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Abstract The effect of hybrid and planting date on yield losses by the corn ear insects Helicov-
erpa zea (Boddie) and Spodoptera frugiperda (J.E. Smith) was determined in northeastern
México, from 2006 - 2009. Eight corn hybrids (white and yellow) were planted each year during
early January, February and March. Regardless of year, hybrid, or planting date, the most abun-
dant ear insect was H. zea (61 - 99%). Yield losses varied greatly according to year, hybrid and
planting date, with a maximum of 596 kg/ha, equivalent to 10.6% of total yield. Regarding plant-
ing dates, yield losses were lower in February, greater in March, and intermediate in January,
probably attributed to host plant availability for ear insects in the region. An average of 74%
greater yield loss was observed in yellow hybrids as compared with white hybrids for all planting
dates, probably because of a differential grain hardness and husk wrap. According to current
local value of corn grain and cost of insecticide and aerial application, insecticide treatment of
lepidopterans attacking corn ears would have not been justified during this study.
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Field corn, Zea mays L., is the major crop in Mexico, where an average of 8 million
ha are planted each year, about one-third of the country’s cultivated land (SIAP 2011).
Most area is planted with white corn, and production is destined mainly for human
consumption, such as tortillas and other products. Corn yields are limited by a vast
array of production systems, agronomic practices, weather conditions, and noxious
organisms (Turrent 2008). More than 20 insect pests may attack the crop at different
phenological stages, causing an average of 30% yield loss in Mexico (Rodriguez-
del-Bosque and Marin 2008).

The fall armyworm, Spodoptera frugiperda (J. E. Smith), and the corn earworm,
Helicoverpa zea Boddie, are the most destructive insect pests of corn and other crops
throughout the western hemisphere (Wiseman and Davis 1990, Gueldner et al. 1992,
Buntin et al. 2001, Bergvinson 2005, Clark et al. 2007). The most common feeding
site for S. frugiperda is the whorl in young plants; whereas, H. zea prefer to feed from
ears. However, both insect pests can damage either the whorl and ear, depending on
insect development and plant phenology (Buntin et al. 2001, Chilcutt et al. 2006).
Feeding from ears by both species is important because of direct grain loss, quality
decrease, and facilitation of mycotoxin-producing fungi invasion (Dowd 2003). In the
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southeastern United States yield losses by H. zea range from 1.5 - 16.7% in field corn
and can be as high as 50% in sweet corn (Wiseman 1999). In northeastern México
yield losses by H. zea and S. frugiperda in field corn averaged 8%, and incidence of
damaged ears was positively correlated to abundance of sap beetles (Coleoptera:
Nitidulidae) and aflatoxin concentration (Rodriguez-del-Bosque 1996a, Rodriguez-
del-Bosque et al. 1998). Corn production in this region has been reported as an im-
portant source for H. zea and S. frugiperda migration to northern latitudes into the U.S.
(Wolf et al. 1990, Raulston et al. 1992).

The recommended window to plant corn in northern Tamaulipas, Mexico, is
20 January to 15 February (Rodriguez-del-Bosque et al. 2007). However, nearly 20%
of the land is planted earlier or later than this period, which may decrease crop yield
and increase incidence of insect pests and pathogenic diseases. During the past few
years, growers have tended to plant earlier than 20 January because of a popular
belief that winters were becoming warmer than in the past, which was not supported
by weather historical data in this region (Silva et al. 2007). Earlier corn planting dates
have higher risk of freeze (Rodriguez-del-Bosque et al. 2007).

A recent interest to plant yellow instead white corn hybrids in the region is based
on an increasing demand by swine, poultry and snack-food industries. Preference to
plant yellow compared with white corn has varied from 52 - 93% during the last years
(Cantu et al. 2009, Reyes et al. 2009). However, preliminary observations showed
yellow hybrids were more susceptible to ear insect pests and associated diseases
than was white corn. The objective of this study was to determine the influence of

Table 1. Ear infestation, mean larvae per ear (+ SE), and relative % of H. zea and
S. frugiperda at milk stage in different planting dates. Rio Bravo, Tam.,
México. 2006 - 2009.

