding to 10% of
fermentation broth medium (90 ml) and incubated 30°C at 150 rpm
during 16 h of incubation (Lagzouli et al., 2007b). Pre-culture
medium was made by transplanting previously cultivated yeast
strains on solid medium by taking pure colonies of yeast in 100 ml
of liquid medium. The final fermentation medium contained 5 g.L-1
of glucose.

Nutritional value of SCP
Nutritional value of the product was estimated on the basis of total
protein content, amino acid profile, total carbohydrates and ash
content on the dried yeast biomass. The concentration of yeast
cells in the fermenting mash was measured using the turbidimetric
(absorbance at 600 nm) method and by determining dry weight of
yeast cells (Lagzouli et al., 2007b). Nitrogen content of yeast
biomass was determined by micro-Kjeldhal method. Total
carbohydrates and ash were analyzed using the procedure
mentioned in AOAC methods (AOAC, 2006). The crude protein
values were obtained by multiplying the nitrogen content by 6.25
(Mateles and Tannenbaua, 1968).
The total amino acid content analysis was carried out after
hydrolysis with 6N HCl at 110°C for 24 h in a Biotronic LC-300
Amino Acid Analyser and lipid by chloroform-methanol method
(Badid et al., 2001). Tryptophan was determined after

RESULTS AND DISCUSSION
Effect of mineral salts on C. utilis NOY biomass
production
Yeast biomass production depends on minerals salts
concentrations. For the different minerals salts tested,
yeast biomass increases when minerals salts
concentration increases till they reach a maximum value.
After that, increasing minerals salts concentration is not a
limited factor for biomass production, leading to a
decreasing yeast biomass. Various mineral salts
[(NH4)2S04, MgS04.7H20, FeS04.7H20, KCl, KH2P04] at
different concentrations were tested on the biomass
formation by Candida utilis. The effect of the different
mineral salts is as shown in Figure 1a, b, c, d, e and f.
MgS04.7H20 at the concentration of 0.07 g/L was found
to be the most effective, enhancing biomass production
-1
to about 8.29 g.L . Other mineral salts resulted in varied
-1
quantities of biomass production from 2.36 to 7.57 g.L .
Phosphate can enhance or suppress the production of
growth at different concentrations.
According to Pathissery et al. (2013), the optimum
magnesium sulphate concentration was found to be
0.25%. A further increase of phosphate showed no
significant effect on cell yield. In the present study, the
optimum phosphate concentration was found to be in the
range 0.2 to 0.3%.
Based on the experiment results, the conclusion that
can be drawn was mineral salts may exhibit enhancing or
inhibiting effects depending on the concentration. In most
cases, higher concentration of mineral salts was
inhibitory for biomass formation.
The bio-elements are one of the important factors
affecting biomass production in several microorganisms
+
2+
(Stanly et al., 2013). Some of them such as K , Mg and
2+
Zn ions played a significant role in the increase of
biomass production (Stanly and Pradeep, 2013). Metal
ions have been shown to significantly affect production of
various industrially important products like vitamins,
biomass, organic acids, enzymes, etc (Wei et al., 2007).
Production of extracellular enzymes is greatly influenced
by the presence of various components in the media that
include inducers, carbon and nitrogen substrates and
trace elements. Yeasts require a range of metals for
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Figure 1. Effect of minerals salts on Candida utilis NOY1 biomass production.

optimal
growth,
metabolism
and
fermentation
performance. The requirement for metal ions varies, so
widely with the different strains that it is necessary to
adjust the composition of the medium to avoid the
inhibitory effects of others.

Effect of nitrogen source on C. utilis NOY biomass
production
Growth of C. utilis was found to be influenced by the

concentration of nitrogen source in the medium. With
peptone, the maximum growth of yeast biomass (3.25
-1
g.L ) was observed at the concentration of 0.75%.
However, with yeast extract, the concentration of 0.5%
-1
gave the maximal yeast biomass (4.56 g.L ). A gradual
increase in growth could be observed with the increase in
nitrogen source. However, after the optimum
concentration, nitrogen source was found to have
adverse effect and resulted in lesser growth. The different
effect of yeast extract and peptone in C. utilis biomass
production is as shown in the Figure 2.
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Yeast extract and peptone effect on Candida utilis biomass
production
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Figure 2. Effect of nitrogen source on Candida utilis NOY1 biomass production.

Table 1. Nutritional value of Candida utilis NOY biomass
Media composition plays a vital role in the improvement
of efficiency
and
economics
of
microbial
fermentation
Figure 2: Effect of nitrogen source on Candida utilis NOY1 biomass production
Components
Nutritional value
(Nancib et al., 2001). As biomass of yeast are mainly
contributed by carbon, hydrogen, oxygen and nitrogen
Protein (% N × 6.25)
54.8 ± 0.12
sources from the provided medium (Bamforth, 2005),
Lipid
15.12 ± 0.98
hence, when the biomass yield increases with nitrogen
Carbohydrate
2.8± 0. 2
supplementation, substrate usage
will increase
Ash
8.1 ± 0.18
concurrently. From the data obtained, similar trend of
Amino acids
36.12 ± 1.18
substrate consumption for all type of nitrogen
Nucleic acid
4.6 ± 1.26
supplements can be observed.
Generally for bacteria, a concentration of 0.5 to 1% is
incorporated in media. In the present study also, the
Table 2. Amino acid analysis of Candida utilis NOY1 biomass.
optimal concentration falls within this range. Yeast growth
medium require more amount of yeast extract in it than
FAO/WHO
Candida utilis
Amino acid
that required in bacteriological media. The presence of
biomass
reference
hydrolyzed yeast components would be definitely
Phenylalanine
4.1 ± 0.25
supporting good growth. It was found that cell dry
Tyrosine
2.4 ± 1.20
biomass of C. utilis was increased with the addition of
Methionine
1.58 ± 2.1
peptone and yeast extract to the medium, and reached to
Cysteine
a maximum when it was 0.5 and 0.75% (Figure 2). In this
Valine
5.5
±
0.15
5
study, from the two nitrogen sources, yeast extract gave
-1
Threonine
4.1 ± 0.58
the best biomass concentration (4.56 g.L ).

Nutritional value of C. utilis biomass
The amino acid composition of the yeast biomass is
shown in Table 2. The amino acids were fairly well
represented when compared with those of the FAO
reference.
Chemical composition and amino acid analysis of the
biomass of C. utilis
Elementary analysis of the biomass is shown in Table 1.
Protein, lipid and carbohydrate content were 54.8, 15.12

Tryptophan
Isoleucine
Histidine
Arginine
Leucine
Lysine
Aspartic acid
Glutamic acid
Serine
Glycine
Alanine
Proline

3.9 ± 0.78
4.8 ± 0.99
3.2 ± 1.12
7.12 ± 1.64
5.14 ± 0.82
8 ± 0.72
15.3 ± 0.66
3.6 ± 1.02
3.8 ± 1.96
6.9 ± 0.58
2.8 ± 0.23

Data are expressed as g per 100 g protein.

