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1Crops Research Institute, Council for Scientific and industrial Research (CSIR), Kumasi, Ghana,
2College of Science and Technology, Council for Scientific and industrial Research (CSIR), Kumasi,
Ghana, *Plant Genetic Resources Research Institute, Council for Scientific and industrial Research
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Maize is a major cereal crop for humans and animals. The production and
consumption of maize are adversely affected by aflatoxin contamination
resulting in reduced grain quality with high health risk to consumers. Unsafe
aflatoxin levels above 20 ppb have been reported in maize from farmers’ fields in
Ghana. A study was undertaken to evaluate the yield and aflatoxin contamination
resistance stabilities of selected hybrids being developed in Ghana. Eighteen
maize genotypes (14 hybrids with the following code names: GHO1, GHO2,
GHO03, GH04, GHO05, GH06, GHO7, GHO8, GH09, GH10, GH11, GH12, GH13, and
GH14 and four local checks: Etubi, Obotantim, Tintim, and Mamaba) were
evaluated across six environments in two seasons. Artificial inoculation was
done randomly using the side needle injection method 14 days after midsilk at
a concentration of 9 x 107 conidia/ml. After the harvest levels of aflatoxin in the
harvested grains were determined using high-performance liquid
chromatography (HPLC). Data analysis showed that genotypic effects and
environmental effects on some traits were consistently significant across
environments, which mean that there was useful variation among the
genotypes that could be utilized for the development of hybrids. Non-
significant genotype by environment interaction effects for grain yield suggests
that a promising genotype selected in one of these locations will also be suitable
for production in the other locations in the same agroecological zone. GGE
biplot analyses provided clear bases for determining stability and performance of
the hybrids. Two hybrids have the potential for production in Ejura, Fumesua,
Ohawu, Akumadan, and Kpeve and similar agroecological zones. GHO4, GH10,
and GHO1 were lowest yielding, but GH10 was most stable. GHO5 was identified
as the most promising for production in Ejura, Ohawu, and Akumadan. Again,
GHO8 was the Vertex genotype for Wenchi environment. Ejura, located in the
transition zone, was identified as the ideal testing environment for the hybrids.
Most of the hybrids showed low levels of aflatoxin accumulation below 20 ppb
despite artificial inoculation. The study revealed GHO1, GHO5, and GHO8 as the
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most stable among the top yielding hybrids with aflatoxin levels of 11.9, 14.3, and
3.8 ppb, respectively, after artificial inoculation, which can be considered for
cultivation as varieties to help mitigate aflatoxin contamination in maize in Ghana

and beyond.
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Introduction

Maize (Zea mays L) is a major cereal crop for both human and
animal nutrition worldwide (Atmaca et al., 2015). In Ghana, maize
is the most important cereal crop accounting for 58% oflocal cereal
that is produced and consumed (Scheiterle and Birner, 2016).
Maize is cultivated in all the agroecological zones (Agyare et al,
2015) on anarea of about 1,189,000 ha with a national average yield
of 2.48 mt/ha in farmers’ fields (MoFA, 2017).

Maize production is constrained by both biotic and abiotic
stressors. Biotic stressors such as diseases and pests attacks as
well as aflatoxin contamination caused by Aspergillus flavus
affect productivity, quality of grains, and income of farmers.
Abiotic factors such as poor soil conditions and climatic factors
also expose maize crop to yield losses, which can result in
food insecurity.

The production and consumption of maize in Ghana are
particularly affected by mycotoxins (aflatoxin) contamination,
which results in reduced grain quality and its wholesomeness to
be used as food or feed. Aflatoxins are secondary fungal toxic
metabolites that are produced by Aspergillus species such as
Aspergillus parasiticus, Aspergillus nomius, and Aspergillus flavus
mainly on grains and nuts. There are more than 10 compounds
classified as aflatoxin with the most important ones being B1, B2,
B2a, G1, G2, M1, M2, QI, R0, and P1 (Moreno and Kang, 1999).
Aflatoxins B1, B2, G1, and G2 are all considered harmful in this
order of toxicity BI>G1>B2>G2 LDs 0.36, 0.78, 1.70-3.44 mg/
kg, respectively, to humans.

Aflatoxin production on the field is influenced by high
temperature and humidity, which is favorable to the
Aspergillus growth and contamination of grains on the field
(Namjoo et al., 2016). Its presence is also enhanced by factors
such as stress or injury to the crop due to drought before harvest,
insect activity, soil type, and poor storage conditions (Alcaide-
Molina et al., 2009).