Relative %
Planting % Ear
Year date infestation Larvae/ear H. zea S. frugiperda
2006 Jan 80.7 1.1+01 91 8
Feb 78.5 1.1+01 89 11
Mar 97.2 1.2+0.1 88 12
2007 Jan 35.0 0.4+01 93 7
Feb 38.8 0.4+0.1 90 10
Mar 61.3 0.6 +0.1 88 12
2008 Jan 96.9 1.1+0.1 99 1
Feb 98.4 0.8+0.1 90 10
Mar 98.8 1.2+0.1 61 39
2009 Jan 98.0 1.0+ 0.1 98 2
Feb 81.3 1.1+01 88 12

Mar 98.4 1.1+01 87 13
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hybrids (white or yellow) and planting date on yield losses by H. zea and S. frugiperda
attacking corn ears in northern Tamaulipas, Mexico.

Materials and Methods

This study was conducted at the Campo Experimental INIFAP (Mexican Agricul-
tural Research Service), near Rio Bravo, Tamaulipas (25°57 N, 98°01 W) during the
spring growing seasons of 2006 - 2009. Eight hybrids were evaluated in 3 planting
dates during the first week of January, February, and March, which represented ear-
lier, optimal, and later planting dates, respectively (Rodriguez-del-Bosque et al. 2007).
The hybrids evaluated were 5 white corn (H-437, H-439, H-440, Pioneer 3,025, As-
grow Tigre) and 3 yellow corn (Pioneer 31G98, Garst 8,222, Dekalb 697) from 2006 -
2008; and 4 white corn (H-437, H-439, Asgrow Tigre, Asgrow Bisonte) and 4 yellow
corn (Garst 8,285, Asgrow Tigre Y, Dekalb 2024, H-443A) during 2009. The experi-
ment was conducted in a randomized complete block design with split-plot arrange-
ment with 4 replications. The whole plot (A) included the planting dates and subplot
(B) the 8 hybrids. Subplots were 3.2 m (4 rows) wide x 5 m long. No insecticide was
applied, and other agronomic practices were according to local recommendations
(INIFAP 2009). Ten plants per subplot in the 2 central rows were randomly sampled
each at milk stage and harvest. At milk stage, ears were inspected for identification of
H.zeaand S. frugiperda. At harvest, number of damaged kernels per ear was counted,
and their weight estimated by weighing the same number of adjacent undamaged
kernels. All ears in the 2 central rows were hand shelled, and grain yield was esti-
mated (converted to kg/ha at 12% moisture). Yield loss by ear insects was estimated
in kg/ha and percentage of total yield. Yield loss (kg/ha) by ear insects was subjected
to a two-way ANOVA, and means were compared using the LSD test (P < 0.05) (SAS
Institute 2004).

Results and Discussion

Regardless of year, hybrid, or planting date, the most abundant ear insect was
H. zea, ranging from 61 - 99% of all pest larvae identified (Table 1). Such dominance

Table 2. ANOVA testing effect of planting date and hybrid on yield loss
by H. zea and S. frugiperda on corn ears. Rio Bravo, Tam.,
México. 2006 - 2009.

2006 2007 2008 2009
Source df F P F P F P F P
Planting date (A) 2 407 0.001 210 0.003 76.4 0.001 115 0.048
Hybrid (B) 7 77.1 0.001 71 0001 129 0.001 312 0.001
AxB 14 2.4 0.010 4.7 0.001 4.0 0.001 3.2 0.001

Error 63
% C.V. 20.2 34.8 27.9 31.0
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Table 3. Average (+ SE) yield losses in kg/ha and % of yield by H. zea
and S. frugiperda on corn ears in different hybrids and planting
dates. Rio Bravo, Tam., México. 2006.

