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Efficacy of CrylF Events TC1360 and TC1507

1.0 ABSTRACT

The purpose of this study was to evaluate Cry1F maize events TC1360 and TC1507 for efficacy
against the most important Lepidopteran pests of maize in the United States. The insects tested
were: o

e European corn borer, Ostrinia nubilalis (Hiibner);

e Southwestern corn borer, Diatraea grandiosella (Dyer);

e black cutworm, Agrotis ipsolon (Hugnagel);

e corn earworm, Helicoverpa zea (Boddie);

o fall armyworm, Spodoptera frugiperda (J.E. Smith).

TC1360 and TC1507 were evaluated in multiple hybrid backgrounds to test the efficacy across
maize genotypes. Non-Bt isolines were included as controls, and current commercial events

were included for comparison purposes.

Tables 1-3 describe the scoring schemes for European corn borer, corn earworm and fall

armyworm. Results of the efficacy evaluations are shown in Tables 4-8.

TC1360 is no longer in product development and will not be part of the Cry1F registration

package.
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Table 1. Pioneer European Corn Borer Leaf Feeding Scoring System'

RATING ~__ DESCRIPTION_

9 No v151ble leaf injury or a small amount of pin or ﬁne shot-hole type |

injury on a few leaves.

Small amount of shot-hole type lesions on a few leaves.

Shot-hole injury common on several leaves.

Several leaves with shot-hole and elongated lesions.

Several leaves with elongated lesions (ca. 12”).

Several leaves with elongated lesions (ca. 17).

Long lesions common on about one-half of leaves.

Long lesions common on about two-thirds of leaves.

=l N W & ] N 3] o

Most of leaves with long lesions

! From Guthrie, ef al. (1960) with 1-9 in reverse order.
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Table 2. Pioneer-Corn Earworm Ear Damage Scoring System

‘RATING | - DESCRIPTION SN
9 | Nd damage to eartips or kernels, slight damage to silks or huskS
8 Slight damage to silks, husks, or eartips but no kernel damage
7 Small damage to silks, husks, or eartips and slight damage to kemnels (1-2
kemels damaged or lost)
6 Small damage to silks, husks, or eartips, and 0.1 - 1.0 cm (>2) kernels

damaged or lost

Moderate damage to silks, husks or eartips, with 1.1 - 2.0 cm kemnels lost

Moderate damage to silks, husks or eartips, with 2.1 - 3.0 cm Kernels lost

Heavy damage to silks, husks or eartips, with 3.1 - 4.0 cm kernels lost

Heavy damage to silks, husks or eartips, with 4.1 - 5.0 cm kernels lost

i N W &) U

Heavy damage to silks, husks or eartips, with 5.1(+) cm kernels lost
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Table 3. Pioneer Fall Armyworm Leaf Feeding Scoring System’

RATING | - : - DESCRIPTION - - ‘

9 No visible leaf damage or only pinho-lé Tesions present on whorl leaves.

8 Pinhole and small circular lesions present on whorl leaves.

7 Small circular lesions and a few small elongated (rectangular-shaped)
lesions of up to 1.3 cm (1/2 ) in length present on whorl and furl leaves.

6 Several small to mid-size 1.3 to 2.5 (1/2” to 1”) in length elongated
lesions present on a few whorl and furl leaves. '

5 Several large elongated lesions greater than 2.5 cm (17) in length present
on a few whorl and furl leaves and/or a few small- to mid-sized uniform
to irregular-shaped holes (basement membrane consumed) eaten from the
whorl and/or furl leaves.

4 Several large elongated lesions present on several whorl and furl leaves
and/or several large uniform to irregular-shaped holes eaten from furl and
whorl leaves.

3 Many elongated lesions of all sizes present on several whorl and furl
leaves plus several large uniform to irregular-shaped holes eaten from
furl and whorl leaves.

2 Many elongated lesions of all sizes present on most whorl and furl leaves

| plus many mid- to large-sized uniform to irregular shaped holes eaten
from the whorl and furl leaves.

