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Abstract.

Each of 11 cultivars of sweet corn (Zea mays L.) was presented to red-winged blackbirds (4gelaius phoen-

iceus L.) in an aviary under no-choice conditions in 1985. This evaluation was repeated in 1986 with eight cultivars,
five of which had been tested in 1985. In both years, there were significant differences in damage among cultivars;
the damage rankings of the cultivars tested in both years were correlated. Total husk weight and husk weight beyond
the cob tip individually explained 68% to 69% of the variation in damage among cultivars. Husk characteristics were
more important than kernel characteristics in determining the amount of damage a cultivar received. Six of the
cultivars evaluated in a field test near a blackbird roost showed differences in damage similar to that found in the
aviary. In the field test, the most- and least-resistant cuitivars had 16% and 76% of the ears damaged, respectively.
Resistance is a viable approach to reduce damage in situations where sweet corn is grown near concentrations of

blackbirds.

Blackbird (Icterinae) damage to maturing sweet corn is a se-
rious economic problem in localized areas of North America
(4). One promising means of reducing damage is through the
use of cultivars resistant to bird attack. Previous aviary exper-
iments revealed significant, consistent differences among cul-
tivars in damage by starlings (Sturnus vulgaris L.) and two
species of blackbirds under free-choice and no-choice test re-
gimes. Husk extension length and husk weight beyond the cob
tip were the best correlates (negative) with damage, indicating
that the incorporation of long, heavy husks into sweet corn lines
should increase resistance (4).

The first objective of this study was to explore further, with
additional cultivars, the relationship between cultivar character-
istics and resistance in controlled aviary and laboratory tests.
Of particular interest was to determine feeding preferences by
birds to kernels from the various cultivars. The second objective
was to evaluate cultivars in a field test near a blackbird roost to
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determine if differences in damage among cultivars as estab-
lished in aviary tests also are observed under field conditions
with high bird numbers.

Materials and Methods

Aviary tests. Eleven cultivars of sweet corn (Table 1) were
planted on 27 May 1985 in six-row X 90-m plots in Erie County,
Ohio. Row spacing was 0.75 m, and plant spacing averaged 20
cm. Starting 24 July and at 2-day intervals until 13 Aug., all
plants with newly silked ears in rows 2 to 5 of each plot were
marked with spray paint. A different color was used each day
to allow use of ears of the same silking date in the evaluations.

In early July, 150 adult male red-winged blackbirds were
captured in mist nets. Birds from the population were placed,
four to a cage, in twenty-four 1.5 X 1.0 X 0.5 m cages in an
outdoor pavilion. The birds were adapted to feeding on ears of
corn in captivity for 2 weeks before the experiment began. Each
cultivar was evaluated for damage at 18 days after silking (DAS)
(15 to 25 Aug.) under a no-choice test regime by placing eight
ears of freshly picked corn at 0800 HR, with husk and shank
intact, in each of eight random cages for 6 hr (0900 to 1500
HR). For 1 hr before and during the 6-hr test, all other food
(mixed wild bird seed) was removed from the cages. Woronecki
et al. (9) provided a detailed description of the methodology.

Immediately before placing each ear in a cage, the length
from cob butt to minimum and maximum husk extension and
the length from cob tip to maximum husk extension were mea-
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Table 1.

Selected characteristics of the 14 sweet corn cultivars evaluated for resistance to

bird damage in aviary and field tests, 1985-86.

Characteristics of cultivars?

Days to  Total Husk Husk Cob

Cultivar Cultivar 50% husk  extension extension length
no.” name Year silking wt(g) wt(g) (mm)* (mm)
6 133 Silver Prince 1985 63 12.76 0.83 13 225
13 Trigold 1985 62 9.01 0.45 18 189
15 South. Delicious 1985 68 11.72 1.12 35 220
16 Miracle 1985 60 11.98 0.51 33 206
1986 58 10.62 0.32 18 185
18 Crisp ‘N Sweet 1985 58 14.13 1.01 45 209
1986 58 8.76 0.54 43 184
19 Star Dust 1985 52 9.80 1.50 66 165
1986 46 6.56 1£27 66 133
22 Gold Dust 1985 55 18.43 2.15 79 185
1986 55 16.40 2.08 73 179
23 Jazz 1985 51 8.56 0.99 42 183
1986 46 4.06 0.25 8 138
25 Crusader 1985 58 14.11 0.66 32 199
27 Advance 1986 57 13.07 1.04 58 189
31 How Sweet It Is 1985 60 12.52 0.89 45 204
32 Sunsweet 1985 60 11.54 1.32 54 195
34 CXP 516 1986 55 7.74 0.57 34 177
35 Incredible 1986 59 9.39 0.37 18 189

zSee text for details of measurements: N = 32 ears/cultivar.
¥Seed company: 6, Harris; 13, Sun; 15, 16, 18, 31, 35, Crookham; 19, 22, 32, Agway; 23,

Roger Bros.; 25, Seedway; 27, 34, Musser.