Jan Feb Mar
Hybrid Kernel color Kg/ha % Kg/ha % Kg/ha %
Dekalb 697 Yellow 324 +28a54 357+29a62 596x31a10.6
Pioneer 31G98 Yellow 321+£42a50 310x10a53 542+34a10.5
G-8222 Yellow 177+£21b 3.0 202+9Db4.0 398 +39b9.4
Asgrow Tigre White 125+44bc1.9 68x+10cd1.1 339x+37b57
H-439 White 83+27c14 134+x16bc24 327+22b74
Pioneer 3025 White 89+21¢15 119x10c21 336+15b6.0
H-440 White 125+27bc33 86+25cd24 208 +26c5.6
H-437 White 63+30c 1.1 33+25d0.7 196+25¢3.8

Means within a column followed by the same lower case letter are not significantly different (LSD, P = 0.05).

of H. zea over S. frugiperda and other lepidopterans in corn ears has been previously
reported in the region (Rodriguez-del-Bosque 1996a, Rodriguez-del-Bosque and
Rosales-Robles 1992, Rodriguez-del-Bosque and Salinas-Garcia 2008). Regardiess
of planting date, ear infestation was >78% and larval density >0.8 larvae/ear in 2006,
2008 and 2009 (Table 1). The lower infestations (35 - 61%) and larval densities (0.4 - 0.6
larvae/ear) in 2007 were probably a consequence of freezing temperatures on 5 March

Table 4. Average (+ SE) yield losses in kg/ha and % of yield by H. zea and
S. frugiperda on corn ears in different hybrids and planting dates. Rio
Bravo, Tam., México. 2007.

Jan Feb Mar

Hybrid Kernel color Kg/ha % Kg/ha % Kg/ha %
Dekalb 697 Yellow 63+21b0.8 49+18bc0.6 188x26ab2.9
Pioneer 31G98 Yellow 182+21a3.0 109+19a1.4 161 x12abc2.3
G-8222 Yellow 38+3b0.7 90+ 10ab 14 172+ 12abc 3.0
Asgrow Tigre White 33+£5b04 104x21a12 137 +14bcd 2.0
H-439 White 30+9b04 80x21ab1.2 176 +24 abc 3.2
Pioneer 3025 White 39+18b05 48+24bc06 190+13a3.0
H-440 White 51+18b1.1 42+19bc06 89+7d1.5
H-437 White 68+15b0.9 21+13¢c03 128x11cd24

Means within a column followed by the same lower case letter are not significantly different (LSD, P = 0.05).
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Table 5. Average (+ SE) yield losses in kg/ha and % of yield by H. zea and
S. frugiperda on corn ears in different hybrids and planting dates. Rio
Bravo, Tam., México. 2008.

Jan Feb Mar
Hybrid Kernel color Kg/ha % Kg/ha % Kg/ha %
Dekalb 697 Yellow 335+5b5.0 191 +20a22 411+44a50
Pioneer 31G98 Yellow 240+33¢3.7 158+38ab20 319+26b3.6
G-8222 Yellow 444 +20a89 120+19abc1.9 270+28bc 3.0
Asgrow Tigre White 187+11¢c4.0 110x30abc 1.3 208 +32cd2.3
H-439 White 330+70b 4.8 48 +16¢0.6 223 +13¢d 3.0
Pioneer 3025 White 235+ 16¢c4.9 83+36bc0.9 324+30ab3.8
H-440 White 265+47bc85 33+29c0.5 158 + 13d 2.9
H-437 White 193 + 26 ¢ 4.1 57 +10c 0.7 158 +20d 1.8

Means within a column followed by the same lower case letter are not significantly different (LSD, P = 0.05).

2007, which apparently diminished the overwintering populations (Rodriguez-
del-Bosque 1996b).

The two-way ANOVA showed that the main effects and interaction between plant-
ing date and hybrid on yield losses by ear insects were significant (P < 0.05) in all
years (Table 2).Yield losses varied greatly according to year, hybrid and planting date
(Tables 3 - 6). In 2006, yield losses ranged from 33 - 596 kg/ha, equivalent to 0.7 and
10.6% of total yield, respectively (Table 3). In 2007, yield losses varied from 21 (0.3%)

Table 6. Average (+ SE) yield losses in kg/ha and % of yield by H. zea and
S. frugiperda on corn ears in different hybrids and planting dates. Rio
Bravo, Tam., México. 2009.