1 Whorl and furl leaves almost totally destroyed.

! From Davis et al. (1992) 14-day rating scale with 1-9 in reverse order.
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Table 4. European Corn Borer Efficacy Data (Johnston, Iowa, 1999)

" HybrdGrop | Event_
My oM IO 50 —
Mycogen Hybrid M TC1507 9.0a 0.0c 0.0c
Mycogen Hybrid M Non-Bt 6.3b 0.2a 1.4b
Pioneer Hybrid N TC1360 9.0a 0.0c 0.1c
Pioneer Hybrid N TC1507 9.0a 0.0c 0.0c
Pioneer Hybrid N Non-Bt 4.7 0.1b" 1.2b
Pioneer Hybrid D TC1360 9.0a 0.0c 0.1c
Pioneer Hybrid D Mon810 9.0a 0.0c 0.0c
Pioneer Hybrid D Non-Bt 4.3b 0.0c 1.7a
Pioneer Hybrid D Non-Bt 4.3b 0.1b 0.9b
Pioneer Hybrid P TC1507 9.0a 0.0c 0.1c
Pioneer Hybrid P Mon810 9.0a 0.0c 0.0c
Pioneer Hybrid O TC1507 9.0a 0.0c 0.0c
Pioneer Hybrid O Mon810 9.0b 0.0c 0.1c
Pioneer Hybrid Q TC1507 9.0a 0.0c 0.0c

! Values are means of three replications at one site, planted in a randomized complete block design. Each
replication consisted of the average score of up to 10 plants per entry. Means followed by the same letter are not
statistically different (P = 0.05).

2 Based upon Guthrie ef al. (1960) with 1-9 in reverse order. See Table 1.
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Table 5. Southwestern Corn Borer Efficacy Data (Plainview, Texas and Union City,
Tennessee, 1999)

Hybrid Group Event Southwestern Corn
‘ O Gt | ~ Borer Tunneling!
| Gocheslan)
"Mycogen Hybnd M~ TC1360 — 0.0
Mycogen Hybrid M TC1507 0.0c
Mycogen Hybrid M Non-Bt 3.5b
Pioneer Hybrid N TC1507 0.1c
Pioneer Hybrid N Non-Bt 3.9ab
Pioneer Hybrid D TC1360 0.0c
Pioneer Hybrid D TC1507 0.1¢c
Pioneer Hybrid D Mon810 0.0c
Pioneer Hybrid D Non-Bt 4.5a
Pioneer Hybrid D Non-Bt 3.9ab
Pioneer Hybrid P TC1507 0.0c
Pioneer Hybrid P Mon810 0.0c
Pioneer Hybrid O TC1507 0.0c
Pioneer Hybrid O Mong810 0.0c
Pioneer Hybrid R TC1507 0.0c

! Values are means of three replications at each of two sites, planted in a randomized complete block design. Each
replication consisted of the average score of up to 10 plants per entry. Means followed by the same letter are not
statistically different (P = 0.05).
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Table 6. Corn Earworm Efficacy Data (Kauai, Hawaii, 1999)

Hybrid Group Event . | Ear Damage
. . | Rating?
"Mycogen Hybrid M TCI360 576
Mycogen Hybrid M - TC1507 5.4bc
Mycogen H;brid M Non-Bt 3.8d
Pioneer Hybrid N TC1360 5.3¢c
Pioneer Hybrid N TC1507 5.0c
Pioneer Hybrid N Non-Bt 3.6d
Pioneer Hybrid D TC1360 6.6a -
Pioneer Hybrid D Mon810 6.5a
Pioneer Hybrid D Non-Bt 34d
Pioneer Hybrid D Non-Bt 3.8d
Pioneer Hybrid P TC1507 5.6bc
Pioneer Hybrid P Mon810 5.4bc
Pioneer Hybrid O TC1507 5.6bc
Pioneer Hybrid O Mon810 6.1ab
Pioneer Hybrid Q TC1507 5.8abc

! Values are means of three replications at each of two sites, planted in a randomized complete block design. The
two sites were planted during different growing cycles. Each replication consisted of the average score of up to 10
plants per entry. Means followed by the same letter are not statistically different (P = 0.05).