The presence of aflatoxins in food and feed makes them
unsafe for consumption as there are reports of serious health
hazards it poses (Moreno and Kang, 1999). When ingested,
inhaled, or adsorbed into the body, it can lead to primary
hepatocellular carcinoma (Namjoo et al., 2016), hepatotoxic

Frontiers in Horticulture

02

(capable of causing liver cancer), teratogenic (capable of
effecting deformities in embryo), and mutagenic effects in
human and animals at very low concentrations (Espinosa-
Calderon et al.,, 2009). Kenya recorded an incidence of deaths
as a result of consumption of aflatoxin contaminated commodity
in 2004 (Probst et al., 2007). According to EU-European
Commision (2018), food commodities from Ghana were
rejected at the European border due to high level of detectable
aflatoxins. Aflatoxin contamination has negative impact on
economic growth and trade (Bandyopadhyay et al, 2017),
because food and feed commodities with high levels of
aflatoxin cannot enter the premium markets of developed
countries with strict testing procedures.

The European Union (EU) has a rigorous regulation that set
the limit for aflatoxins at 5 and 10 ppb for aflatoxin B1 and total
aflatoxin, respectively (Espinosa-Calderon et al., 2009).
According to FAO (2011), maize for human consumption
should not exceed 5 pg/kg for aflatoxin contamination. In
Ghana, aflatoxin limit is set at 8 ppb for maize produced in
the country by Ghana Standard Authority (GSA, 2018).

There are many interventional technologies for the control
of aflatoxin contamination. These include good agricultural
practices, monitoring and crop destruction, postharvest
interventions (Bandyopadhyay et al., 2017), and the use of
genotypes resistant to aflatoxin contamination (Warburton
and Williams, 2014). In Ghana, the commodities market is less
developed; hence, there is very little enforcement of standards
and grades. This situation means health and safety of consumers
cannot be assured (Acheampong et al., 2017). Therefore, the safe
measure to aflatoxin contamination in this part of the world and
for most developing countries where food quality standard
checks and monitoring are less developed will be the use of
resistant maize varieties.

Currently, there are no released maize varieties with resistance
to aflatoxin contamination in the country; hence, any approach
that contributes to the release of aflatoxin resistant varieties is a
great step in the area of aflatoxin research for food safety for both
consumers and maize farmers. This study was therefore
conducted with the main objective to evaluate the performance
of CSIR-CRI maize genotypes with promising resistance to
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aflatoxin contamination across six (6) different locations in two
seasons to ascertain their yield stability as well as resistance to
aflatoxin contamination in Ghana.

The specific objectives of the study were as follows:

* To determine the yield stability of aflatoxin
accumulation resistant hybrids across six (6) locations
in two (2) seasons.

* To identify stable hybrids with low level of aflatoxin
contamination.

Materials and methods
Experimental material

The experiment comprised 18 entries of maize genotypes
consisting of four local checks and 14 single cross hybrids. These
materials were obtained from Corn Host Plant Resistance
Research Unit (CHPRRU) of the USDA ARS, Station at
Starkville, MS and some adapted local inbred lines received
from IITA, Ibadan, Nigeria. The characteristics of the varieties
used are summarized in Table 1.

The research was carried out in six locations. The locations
were Ejura (7° 23° 0” North, 1° 22’ 0” transition ecology, fine
coarse sandy loam Oxisol), Fumesua (6°41 North, 1°28
deciduous forest, ferric acrisols, Akumadan (7° 24’ 0” North,
1° 57" 0” West), Wenchi (80 45°N, 20 6'W,33), Kpeve (30 20'N,
00 17’E—coastal savannah, achrosols) and Ohawu both in the
Volta region.The average yearly minimum and maximum
temperatures of the agroecological zones were Fumesua 21°C
minimum and 33°C maximum, Wenchi 21.2°C minimum
and 31°C maximum, and Akomadan 20°C minimum and
35°C maximum, whereas Ejura was 24°C minimum and
33°C maximum.3.1

The fields were disc plowed and harrowed before planting
to ensure good tillage. Glyphosate at 1.5 1/ha was applied soon
after planting to control weed growth. The seeds of the 18
hybrids for the two seasons (major and minor) were
generated by planting the male and female inbred lines in a
crossing block. Artificial pollination was done by introducing
the pollen of the male inbred lines to their respective female
inbred line. At maturity, the seeds were harvested, dried,
treated, and packed for planting.

Planting for the major season was carried out between April
and May 2019 in all six locations when there was appreciable
rainfall. However, planting was carried out sequentially with
intermittent planting dates between the various locations to
ensure sequential harvesting at the various locations. Planting
in the minor season was carried out in a similar manner
beginning from 3 September to second week of September
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2019. In all plantings, the randomized complete block design
(RCBD) was used with three replications for each treatment in
each location. Each of the 18 genotypes were sown at three seeds
per hill and thinned to two plants per hill after 2 weeks. Each plot
consisted of two rows on a 5-m long plot, 0.75-m inter-rows, and
0.4-m intra-row spacing. Post-emergence herbicide, Atrazine
was used to control weeds immediately after sowing.