4
7
5.5
-

363

364

Afr. J. Biotechnol.

and 2.8%, respectively.
The protein content of most moulds and fungi used in
single cell protein production vary considerably from 26 to
55% (Litchfield, 1979). Our results were higher than the
results of other authors on Saccharomyces cerevisiae
(Hezarjaribi et al., 2016; Esabi, 2001). High protein
content of 54.8% using optimum culture suggests that C.
utilis is a good commercial case for single cell protein
production.
Ash content of C. utilis was estimated at 8.1%. Our
results were similar to those reported by Jaganmohan et
al. (2013) but lower than those reported by Esabi (2001).
The ash content of C. utilis was higher than in the present
observation when SCP was produced using Ram Horn
Hydrolysate (RHH) (Konlani et al., 1996) and when rice
polishing was used as substrate (Ibrahim et al., 2004).
One significant result was the low content of nucleic acid
of about 4.2%. In a study done by Ravinder et al. (2003),
the nucleic acid content of Asprgillus oryzae mutants
when deoiled rice bran was used as substrate for the
production of SCP was higher than in the present study.
C. utilis in the present study showed much lesser amount
of nucleic acid content than nucleic acid content reported
in Candida utilis in RHH medium and Candida krusei
(Esabi, 2001). The nucleic acid content is a bit higher
than Kluyveromyces fragilis when the biomass was
produced on deproteinized whey supplemented with
0.8% diammonium hydrogen phosphate and 10 ppm
indole-3-acetic acid (Konlani et al., 1996). The low
content is a positive indication for use as a protein source
in animal feeds. While most microorganisms contain
nucleic acid between 6 and 15% (Goldberg, 1985), the
low content in C. utilis is a very interesting result for
animals feed.
The total amino acid is 36.12%, that is, comparable
with the results of Jagnmohan et al. (2013). The details
amino acid composition C. utilis and FAO reference
protein (Anupama, 2000) are shown in Table 2. The
biomass obtained from the yeast contained all the
essential amino acids. The amino acids were fairly well
represented when compared with those of the FAO
reference. The nutritional value, which awaits proper
evaluation by way of animal feeding experiments,
appeared theoretically comparable to that of other fungi
used for single cell protein production (Anderson et al.,
1975). Essential amino acid concentrations were
somewhat lower than the FAO reference protein. Among
the amino acids, glutamic acid was the most abundant. It
was reported that the potential nutritional value of SCP is
determined with amounts of lysine and methionine amino
acid (Tauk, 1982; Malathi and Laddha, 1989). Therefore,
the biomass obtained may be suitable for human and
animal consumption.
Based on the results gathered so far, it was strongly
concluded that the biomass which is non-toxic and nonpathogenic, can be a potential source of protein. Some of
the highlights of the findings will be reported elsewhere.

Conclusion
Supplementation of nitrogen source and minerals
enhanced the yeast biomass production. Tubers
hydrolysates supplemented with peptone, yeast extract
and minerals can be used as a good fermentation
medium for large scale production of yeast biomass for
application in food and feed industry. Among the type of
nitrogen sources evaluated, yeast extract are the best
compared to peptone.
The complete acceptability of yeasts as animal
nutritional supplement needs to be assessed before
making any positive declaration. Research on the
digestibility and acceptability of the biomass by the test
animals should be performed. However, the present
study in view of limited time frame, was restricted to the
assessment or/and improvement of yeast protein content
and nutritional profile, so that further work can be taken
up in due course. Based on the results gathered so far, it
was strongly concluded that the biomass which is nontoxic and non-pathogenic can be a potential source of
protein.
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Repeat breeder (RB) is a cow that fails to conceive from three or more successive insemination, but
with normal estrus and absence of detectable clinical abnormalities. It is one of the major problems in
dairy production. In the present study, the plasma biochemistry of Sudanese crossbred RB cows was
examined. Plasma glucose, total cholesterol (TC), triacylglycerol (TG), total protein (TP) and urea
nitrogen were estimated with the spectrophotometer while the plasma levels of Cu, Zn, Fe, and Mn were
estimated using the atomic absorption spectroscopy. The results indicate the plasma levels of glucose,
Zn, Mn and Fe of RB were significantly lower (P < 0.05) than that of the normal cyclic (NC) cows.
Moreover, the plasma level of urea nitrogen of RB was significantly higher (P < 0.05) than that of the NC
cows. According to the obtained results, it can be concluded that correcting the plasma glucose, Zn,
Mn and Fe as well as lowering the urea nitrogen may be a part of an effective strategy for treatment of
repeat breeding syndrome in Sudanese crossbred cows.
Key words: Repeat breeder cows, plasma biochemistry, Sudanese crossbred cows, fertility of cows.

INTRODUCTION
Repeat breeder (RB) cow is the one that cycles normally
and with no clinical abnormality, but fail to conceive from
three of more successive insemination (Gustafsson and
Emanuelson, 2002). The economic loss associated with
RB is high, and is due to the cost of insemination,
decreased productivity and the losses due to the
involuntary culling (Bonneville-Hebert et al., 2011). The
good nutritional condition is vital to the animal health and
reproduction. Changes in plasma biochemical or

hematological parameters may be the cause of the
reproductive insufficiency (Noakes et al., 2001). For
instance, the blood glucose level was shown to be lower
in RB than normal cycling (NC) cows and buffaloes
(Guzel and Tanriverdi, 2014; Sabasthin et al., 2012). In
addition, it has been reported that there are lower plasma
cholesterol levels in RB than NC buffaloes and cows
(Sabasthin et al., 2012; Amle et al., 2014). Nevertheless,
Guzel and Tanriverdi (2014) have reported that there is
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no significant difference in blood cholesterol levels
between the RB and NC cows. The plasma total protein
TP was also estimated in RB cows and buffaloes in
previous studies. However, the results were not
consistent. It has been reported that there is no
significant difference in the plasma TP levels between the
RB and NC cows (Guzel and Tanriverdi, 2014; Kurykin et
al., 2011). However, some studies have reported that the
plasma TP of RB is significantly lower than that of the NC
buffaloes and cows (Amle et al., 2014; Sabasthin et al.,
2012). Moreover, the plasma urea was shown to be
higher in RB than NC cows in previous studies (Kurykin
et al., 2011; Sabasthin et al., 2012). Deficiencies of Mn,
Cu, Fe and Zn have been associated with immune
suppression, anemia, and poor fertility in dairy animals
(Ingraham et al., 1987; Akhtar et al., 2014).
In the present study, certain plasma biochemical
parameters of the RB have been examined and
compared them with that of the NC crossbred cows in
Khartoum State, Sudan. The crossbred cattle of Sudan
are unique in being hybrids between Kinnana or Butana
(local breeds) and the Holstein or Jersey. To the best of
our knowledge, this study is the first one that has
examined the Sudanese RB cow from a biochemical
point of view. Therefore, it is probably helpful in treatment
of the repeat breeding syndrome by correcting the
plasma levels of glucose, Zn, Mn, and Fe, in addition to
lowering the urea nitrogen.
MATERIALS AND METHODS
Animals
This study has been approved by the research board of the Faculty
of Veterinary Medicine, University of Khartoum. It was conducted at
Khartoum State, in private dairy farms during the period from the
first of April until the end of May 2015. Ninety dairy uniparous and
multiparous lactating crossbred cows (Friesian or Jersey × Kenana
or Butana). The age range from 5 to 8 years old and body condition
score was from 3 to 3.5, according to the five-scale point system
(Ahmed and Elsheikh, 2014). Cows were divided into two groups,
each contains about 45 cows. The first group (group 1) is the RB
cows. The RB cows were recruited according to the case history
from the owners, farm records, visual diagnosis and by rectal
examination as the RB cows had regular estrous, multiparous,
young (3 to 12 years) without anatomical defects in the genital tract
and free from vaginal discharges (Warriach et al., 2008). The
second group (group 2) serves as a reference group including
healthy NC cows.