*From cob tip to minimum point of husk extension.

sured to the nearest millimeter. Immediately after each test, the
shank and cob stem were separated from each ear by sawing
through the husk at the butt of the cob. The husk then was
separated into two components by cutting with scissors at the
tip of the cob. The husk from butt to cob tip and husk beyond
cob tip were weighed after drying at 30°C for several weeks.
The following measurements were made on each ear: a) maxi-
mum corn row length; b) maximum ear length from butt to cob
tip; ¢) maximum ear circumference; and d) maximum length of
damage down a corn row.

In 1986, eight cultivars (Table 1), including five evaluated
in 1985, were planted on 14 June. Each cultivar was evaluated
in a no-choice test as in 1985 by placing eight ears in each of
four cages for 6 hr. In addition, the same no-choice test was
run for each cultivar in four other cages, with the difference
that the husk of each ear was cut 2 cm above the cob butt and
removed. Cultivar characteristics were not measured in these
““no husk” tests. Damage was evaluated by counting the num-
ber of kernels pecked on each ear. The maximum length of
damage down a corn row was not measured because the birds
pecked kernels at random on ears without husks instead of start-
ing at the tip and working down uniformly, as they did when
the husks were intact. Finally, on the day of each cultivar eval-
uation, the kernels from four additional ears were cut from the
cob within 1 hr of picking and frozen for use in the laboratory
test described below.

To determine if differences in damage among cultivars were
significant, one-way analysis of variance (ANOVA) tests were
run for each of the three groups of cultivars (1985 and 1986
with husks, 1986 without husks). Also, step-wise regression
was performed to determine which cultivar characteristics were
correlated best with damage. Spearman’s rank correlation coef-
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ficients were used to compare the relative damage rankings of
cultivars in the various tests (6).

Laboratory tests. Kernels from the eight cultivars evaluated
in the 1986 aviary tests were presented to red-winged blackbirds
in two-choice preference tests at the Monell Chemical Senses
Center, Philadelphia, during Feb. 1987. Five adult male red-
wing blackbirds were housed individually in 61 X 36 X 41 cm
cages in a room with a 9:15 hr light-dark cycle.

After 2 weeks adaptation to cage conditions, each bird was
given 1-hr pretreatment feeding trials at 1, 4, and 7 hr following
light onset. For each trial, the birds were presented with two 5-
g samples of freshly thawed corn kernels in cups (7.5 cm in
diameter). These samples contained kernels from the eight cul-
tivars. Maintenance food (Purina Flight Bird Conditioner) was
removed from the cages when corn kernels were present.

Over the 12 days following the second pretreatment day, the
birds were given twenty-eight 1-hr, two-choice tests (three/day)
among the cultivars. All possible pairings of the eight cultivars
were presented once to each bird in a random order. Mean
consumption by each bird of each cultivar was evaluated in a
Friedman two-way ANOVA by ranks (6).

Field test. On 4 June 1986, six of the eight cultivars evaluated
in the aviary and laboratory were planted at Ottawa National
Wildlife Refuge, Lucas County, Ohio. The field was 2 km south
of Metzger Marsh, a traditional roosting site for blackbirds ad-
jacent to Lake Erie. The sweet corn was planted in six replicate
blocks, each containing six plots measuring 12 rows (9.1 m) by
152 m. The six cultivars were randomly assigned to plots in
each block. Blocks were at least 41 m apart.

Starting 24 July, 100 ears were examined in each plot at 2-
day intervals to establish the date when 50% of the ears had
silked. At 24 days after 50% silking in each plot, five consec-
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utive ears were examined in each of 12 randomly established
subplots to determine incidence of bird damage and to obtain a
visual estimate of percent of kernels eaten on damaged ears (7).
Damage assessments were from 21 Aug. to 2 Sept. Differences
in damage among the six cultivars were evaluated by ANOVA.

The population size of the blackbird roost was estimated on
12 Aug. and 3 and 24 Sept. Two or three observers estimated
numbers entering the roost in the evening (5).

Results

Aviary tests—ears with husks. In both 1985 and 1986, there
were significant (P < 0.01) differences among cultivars in length
of damage per ear and in percent of ears damaged. Percent of
ears damaged per cultivar ranged from 31% to 78% in 1985 and
from 38% to 97% in 1986 (Table 2). The rankings of the five
cultivars evaluated in 1985 and in 1986 were significantly (P
< 0.05) correlated (» = 0.90) for the 2 years. Cultivars 22 and
23 were the least and most damaged, respectively, in both years.