The application of NPK 15:15:15 was applied at the rate of
250 and 60 kg/ha of P,Os5 as basal fertilizer at 2 weeks after
sowing and top dressed with additional N 60 kg/ha at 4 weeks
after planting. Hoe and hand weeding was also done when
necessary to control weeds during the growing period. Fall
armyworm was controlled by the application of Emamectin
benzoate at manufacturer’s recommendation in every 2 weeks
to control fall armyworm (Spodoptera frugiperda) infestation
and other management practices were carried out as required for
each area.

Inoculum preparation

The identified toxigenic isolate of Aspergillus sp was used to
prepare the inoculum as described by Windham and Williams
(2002). The procedure involved multiplication of the isolate on
sterile corn cob grit in 500-ml flasks each containing 50 g of grits
and 100 ml of sterile distilled water and incubated at 28°C for 3
weeks. Conidia in each flask was washed from the grits using
500 ml of sterile distilled water containing 20 drops of Tween 20
per liter and then filtered through four layers of sterile
cheesecloth. The concentration of conidia was determined
with a hemacytometer and adjusted with sterile distilled water
to 9 x 107 conidia per ml. Excess inoculum not used immediately
was refrigerated at 4°C.

Inoculation

The side needle method was used for inoculating ears of five
plants at random per plot 14 days after midsilk. A preparation of
3.4 ml of a spore suspension of 9 x 10” conidia/ml was injected
over the kernels as reported by Scott and Zummo (1994).

Harvesting and processing

Each plot was harvested when matured at a moisture content
of 18-20%. Cobs from each plot were harvested into separate
bags labeled with the plot number and weight taken. At
processing, the maize was shelled plot by plot and the grain
weight data were taken together with their respective moisture
contents. Samples of the grains were taken to the laboratory to
determine the aflatoxin contents.
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TABLE 1 Genetic materials used in the study and their characteristics.

Inbred Males Pedigree Source
CML11 P21-C5-FS219-3-2-2-3-#-7-1-B-4-1-B CIMMYT
CML247 (G24-F119/924-F54)-6-4-1-1-B CIMMYT
CML287 (P24-F26/P27-F1)-4-1-B-1-1-B CIMMYT
CML343 LAPOSTA SEQ-C3-FS17-1-2-3-2-1-B CIMMYT
CML5 PobZ1C5HC133-1-B_B CIMMYT
Ki3 Ki 3 (86329) THAILAND
TZI8 TZB x TZSR IITA
Females Pedigree Source
ENTRY-5 CIMMYT
ENTRY-6 CIMMYT
ENTRY-70 CIMMYT
ENTRY-85 CIMMYT
MO0826-12F* 2-B-B:DT-SR-W-C0/1368xPAC90038-1x1368-6-07C04772B 06A11833B IITA
MO0826-7F* B-B-B-B-B-B:DT-SR-W-C0/1368xPAC90038-1x1368-3-07C04754B 06A11803B IITA
TZEEI-15* TZEEI-15 WPopxLDS6(Set A)Inb.44 IITA
TZEEI-6* TZEEI - 6 WSRBC5x1368STRS7Inb.100 IITA
Checks
Tintim CSIR-CRI
Obotantim CSIR-CRI
Mamaba CSIR-CRI
Etubi CSIR-CRI

Aflatoxin analysis

Aflatoxin was extracted using methods described by Sirhan
et al. (2013), with modifications. Samples were milled using a
Preethi Mixer Grinder into homogenized flour. A weight of 2 g
of slurry was weighed into a 15-ml centrifuge tube and topped-
up with a 4 ml of 60:40 (v/v) methanol:acetronitrile solution. The
resultant mixture was vortexed using Genie Vortex machine for
3 min. 1.32 g of anhydrous MgSO, and 0.2 g of NaCl were added
to the mixture and then vortexed for 1 min. The tube was
centrifuged for 5 min at 4000 rpm and the upper organic layer
filtered through a 0.45 um nylon syringe prior to injection. A
volume of 100 pl of the filtered extract was injected into
the HPLC.

A Cecil-Adept Binary Pump HPLC coupled with
Shimadzu 10 AxL fluorescence detector (Ex: 360 nm, Em:
440 nm) with Phenomenex HyperClone BDS C18 Column
(150 x 4.60 mm, 5 wm). The mobile phase used was methanol:
water (40:60, v/v) at a flow rate of 1 ml/min with column
temperature maintained at 40°C. To 1 L of mobile phase were
added 119 mg of potassium bromide and 350 pl of 4 M nitric
acid (required for postcolumn electrochemical derivatization
with Kobra Cell, R-Biopharm Rhone). Aflatoxin Mix (G, G,
B;, and B,) standards (ng/g) were prepared from Supelco®
aflatoxin standard of 2.6 ng/ul in methanol. The
concentrations of B, and G; were 0.5, 1, 2, 8, and 16 ng/g
per 100 pl injection.
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The concentrations of B, and G, were 0.15, 0.3, 0.6, 2.4, and
4.8 ng/g per 100 pl injection. The limit of detection and the
limit of quantification of total aflatoxin were established at 0.5
and 1 ng/g, respectively. Aflatoxin concentration was estimated
asng/g = A x (T/I) x (1/W), where A = ng of aflatoxin as eluate
injected, T = final test solution eluate volume (ul), I = volume
eluate injected into LC (ul), and W = mass (g) of commodity
represented by final extract.