Collection of blood samples
Ten milliliters of blood samples were collected from the jugular
veins of RB and NC cows in anticoagulant-coated tubes. Four
milliliters in sodium fluoride-coated tubes for estimation of glucose
and 6 ml in EDTA-coated tubes for estimation of all others
biochemical parameters. The tubes were transferred in an ice
container to the laboratory. Cells were removed from plasma by
centrifugation at 2000 rpm for 10 min. Plasma was stored at -20°C
until further analysis. Blood glucose, total protein TP, triacylglycerol
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TG, total cholesterol TC, and urea nitrogen were determined with
the Spectrophotometer using commercial kits (Spinreact, Spain).
The blood glucose was estimated using glucose oxidase method
(GOD-POD, liquid kit). The plasma total protein was estimated
using Biuret method (Biuret, Colorimetric kit). Plasma triacylglycerol
was estimated using lipoprotein lipase method (GPO-POD, liquid
kit). Plasma total cholesterol was estimated using cholesterol
esterase method (CHOD-POD, Liquid kit). Blood urea was
estimated using the urease method (Urease –GLDH, Kinetic UV
kit). The plasma levels of Cu, Zn, Fe, and Mn were measured using
the Phoenix -986 AAS Atomic Absorption Spectrophotometer.

Statistical analysis
The data were analyzed using the independent sample T test to
compare means between the two groups. Result was expressed as
mean ± standard deviation (SD); P-value ˂ 0.05 was considered as
significant. The analysis process was done using SPSS version 22.

RESULTS AND DISCUSSION
The results obtained during this study indicate that the
plasma glucose levels of RB cows were lower than that of
the NC cows. The difference is significant with p-value =
0.001 (Table 1). The plasma levels of TC and TG of RB
cows were not significantly different from that of the NC
cows (p-values = 0.075 and 0.063, respectively, Table1).
TP plasma levels of RB were significantly higher (pvalue= 0.02) than that of the NC cows, but still within the
normal range (Table 1). Results indicate that the plasma
levels of urea nitrogen of RB cows were significantly
higher (p-value = 0.04) than that of the NC cows (Table
1) while the plasma levels of Cu was not significantly
different (p-value= 0.3) in RB cows compared to that of
the NC cows (Table 2). Plasma levels of Zn, Fe, and Mn
were significantly higher (p-values = 0.04, 0.03 and
0.000, respectively) in NC cows than that of the RB cows
(Table 2).
The reproduction and nutrition interplay was confirmed
from early studies (Noakes et al., 2001; Saraswat and
Purohit, 2016). It has been reported that single or
combined mineral (Cu, Co, Se, Mn, I, Zn, and Fe)
deficiency can induce reproductive failure (Hidiroglou,
1979). Furthermore, the quality of the oocytes depends
on the metabolic and endocrine status of the cow
(Kurykin et al., 2011). In the present study, the plasma
biochemistry of RB have been investigated and
compared with that of their respective healthy NC cows. It
was found that the plasma glucose levels of RB cows
were significantly lower (P < 0.05) than that of the NC
cows (Table 1). This result is consistent with previous
studies (Guzel and Tanriverdi, 2014; Kurykin et al., 2011;
Sabasthin et al., 2012). Hypoglycemia in RB cows may
be attributed to one of the three causes. First, is the
increased peripheral glucose uptake; second, is the
failure of gluconeogenesis or glycogenolysis; third, is
endogenous hyperinsulinemia (Mukherjee et al., 2011).
No significant difference was found between the plasma
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Table 1. Mean ± SD of the plasma of glucose, total cholesterol (TC), triacylglycerol (TG), total protein
(TB) and urea nitrogen (mg/dl) in the repeat breeder (RB) and normal cyclic (NC) cows.

Parameter

Cows
RB
NC

Glucose

Number
45
45

Mean ± SD
a
58.4±17.8
b
75.2±26.9

P-value
0.001

a

TC

RB
NC

41
45

87.94±30.2
a
74.5±37.9

TG

RB
NC

41
45

68.9±13.8
a
62.4±17.6

TP

RB
NC

48
45

4.5±0.3
b
4.3±0.6

Urea

RB
NC

48
45

33±15
b
24±14

0.075

a

0.063

a

0.02

a

0.04

Values with different superscripts within a parameter differ significantly (P<0.05).

Table 2. Mean ± SD of plasma copper, zinc, manganese and iron (µg/dl) in the repeat breeder (RB) and
normal cyclic (NC) cows.

Parameter
Copper

Cows
RB
NC

Number
43
43

Mean ± SD
a
99.7±23.8
a
91.8±38.3

P-value
0.3

a

Zinc

RB
NC

45
45

18.8±17.7
b
26.4±17.4

Iron

RB
NC

42
36

124.6±27.6
b
136.6±18.1

Manganese

RB
NC

42
45

0.1±0.04
b
0.22±0.18

0.04

a

0.03

a

0.000

Values with different superscripts within a parameter differ significantly (P<0.05).

TC levels of RB (P < 0.05) and the NC cows (Table 1).
This finding is consistent with a previous study (Guzel
and Tanriverdi, 2014). However, it is inconsistent with
other reports (Amle et al., 2014; Sabasthin et al., 2012).
Cholesterol is a steroid and is a precursor of the steroid
hormones that include sex hormones (Berg et al., 2002).
In addition, our study demonstrates that RB cows have
no significant different (P < 0.05) plasma TG compared to
that of the NC cows (Table 1). Lipids are rich energy
source and required for oocyte maturation (Dunning et
al., 2014). Nevertheless, our results indicate that plasma
TG and TC have no effect on repeat breeding syndrome,
at least in our case.
The plasma TP levels of RB cows in our study was
significantly higher than that of the NC cows but still