2 See Table 2 for scoring system.
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Table 7. Black Cutworm Efficacy Data (Huxley, Iowa and Johnston, Iowa, 1999)

Hybrid Group ~ Event Mean Plant
e survival ()
“MycogenHybrid M TCI360 1002 -

Mycogen Hybrid M TC1507 98a
Mycogen Hybrid M Non-Bt 50c
Pioneer Hybrid N TC1360 100a
Pioneer Hybrid N - TC1507 88ab
Pioneer Hybrid N Non-Bt 27d
AgrEvo Cry 9CStarlink 81b

! Values are means of three replications at each of two sites, planted in 2 randomized
complete block design. Each replication consisted of eight plants per entry. Means
followed by the same letter are not statistically different (P = 0.05).
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Table 8. Fall Armyworm Efficacy Data (Salinas, Puerto Rico, 1999)

Hybrid Group ~ | Event | Fall Armyworm
: - - - | "Leaf Damage
| | Rating”

Mycogen Hybrid M TC1360 9.0a
Mycogen Hybrid M - TC1507 9.0a
Mycogen Hybrid M " Non-Bt 1.0b
Pioneer Hybrid N TC1360 8.5a
Pioneer Hybrid N TC1507 8.0a
Pioneer Hybrid N Non-Bt 3.3b
Pioneer Hybrid D TC1360 8.7a
Pioneer Hybrid D Mon810 7.0a
. Pioneer Hybrid D Non-Bt 1.0b
Pioneer Hybrid D Non-Bt 1.0b
Pioneer Hybrid P TC1507 8.5a
Pioneer Hybrid P Mon810 2.7b
Pioneer Hybrid O TC1507 8.3a
Pioneer Hybrid O Mon810 2.7
Pioneer Hybrid Q TC1507 9.0a

! Values are means of three replications at one site, planted in a randomized complete block design. Means followed
by the same letter are not statistically different (P = 0.05).
2 Based upon Davis et al. (1992) with 1-9 in reverse order. See Table 3.
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Conclusions:

Results from the 1999 field evaluations show that TC1360 and TC1507 provide excellent control
of European corn borer, Southwestern corn borer, black cutworm, and fall armyworm and
suppression of corn earworm. In all cases, both events were statistically more efficacious than
the non-Bt isoline. TC1360 and TC1507 provide a broader spectrum of Lepidopteran control
than the commercial transgenic events tested.
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2.0 INTRODUCTION

The Cry1F maize events TC1360 and TC1507 were evaluated for efficacy against the most
important Lepidopteran pests of maize in the United States. The insects tested were:

e European comn borer, Ostrinia nubilalis (Hiibner);

e Southwestern corn borer, Diatraea grandiosella (Dyer);

e black cutworm, Agrotis ipsolon (Hugnagel);

e corn earworm, Helicoverpa zea (Boddie);

¢ fall armyworm, Spodoptera frugiperda (J.E. Smith).

Hybrids derived from TC1360 and TC1507 were compared to non-Bt isolines, and current
commercial events were included for comparison purposes. TC1360 is no longer in product

development and will not be part of the Cry1F registration package.
3.0 METHODS

At all locations, the hybrids were grown using the standard agronomic practices of the area,
except foliar insecticides were not used when the insect population being tested was present. In
addition, the Cry!F entries were segregating for the presence of Cry1F, so negative segregants
were removed from the plot either by glufosinate application or by detection of the Cry1F
protein through ELISA determination. Unless otherwise noted, each experimental unit consisted
of a 15-ft. single row plot bordered on each end by 2.5-ft. alleyways. All plots were planted with

a 30 inch row spacing
3.1 European Corn Borer

The European corn borer trial was planted at Johnston, IA in a randomized block design with
three replications. At the V6 plant stage, entries that were segregating for the presence of CrylF
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were leaf painted with Liberty herbicide mixed at a rate of 1.25 ml Liberty / 100 ml water. The
mixture was applied to the upper surface of the V6 leaf with a cotton swab. Seven days later,

plants were evaluated for Liberty resistance and all Liberty-susceptible plants within the CrylF

plots were removed.