Data collection

The following data were recorded on all plants
across locations:

1. Days to anthesis: The number of days from the date of
planting to when 50% of the maize plants tassel and
sheds pollen.

2. Days to silking: The number of days from the date of
planting to when 50% of the silk emerges.

3. Plant height: Measured with a graduated stick on five
randomly selected plants and measured from the
ground level to the node bearing the flag leaf.

4. Ear height: Measured by using the same plants from
which the heights were taken; the height of the ear from
ground level to the node bearing the uppermost ear were
recorded.
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5. Ear aspect: Based on a scale of 1-5 where 1 = clean,
uniform, large, and well-filled ear and 5 = ears with
undesirable features, plants were scored.

6. Husk cover: Data on husk cover were taken when the
ears were fully developed and about 3 weeks to harvest
using a scale of 1-5 rating: 1 = husk tightly arranges and
extends beyond ear tip and 5= husk poorly arrange and
ear tips exposed.

7. Diseases

8. Diseases were scored based on 1-5 rating. Where 1 =
absence of disease and 5 = severe infection.

The following data were computed before the data analysis
was done:

8. Anthesis-Silking interval

Anthesis-Silking interval (ASI) was obtained by the
difference between the days to anthesis and days to
silking.

9. Grain yield

The grain yield in kilograms were calculated for each plot at
15% grain moisture content (Rahman et al., 2007) using
the formulas below:

Field grain yield (t/ha)

_ FW x (100 - MC) x 0.83 x 10,000
- 85 x 75

where FW = field weight; MC = percentage moisture
content; and 0.83 = shelling coefficient.

Other data taken during harvesting include field weight (the
weight of cobs per row measured in kilograms), ears harvested
(total number of ears harvested per row), and plants harvested
(total number of plants harvested per row).

Data analysis

The data were subjected to the analysis of variance
(ANOVA) per location (Table 2) and across location for

TABLE 2 Format for analysis of variance.

Source Degree Of Freedom (df)

Location .(L) L-1
Replication (R) R-1
Genotype(G) G-1
GxL (G-1(I-1)
Pooled error (@-D(p-1
Total (pg-1)
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agronomic traits using the Genstat statistical package
(Genstat, 2007).

The grain yield of the individual hybrids was analyzed and
used to determine the stability of the genotype using the GGE
biplot model (Yan et al., 2001).

Results

Performance of genotypes for aflatoxin
accumulation resistance and other
agronomic traits across locations

and seasons

The genotypes were analyzed across locations for each
season and then combined across locations and all seasons.
The results on performances of the genotypes across the six
locations in all the seasons are presented here. The ANOVA
across the six environments in both seasons shows significant
(P< 0.05) differences among genotypes with respect to some of
the agronomic traits (Table 3). Environment was significant (P<
0.05) for all the traits except days to 50% pollen and days to 50%
silking. Genotype was significant (P< 0.05) for most of the traits
except yield per hectare, days to 50% pollen, days to 50% silking,
ear aspect, plants aspect, ear rot, and MSV (Table 3).

However, genotype by environment interactions was not
significant (P< 0.05) for most of the trait except anthesis silking
interval, plant height, ear height, root, and stalk lodging
(Table 3). Mean squares of the other traits across the
environments and seasons can be found in Table 3.

The mean performance of the genotypes had significant
differences (P< 0.05) in grain yield and other traits as a result of
environmental effect (Table 4). Grain yield varied from 3311.75
kg/ha for GH18 (Etubi) to 4848.20 kg/ha GH11 ENT-5 x T21-8.
Genotypic effect for the 18 genotypes showed significant
difference (P< 0.05) for most of the traits. Days to 50% pollen
ranged from 46 to 52 days, whereas days to 50% silking ranged
between 49 and about 55 days (Table 4). The performance of the
other traits has been presented in Table 4.

A combined ranking of the top 6 maize genotypes and four
checks evaluated in the major and minor seasons across the

Sum of Square (SS) Mean Square (MS)