within the normal range (Table 1). The plasma TP may
be caused by high protein content in the diet. We also
found that the plasma urea nitrogen of the RB cows was
significantly higher (P < 0.05) than that of the NC cows
(Table 1). This result comes in a line with previous
studies (Godden et al., 2001; Kurykin et al., 2011). The
high plasma level of urea nitrogen may be the cause of
production of abnormal oocytes in RB cows (Kurykin et
al., 2011). The elevated plasma urea nitrogen can
change the uterine fluid composition, lowering the uterine
pH, and reducing the conception rates (Butler et al.,
1996; Jordan et al., 1983). This elevated plasma urea
nitrogen level may be caused by the high protein content
in the diet.
Copper supplementation was used to correct the
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subnormal fertility of cows (Ingraham et al., 1987). One
important role of copper is being a cofactor for enzymes
like the amine oxidase, copper-dependent superoxide
dismutase, cytochrome oxidase, and tyrosinase.
Furthermore, copper plays a critical role in female fertility
(Ingraham et al., 1987). It has been reported that copper
makes complexes with gonadotropin-releasing hormone
(GnRH) (Michaluk and Kochman, 2007). These
complexes are more efficient in the releasing of the
luteinizing hormone and follicle-stimulating hormone than
the GnRH alone (Michaluk and Kochman, 2007).
However, no significant difference was found in the blood
copper levels between the RB and NC cows (Table 2).
This result is in agreement with that of Ceylan et al.
(2008). However, it is not in agreement with a previous
report (Ahmed et al., 2010). This may indicate that other
factors may induce repeat breeding syndrome rather than
copper deficiency alone.
The plasma concentration of zinc was significantly
higher (P < 0.05) in NC than in RB cows. This result is in
agreement with other studies (Akhtar et al., 2014; Marai
et al., 1992). In fact, zinc supplementation was used to
improve the conception rate for up to 80% in RB buffalos
(Marai et al., 1992). Zinc is a cofactor for more than 300
metalloenzymes (McCall et al., 2000). These
metalloenzymes are spanning all the enzyme classes.
Zinc metalloenzymes are involved in almost every
biologic process (Beyersmann and Haase, 2001; Maret,
2013; Park et al., 2004). For instance, the DNA
transcription and protein bio-synthesis (Ebisch et al.,
2007). Since DNA transcription is a major part for the
development germ cells, zinc is vital for reproduction
(Ebisch et al., 2007). It has been reported that zinc is
essential for the maintenance and repairing of uterine
lining following the calving, and it accelerates the return
to normal reproductive efficiency and estrus (Yasothai,
2014). This is probably because zinc (and also copper)
diffuses through the uterine epithelial cells into the lumen
of the reproductive system. This diffusion creates
osmosis that causes the transport of water out of the
epithelial cells into the lumen of the uterus (AlaviShoushtari et al., 2012). Moreover, zinc finger proteins
are implicated in the gene expression of the receptors of
the steroid hormones. In addition, zinc has antioxidant as
well as anti-apoptotic properties (Ebisch et al., 2007).
Significant difference (P > 0.05) was found in the
plasma Mn levels between the RB and the NC cows
(Table 2). This result is consistent with other studies (Das
et al., 2009; Kalita and Sarmah, 2006). Manganese is
involved in all metabolic processes (Davis et al., 1990;
Hansen et al., 2006; Watts, 1990). The earliest studies
demonstrated that a manganese deficiency causes
defective ovulation and subfertility of female and male
(Tuormaa, 1996). It is suggested that Mn act as a
cofactor
for
mevalonate
kinase
and
farnesyl
pyrophosphate synthase; enzymes involved in the
production of squalene, a precursor of cholesterol
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(Davis et al., 1990; Hansen et al., 2006; Hidiroglou, 1979;
Tuormaa, 1996; Watts, 1990). However, in a more recent
study, it is reported that treating heifers with different
concentrations of Mn did not affect the serum cholesterol
(Hansen et al., 2006). This study indicates that even low
serum levels of Mn are sufficient for cholesterol synthesis
(Hansen et al., 2006). This result is quite consistent with
our data of plasma cholesterol that showed no significant
difference between the NC and the RB cows (Table 1).
Varying concentrations of Mn did not affect the heifer
pregnancy rate, conception rate, age at conception, and
services to conception (Hansen et al., 2006). The mode
of action by which Mn influences reproductive
performance is unclear (Hansen et al., 2006).
Our result demonstrates that the iron plasma level of
RB was significantly lower (P < 0.05) than that of the NC
cows. This result is consistent with recent works (Ahmed
et al., 2010; Akhtar et al., 2014). The role of iron is the
formation of hemoglobin and myoglobin required for the
oxygen transport and storage. Moreover, iron is also
required for the cytochromes and iron-sulfur protein
which are part of the respiratory chain (Murray et al.,
2003). Iron is also involved in ferritin formation. Low
levels of plasma iron will result in anemia and change in
the molarity of the oviduct which will be a cause for failure
of conception and embryonic death (Kumar et al., 2011;
Modi et al., 2013).
Conclusion
In the current study, the plasma biochemistry of
crossbred Sudanese RB cows has been examined. The
results demonstrate that the plasma glucose, Zn, Mn and
Fe were significantly lower (P < 0.05) in RB than in NC
cows. The plasma urea nitrogen of RB was significantly
higher (P < 0.05) than that of the NC cows. It was
hypothesized that correcting these biochemical
parameters may be an effective strategy for the treatment
of the repeat breeding syndrome, however, this
hypothesis still needs to be tested in future studies.
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The doubled haploid (DH) technology enables maize breeders to develop a large number of homozygous
lines rapidly and test them in hybrid combinations early in the breeding cycle. The objectives of this
study were to evaluate testcross performance of 556 DH lines derived from 10 diverse tropical
backcross (BC1) populations, and to estimate variance components and broad-sense heritability under
both well-watered and managed drought-stress conditions in Kenya. The 556 DH testcrosses were
divided into six trials, with each trial comprising 84 to 126 entries and six commercial checks developed
through conventional pedigree method. Trials were evaluated at 3 or 4 well-watered (WW) and two
managed drought-stress (WS) sites in 2012 using an alpha lattice design with three replications per
environment. Test crosses of the DH lines showed significant differences in grain yield and other
agronomic traits. In the combined analysis across the WW locations, the top 10 DH testcrosses from
each trial gave 0.6 to 32.7% higher grain yield than the best commercial check. Under managed
drought-stress condition, the top 10 DH testcrosses from each trial gave 11.8 to 40.9% more grain yield
than the best check. The best DH lines identified in the study could be used in tropical maize breeding
programs in Africa for improving grain yield and drought-tolerance. Following evaluation in advanced
testing and national performance trials (NPT), a total of 36 hybrids involving DH lines from this study
were recommended for commercial cultivation in east and southern Africa.
Key words: Africa, heritability, managed drought-stress, testcrosses.

