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Abstract: Maize is an important food and industrial cereal crop that serves as the main source
of energy for millions of low-income people in sub-Saharan Africa (SSA), but its production and
productivity are constrained by many constraints, among which the fall armyworm (FAW) is the major
one. The use of insecticides is the most effective control measure for the FAW. However, excessive
use of chemical insecticides has environmental and health implications, and it can be expensive for
resource-poor farmers. The objective of this study was to evaluate the extent of variation in yield
losses due to the FAW among some elite maize open-pollinated varieties (OPVs) under two levels
of insecticide application and control (0 application). In a two-year field study, 10 elite maize OPVs
were evaluated under two levels of emamectin benzoate (5% WDG) applications and the control: 75
and 150 mL of spray solution per 20 L of water. The experimental design was a randomized complete
block with three replications. The data were collected on grain yield (GY) and FAW leaf damage
rating (LDR). The LDR was conducted on a 1-9 scale and used to categorize the maize varieties
as resistant (1-4), moderately resistant (4-6), and susceptible (6-9). Significant varietal differences
were obtained for GY and LDRs. The GY of the varieties under control (0 mL), 75 and 150 mL
insecticide applications ranged from 3.3 t ha~1 (DTSTR-Y SYN-13) to 4.6 t ha~! (PVA SYN-3), from
45 tha~! (DTSTR-Y SYN-13) to 6.4 t ha~! (PVA SYN-13), and from 4.2 t ha=! (DTSTR-Y SYN-13) to
6tha=! (DTSTR-Y SYN-14), respectively. No significant differences in GY were found between the
application of 75 and 150 mL of insecticide application. The relative loss in GY among the varieties
under control (0 mL) differed with an increase in the level of insecticide application. The relative GY
loss at the 75 mL insecticide application ranged from 18% (PVA SYN-3) to 38% (DTSTR-Y SYN-15)
with a mean of 27%, whereas at the 150 mL insecticide application, it varied from 13% (PVA SYN-3)
to 42% (DTSTR-Y SYN-15), with a mean of 26%. All the varieties exhibited moderate resistance to
FAW, except DTSTR-Y SYN-14, which was susceptible. The varieties PVA SYN-3 and PVA SYN-13
were the most consistent in GY across the three insecticide treatment levels. The mean performance
of the varieties for FAW leaf damage ranged from 4.0 (SAMMAZ-15) to 6.2 (DTSTR-Y SYN-14), from
4.5 (SAMMAZ-15) to 6.3 (PVA SYN-6), from 4.5 (SAMMAZ-15) to 6.3 (DTSTR-Y SYN-14), and from
3.5 (SAMMAZ-15) to 5 (DTSTR-Y SYN-14) for LDR 1, LDR 2, LDR 3, and LDR 4, respectively. The use
of moderately resistant varieties, combined with timely spraying of emamectin benzoate at 75 mL
provided adequate management for the FAW infestation and sustained high maize grain yield.

Keywords: open-pollinated maize variety; emamectin benzoate; grain yield loss; fall armyworm
leaf damage
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1. Introduction

Maize (Zea mays L.) is one of the most important food and industrial crops, grown in
many developing countries [1]. It belongs to a class of cereals in the grass family (Poaceae)
that can be grown in a variety of environments. As a staple crop, maize provides about
30% of the food calories needed to feed over 300 million out of about 4.6 billion people in
low-income developing countries [2,3]

Maize is a life-sustaining crop with high grain yield potential in sub-Saharan Africa
(SSA), contributing to 7.5% of the total global maize production [4]. The high yield potential
of maize and its importance in SSA is reflected in the good expressions of a wide range
of traits, such as grain yield, grain characteristics (size, texture, quality, grain type, and
color), micronutrient content, maturity period, drought tolerance, and pest and disease
resistance [5]. Despite its immense importance in SSA, maize production and productivities
are generally very low compared to the world average [2,6]. The low yield can be attributed
to different production constraints, which include biotic factors such as weeds, foliar
diseases, insect pests including the fall armyworm (Spodoptera frugiperda J.E. Smith) and
stem borers, as well as abiotic stress factors, including drought, heat, and low soil fertility,
which are threatening the food security and economic stability of many countries in SSA.

The fall armyworm (FAW) is a highly invasive pest that threatens global food pro-
duction and trade [7]. It is native to the tropical and subtropical regions of America [8].
The pest was first identified in Africa in 2016 and spread throughout several Central and
Western African countries [9,10]. It has a diverse host range of over 353 plant species and
is a serious threat to agricultural production [11]. The rapid spread of the FAW causes
significant economic losses worldwide, impacting the food and income security of millions
of people [10,12]. Currently, the FAW is one of the most destructive pests of maize crops in
SSA, causing widespread damage at different stages of the plant’s growth, ranging from
early vegetative to physiological maturity [13,14]. It may also attack the basal portion of the
maize ear, destroying the grain or promoting infections by microorganisms [15]. The larvae
attack and eat the growing points of young maize plants and bore into mature plants’ cobs,
impairing grain yield and quality [16]. Annual grain yield losses of 21-53%, estimated at
2.5 to 6.2 billion USD per annum due to the FAW in the absence of appropriate control
measures, have been reported [17,18].

Chemical treatment is the most widely used method of controlling the FAW. North
and South American countries have developed and registered several synthetic pesticides
against FAW, with various modes of action [17]. However, many of these synthetic pesti-
cides are becoming ineffective against the FAW due to pesticide resistance [19]. In SSA,
insecticides are too expensive and inaccessible for smallholder farmers to consider as a
means of FAW control [20]. Furthermore, no single treatment can effectively control a
problematic pest like the FAW. Over the years, various technologies and management
strategies for the control of the FAW, including host plant resistance, cultural control, bio-
logical control, bio-pesticides, mating disruption technologies, synthetic pesticides, and
agro-ecological management have been developed [18,21]. However, due to a variety of
factors, including legislative barriers, these technologies are not widely available to most
African maize farming communities.