SS;,

SSg

SSg MSg
SSar MSqL
SSe MS,

SSt MSr
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:cao 2+ 1 2 2 21 2 - different locations is a presented in the table below (Table 5). It
S o 1 = & q X% ) =)
ﬁ Z 3 £ 2 2 Z E 2 S could be observed that GH11 (ENT-5 x TZ1-8) performed
. 2 2% % 7 2% 3 R appreciably better, ranking highest in yield (4848.20 kg/ha),
2 984238853 3 followed by GHO5 (ENT-85 x CML-247) with average yield of
- o o e e x 4848.02 kg/ha. Aflatoxin levels were generally low for the top 6
2 g i P i 2 21 2 9«
Z S 5888588 3 new maize genotypes ranging from 0 ppb for GH11 (ENT-5 x
(=1 o (=1 (=1
TZ1-8), GHO8 (MO826-12F x CML-343), and GHO06 (ENT-5 x
% & T N CML-287) to 9.6 ppb for genotype GH09 (MO826-7F x CML-
- o * © * * — ey
& -bgo Ie g % E 3 § E 3 343) for the uninoculated, whereas it ranged from 3.6 to 36.6 ppb
- for the inoculated (Table 5). Aflatoxin accumulation levels for
a0 .o ox . the controls can also be seen in Table 5.
E6 frzzlbial 3
KEg S dd2gSega O
Stability analysis of the genotypes
g 2 P F 2 2 & =
2 fLzaféid f . o |
Zo = 33 S S ° £ o The GGE biplot analysis of grain yield for the hybrids
(Table 6) together with checks across six environments for the
298 | 2% 22211 2 . two seasons showed that axis 1 (principal component axis 1)
S2 §2523g33 9 : o . .
= 3 432333 a3 S g explained 30.32% of the total variation, whereas axis 2 explained
z 18.78% of the total variation in grain yield with both axis
o u F s 2 o % @9 f5 .. o .
E s £ & % % g £ 123 & 'g ;L;) explaining 49.1% of the total variation. The double-arrow line
g == = == = é that separates genotypes into two, those with below average
o * * *
8 4 P2y BB o means and those with above average means are presented in
g o 5 883 898 3 83 S g L . .
5 S s ¥ 3 o S g o = (Figure 1). The yield of a genotype was estimated by the
T - £ 1 ox x & projections of their representative markers on the average-
2 x5 x f 2 % Z <
e H 's_o § s E R 2 f", 3 § g = tester axis, whereas the stability of the genotypes was
S ME sgngEzgs 8 % determined by the projection length of their mark h
5 cR g =g~ = etermined by the projection length of their markers onto the
E .3 . g average-tester coordinate y-axis single-arrow line. The longer the
S E %o Shazsfsgs 3 E absolute length of the projection for a genotype, the less stable it
ot : N : . : S : v =
E» AE 42 g Sg g & % was. The presentation by the GGE biplot analysis revealed that
= N o & S 11 .
3 [: 2 the best top 5 yielding maize genotypes were GH 05 (ENT-85 x
£ 7 bbb L LD £ g |z CML-247), GH 08 (MO826-12F x CML-343), GH09 (MO826-
N d . aN o b
g < NS geSesae T 7F x CML-343), GH13 (ENT-70 x CML-247), and GH 11 (ENT-
§ o £ 5 x T21-8). However, the worst performing genotypes were
< z p g genotyp
s S
?, R & s 2 22 2 oz 2 o2 ; revealed as follows: GH18 (Etubi) followed by GH04 (ENT-5 x
7 23 & o & 288 § ; CML-11), GH17 (Mamaba), GH10 (ENT-5 x K1-3), and GHO1
v » = <~ Q 5 2 =2 = -
& ®° o ¥ “ i (MO826-7F X TZ1-8). Even though GHO05 (ENT-85 x CML-
§ a = 247) was ranked highest yielding genotype, it was unstable as
Z
£ e g portrayed by the length of its projection. GH13 (ENT-70 x CML-
S o
TE R = 2 2 2 .5t . 8 247) and GH 08 (MO826-12F x CML-343) were most stable
S |« o P o
2 = 23 <325 25 s 08 e among the top 5 yielding genotypes. GH 10 (ENT-5 x K1-3) was
@ — o o o T~ -
s z& T e m “ z identified as poor yielding among the worst of the five genotypes,
Z =
S a ig but it was very stable (Figure 1).
o =
8 o | & & %, P g2 B2 g The five sectors observed in the biplot were created by the
‘S — — N S =3 . . .. .
g = s 3 % g 3 £ E E S g 3 perpendicular line that starts from the origin of the biplot and
- 9 — o . .
2 = o] § % I g R g 2 E g g runs perpendicular to the side of the polygon. A total of five
N S o S - = . . .
o S8R =2 = = sectors were recognized out of which three had environments
4 w5
g a SRR s RO T = within them and two sectors had no environment within them.
E . : Genotypes and environments that fell within the same sectors
'g g zZ z . & inferred a relationship between the genotypes with that
G o 0o =
- 2 Z 2 2 ; . E- & environment(s). The genotypes at the different vertices of the
= § ‘5 "z % o ‘E ‘E 5 % % i polygon are likely to be responsive as they are at the extreme
- * . . s
S BE 2CcEEdo0E&ESE & from the origin. Although, the responsive vertex genotypes can
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TABLE 4 Mean performances of 18 genotypes for grain yield, and other agronomic traits across six environments during the major and minor season.