INTRODUCTION
Maize is among the most important food crops in the
world. Together with rice and wheat, maize provides at
least 30% of the food calories to more than 4.5 billion

people in 94 developing countries (Shiferaw et al., 2011).
As compared to other regions, maize yield variability in
sub-Saharan African (SSA) countries is extremely high,
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even though maize is the most important staple food for
over 300 million people in the region. For example,
between 2005 and 2008, the average maize yield was
estimated at 1.8 tons per hectare (t/ha) as compared to
2.5 t/ha in the Philippines, 3.1 t/ha in Mexico and 3.9 t/ha
in Thailand (Smale et al., 2011). Although, several factors
could contribute to this low production, drought has been
cited as one of the major factors that frequently limits
maize production in SSA. Heisey and Edmeades (1999)
estimated that 20 to 25% of the global maize production
area is affected by drought in any given year.
Breeding maize for drought tolerance has been a major
thrust of International Maize and Improvement Center
(CIMMYT) and the International Institute for Tropical
Agriculture (IITA) to help attain food security in SSA
(Monneveux et al., 2006). Since 2007, over 200 droughttolerant hybrids and improved open-pollinated varieties
(OPVs) of maize have been released in several African
countries within the framework of the Drought Tolerant
Maize for Africa project (DTMA, 2015). Inbred lines with
superior breeding values for yield, and tolerance to
abiotic stresses have been used as parental lines to
develop high-yielding and drought-tolerant hybrids
(Dhliwayo et al., 2009; Beyene et al., 2013). Recently,
CIMMYT in collaboration with public and private partner,
have undertaken substantial marker assisted recurrent
selection (MARS) and genomic selection (GS) projects to
develop stress-resilient tropical maize germplasm for
sub-Saharan Africa (Beyene et al., 2015, 2016).
Doubled haploid (DH) technology is now being
increasingly used in maize breeding at CIMMYT to
increase breeding efficiency and genetic gains (Prasanna
et al., 2012). Improvement of in vivo haploid induction by
specific pollinators (tropicalized haploid inducers) has
made it possible to produce large numbers of DH lines in
Africa-adapted source populations. The use of doubled
haploids has several advantages over inbred lines
developed through inbreeding, as outlined by Geiger and
Gordillo (2009): (i) maximum genetic variance between
lines for per se and testcross performance from the first
generation; (ii) reduced breeding cycle length; (iii) perfect
fulfillment of distinctness, uniformity and stability (DUS)
criteria for variety protection; (iv) reduced expenses for
selfing and maintenance breeding; (v) simplified logistics;
and (vi) increased efficiency in marker-assisted selection,
gene introgression, and stacking genes in lines.
Currently, elite inbred lines developed through both
pedigree breeding and DH methods are used by CIMMYT
to develop improved maize hybrids in Africa.
Various studies have provided useful information on the
performance of DH based hybrids in maize. Bordes et al.
(2007) found that maize lines generated through DH were
as good as those produced by single-seed descent
(SSD) methods. Seitz (2005) compared testcross
performance of DH lines with conventionally derived
lines, and found similar variation. Wilde et al. (2010)
reported that mean testcross performance of the three
DH-line groups developed from three European landraces

yielded 22 to 26% lower than that of present elite flint
lines. However, Beyene et al. (2011) evaluated 70 DH
based hybrids derived from tropical adapted backcross
populations and reported that the top 10 DH hybrid
produced 19.6 to 29.4% higher grain yield than the best
commercial check. In another study, Beyene et al. (2013)
further reported that the mean grain yield of the top 15
DH testcrosses was 1.3 to 2.2 t/ha higher than the mean
of the commercial checks used in the study.
The Water Efficient Maize for Africa (WEMA) project is
a public-private collaboration involving the African
Agricultural Technology Foundation (AATF), Monsanto
Company, the International Maize and Wheat
Improvement Center (CIMMYT) and the National
Agricultural Research Systems of Kenya, Mozambique,
South Africa, Tanzania and Uganda. One of the
components of the WEMA project is to effectively utilize
DH technology to accelerate product development.
Through the WEMA project, CIMMYT developed DH lines
from several drought tolerant source populations (Beyene
et al., 2013). The objectives of the present study were to
evaluate testcross performance of 556 DH lines derived
from 10 tropical backcross (BC1) populations, and to
estimate variance components and broad-sense
heritability under both well-watered and managed
drought-stress conditions.
MATERIALS AND METHODS
Genetic materials
DH lines were derived from BC1F1 of 10 tropical maize backcross
populations (Table 1) by means of in vivo haploid induction at the
Monsanto Company facility in Mexico, under the WEMA
collaboration. The 10 source populations were obtained by crossing
four drought tolerant (DT) donor lines with four recurrent parents
(CML539, CML395, CML444 and CML488). Three of the DT donor
lines were extracted from La Posta Seq C7, a drought-tolerant
population developed at CIMMYT-Mexico through recurrent
selection among full sib/S1 families (Edmeades et al., 1999). The
fourth donor parent was developed from M37W, a temperate high
yielding line. The recurrent parents are elite Africa-adapted lines
with good combining ability (Beyene et al., 2013). From each of the
10 source populations, 250 BC1F1 seeds were submitted for DH
induction. A total of 895 DH lines were received from Monsanto.
The DH lines were grown at the Kenya Agriculture and Livestock
Research Organization (KALRO) Research Center at Kiboko,
Kenya, during the 2009-2010 short rains season (October to
January). Based on the results of per se evaluation (germination
and good stand establishment, plant type, low ear placement, and
well-filled ears) the best 686 DH lines were selected for testcross
formation. Of these, 556 DH testcrosses were subsequently
constituted and evaluated in yield trials (Table 1), representing 77%
utilization of the original DH lines generated. Some of the
testcrosses formed (19%) were not evaluated because of
inadequate seed for field evaluation.
Testcross formation
Two nurseries were planted at KALRO-Kiboko Experimental Farm
to form the three-way cross hybrids for yield testing. Each
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Table 1. Details of the DH lines generated and evaluated from different tropical backcross source populations evaluated in the study.

Source
population
1
2
3
4
5
6

7

8
9
10

Pedigree of the backcross population
La Posta Seq C7-F96-1-2-1-1-B-BB/CML444//CML444
La Posta Seq C7-F96-1-2-1-1-B-BB/CML488//CML488
La Posta Seq C7-F71-1-2-1-2-B-BB/CML312SR //CML312SR
La Posta Seq C7-F71-1-2-1-2-B-BB/CML395//CML395
La Posta Seq C7-F71-1-2-1-2-B-BB/CML444//CML444
La Posta Seq C7-F71-1-2-1-2-B-BB/CML488//CML488
CML395/[M37W/ZM607#bF37sr-2-3sr-6-2X]-8-2-X-1-BB-B-xP84c1 F27-4-3-3-B-1-B]
F29-1-2-2 x [KILIMA ST94A]-30/MSV-03101-08-B-B-1xP84c1 F27-4-1-4-B-3-B] F21-2-1-1-1-B x CML486]-1-1/CML395
CML395/La Posta Seq C7-F102-1-3-1-2-BB-B/CML395
CML488/La Posta Seq C7-F102-1-3-1-2-BB-B/CML488
La Posta Seq C7-F96-1-2-1-1-B-BB/CML395//CML395

backcross-derived DH line was crossed to one elite single-cross
hybrid tester (CML312 × CML442 or CML395 × CML444) from an
opposite heterotic group. Testcrosses were produced during the
2011 dry season (September to January). The testers used were
widely used in hybrid formation for subtropical and mid-altitude
environments, and are parents of several successful commercial
maize hybrids in SSA (Beyene et al., 2013). The DH lines were
used as the female parent, while the single-cross testers were used
as pollinators. Each female was planted in five rows of 5 m length
while the males were planted in two rows of 5 m length at two
different times (-5 and 0 days) to achieve synchronization of
flowering. Plots were overplanted and thinned to one seed per hill
with a spacing of 0.75 x 0.25 m. Fertilizers were applied at the rate
of 60 kg N and 60 kg P2O5 per ha at planting. Nitrogen was given in
two split applications: at planting and at six weeks after emergence.
At flowering, all the ears of female plants were covered with shoot
bags. Pollen was collected and bulked from the male plants when
20% of the males started to shed pollen. Female plants that were
free of diseases and other defects were pollinated to make
maximum number of crosses within a plot. Seeds were harvested
and bulked within each female row plot for use in the testcross
evaluations.