Husk weight beyond the cob tip and minimum husk extension
beyond the kernels were the characteristics best correlated (neg-
atively) with damage for individual ears in 1985 and 1986,
respectively (Table 3). These characteristics individually ex-
plained 12% to 16% of the variation in damage among ears. A
much higher proportion of the variation in damage among cul-
tivars was explained when mean values for these characteristics
were examined. Total husk weight and husk weight beyond the
cob tip were the best correlates (negative) with mean percent of
ears damaged and mean damage length per ear, respectively,
for the 19 no-choice tests of the 14 cultivars in the 2 years
combined (Table 3, Fig. 1). These characteristics individually
explained 68% to 69% of the variation in damage among cul-
tivars. The following step-wise regression equations gave the
highest correlations with the two measures of mean damage for
each cultivar (N = 19): % of ears damaged/cultivar =
148.69—3.05 THW — 0.24 HMAX, (R? = 0.72); and mean
damage length (mm)/ear/cultivar = 73.00 — 11.88 HEW —
1.41 THW, (R? = 0.80); where THW = total husk weight (g),
HMAX = maximum husk length (mm)—cob butt to husk tip,
and HEW = husk extension weight (g).

Aviary test—ears with husk removed. There were significant
(P < 0.01) differences among the eight cultivars in the number

of kernels eaten per ear. The most-damaged cultivar (cultivar
16) received 2.7 times the loss of the least-damaged cultivar
(cultivar 23). This range was similar to the 2.5-fold range in
damage for the same eight cultivars in the no-choice test with
husks not removed (Table 4). However, there was no significant
(P > 0.10) correlation between the rankings of cultivars in the
two tests ( = —0.36). In fact, cultivar 23, which consistently
received high damage in aviary tests when the husks were not
removed, had the least damage when the husks were removed.

Laboratory test. There was no significant (P > 0.05) differ-
ence among the eight cultivars in the mean weight of kernels
eaten in the two-choice preference tests. Mean consumption (per
bird per hour + sp) ranged from 1.3 + 0.9 gto 1.8 + 1.2 g
for cultivars 27 and 34, respectively. There was no significant
(P > 0.10) correlation between the rankings of the eight culti-
vars for mean consumption in these two-choice preference tests
and in the aviary tests with (r = —0.24) and without ( =
—0.21) husks.

Field test. There were significant (P < 0.01) differences among
the six cultivars in the percent of ears damaged and percent of
corn eaten. Cultivar 23, with 76% of the ears damaged, had 4.8
times the damage of cultivar 22 (16%). Estimated percent of
corn eaten ranged from 1% in cultivars 22 and 27 to 17% in
cultivar 23. The ranking of the cultivars for percent of ears
damaged was virtually identical (P < 0.01) with the ranking
measured in the aviary in 1985 (» = 1.00) and in 1986 (r =
0.94) (Table 2).

Estimated numbers of blackbirds and starlings at the roost
were 41,000, 31,800, and 41,800 on 12 Aug., 3 Sept., and 24
Sept., respectively. Species composition was about 70% red-
winged blackbirds, with the remainder being starlings and brown-
headed cowbirds (Molothrus ater L.). Daily flightlines to and
from the roost went over the sweet corn plots.

Discussion

These tests further established that cultivars of sweet corn
vary consistently in their susceptibility to damage by red-winged
blackbirds, both in an aviary setting, where alternate food is not
available, and in a field situation, where the cultivars are sub-
jected to heavy feeding from free-ranging flocks of birds. Total
husk weight and weight of husk extension were the best cor-

Table 2. Ranking of cultivars of sweet corn for percent of ears damaged by red-winged black-
birds in two no-choice aviary tests and in a field test in northern Ohio.

Ears damaged by birds (%)

1985 Aviary test

1986 Aviary test

1986 Field test

Rank Cultivar (N = 8 cages)* Cultivar (N = 4 cages)* Cultivar (N = 6 plots)
1 22 31 ax 22 38 ax 22 16 ax
2 18 36a 27 41 ab 27 21a
3 31 42 ab 16 56 abc 18 42b
4 6 45 abc 18 63 abc 16 50 b
5 32 52 bc 34 69 bed 19 54b
6 15 56 bed 35 69 bed 23 76 c
7 16 58 cde 19 75 cd
8 19 59 cde 23 97d
9 13 64 def

10 25 72 ef

11 23 78 £

“Fight ears of cultivar, with husk intact, per cage.

¥Sixty ears sampled for damage per plot.