Jan Feb Mar

Hybrid Kernel color Kg/ha % Kg/ha % Kg/ha %
Garst 8285 Yellow 291 +5a3.3 210+10a25 191+7a3.8
Asgrow Tigre Y Yellow 78+16bc0.9 125+24bc1.5 155+ 17ab3.9
Dekalb 2020Y Yellow 63 + 6 bc 0.7 84 +22¢c0.9 84 + 19 cde 2.3
H-443A Yellow 65+19bc0.8 84+9c1.0 54+8e1.0
H-439 White 57+19bc06 116+10bc1.2 113+26bcd2.4
Asgrow Tigre White 101£25b 11 137+17b1.5 131x27bc25
Asgrow Bisonte White 71+15bc0.8 110+9bc 1.1 74+9de 1.5
H-437 White 36+15c0.4 86+21bc0.9 74+20de 1.8

Means within a column followed by the same lower case letter are not significantly different (LSD, P = 0.05).
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Fig. 1. Average (+ SE) yield losses by H. zea and S. frugiperda on corn ears in
hybrids with yellow or white kernels at different planting dates. Pooled
data (2006 - 2009). Different letters in each planting date indicate means
are significantly different as determined by LSD means separation proce-
dures (P = 0.05). Rio Bravo, Tam., México.

to 190 kg/ha (3.0%) (Table 4). In 2008, yield losses ranged from 33 (0.5%) to 444 kg/
ha (8.9%) (Table 5). In 2009, yield losses varied from 36 (0.4%) to 291 kg/ha (3.3%)
(Table 6).

Regarding planting dates, yield losses were lower in February, greater in March,
and intermediate in January (Fig. 1). This is probably due to host plant availability for
H. zea and S. frugiperda in the region. Most corn is planted during late January and
early February. When the plantings reach the silking stage, moths have a large avail-
ability of host plants, diluting incidence and damage by larvae. Conversely, planting
corn during early January and March is rare in the region, so host ptants are scarce

Table 7. Average (+ SE) yield losss (kg/ha) by H. zea and S. frugiperda on corn
ears in different hybrids. Pooled data of planting dates (Jan, Feb, Mar)
and years (2006 - 2009). Rio Bravo, Tam., México.

Hybrid Kernel color Testing Years Kg/ha
Dekalb 697 Yellow 3 279 +55a
Pioneer 31G98 Yellow 3 260 £ 41 ab
Garst 8222 Yellow 3 212 £ 43 abc
Pioneer 3025 White 3 163 + 36 bcd
H-439 White 4 143 + 28 cd
Asgrow Tigre White 4 140 + 22 cd
H-440 White 3 117 + 25 cd
H-437 White 4 93+17d

Means within a column followed by the same lower case letter are not significantly different (LSD, P = 0.05).
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and moths tend to concentrate on those plants with a subsequent increase in abun-
dance and yield losses by larvae.

Yield losses by ear insects was significantly greater in yellow hybrids than in white
hybrids (Table 7, Fig. 1). An average of 74% greater yield loss was observed in yellow
hybrids as compared with white hybrids for all planting dates (Fig. 1). There was a
3-fold difference in yield losses by ear insects between the hybrids with the highest
(DK-697) and lowest (H-437) average loss (Table 7). Apparently, H. zea and S. frugi-
perda moths preferred to oviposit on yellow hybrids and/or larvae caused more
damage to yellow hybrids, probably as a result of softer endosperm and comparatively
loose husk. Yellow hybrids tested in this study were developed in the U.S. Corn Belt,
and have fewer husk leaves and less husk tightness compared with the white hybrids
developed for northeastern México. Husk characteristics are important for resistance
to ear insects (Brewbaker and Kim 1979, Rector et al. 2002, Xinzhi et al. 2008).

Effective control of H. zea in corn requires at least 5 insecticide applications (Burkness
et al. 2009). According to current local value of corn grain ($297 dlls/ton) and cost of insec-
ticide and aerial application ($34 dlls/ha), the total cost of 5 insecticide applications ($170
dlis/ha) would be the equivalent of 572 kg/ha of corn. In only one of the 96 cases (combi-
nations of years, hybrids, and plantings dates) cost of insecticide control was less than the
value of yield loss: 596 kg/ha for Dekalb 697 planted late in 2006 (Table 3). However, the
profit of insecticide application would be only 24 kg/ha ($7 dlls/ha) in that case, a highly
risky economic operation for any grower. Therefore, insecticide treatment of lepidopterans
attacking corn ears would have not been justified in any case in this study, corroborating
reports for field corn elsewhere (Buntin et al. 2004).
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