Several studies have attempted to estimate the impact of the FAW in Africa by focusing
on quantifying yield and production losses caused by the FAW infestation [17,22]. Most of
the studies, conducted based on surveys and farmers’ estimates in Africa, revealed that
failure to control the damage caused by the FAW on maize crops could lead to a significant
loss in grain yield [17]. Such economic losses are mainly caused during the larval stage of
the insect [17,18]. Similar yield losses due to the FAW in maize were reported in Kenya
(47%) and in Zimbabwe (11.6%) [17,23]. The high level of yield losses recorded in different
countries of SSA suggests the urgent need to control the FAW infestation in farmers’ fields.

Host plant resistance to diseases, drought, and insect pest infestation are critical
components of integrated pest management [24]. Research efforts targeted at identifying
FAW-resistant maize cultivars are important components towards the development of
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sustainable strategies for controlling the FAW and reducing yield losses under low-input
agriculture [25]. Since the 1950s, maize germplasm has been carefully screened for FAW
resistance in America [26]. However, the locally improved maize germplasm for the new
geographical distribution of the FAW in Africa still requires a significant amount of screen-
ing [27] to identify the genotypes with good levels of resistance/tolerance to the FAW.
Diverse maize genetic resources such as landraces, improved open-pollinated varieties
(OPVs), synthetic varieties, as well as hybrids must be screened to identify promising
genotypes for FAW resistance breeding [7]. Open-pollinated maize varieties are the most
important in the marginal areas where the farmers cannot afford to buy hybrid seeds every
year; as a result, hybrid recycling is a common practice that negatively affects farmers
in SSA. Presently, in some African countries, such as Kenya, numerous maize cultivars
from CIMMYT collections have been assessed for resistance to the FAW [28]. Among the
CIMMYT cultivars, South Sudan has released and registered two hybrids (Silvestro Meseka,
personal communication). However, most of the African maize landraces and OPVs culti-
vated by smallholder farmers have not been extensively evaluated for resistance against the
FAW [27]. Modern technologies are required to successfully manage the FAW and prevent
significant yield losses in SSA [29]. A combination of control measures, including the use
of tolerant/resistant varieties with chemical insecticides would provide a durable solution
and reduce FAW yield losses in farmers’ maize fields. Therefore, knowledge of affordable
doses of chemical insecticide in controlling the FAW will boost maize productivity and
increase the household income of resource-constrained maize farmers in SSA. The present
study was conducted to (i) assess the efficacy of half- and full-dose applications of a chem-
ical insecticide on the growth and grain yield of maize, as compared to the trial with no
application, and (ii) to estimate the variation in grain yield losses among 10 elite maize
OPVs due to FAW infestation.

2. Materials and Methods
2.1. Description of Experimental Site

Three field trials were conducted for two years at the International Institute of Tropical
Agriculture (IITA) (latitude 7°50'37” N and longitude 3°90'24" E, 206 masl), Ibadan, Nigeria,
during the 2019 wet season and the 2021 /2022 dry season.

2.2. Genetic Materials Used for the Experiment

Ten open-pollinated varieties (OPVs) of maize [PVA SYN-2, PVA SYN-3, PVA SYN-
6, PVA SYN-9, PVA SYN-13, DTSTR-W SYN-13, DTSTR-Y SYN-14, DTSTR-Y SYN-15,
SAMMAZ-15, and TZB-SR (RE)], sourced from the Maize Improvement Programme of
IITA, were used.

2.3. Experimental Design, Treatments and Procedures

The trials were arranged in a randomized complete block design (RCBD) with three
replications. The land was cleared from the previous season’s crop residues, plowed, and
harrowed. The experimental field was divided into three main insecticide application rate
blocks: 0 mL (no spray), 75 mL (half-dose application), and 150 mL (full-dose application)
of spray solution per 20 L of water. The blocks were separated by 5.0 m wide alleys, which
were sown with maize at a high density to serve as fillers and trap insecticide spray drifts.
The insecticide treatment rates were therefore kept as separate blocks and not randomized.
In each block (for each insecticide treatment rate), plots comprised four rows, each 5.0 m
long. The rows were spaced 0.75 m apart, while the hills within the rows were spaced
0.5 m. Three seeds were sown per hole. A day after sowing, the pre-emergence application
of atrazine was at the rate of 3.0 kg ai ha~! to control weeds before seedling emergence.
Two weeks after emergence, the seedlings were thinned to two healthy plants per hill.
Compound fertilizer in the form of NPK 15:15:15 was applied at the rate of 60 kg N ha~!
three weeks after sowing, while urea (46:0:0) was applied at the rate of 30 kg ha ™! five weeks
after sowing. Successive weed managements were performed manually and complemented
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with herbicides. For the trial carried out in the dry season, the experimental field was
sprinkler-irrigated to 100% field capacity three times a week, from sowing until harvest
maturity. A spray solution of the insecticide emamectin benzoate (5% WDG) prepared
following the manufacturer’s (GoodJob-Biochemicals Co., Changzhou, China) instructions
was used. Insecticide applications were performed using a knapsack sprayer once per
week for 3—4 weeks to the half- and full-dose blocks, while the no insecticide application
block was left under natural FAW infestation. Emamectin benzoate (5% EDG) was selected
in this study, as it is the most commonly available insecticide in the area, being relatively
affordable by farmers.