Genotype

MO826-7F x TZ1-8
T2EEI-15 x MP-715
MO826-12F x CML-176
ENT-5 x CML-11
ENT-85 x CML-247
ENT-5 x CML-287
MO826-7F x CML-11
MO826-12F x CML-343
MO826-7F x CML-343
ENT-5 x K1-3

ENT-5 x T21-8
T2EE1-6 x CML-11
ENT-70 x CML-247
MO826-7F x CML-5
Tintim

Obtantim

Mamaba

Etubi

LSD (5%)

Dp

50.19
49.61
51.47
51.92
51.00
51.08
52.08
52.61
52.39
50.19
49.39
48.06
51.06
51.09
50.11
46.50
48.83
49.78
1.28

DS

53.42
52.58
54.53
53.67
54.19
53.92
55.28
55.83
55.64
53.08
52.39
50.86
53.78
54.19
53.67
49.25
51.89
52.89
1.65

ASI EH PH

322 7944 164.64
297 9736 171.77
3.06 86.69 17297
3.17  77.78 166.14
319 8692 17539
2.83  86.56 179.56
319 8514 176.69
322 8531 17486
325 81.28 17397
2.89 7458 159.08
3.00 67.75 154.25
2.86  79.69 165.08
272 8122 165.28
3.11 8328 17347
3.00 76.81 166.00
272 73.06 155.75
3.06 7411 156.14
311 7622 160.14
0.19 6.88 8.86

YH

3854.14
4766.13
4236.14
3490.41
4848.02
4167.75
4022.79
4641.94
4569.33
3918.29
4848.20
4276.20
4482.86
4177.57
4042.64
4766.66
3696.75
3311.75
1299.70

PA EA
211 267
217 256
206 272
222 264
2.14 247
225 261
211 250
194 250
197 256
211 267
217 256
217 261
197 256
211 278
217 267
217 275
214 2.64
227 281
027 033

HC

2.08
2.50
2.08
2.19
2.61
2.33
2.19
2.08
1.97
217
2.25
2.30
2.50
2.17
2.25
2.33
2.19
222
0.29

MSV LR
1.17 1.72
1.22 1.67
1.30 1.50
1.25 2.97
1.94 1.75
1.31 3.31
1.33 3.08
1.33 2.50
1.25 1.86
1.22 1.89
1.14 1.67
1.19 2.56
1.42 1.61
1.17 1.64
1.11 1.83
1.17 1.53
1.33 2.56
1.31 1.89
0.20 0.79

LS

1.28
1.53
1.53
1.97
1.64
1.67
2.03
1.53
1.50
1.53
1.28
1.58
1.58
1.42
1.22
1.47
1.67
1.75
0.28

Ear rot

1.06
0.97
1.03
1.03
1.00
1.11
1.00
0.92
1.00
0.94
0.97
1.03
0.94
0.97
0.97
1.00
0.92
1.06
0.17

RUST nBLIGHT

1.08 1.64
1.25 1.83
1.11 1.64
1.08 1.61
1.00 1.61
1.03 1.69
1.00 1.67
1.06 1.67
1.08 1.67
1.06 1.67
1.03 1.64
1.06 1.58
1.03 1.58
1.03 1.61
1.14 1.75
1.22 1.69
1.08 1.67
1.03 1.67
0.13 0.13

TABLE 5 Top six yielding and four local genotypes and Aflatoxin levels across 6 environments for both major and minor Seasons.

GENOTYPE

GH11(ENT-5 x TZ1-8)

GHO8 (MO826-12F x CML-343)
GHO5 (ENT-85 x CML-247)
GH13 (ENT-70 x CML-247)
GHO09 (MO826-7F x CML-343)

GHO06 (ENT-5 x CML-287)

CHECK

GH16 (Tintim)
GH15 (Obotantim)
GH17 (Mamaba)
GHI8 (Etubi)

Yield/ha Kg/ha

4848.20

4641.94

4848.02

4482.86

4569.33

4391.13

4042.64

4766.66

3696.75

3311.75

TABLE 6 List of Genotypes and their respective codes in the study.

Code

GHO1
GHO02
GHO03
GHO04
GHO5
GHO06
GHo7
GHO08
GHO09

Frontiers in Horticulture

Genotype

MO826-7F x TZ1-8
T2EEI-15 x MP-715
MO826-12F x CML-176
ENT-5 x CML-11
ENT-85 x CML-247
ENT-5 x CML-287
MO826-7F x CML-11
MO826-12F x CML-343
MO826-7F x CML-343

07

Uninoculated(ppb)

3.00
2.3
9.60

0.2

29.00

Code

GH10
GHI11
GH12
GH13
GH14
GH15
GH16
GH17
GH18

Inoculated (ppb)

11.90
14.30
3.6
25.00
17.5
26.60

27.20
14.60

25.80
30.1

Genotype

ENT-5 x K1-3
ENT-5 x T21-8
T2EE1-6 x CML-11
ENT-70 x CML-247
MO826-7F x CML-5
Tintim