Evaluation of testcrosses across well-watered and droughtstressed locations
The 556 DH testcrosses were divided into six trials, with each trial
containing from 84 to 126 DH testcrosses and six commercial
checks. Testcrosses were evaluated in 3-4 well-watered (WW) sites
and two water-stressed (WS) sites in 2012 using alpha lattice

DH lines
generated

DH lines
discarded based
on per se
evaluation (%)

DH lines
used in
testcross
formation

DH lines
evaluated in
multi-location
trials

124

20

99

84

47

26

35

32

124

46

67

43

181

18

149

126

133

22

104

96

48

27

35

33

70

20

56

44

19

26

14

12

41

34

27

1

108

7

100

85

designs with three replications. At WS sites, irrigation was
withdrawn about two weeks before flowering and the trials did not
receive any irrigation through harvest. In the well-watered
experiments, supplemental irrigation was given as required to avoid
moisture stress. At all locations, each entry was planted in two-row
plots of 5 m long with rows spaced at 0.75 m between rows and
0.25 or 0.30 m between hills. Two seeds per hill were initially
planted then thinned to one plant per hill 3 weeks after emergence
to obtain a final plant population density of 53,333 plants per
hectare. Fertilizers were applied at the rate of 60 kg N and 60 kg
P2O5 per ha as recommended for the area. Nitrogen was given in
two split-applications: at planting and six weeks after emergence.
Hand-weeding was employed to effect proper weed control.
For each plot, a number of traits were recorded: days to silking,
as the number of days from planting to when 50% of the plants had
emerged silks, and days to anthesis, when 50% had shed pollen.
Anthesis-silking interval was computed as the difference between
days to silking and anthesis. Plant height was measured as the
distance from the base of the plant to the height of the first tassel
branch and ear height as the distance from the base to the node
bearing the upper ear. In drought-stressed condition, ears were
harvested from each plot and shelled to determine grain yield per
hectare. In the well-watered experiments, harvested ears of each
plot were weighed and the grain yield was estimated based on 800
g grain kg-1 ear weight and adjusted to 125 g kg-1 moisture content.

Data analysis
Analysis of variance (ANOVA) for all the recorded traits was done
separately for each location, and combined across locations
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Table 2. Performance of DH testcrosses evaluated under well-watered (WW) and water-stressed (WS) locations in Kenya.

Trial

Source
Population

Number of
WW
locations

Number
of WS
locations

Mean GY
under WW
(t/ha)

1
2
3
4
5
6

Pop1
Pop2 and 3
Pop4
Pop5
Pop6,7,8,9
Pop10

4
4
4
3
4
4

2
2
2
2
2
2

5.57
6.10
5.71
5.82
5.57
5.79

Mean GY
under
WS
(t/ha)
2.96
2.48
2.69
2.94
3.05
2.16

Mean AD
under
WW
(days)
75.07
73.73
76.94
77.66
74.67
73.98

Mean AD
under WS
(days)

Mean PH
under
WW (cm)

Mean PH
under
WS (cm)

75.46
73.79
74.79
76.72
74.14
73.60

244.29
225.83
223.16
223.20
230.42
233.03

210.0
205.27
215.11
202.47
214.43
197.17

Heritability
for GY
under WW
(WS)
0.76(0.21)
0.67(.039)
0.62(0.29)
0.75(0.51)
0.80(0.38)
0.82(0.51)

Heritability
for AD
under WW
(WS)
0.84(0.78)
0.91(0.73)
0.78(0.68)
0.81(0.59)
0.90(0.81)
0.87(0.71)

Heritability
for PH
under WW
(WS)
0.4(0.0)
0.75(0.75)
0.18(0.76)
0.35(0.45)
0.83(0.84)
0.75(0.67)

GY= Grain yield; PH = plant height; AD = anthesis date.

within well-watered and water-stressed environments using
PROC MIXED procedure from SAS version 9.2 (SAS,
2009). Genotypes were considered as fixed effects, and
replications and blocks within replications as random
effects. For the combined analysis, variances were
partitioned into relevant sources of variation to test for
differences among genotypes and the presence of G × E
interaction. Broad-sense heritability was calculated as the
proportion of genetic variance over the total phenotypic
variance. Heritability estimates refer to entry means across
environments and replicates. Comparisons were made to
compare the performance of all DH testcrosses and the top
10 DH testcrosses versus the best commercial check and
the mean of commercial check within well-watered and
water-stressed locations.

RESULTS
Analysis of variance
Results of the ANOVA combined across locations
under water-stressed and well-watered conditions
showed significant genotypic and genotype-byenvironment interaction (GEI) mean squares (p <
0.01) for grain yield, anthesis date and plant
height. Genotypic mean squares were significant
(p < 0.01) for all traits under water-stressed and

well-watered conditions (data not shown).

testcross hybrids from each trial were 2.6 to 15.7
cm taller than the mean of commercial checks
(Table 3).

Mean DH testcross performance under wellwatered conditions
Mean grain yield averaged across WW locations
-1
varied from 5.57 (Trial 1) to 6.10 t ha (Trial 2)
-1
with an overall mean of 5.76 t ha (Table 2). The
top 10 DH testcrosses in each trial were either
similar (e.g. Trial 2) or gave 17.5 to 32.7% higher
grain yield than the best commercial check; but
they all performed better (28.1 to 54.8%) than the
mean of the commercial checks (Table 3). The 10
highest yielding DH testcrosses in each trial
showed a difference of -1.2 to 3.8 days to
flowering as compared to the best commercial
check and up to 4.4 days delay in anthesis as
compared to the mean of the commercial checks
(Table 3). For plant height, the mean of the of 10
highest yielding DH testcrosses from four trials
(Trials 1, 3, 4 and 5) were 0.6 to 18 cm higher
than the mean plant height of the best commercial
check. In Trial 2, the 10 highest-yielding DH
testcrosses were 14.3 cm shorter than the best
commercial check. The 10 highest yielding DH

Mean DH testcross performance
drought-stressed locations

across

Based on the results of the combined analysis
across two managed drought-stressed locations,
there were significant differences in the average
values for grain yield, anthesis date and plant
height among DH testcrosses in all the six trials
(data not shown). The grain yield of all DH
testcrosses for the trials ranged from 2.16 (Trial 6)
-1
-1
to 3.05 t ha (Trial 5), with a mean of 2.75 t ha
(Table 2). The mean grain yield of all DH
testcrosses in each trial was 19 to 50% higher
than the mean of the commercial checks in all
trials, except Trial 3. The top 10 DH testcrosses
from each trial gave 11.8 to 40.9% more grain
yield that the mean of the best check and 33.3 to
90% more grain yield than the mean of commercial
checks (Table 3). There was no significant
difference in flowering dates among the DH
testcrosses, with the top 10 DH testcrosses and

Beyene et al.