2.4. Data Collection

Data were collected on plot basis for the different insecticide management conditions.
The days to 50% anthesis (DA) were recorded as the number of days from the sowing date
to the date when half of the plants in a plot shed pollen. The days to 50% silking (DS) were
recorded as the number of days from the sowing date to the date when half of the plants in a
plot had emerged silks. The anthesis—silking interval (ASI) was computed as the difference
between the silking and anthesis dates. Plant height (PLHT) and ear height (EHT) were
measured in cm from the soil level to the first tassel branch and from soil level to the upper
ear insertion, respectively, on five competitive plants at physiological maturity. Husk cover
(HUSK) was rated on a scale of 1 to 5, where 1 = husks tightly arranged and extended
beyond the ear tip, and 5 = ear tips exposed. Plant aspect (PASP) was scored on a scale of 1
to 5, where 1 = excellent plant type. and 5 = poor plant type. In addition, ear aspect (EASP)
was rated on a scale of 1 to 5, where 1 = clean, uniform, large, and well-filled ears, and
5 = rotten, variable, small, and partially filled ears. The number of ears per plant (EPP) was
computed as the ratio of the number of harvested ears to the number of plants standing at
harvest. Leaf damage rating (LDR) due to FAW was performed on a 1-9 scale, as described
by several researchers [18,30-33]. The scale was used to categorize the maize genotypes as
resistant (1-4), moderately resistant (>4-6), and susceptible (>6-9) [34]. Scoring for LDR
was performed four times for the entire plants in the plot, at 42, 49, 56, and 63 days after
sowing.

Harvesting was conducted manually from the two middle rows of each plot at phys-
iological maturity (black layer at seed base, complete yellowing, and drying of leaves
and ears). All harvested ears per plot were weighed to obtain the field weight in kg, and
representative samples randomly collected were shelled to determine moisture content
using a PM-450 grain moisture tester (Kett electric laboratory). Grain yield (GY), expressed
in kg ha~!, was estimated at 15% moisture content and assuming 80% shelling percentage
using the following formula:

o kg  FWT(100 — MC) (10000) o
Grain yzeld(ha> = a5 P (2% 5% 075) x 80%

where FWT is the field weight per plot and MC is the grain moisture content at harvest.
The yield-loss estimation was calculated based on the yield-over-treatment using the
following formula:

yield at 150 ml — yield at 0 ml)

, (
Yield Losses =
el bosses yield at 150 ml

x 100%

yield at 75 ml — yield at O ml)

: _(
Yield Losses = yield at 75 ml

x 100%

2.5. Data Analysis

Data were subjected to analysis of variance (ANOVA) using PROC GLM in SAS (SAS
version 9.4, SAS Institute Inc., 2014, Cary, NC, USA). The analysis was carried out separately
for the insecticide application rates. Means that were statistically different were separated
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using the least significant difference (LSD) at p < 0.05. Comparison among insecticide
application rates was conducted using a one-degree-of-freedom orthogonal contrast.

3. Results
3.1. Variability of Traits among Varieties under the Different Insecticide Applications

The year significantly (p < 0.001) affected GY and other agronomic traits in the 10 vari-
eties evaluated under no (0 mL) insecticide application (Table 1). However, the year had no
significant effect on the GY under 75 ML and 150 mL (Tables 1 and 2). Under 0 mL and
75 mL, there were significant differences (p < 0.05) among the 10 varieties for GY and most
agronomic traits, while under the 150 mL application, no significant difference was de-
tected among the varieties for GY, PASP, and EPP. The variety x year interaction effect was
significant (p < 0.05) only for DA, PLHT, and EHT under the 0 mL insecticide application
rate, while under the 75 mL insecticide application rate, the effect was significant (p < 0.05)
for GY and most of the measured traits. Whereas under the 150 mL insecticide application,
the variety x year interaction effect was significant (p < 0.05) only for ASI, HUSK, and
EASP (Tables 1 and 2).

Table 1. Mean squares from the analysis of variance of grain yield and agronomic traits of 10 maize
varieties, evaluated under 0 and 75 mL levels of emamectin benzoate insecticide application rates for
two years (2019 and 2022) in Ibadan.

f,"“."e. of DF GY DA DS ASI PLHT EHT HUSK PASP EASP EPP
ariation
0 mL Emamectin benzoate insecticide application
Year 1 55.24 *** 21.60 *** 3.75 7.35 *** 7504.02 *** 16984.84 *** 5.40 *** 10.00 *** 5.10 *** 0.10*
Block (Year) 4 0.82 3.2 4.1 0.4 200.67 86.37 0.16 1.25 0.51 0.05 *
Varieties 9 1.29 * 10.55 *** 15.63 *** 0.79 520.98 *** 434.70 ** 0.15 0.29 0.4 0.02
Variety x year 9 0.18 3.27* 2.64 0.39 259.28 * 298.39 * 0.1 0.33 0.2 0.01
Error 36 0.59 1.44 1.9 0.38 114.39 107.59 0.14 0.18 0.26 0.02
CvV 19.54 2.13 2.44 247.06 5.72 10.28 16.41 18.35 19.36 14.2
LSD 0.90 1.41 1.61 0.72 12.52 12.15 0.45 0.50 0.60 0.16
75 mL Emamectin benzoate insecticide application
Year 1 22 66.15 *** 112.07 *** 6.02 *** 944.07 ** 881.67 * 3.50 *** 0.15 5.58 *** 0.15 **
Block (Year) 4 1.64% 1.88 4.08 * 0.67 528.93 ** 259.27 0 1.15 *** 0.38 * 0.01
Varieties 9 2.00 ** 8.08 *** 9.19 *** 2.19 *** 509.07 *** 179.7 0.44 *** 0.20 ** 0.50 ** 0.02
Variety x year 9 1.66 * 5.78 *** 4.47 ** 0.57 305.07 * 212.52 0.24* 0.40 *** 0.24 0.02
Error 36 0.58 1.05 1.36 0.3 116.21 164.95 0.09 0.06 0.14 0.01
[&\% 14.1 1.85 2.1 251.23 5.15 11.63 12.69 11.86 16.55 11.85
LSD 0.89 1.20 1.37 0.64 12.62 15.04 0.36 0.29 0.43 0.14
*, ** % gionificant at probability levels of < 0.05, 0.01, and 0.001, respectively. GY = grain yield (kg ha™!),
DA = days to 50% anthesis, DS = days to 50% silking, ASI = anthesis-silking interval, PLHT = plant height (cm),
EHT = ear height (cm), HUSK = husk cover (1-5 rating), PASP = plant aspect (1-5 rating), EASP = ear aspect
(1-5 rating), EPP = number of ears per plant.
Table 2. Mean performance from the analysis of variance of grain yield and agronomic traits of
10 maize varieties evaluated under the 150 mL level of emamectin benzoate insecticide application
rate for two years in Ibadan.
%"“.“e. of DF GY DA DS ASI PLHT EHT HUSK PASP EASP EPP
ariation
150 mL Emamectin benzoate insecticide application
Year 1 1.12 52.27 *** 98.82 *** 7.35 *** 8283.75 *** 1460.27 *** 7.00 *** 1.07 ** 0.34 0.17 **
g}gg; 4 0.07 142 147 0.43 178.53 45.87 0.03 147 #++ 0.06 0.01
Varieties 9 1.49 7.59 *** 12.24 *** 1.56 *** 265.34 * 234.79 * 0.33 ** 0.17 0.29 * 0.01
Va“:g X 9 04 1.97 1.78 0.83* 76.71 77.53 0.34 % 0.05 0.64 %% 0.03
TToT 36 0.75 1.81 1.95 0.38 104.11 104.26 0.09 0.14 0.12 0.02
CcvV 16.35 2.42 2.51 283.68 4.95 9.73 12.55 17.14 15.1 13
LSD 1.01 1.57 1.63 0.72 11.95 11.96 0.35 0.43 0.40 0.15