Obotantim

Mamaba

Etubi

frontiersin.org


https://doi.org/10.3389/fhort.2022.1029804
https://www.frontiersin.org/journals/horticulture
https://www.frontiersin.org

Oppong et al. 10.3389/fhort.2022.1029804
Mean vs. Stability
GH18
N
- GHe3
401
R 1&’6}{{1]40,7'
& A GH1L o
0 o A a 4\ J
2 eHiT 00 SRR
< ~ | oHoa
GHO8
o - P
WENCHI
FUI\%@A KPEVE
T T T T T
-2 -1 0 1 2 3
AXIS130.32 %
FIGURE 1

Mean yield and stability biplot of grain yield of 18 hybrids across environments. Another feature of the GGE biplot is its ability to showcase the
best performing genotypes in their respective environments and the low yielding once across the environments.

be either the top performing or the worst at one or other
environments (Mohammadi et al., 2010).

The vertex genotype identified for environments Ohawu,
Ejura, and Akumadan was GH 05 (ENT-85 x CML-247),
whereas GH 16 (Obotantim) was the vertex genotype for
Fumesua and Kpeve. Again GH 08 (MO826-12F x CML-343)
was the Vertex genotype for Wenchi environment. All other
genotypes which were present in the other vertex but did not fall

in any test environment were considered to be low-yielding
hybrids in those particular environments. They comprised GH
04 (ENT-5 x CML-11) and GH 18 (Etubi). The other genotypes,
which did not occupy any environment nor occupy any vertex,
were assumed as low yielding; thus, GH 04 (ENT-5 x CML-11),
GH 03 (M0826-12F x CML-176), GH 11 (ENT-5 x TZI-8), and
GH 13 (ENT-70 x CML-247) were identified as less responsive
to the environments (Figure 2).
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FIGURE 2

AXIS130.32 %

Polygon view of “which won where” GGE biplot of grain yield of the hybrids across environments.
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Furthermore, the GGE Biplot identifies the representativeness
and discriminating ability of the environments. The lines
proceeding from the origin to the coordinates where an
environment fall is the research environment vector, whereas a
bold straight line which passes through the origin and the average
environment represents the average environment axis.

The vector length signifies the discriminating ability of the
environment in evaluating genotypes in the test environments.
Longer length implies more discriminatory environment. The
angle between an environment and the average environment axis
determines its representativeness; hence, the shorter projection
from the marker of an environment, the more representative the
environment. Shorter environmental vectors implies that the
specific environments were not strongly interrelated with
environments having longer vectors and were possibly not
strongly interrelated with each other (Mohammadi et al., 2010).
As a result, Fumesua, Kpeve, Wenchi, and Ohawu were identified to
be more discriminatory among genotypes as a result of their vector
length, whereas Akumadan and Ejura were the least discriminating
environments and the most representative (Figure 3). According to
Yan and Rajcan (2002), an ideal test environment should be able to
discriminate among genotypes and represent their mega-
environment. The biplot identified Ejura as the ideal test
environment. It can also be deduced that Ohawu and Fumesua,
which have long vectors and large angles, can be used in removing
unstable genotypes effectively but cannot be used in selecting
superior genotypes (Figure 3).

GGE Biplot has a unique feature that helps to determine the
relationship among tester environments. The cosine of the angle
between the lines that join the environments (vectors) to the biplot
origin of two environments estimates the correlation between the

10.3389/fhort.2022.1029804

two environments (Mohammadi et al., 2010). Thus, the smaller the
angle between two environments, the more highly correlated the
environments are to each other. On this premise, environmental
groupings, which showed groupings of environments within the
target region where tested plant materials responded similarly, were
determined based on the biplot analysis and correlations (Figure 4).

Ejura, Ohawu, and Akumadan environments tend to show
high correlation among them and are nearly identical, which
suggests that they are similar in their ability to discriminate
among genotypes for yield performance. However, the
maximum angle formed between the vectors corresponding to
Fumesua, Kpeve, and Wenchi is below 90°, which likewise
suggests that these three environments also discriminate
genotype in a similar manner. Again, between Ohawu, Wenchi
and Fumesua formed an obtuse angle suggesting that the three
environments tend to be distinctly independent.

Discussion

The objective of this study was to identify genotypes that are
high yielding and stable across environments, with good agronomic
characteristics, and, most importantly, resistant to aflatoxin
accumulation. Warburton and Williams (2014) reported that
variability among genotypes could provide novel or favorable
alleles for population improvement and the identification of
parents for the development of superior hybrids that combine
resistance to aflatoxin accumulation and high yields. The
observed significant phenotypic variation across seasons and
locations among the genotypes for aflatoxin accumulation
reduction and other agronomic traits suggest that potential

Discrimitiveness vs. representativenss
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“Discriminating power and representativeness” view of GGE biplot on the hybrids across environments
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FIGURE 4

GGE biplot showing relationship among the six testing environments based on the cosine angle between them.

progress could be made in developing well-adapted hybrids with
aflatoxin accumulation resistance.