375

Table 3. Means of test crosses from all DH lines , the top 10 DH lines,
mean of commercial checks and the best check of six trials developed
from 10 tropical backcross. Three traits, grain yield (GY, t ha -1),
anthesis days (AD, days) and plant height (PH, cm) were evaluated in
water-stress and well-watered sites.

GY AD
PH
Water-stress

GY AD
PH
Well-watered

Trial 1
All DH TC
Top 10DH TC
Best check
Mean of the checks

3.0
3.7
3.1
2.4

75.6
73.3
71.3
72.7

210.3
213.2
198.4
205.3

5.6
6.5
4.9
4.2

75.2
76.1
76.4
72.2

244.9
249.0
244.7
234.0

Trial 2
All DH TC
Top 10 DH TC
Best check
Mean of the checks

2.5
3.3
2.9
2.0

73.9
74.0
75.3
72.9

204.9
208.1
225.4
209.3

6.1
7.3
7.3
5.7

73.8
75.1
76.3
72.7

225.6
231.7
246.0
229.1

Trial 3
All DH TC
Top 10 DH TC
Best check
Mean of the checks

2.7
3.6
2.9
2.7

74.9
74.1
73.0
74.9

215.3
221.3
218.7
215.3

5.8
6.6
5.1
4.6

77.0
77.0
74.3
74.6

223.6
228.8
210.8
213.1

Trial 4
All DH TC
Top 10DH TC
Best check
Mean of the checks

3.0
3.8
3.4
2.0

76.7
76.9
73.3
74.4

202.9
205.8
207.6
195.2

5.9
6.8
5.4
4.4

77.8
78.6
74.8
74.2

223.4
223.2
222.6
219.7

Trial 5
All DH TC
Top 10 DH TC
Best check
Mean of the checks

3.1
3.9
3.4
2.6

74.1
73.3
73.2
74.2

214.7
219.3
219.3
209.0

5.6
6.7
5.7
4.5

74.8
75.8
75.1
73.1

230.7
239.7
230.1
225.1

Trial 6
All DH TC
Top 10 DH TC
Best check
Mean of the checks

2.2
3.1
2.2
1.8

73.6
73.5
72.6
73.4

195.4
201.2
197.6
190.2

5.9
6.9
5.5
4.6

74.1
74.2
74.9
72.6

233.2
240.7
226.8
229.0

Parameter

commercial checks showing maximum difference of 3.6
days among the different groups. With respect to plant
height, the top 10 DH testcrosses were 2.6 to 14.8 cm
taller than the highest-yielding commercial check in three
of the trials (Trials 1, 3 and 6) and 1.8 to 17.3 cm shorter
than the highest yielding check in Trials 2 and 4. In Trial
5, there was no difference in plant height between the 10
highest-yielding DH testcrosses and the highest-yielding
commercial check (Table 3).

Variance components and broad-sense heritability
under drought-stressed and well-watered conditions
Broad-sense heritability estimates for grain yield in
individual trials ranged from 0.62 to 0.82 under wellwatered conditions and 0.21 to 0.51 under drought
stressed condition (Table 2). In the combined analysis, as
expected, the heritability (H) of grain yield was lower
under WS relative to WW (Table 2). The heritability
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Table 4. Location, entry, location × entry, and residual variance components for three traits (grain yield, anthesis days and
plant height) combined across water stress (WS) and well-watered (WW) locations in each of the six trials evaluated in
2012.

Grain yield
(t/ha)

Anthesis day
(days)
WS

Plant height
(cm)

Grain yield
(t/ha)

Anthesis day
(days)
WW

Plant height
(cm)

Trial 1
Location
Entry
Loc × Entry
Residual

1.03
0.04
0.06
0.66

6.92
1.64
0.49
1.26

151.27
0
0
434.24

1.39
0.28
0.07
0.84

51.16
1.62
0.35
2.54

1414.58
21.82
23.39
324.73

Trial 2
Location
Entry
Loc × Entry
Residual

0.78
0.10
0.00
0.89

9.17
2.18
0.73
2.72

22.25
36.56
5.40
57.37

0.61
0.33
0.29
1.06

35.28
2.40
0.18
2.39

301.85
40.31
5.01
149.71

Trial 3
Location
Entry
Loc × Entry
Residual

0.02
0.06
0.10
0.65

17.74
1.43
0.49
2.64

97.26
45.26
2.36
79.98

0.84
0.17
0.12
0.93

24.90
1.43
0.22
4.26

209.12
53.14
0.00
2182.51

Trial 4
Location
Entry
Loc × Entry
Residual

0.06
0.14
0.08
0.56

22.72
0.98
0.70
2.02

366.97
14.60
4.25
94.30

0.49
0.31
0.01
0.87

48.23
1.61
0.14
3.09

603.91
7.12
4.67
106.68

Trial 5
Location
Entry
Loc × Entry
Residual

0.00
0.07
0.01
0.67

13.99
1.27
0.14
1.42

2.48
54.65
3.20
52.87

0.51
0.36
0.09
0.80

19.58
1.66
0.09
2.06

515.55
73.06
21.21
72.50

Trial 6
Location
Entry
Loc × Entry
Residual

0.35
0.12
0.06
0.51

12.26
1.53
0.62
1.93

0.00
44.69
32.86
44.54

0.16
0.47
0.08
1.02

29.89
1.62
0.30
2.11

520.53
62.39
33.17
156.36

Variance component

estimates for anthesis date were slightly higher in the
well-watered than under water-stressed condition. The
heritability estimates for plant height varied with
populations. In some populations (Trials 2 and 5), the
estimates were similar under well-watered and waterstressed conditions. In two other populations (Trials 1
and 6), the estimates were higher under well-watered
than under water-stressed condition, while the reverse
was the case in Trials 3 and 5.

For most populations, the proportion of genotype to GE
variance components was higher for WW than for WS,
indicating that GE interaction was less important under
optimum-moisture than under drought-stressed conditions
(Table 4). Variance of genotypes for grain yield was 56 to
83% larger in the well-watered condition than in drought
stressed condition in all trials except Trial 5. For anthesis
date, variance of genotypes was 28 to 88% larger in the
WW condition than in the WS condition in all trials.
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Table 5. Entry code of the top 10 DH derived hybrids and their grain yield (GY)
(t ha-1) in water-stress and well-watered sites for each of the six trials
evaluated in 2012.