*, %% *%* gionificant at probability levels of < 0.05,0.01 and 0.001, respectively. GY = grain yield (kg ha—!), DA = days
to 50% anthesis, DS = days to 50% silking, ASI = anthesis—silking interval, PLHT = plant height (cm), EHT = ear
height (cm), HUSK = husk cover (1-5 rating), PASP = plant aspect (1-5 rating), EASP = ear aspect (1-5 rating),
EPP = number of ears per plant.

Under combined analysis across the three treatment levels, the year had significant
effects on all the measured traits, except PLHT. A significant insecticide application effect
was observed among the varieties for GY and most of the agronomic traits. There were
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significant differences among the varieties for all the measured traits, except PASP and EPP.
The variety x insecticide application (IA) interaction was significant (p < 0.05) for only DA.
The variety x year interaction had a significant effect on all the agronomic traits, except GY
and DS. The IA X year interaction had significant effects on all the measured traits, except
HUSK, ASI, and EPP. In the three-way interaction, variety x IA X year had a significant
effect only on DA and DS (Table 3).

Table 3. Mean squares from the combined analysis of variance of grain yield and agronomic traits
of 10 maize varieties, evaluated under 0, 75 and 150 mL levels of emamectin benzoate insecticide
application rates for two years (2019 and 2022) in Ibadan.

Source of Variation ~ DF GY DA DS PLHT EHT HUSK  PASP  EASP ASI EPP
Year 1 2056™* 3827  11520** 411.02 494551 1561 %% 700  9.02%% 2067 ** 041 %
Block (Year) 4 0.84 2.84 468+ 343.12* 269.9 0.03 1.25 %+ 03 032 0.02
Apgﬁf;g;fa A) 2 41.06 *** 15.42 16.61 *** 8714.91 *** 1386.33 *** 0.09 0.93 * 2.68 #** 0.02 0.03
No I“S‘f;‘ﬁcfge VS75 1 6500 2521% 2707 1489641 %  2750.42 % 017 L75% 433 %% 0.03 0.05
Nolnsecticide Vs 150 1 5694+ 2083+ 2253+ 10,4430 ™ 490.05 * 0.1 092%  3.67% 0.03 0
75 m‘f;gigiﬁgde Vs g 0.33 021 021 304.01 918.53 *** 0.01 0.13 0.03 0 0.04
Varieties 9 3.34 % 19.60** 31770 1043.98 *** 627.44 + 0.62 ** 0.15 0.67 % 351 0.03
Variety x IA 18 0.72 331 265 1257 110.87 0.15 0.26 026 0.51 0.01
1A % Year 2 19.00% 5087  49.72%+ G041 ** 719063 0.15 211%%  1.00 0.02 0
Variety x Year 9 0.98 357 2.58 280.40 * 307.93 ** 034%  046*  069**  0.97% 0.04*
Variety % IA x Year 18 0.63 372 315+ 180.33 140.25 0.17 0.16 0.19 0.41 0.01
Error 116 0.65 1.46 1.79 123.36 121.13 011 021 0.18 037 0.02
v 1658 217 239 553 10.44 13.83 208 17.93 266.4 13.14
LSD 053 0.80 0.88 7.33 7.27 022 0.30 0.28 0.40 0.08

*, %% *%* gionificant at probability levels of < 0.05,0.01 and 0.001, respectively. GY = grain yield (kg ha—!), DA = days
to 50% anthesis, DS = days to 50% silking, ASI = anthesis—silking interval, PLHT = plant height (cm), EHT = ear
height (cm), HUSK = husk cover (1-5 rating), PASP = plant aspect (1-5 rating), EASP = ear aspect (1-5 rating),
EPP = number of ears per plant.

The single-degree orthogonal contrast between the 0 and 75 mL and the 0 and 150 mL
insecticide application rates revealed significant differences (p < 0.001) among the varieties
for all the traits, except HUSK, ASI, and EPP. However, the orthogonal contrast between
the 75 and 150 mL insecticide application rates showed no significant differences among
the varieties for most of the traits, except EHT (Table 3).