Large environmental effects detected for most of the agronomic
traits indicated variability among the genotypes under different
environments. The observed no significant genotype by
environment interactions across the seasons and environments
indicates that the performance of each of the genotypes for the
various traits is consistent in the same manner across the various
environments. According to Baye et al. (2011), a no significant
genotype by environment interaction implies that the performance
of the genotypes will not vary much (Sumalini et al., 2020) and that
there will be no need for replication at another environment; thus,
testing at only one location can help to identify the best hybrids,
which should perform equally well in other locations as well. Adu
et al. (2013) observed a no significant genotype by environmental
interaction for grain yield and other agronomic traits among extra
early hybrids in Ghana, which is similar to findings observed in this
study. However, Dadzie et al. (2018) reported of significant
genotype by environment interaction when he evaluated a larger
number of hybrids including these same hybrids across three
locations in two seasons in Ghana, which is in contrast with the
findings of this work. Because this study involved only the top-
performing hybrids identified by Dadzie et al. (2018), it suggests
that no significant differences existed among those top-performing
hybrids identified by Dadzie et al. (2018), even when evaluated in
diverse ecologies as was done in this study.

The assessment of the agronomic traits showed a range of
genotypic influence on several parameters studied. Badu-Apraku
et al. (2010) classified maize genotypes into extra early, early,
intermediate, and late maturity types. However, in this study, the
hybrids could clearly be classified as intermediate based on the days
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to 50% pollen and silking based on the combined analysis. There
was no significant difference in the corresponding (ASI), which was
all approximately 3 days. This observation is consistent with a
report by Ngugi and Ndiema (2013), where ASI for intermediate
maize varieties ranges from 3 to 7 days. This finding suggests that
the genotypes could be suitable for draught prone ecologies, because
Ngugi and Ndiema (2013) reported of ASI to be associated for
selection of draught resistant genotypes.

Same assessments of the yield performance of the hybrids
revealed that GH 11 (ENT-5 x TZ1-8) and GH06 (ENT-5 x
CML-287) were among the top-performing genotypes that were
also found in a previous study by Dadzie et al. (2018).

There are scarce reports on well-defined aflatoxin hotspots
in Ghana generally. Stable hybrids with potential for aflatoxin
accumulation resistance need to be evaluated across contrasting
growing areas and across seasons in the country to identify the
most stable ones. Stability analysis revealed that GH08 (M0826-
12F x CML-343) and GH13 (ENT-70 x CML-247) as the most
stable hybrid among the top 5 yielding hybrids, whereas GH10
(ENT-5 x K1-3) was identified as low yielding yet very stable
(Choudhary et al., 2019).

Due to the cost involved in aflatoxin analysis, only six hybrids
with high grain yields and four local checks were selected for this
analysis. Aflatoxin accumulation levels were determined during the
minor season, because Henry et al. (2013) reported that aflatoxin
accumulation levels increase with increase in draught and heat; this
observation agrees with Dadzie et al. (2018) that aflatoxin levels
during the major seasons in Ghana were relatively lower across
environments than what was observed during the minor season.
Hence, testing samples during minor seasons provide an informed
decision on the actual potential aflatoxin accumulation. Genotypes
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such as GH 11 (ENT-5 x TZ1-8), GH08 (MO826-12F x CML-343),
and GHO06 (ENT-5 x CML-287) were observed to have 0 ppb
aflatoxin accumulation in the un-inoculated samples. However,
GH11 (ENT-5 x TZ1-8), GH08 (M0O826-12F x CML-343), GHO05
(ENT-85 x CML-247), and GH09 (MO826-7F x CML-343) all
recorded aflatoxin levels, which were below the 20 ppb threshold
although under artificial inoculation. This observation compares
with the findings from Dadzie et al. (2018) who reported aflatoxin
levels of 17.20 ppb, 21.74 ppb for ENT-5 x TZ1-8 and ENT-5 x
CML-287, respectively, after inoculation.

Conclusions

The study has identified GH11, GHO05, GH08, GH09, GH13,
and GHO6 as the highest yielding with GH08, GH13 being most
stable hybrids and, therefore, can be considered as the most
suitable hybrids for cultivation in Ejura, Fumesua, Ohawu,
Akumadan, and Kpeve and other locations within the same
agroecological zones. Ejura, located in the transition zone, was
identified as the ideal testing environment for this set of
genotypes. Most of the hybrids showed low levels of aflatoxin
accumulation below 20 ppb despite artificial inoculation. The
study revealed GH11, GH5, and GHO8 as the most stable among
the top yielding hybrids with aflatoxin levels of 11.9, 14.3, and
3.8 ppb, respectively, after artificial inoculation. The study has
identified some high yielding and stable hybrids as well as
diverse hybrid sources that can be considered for cultivation as
varieties to help mitigate aflatoxin contamination in maize in
Ghana and beyond.
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