*Mean separation by Duncan’s multiple range test (P < 0.05).
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Table 3. Simple correlation coefficients between bird damage and a)
various characteristics of individual ears of sweet corn in the 1985-
86 aviary tests and b) mean values for the various characteristics of
19 (11 in 1985 and eight in 1986) cultivars of sweet corn.

Correlation coefficients

Table 4. Ranking of eight cultivars of sweet corn for bird damage in
no-choice aviary tests, one in which the husks remained on the ears
and the other in which the husks were removed, 1986.

Condition of ears in test

With husks Without husks
Individual ears Mean values Mean damage Number of
Mean damage per cultivar length/ear kernels eaten/ear
(length/ear) per ear Rank  Cultivar (N = 4 cages)* Cultivar (N = 4 cages)*
Mean damage Percent of )| 22 24 2 23 49 ay
Cultivar 1985 1986 (length/ear) ears damaged 2 27 38 ab 34 59a
characteristics (N = 352)(N = 256) (N =19) (N =19) 3 34 49 be 19 68 a
Cob length 0.02 -0.15* -0.13 -0.57* 4 19 50 be 35 97b
Corn row length  0.00  —0.16* —0.35 —0.65* 5 16 55 be 18 97b
Ear circumference —0.03 ~ —0.15* —0.15 -0.27 6 18 56 be 22 101b
Max. husk length —0.12*  —0.24** —0.56* —0.78* 7 23 60 c 27 126 ¢
Min. husk length —0.18** —0.38** —0.67**  —0.82** 8 35 61 c 16 130 ¢
Max. husk ext. 2Eight ears of cultivar per cage.
beyond cob -0.13* -0.10 —0:57* —-0.37 YMean separation by Duncan’s multiple range test (P < 0.05).
Min. husk ext.
beyond cob =0.18** =0.25** —0.75** —0.47*
Max. husk ext. tend to search for the minimum point of husk extension to insert
beyond kernels —0.13*  —0.17** —0.45 -0.39 their bill to expose kernels (1). The farther that minimum point
Min. husk ext. is from the kernels, the less likely damage will occur.
beyond kernels —0.19** —0.40** -0.70**  -0.53* If the husks were removed and birds had unencumbered ac-
Total husk weight —0.25** -0.35°* -0.77**  —0.82** cess to kernels on the cob, the birds had a perference for certain
Husk ext. weight —0.34** —0.38** —0.83 —0.56 cultivars. However, these preferences were unrelated to the feeding
*"Significant at the 5% or 1% levels, respectively. preferences revealed for unhusked ears in the field and aviary.
Moreover, if kernels alone were presented to the birds in the
751 laboratory, no significant differences in preferences were ob-
s served. Together, these findings indicate that husk characteris-
E tics are the dominant factors influencing damage patterns among
~ . _ cultivars in the field, even though differences in kernel char-
(u; 60 < acteristics can influence feeding if husks are removed.
< ~%o 0 In conclusion, resistance, based on husk characteristics, can
E g, ® & © reduce bird damage in situations where sweet corn is grown
=P o P near concentrations of blackbirds. Using the equations and cor-
i \\\° o relations established in this and previous studies (3, 4), husk
o o w S characteristics can be measured for samples of ears from cur-
~ 5 M rently available cultivars to rate them for their relative resistance
g 30k S to damage. In addition, sweet corn breeders should be able to
- B 47 <17 3D N develop improved resistant lines if so desired.
T i : o> One final point with regard to the use of cultivar resistance
5 r=-0.83 o in an integrated pest management program for corn. Red-winged
= 15| blackbirds often feed extensively on insects, such as rootworm
" beetles (Diabrotica longicornis Say), in corn fields during the
silking and early ear development stage (2, 8). If resistant cul-
tivars can be used to minimize damage, these feeding habits of
0 | 1 | 1 ) . . o
) 0.5 1.0 1.5 2.0 2.5 blackbirds that are beneficial may be enhanced.
HUSK WT.(g) BEYOND COB TIP Liersinre Clied
Fig. 1. Relationship of mean husk dry weight beyond the cob tip to 1. Bernhardt, G.E., L.S. Van Allsburg, and R.A. Dolbeer. 1987.

mean length of damage per ear for 11 (1985, ©) and eight (1986, ®)
cultivars of sweet corn evaluated in no-choice aviary tests, 1985 and
1986. The trend was a significant (P < 0.01) linear regression.

relates (negative) with damage, explaining almost 70% of the
variation in damage among cultivars. Cultivar 22, with a mean
husk extension weight of =2 g, had about one-third to one-half
the damage per ear as did cultivars with husk extension weights
of <1 g (Fig. 1). Length of husk extension also was correlated
negatively with damage. Minimum husk extension measure-
ments consistently had higher negative correlations with damage
than did maximum husk extension measurements (Table 3). Birds
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