3.2. Performance of 10 Maize Varieties under the Different Insecticide Application Conditions

Under the 0 mL insecticide application, the GY of the varieties varied from 3.3 t ha~!
for DTSTR-W SYN-13 and DTSTR-Y SYN15 to 4.6 t ha~! for PVA SYN-3, with a mean
grain yield of 3.9 t ha—!. PVA SYN-3, SAMMAZ15, and PVA SYN-9 were the top three
high-yielding varieties, with grain yields that were not statistically different from each other
(Table 4). The days to 50% anthesis ranged from 55, recorded by four varieties (PVA SYN-2,
DTSTR-W SYN13, DTSTR-Y SYN14, and DTSTR-Y SYN-15), to 59 days for TZB-SR. The
days to 50% silking ranged from 55 days for three varieties (PVA SYN-2, DTSTR-Y SYN-14,
and DTSTR-Y SYN-15) to 60 days for the variety TZB-SR. The ASI for the varieties was less
than one day, except for TZB-SR, with an ASI value of 1 (Table 4). DTSTR-W SYN-13 had
the shortest plants (174 cm), while PVA SYN-9 and TZB-SR had the tallest (199 cm) plants.
Similarly, DTSTR-W SYN-13 had the lowest ear height (86 cm), while TZB-SR had the
highest ear placement (117 cm). The scores of HUSK ranged from 2 for DTSTR-Y SYN-14
to 2.6 for PVA SYN-6, while the scores for PASP and EASP ranged from 2.1 for PVA SYN-9
to 2.8 for DTSTR-W SYN-13, and from 2.3 for PVA SYN-3 to 2.9 for DTSTR-Y SYN-14,
respectively. The EPP across the varieties under no insecticide application was 1.0 (Table 4).
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Table 4. Mean performance of 10 maize varieties evaluated under 0 and 75 mL of emamectin benzoate

insecticide application for two years (2019 and 2022) in Ibadan.

Entry GY DA DS PLHT EHT PASP HUSK EASP ASI EPP
(t/ha) (day) (day) (cm) (cm) (1-5) (1-5) (1-5) (day) (no)
0 mL emamectin benzoate insecticide application
PVA SYN-2 41 55 55 184 103 2.3 2.3 2.8 0 1
PVA SYN-3 4.6 57 57 187 105 2.3 2.3 2.3 0.2 1
PVA SYN-6 3.6 57 57 178 99 2.2 2.6 2.8 0 0.9
PVA SYN-9 4.3 56 57 199 108 2.1 24 2.3 0.5 1
PAV SYN-13 4.2 57 58 198 104 2.3 2.2 2.3 0.5 0.9
DTSTR-W SYN13 3.3 55 56 174 86 2.8 2.3 2.8 0.2 0.9
DTSTR-Y SYN14 3.8 55 55 179 96 2.6 2 29 -0.3 1
DTSTR-Y SYN15 3.3 55 55 181 96 24 2.3 2.8 0.2 0.9
SAMMAZ15 4.5 58 58 191 96 2.5 2.3 24 0.3 1
TZB-SR(RE) 3.5 59 60 199 117 2.1 24 2.8 1 1
Mean 3.9 56 57 187 101 2.3 2.3 2.6 0.3 1
Ccv 19.5 2.13 2.44 5.72 10.28 18.35 16.41 19.36 247.06 14.2
LSD 0.90 141 1.61 12.52 12.15 0.50 0.45 0.60 0.72 0.16
75 mL emamectin benzoate insecticide application
PVA SYN-2 5.1 54 54 208 111 2.1 2.3 24 0.5 0.9
PVA SYN-3 5.6 56 55 209 118 2 2.3 2.7 -0.5 1.1
PVA SYN-6 4.8 55 55 195 105 2.3 2.8 2.3 0.3 1
PVA SYN-9 5.9 56 56 217 115 19 22 2.1 0 1
PAV SYN-13 6.4 56 57 219 113 2 2.3 1.7 0.3 1
DTSTR-W SYN13 45 57 57 199 102 2.3 21 2.6 0 1
DTSTR-Y SYN14 5.8 55 54 202 111 2.3 22 23 -0.8 1
DTSTR-Y SYN15 5.3 54 54 212 107 1.8 24 2.3 0.3 1
SAMMAZ15 5.7 56 57 208 107 2 2.6 2 0.7 1
TZB-SR(RE) 4.9 55 57 225 118 22 2.8 22 1.3 1.1
Mean 5.4 55 56 209 110 2.1 24 2.3 0.2 1
cv 14.1 1.85 2.1 5.15 11.63 11.86 12.69 16.55 251.23 11.85
LSD 0.89 1.20 1.37 12.62 15.04 0.29 0.36 0.43 0.64 0.14

GY = grain yield (kg ha~1), DA = days to 50% anthesis, DS = days to 50% silking, ASI = anthesis—silking interval,
PLHT = plant height (cm), EHT = ear height (cm), HUSK = husk cover (1-5 rating), PASP = plant aspect (1-5
rating), EASP = ear aspect (1-5 rating), EPP = number of ears per plant.

Under the 75 mL insecticide application, the varieties differed for GY and other
agronomic traits. PVA SYN-13 had the highest GY (6.4 t ha—1), while DTSTR-W SYN-13
had the lowest GY (4.5 t ha™1), and the mean GY across varieties was 5.4 t ha—!. The
top three high-yielding varieties were PVA SYN-13, PVA SYN-9, and DTSTR-Y SYN-14
(Table 4). The days to anthesis ranged from 54 days for two varieties (PVA SYN-2 and
DTSTR-Y SYN-15) to 57 days for DTSTR-W SYN-13. The ASI among varieties ranged from
—0.8 for DTSTR-Y SYN14 to 1.3 for TZB-SR (Table 4). PVA SYN-6 had the shortest plants
(195 cm) and TZB-SR had the tallest plants (225 cm). The ear placement was lowest in
DTSTR-W SYN-13 (102 cm), while TZB-SR and PVA SYN-3 had the highest ear placement
(118 cm). The scores for HUSK ranged from 2.1 for DTSTR-W SYN-13 to 2.8 for TZB-SR,
while the scores for PASP ranged from 1.8 (DTSTR-Y SYN15) to 2.3 (PVA SYN-6, DTSTR-W
SYN-13, and DTSTR-Y SYN-14). The EASP rating ranged from 1.7 for PVA SYN-13 to 2.7
for PVA SYN-3. Similarly, the EPP across the varieties was 1.0 under the 75 mL insecticide
application (Table 4).