Water-stress
Well-watered
Entry
GY
Entry
GY
Trial 1
47
4.4
85
6.8
3
3.9
1
6.6
29
3.8
39
6.5
54
3.8
64
6.5
11
3.7
50
6.5
76
70
3.5
6.4
15
3.5
41
6.4
26
3.4
78
6.4
77
3.4
72
6.4
76
3.4
36
6.3

Water-stress
Well-watered
Entry
GY
Entry
GY
Trial 2
42
3.8
39
7.6
25
3.7
43
7.5
69
3.6
73
7.4
9
3.6
52
7.4
58
3.2
35
7.3
42
74
3.2
7.3
59
3.2
34
7.2
3
3.1
49
7.0
59
64
3.1
6.9
46
3.0
30
6.9

Trial 3

Trial 4

90
50
46
29
92
95
59
77
61
94

4.0
3.8
3.7
3.6
3.5
3.5
3.5
3.5
3.4
3.4

50
43
81
39
35
53
95
19
49
18

4.0
4.0
4.0
4.0
3.9
3.9
3.9
3.7
3.7
3.6

86
98
34
52
90
42
16
46
3
23

6.8
6.7
6.7
6.7
6.6
6.6
6.5
6.5
6.5
6.5

35
65
64
30
20
2
3
27
56
54

4.1
4.1
3.9
3.8
3.8
3.7
3.6
3.6
3.6
3.6

38
75
68
93
89
3
91
64
16
5

6.9
6.9
6.8
6.8
6.8
6.8
6.8
6.7
6.7
6.7

66
96
12
70
63
89
36
46
78
3

7.0
7.0
6.8
6.8
6.7
6.6
6.6
6.6
6.4
6.4

40
16
39
68
46
37
84
62
57
35

Trial 6
3.4
3.3
3.2
3.2
3.1
3.0
2.9
2.9
2.9
2.8

17
18
58
55
5
32
14
57
45
22

7.3
7.1
7.1
7.0
6.9
6.8
6.7
6.7
6.6
6.6

Trial 5

Bold faces shows hybrids were performed on the top 10 under drought and
optimum environments.

DH testcrosses that performed well under both wellwatered and water-stressed locations

under WW and WS locations (Table 5).

DH testcrosses that performed well under well-watered
and water-stressed conditions were of considerable
interest because these combine drought tolerance and
yield potential. Of particular interest were Entry 76 (Trial
1), 42 and 59 (Trial 2), 90 and 46 (Trial 3), 64 and 3 (Trial
4) and 57 (Trial 6) which ranked amongst the top 10

DISCUSSION
The main objective of the study was to assess the
performance of DH lines developed from the tropical BC1
populations under drought-stressed and well-watered
environments and to identify elite new inbred lines for use
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in high-performing maize cultivars for the African farmers.
Significance of genotypic mean squares for all measured
traits indicates that good progress can be made in
selecting for improved grain yield under both drought and
well-watered environments. Significant variation for GY
under drought observed in this study was an indicator of
expression of differential levels of tolerance to drought in
tropical maize hybrids. Beyene et al. (2013) and Derera
et al. (2008) also reported differential responses of
tropical maize hybrids to drought stress.
Evaluations of maize varieties in multiple environments
reveal a range of adaptation and specific fitness for
diverse environments (Setimela et al., 2007; Beyene et
al., 2013). In the present study, hybrids performing well
under drought-stressed and well-watered environments
were identified in 5 out of 6 trials. Superior lines were
identified from all the 10 populations, suggesting that the
donor parents used in developing the DH lines are
excellent sources of germplasm for combining ability with
sub-Saharan adapted germplasm. Similarly, Beyene et
al. (2013) evaluated 50 hybrids across drought-stress
and well-watered locations in Kenya, Uganda and
Tanzania, identifying hybrids that performed well across
optimum-moisture and drought-stressed locations.
Results of this study are in agreement with those of
Betran et al. (2003) who reported that lines with different
selection history produced high-yielding hybrids under
contrasting environments, indicating favorable allele
combinations between inbred lines selected under wellwatered and water-stressed conditions.
The average grain yield of the top 10 experimental
hybrids in each trial was higher than the best check under
well-watered and managed drought stress conditions,
indicating that most of the DH testcrosses hybrids were
superior as compared to the commercial checks. Duvick
and Cassman (1999) reported better tolerance to drought
and low nitrogen stresses in new varieties as compared
to older varieties released in different eras in the USA.
CIMMYT and other partners in Eastern and Southern
Africa have been working to improve tropical maize
germplasm for both drought stress and low nitrogen
tolerance for the last three decades (Bänziger et al.,
2000; Makumbi et al., 2011; Worku et al., 2012).
Edmeades et al. (2006) reported that the phenotypic
correlation between elite hybrid yields under managed
drought stress versus well-watered conditions declined
as stress intensified, with yield reduction reaching 50%.
They suggested that stress adaptive mechanisms were
not exposed until yields were reduced by 30 to 50%
under stress. In this study, average mean yields of
testcrosses in each trial under drought stress represented
37 to 55% of the average yield of hybrids under wellwatered conditions which fall within the range of 30 to
50% yield reduction suggested by Edmeades et al.
(2006). Therefore, the top 10 DH testcrosses identified in
the present study from each population might have
adaptive traits for drought tolerance and have the

potential to be utilized in breeding for drought tolerance in
SSA.
This study demonstrates the use of DH technology in
deriving elite lines combining drought-tolerance and elite
performance for yield potential and adaptive traits in SSA.
The DH lines developed from the tropical-adapted BC
populations appeared to possess favorable genes for
improving grain yield under stress and non-stress
conditions. Such DH lines increase the speed and
efficiency to introduce new and improved stress-resilient
hybrids in the market, as some of the DH-derived hybrids
showed significantly better performance as compared to
the best commercials checks in eastern Africa, developed
through pedigree breeding. To enable development of
DH lines in Africa-adapted maize genetic backgrounds,
CIMMYT established a maize DH facility at KALROKiboko research station in Kenya. Since the inception of
this facility in September 2013, more than 61, 456 DH
lines have been developed.
Based on extensive multi-location field testing (following
the present study) for their per se performance under
abiotic and biotic stresses and performance in hybrid
combinations (data not shown), five of the DH lines
identified from the present study have been released as
CIMMYT maize lines (CMLs). These are CML566,
CML567, CML568, CML569 and CML570, as international
public goods. All the five CMLs are of intermediate
maturity, white-grained, and adapted to mid-altitude
tropical mega-environments of sub-Saharan Africa. The
lines are resistant to major foliar diseases of maize in
Africa, such as gray leaf spot (GLS), caused by
Cercospora zeaemaydis, Northern corn or Turcicum leaf
blight caused by Exerohilium turcicum, common rust
caused by Puccinia sorghi and maize streak virus caused
by maize streak geminivirus. In addition, CIMMYT and its
partners have released 32 DH-based hybrids in Kenya,
Uganda, Tanzania and South Africa between 2012 and
2015 which perform well under optimum drought and low
nitrogen stress conditions.
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