Under the 150 mL application, the GY of the varieties ranged from 4.2 t ha~! for
DTSTR-W SYN-13 to 6.0 t ha~! for DTSTR-Y SYN-14 with a mean of 5.3 t ha~!. The
highest-yielding varieties under the 150 mL insecticide application were DTSTR-Y SYN-14,
DTSTR-Y SYN-15, and PVA SYN-13 (Table 5). The DA ranged from 54 days for PVA SYN-2
and DTSTR-Y SYN-15 to 57 days for PVA SYN-13, SAMMAZ-15, and TZB-SR. Similarly,
the DS ranged from 54 days for PVA SYN-2, DTSTR-Y SYN-14, and DTSTR-Y SYN-15
to 58 days for TZB-SR. The ASI ranged from -1 day for DTSTR-Y SYN14 to 0.8 day for
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TZB-SR (Table 5). PVA SYN-6 had the shortest plants (194 cm), while PAV SYN-13 had
the tallest plants (216 cm). Ear height was the lowest for DTSTR-W SYN-13 (97 cm), while
PVA SYN-2 had the highest (114 cm) ear placement. The scores for HUSK ranged from 2.0
for DTSTR-Y SYN-14 to 2.8 for PVA SYN-9, while the scores for PASP ranged from 1.9 for
DTSTR-W SYN-13 to 2.3 for most of the varieties (TZB-SR, SAMMAZ15, DTSTR-Y SYN15,
PVA SYN-9, PVA SYN-6, and PVA SYN-2). The EASP rating ranged from 2.0 for PAV
SYN-13 to 2.7 for DTSTR-W SYN-13. As shown in the other insecticide rates, EPP ranged
from 0.9 for PVA SYN-9, PAV SYN-13, DTSTR-W SYN13, and SAMMAZ15 to 1.1 for PVA
SYN-3 under the 150 mL insecticide application (Table 5).

Table 5. Mean performance of 10 maize varieties evaluated under 150 mL of emamectin benzoate
insecticide application for two years (2019 and 2022) in Ibadan.

Entry GY DA DS PLHT EHT PASP HUSK EASP ASI EPP
(t/ha) (day) (day) (cm) (cm) (1-5) (1-5) (1-5) (day) (no)
150 mL emamectin benzoate insecticide application
PVA SYN-2 5.5 54 54 210 114 2.3 24 24 0 1
PVA SYN-3 5.3 56 56 209 105 2 2.2 2.3 0.5 1.1
PVA SYN-6 49 55 56 194 108 2.3 2.5 2.5 0.5 1
PVA SYN-9 5.2 56 56 202 98 2.3 2.8 2.2 0 0.9
PAV SYN-13 5.7 57 57 216 110 2 2.2 2 0.5 0.9
DTSTR-W SYN13 4.2 55 55 199 97 1.9 2.3 2.7 0.3 0.9
DTSTR-Y SYN14 6 55 54 207 98 2 2 2.1 -1 1
DTSTR-Y SYN15 5.7 54 54 208 105 2.3 24 2 0 1
SAMMAZ15 5.3 57 57 204 102 2.3 2.7 2.3 0.5 0.9
TZB-SR(RE) 5.2 57 58 212 113 2.3 24 2.3 0.8 1
Mean 5.3 55 56 206 105 2.2 24 2.3 0.2 1
(&A% 16.3 2.42 2.51 4.95 9.73 17.14 12.55 15.1 283.68 13
LSD 1.01 1.57 1.63 11.95 11.96 0.43 0.35 0.40 0.72 0.15

GY = grain yield (kg ha™!), DA = days to 50% anthesis, DS = days to 50% silking, ASI = anthesis-silking interval,
PLHT = plant height (cm), EHT = ear height (cm), HUSK = husk cover (1-5 rating), PASP = plant aspect (1-5
rating), EASP = ear aspect (1-5 rating), EPP = number of ears per plant.

In the combined analysis across insecticide rate applications, the GY of the varieties
varied from 4 tha~! for DTSTR-W SYN13 to 5.4 t ha~! for PAV SYN-13, with a mean yield
of 4.9 t ha~! across varieties. PAV SYN-13, SAMMAZ15, DTSTR-Y SYN14, and PVA SYN-3
were the top three high-yielding varieties. The days to anthesis ranged from 54 days for
PVA SYN-2 and DTSTR-Y SYN15 to 57 days for TZB-SR, SAMMAZ15, and PAV SYN-13.
The days to 50% silking ranged from 54 days, recorded by three varieties (PVA SYN-2,
DTSTR-Y SYN14, and DTSTR-Y SYN15), to 58 days for TZB-SR. The ASI of the 10 varieties
varied from —0.7 days for DTSTR-Y SYN-14 to 1.1 days for TZB-SR. PVA SYN-6 had the
shortest plants (189 cm), while TZB-SR had the tallest plants (212 cm). DTSTR-W SYN13
had the lowest ear height (95 cm), while TZB-SR had the highest ear placement (116 cm).
The scores for PASP ranged from 2.1 for PVA SYN-3 to 2.3 for SAMMAZ15. Similarly, the
scores for HUSK ranged from 2.1 for DTSTR-Y SYN-14 to 2.6 for TZB-SR(RE) and PVA
SYN-6. The EASP rating ranged from 2.0 for PAV SYN-13 to 2.7 for DTSTR-W SYN13. The
EPP across the varieties ranged from 0.9 for PAV SYN-13 and DTSTR-Y SYN14 to 1.0 for
eight varieties, with a mean of 1.0 across the 10 varieties (Table 6).
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Table 6. Combined mean performance of 10 maize varieties evaluated under 0, 75, and 150 mL

emamectin benzoate insecticide application for two years (2019 and 2022) in Ibadan.

Entry GY DA DS PLHT EHT PASP HUSK EASP ASI EPP
(t/ha) (day) (day) (cm) (cm) (1-5) (1-5) (1-5) (day) (no)
PVA SYN-2 49 54 54 201 109 2.2 24 2.5 0.2 1
PVA SYN-3 52 56 56 202 109 21 22 24 0.1 1
PVA SYN-6 4.5 56 56 189 104 23 2.6 25 0.3 1
PVA SYN-9 5.1 56 56 206 107 2.1 24 2.2 0.2 1
PAV SYN-13 54 57 57 211 109 21 22 2 0.4 0.9
DTSTR-W SYN13 4 56 56 191 95 23 22 27 0.2 0.9
DTSTR-Y SYN14 52 55 54 196 101 2.3 21 24 -0.7 1
DTSTR-Y SYN15 4.8 54 54 200 103 22 24 24 0.2 1
SAMMAZ15 52 57 57 201 101 23 2.5 2.3 0.5 1
TZB-SR(RE) 4.6 57 58 212 116 2.2 2.6 24 1.1 1
Mean 49 55.7 55.9 200.8 105.4 22 24 24 0.2 1
Ccv 16.6 2.2 24 55 10.4 20.8 13.8 17.9 266.4 13.1
LSD 0.53 0.80 0.88 7.33 7.27 0.30 0.22 0.28 0.40 0.08

GY = grain yield (kg ha~1), DA = days to 50% anthesis, DS = days to 50% silking, ASI = anthesis—silking interval,
PLHT = plant height (cm), EHT = ear height (cm), HUSK = husk cover (1-5 rating), PASP = plant aspect (1-5
rating), EASP = ear aspect (1-5 rating), EPP = number of ears per plant.

3.3. Foliar Fall Armyworm Damage of the 10 Maize Varieties under Natural Infestation (No
Emamectin Benzoate Insecticide Treatment)

Significant year effects were observed among the varieties for LDR1, LDR3, and LDR4.
Highly significant (p < 0.01) differences were observed among the varieties for FAW leaf
damage, scored at 42 (LDR 1) and 56 (LDR 3). However, there was no significant variety x
year interaction effect detected for the FAW leaf damage among the 10 varieties (Table 7).

Table 7. Mean squares from the analysis of variance of leaf damage scores of 10 maize open-pollinated
varieties evaluated for two years in Ibadan.

Source of Variation DF LDR1 LDR2 LDR3 LDR4
Year 1 123.27 *** 1.67 54* 166.67 ***
Block (Year) 4 0.87 1.87 2.28 2.57
Variety 9 3.12** 1.84 2.21*% 1.45
Variety x year 9 0.75 1.11 0.99 1.74
Error 36 0.87 0.92 0.99 1.03
Ccv 17.79 17.36 18.17 23.97

*, ¥, #** significant at probability levels of < 0.05, 0.01 and 0.001, respectively. LDR1 = leaf damage rating 1 (1-9
rating 42 days after planting), LDR2 = leaf damage rating 2 (1-9 rating 49 days after planting), LDR3 = leaf damage
rating 3 (1 to 9 rating 56 days after planting), LDR4 = leaf damage rating 4 (1 to 9 rating 63 days after planting).

The mean performance of the varieties for FAW leaf damage ranged from 4.0 (SAMM
AZ-15) to 6.2 (DTSTR-Y SYN-14), from 4.5 (SAMMAZ-15) to 6.3 (PVA SYN-6), from 4.5
(SAMMAZ-15) to 6.3 (DTSTR-Y SYN-14), and from 3.5 (SAMMAZ-15) to 5 (DTSTR-Y SYN-
14) for LDR 1, LDR 2, LDR 3, and LDR 4, respectively (Table 8). The mean FAW leaf damage
scores for the varieties across the period of assessment ranged from 4.1 (SAMMAZ-15) to
5.9 (DTSTR-Y SYN-14). All the varieties exhibited marginal resistance to FAW infestation,
except DTSTR-Y SYN-14, which exhibited a significant level of susceptibility to FAW
(Table 8).
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Table 8. Mean performance for leaf damage rating of 10 maize varieties evaluated under 0 mL
insecticide application for two years in Ibadan.

LDR1 LDR2 LDR3 LDR4 Overall
Entry Response
(42 DAP) (49 DAP) (56 DAP) (63 DAP) Mean
(1-5)
PVA SYN-2 5.7 abc 5.8 abc 6 abc 4.5 abc 5.5 MR
PVA SYN-3 5.8 ab 5.7 abc 5.5 abcde 4.3 abc 5.3 MR
PVA SYN-6 5.8 ab 6.3a 5.8 abcd 4.8 ab 5.7 MR
PVA SYN-9 5 bede 5.3 abed 4.8 de 3.7 bc 47 MR
PVA SYN-13 5.7 abc 5.5 abed 5.3 abcde 4 abc 5.1 MR
DTSTR-W SYN-13 4.3 de 5.2 bed 6.2 ab 4.5 abc 5 MR
DTSTR-Y SYN-14 6.2a 6.2 ab 63a 5a 5.9 S
DTSTR-Y SYN-15 5.2 abed 5.8 abc 5 cde 4.2 abc 5 MR
SAMMAZ-15 de 45d 45e 35¢ 41 MR
TZB-SR(RE) 4.7 cde 5cd 5.2 bede 3.8 abc 4.7 MR
Mean 5.2 55 5.5 4.2 - -
CV 17.79 17.36 18.17 23.97 - -
LSD 1.09 1.12 1.16 1.19 - -

Means with the same letters within columns did not differ significantly at p < 0.05. MR = moderately resistant.

3.4. Yield Loss Estimates

The estimates of yield loss due to FAW infestation in the untreated (0 mL insecticide
application) and treated (75 mL or 150 mL of the insecticide) conditions are presented
in Table 9. The percentage-relative losses in GY due to FAW infestation when 75 mL of
insecticide was applied ranged from 18% for PVA SYN-3 to 38% for DTSTR-Y SYN-15, with
a mean of 27%. On the other hand, when 150 mL insecticide was applied, relative loss
in GY varied from 13% for PVA SYN-3 to 42% for DTSTR-Y SYN-15 with a mean of 26%
(Table 9).

Table 9. Estimates of relative grain yield losses of 10 maize varieties evaluated under three levels of
insecticide application for two years in Ibadan.

Grain Yield (t ha—1) Yield Loss (%)
Entry
0 mL 75 mL 150 mL 75 mL 150 mL

PVA SYN-2 4.1 5.1 5.5 20 25
PVA SYN-3 4.6 5.6 5.3 18 13
PVA SYN-6 3.6 4.8 49 25 27
PVA SYN-9 4.3 5.9 5.2 27 17
PVA SYN-13 42 6.4 5.7 34 26
DTSTR-W SYN-13 3.3 45 4.2 27 21
DTSTR-Y SYN-14 3.8 5.8 6 34 37
DTSTR-Y SYN-15 3.3 5.3 5.7 38 42
SAMMAZ-15 45 5.7 5.3 21 15
TZB-SR(RE) 3.5 49 5.2 29 33
Mean 3.9 54 5.3 27 26

4. Discussion

To address the challenge posed by the severity of grain yield losses due to FAW
infestation and its implications on the socio-economic livelihoods of resource-limited
farmers in SSA, one of the economically sustainable long-term control measures is the
identification of the sources of FAW resistance and the use of the recommended insecticide
rates. The highly significant differences among the varieties for grain yield, FAW leaf
damage parameters, and most of the traits recorded in this study under each test condition
revealed the existence of adequate genetic variation among the varieties, which can be



Agriculture 2024, 14, 984

11 of 14

exploited as sources of novel alleles for developing FAW-resistant varieties in a breeding
program.

The observed gain in grain yield in the treatments sprayed with 75 mL and 150 mL of
insecticide over plots left to natural FAW infestation (zero application) is consistent with
previous results [35-37], indicating that spraying insecticides resulted in higher grain yields
compared to untreated fields. In the present study, the average maize grain yields from the
plots sprayed with 75 mL (5.4 t ha~!) did not differ significantly from the average grain
yield obtained from 150 mL (5.3 t ha~!) insecticide application. This finding is in agreement
with the grain yield under FAW treatment reported by [38], revealing that increased rates
of insecticide applications were not always associated with higher grain yields.

The significant differences among the 10 varieties for leaf damage scores at the four
different periods of data collection indicated the presence of variable levels of tolerance
to FAW among the maize varieties, depending on the crop’s growth stage, when the
assessment was conducted. It also suggested that there is sufficient genetic variability
among the varieties for effective FAW tolerance breeding. Three varieties, DTSTR-Y SYN-
14, PVA SYN-6, and PVA SYN-3, recorded the highest FAW leaf damage score at 42 days
after emergence, indicating their susceptibility to FAW attacks at the early growth stage. At
49 and 56 days after emergence, PVA SYN-6, DTSTR-Y SYN14, DTSTR-W SYN-13, PVA
SYN-2, and DTSTR-Y SYN-15 suffered the most FAW injury. However, the highest leaf
damage was recorded in DTSTR-Y SYN-14, PVA SYN-6, and DTSTR-W SYN-13 at 63 days
after emergence. Although the varieties exhibited some level of consistency in their leaf
damage response to FAW, the relative change in ranking of the varieties to leaf damage
suggested that some varieties that were vulnerable to FAW attacks at the early vegetative
stage recovered with time, whereas other varieties, which sustained low levels of FAW
attack at an early vegetative stage became less tolerant at later stages of growth. Generally,
FAW damages decreased at 63 days after planting, suggesting that most of the varieties
that suffered FAW attacks at earlier vegetative stages recovered from the FAW attacks at
their later vegetative and reproductive stages. The study [39] had earlier reported that
FAW infestation at the early vegetative stage causes more damage than at the later growth
stages. We observed highly significant variety effects for LDR1 at 42 days after emergence,
suggesting that this stage is the most appropriate time to characterize maize germplasm for
tolerance to FAW.

Reports from previous studies [40,41] have shown that the FAW can cause yield
losses of up to 100% in the absence of control measures. In the present study, the average
yield loss across the 10 varieties due to FAW infestation under 75 mL (27%) and 150 mL
(26%) insecticide application were similar. The similarity in average yield loss under both
insecticide treatments is consistent with the non-significant difference observed in the
average grain yields under these treatment conditions. A study in Kenya [23] reported an
average economic loss of 47%, while in Zimbabwe, [17] reported a loss of 11.6%. Generally,
the grain yield loss of maize varieties increased with a reduction in FAW infestation. These
findings are in close agreement with the results obtained by [42], who reported that yield
loss was higher in the untreated plots compared to the plots treated with insecticides.

5. Conclusions

Our study demonstrated the existence of genetic variability for tolerance to the FAW
among the 10 elite maize varieties evaluated under three levels of insecticide treatments (0,
75, and 150 mL). Most of the varieties exhibited moderate resistance/tolerance to the FAW,
with the exception of DTSTR-Y SYN-14, which exhibited susceptibility to the FAW at all
treatment levels. Leaf damage recorded at early vegetative stages provided the best oppor-
tunity for identifying the varieties with good levels of tolerance to FAW. The application of
emamectin benzoate at half the manufacturer’s recommendation (75 mL) provided good
protection for maize growth, and hence high grain yields. However, increasing the dose
to 150 mL had no significant effect on increasing grain yield. The average grain yield loss
was 27% and 26% under 75 mL and 150 mL, respectively. Four varieties, PVA SYN-13, PVA
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SYN-9, DTSTR-Y SYN-14, SAMMAZ-15, and PVA SYN-3, had grain yields above the mean
under 75 mL. However, PVA SYN-3 and PVA SYN-13 were the most consistent varieties,
producing high grain yields across all insecticide treatment levels. These two varieties
can be further tested under naturally FAW infested fields by partners in West Africa to
confirm their yield performance and the level of their resistance to the FAW. We conclude
that the use of moderately resistant varieties, combined with timely spraying of emamectin
benzoate at 75 mL, provides adequate protection against FAW infestation, leading to a high
grain yield in maize. This would provide an opportunity for smallholder farmers to boost
their production in areas infested with FAW.
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