To evaluate for first generation European corn borer resistance, neonate larvae were infested
beginning at the V6 plant stage. At V6 and every 2-3 days after, 50 larvae were applied to the
whorl of each plant until 4 successful infestations had occurred. An infestation is deemed ..
successful if there is no rainfall within 12 hours of application. Approximately 21 days after the
last infestation, the plots are rated for ECB leaf feeding damage using a 1-9 rating scale (Table
2).

To evaluate for second generation European corn borer resistance, neonate larvae were infested
beginning when the majority of the plants within the experiment were at 50% pollen shed. On
that date and every 2-3 days after, plants were infested with 50 neonate larvae per date until 4
successful infestations had occurred. The larvae were applied to the leaf axil area from 3 leaves
above the primary ear to 1 leaf below the primary ear and on the tip of the primary ear.
Approximately 60 days after the last infestation, the plots were evaluated for shank and stalk
tunneling damage. The primary ear shank and stalk were split longitudinally and the amount of
tunneling was measured. Stalks were split from four nodes above the primary ear to the ground.
Shanks were split from the ear to the stalk. Stalk tunnels are measured to the nearest inch, with
the exception that any tunnel less than 1 inch is length is considered to be 1 inch. Because
tunnels in the ear shank are generally much shorter, tunnels are measured to the tenth of an inch.
Up to 10 plants per plot were evaluated, and the first and last plant within each plot were not
evaluated to eliminate edge effects near the alleyways. The values within a plot were then
combined to yield an average amount of stalk and shank tunneling per plant. Plot values were
analyzed as a randomized block design using the SAS JMP software package (SAS Institute;
1995). Mean separations were conducted by calculating 2 X Mean Standard Error confidence

intervals.
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3.2 Southwestern Corn Borer

The plots were planted at Union City, TN and Plainview, TX. At both locations, the plots were
planted after the normal corn planting period had concluded to ensure a natural infestation of
Southwestern com borer. The test was conducted in a two location, randomized design with
three replications at each location. Entries that were segregating for the presence of Cry1F were
sprayed with Liberty herbicide at a rate of 1.25 ml Liberty / 100 ml water to remove all non-
transgenic plants from the rows.

When it was estimated that Southwestern corn borer damage had reached its peak, the plots were
evaluated for feeding damage by splitting up to 10 plants per plot. The first and last planf within
each plot was not evaluated to eliminate edge effects near the alleyways. The bottom 6 nodes of
each stalk were split in half longitudinally using a sharp knife. The amount of stalk tunneling in
each plant that was caused by Southwestern corn borer feeding was measured in inches. Stalk
tunnels are measured to the nearest inch, with the exception that any tunnel less than 1 inch is
length was recorded as 1 inch. The measurements within a plot were then combined to yield an

average tunnel length per plant for the plot.

Plot values were analyzed as a two location randomized block design using the SAS JMP
software package (SAS Institute; 1995). Mean separations were conducted by calculating 2 X
Mean Standard Error confidence intervals.

33 Corn lf_]arworm

Hybrids from Cry1F events TC1360 and TC1507 were tested against Corn earworm,

Helicoverpa zea (Boddie) on the island of Kauai in Hawaii. The experiment was planted during
- two separate growing cycles. The first was planted in April of 1999 at Waimea, HW. The

second planting was July 1999 at Koloa, HW. At both locations, the plots were planted after the
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majority of the corn in the surrounding area had been planted to ensure a heavy natural

infestation of corn earworm.

The trials were conducted in a randomized block design with three replications at each plantihg
date. Entries that were segregating for the presence of Cry1F were sprayed with Liberty
herbicide at a rate of 1.25 ml Liberty / 100 ml water to remove all non-transgenic plants from the

TOWS.

When plants reached the dough stage, the plots were evaluated for corn earworm damage using a
1-9 damage rating scale (Table 1). Husks were pulled back on the primary ear of up to 10 plants
in each plot. The first and last plant within each plot were not evaluated to eliminate edge effects
near the alleyways. Ears within each plot were rated individually, and then those ratings. were
averaged to yield the overall plot score. The number and instar of live corn earworm larvae in
each plot was also recorded to determine if the Cry1F entries caused a reduction in corn earworm
populations, or if they delayed corn earworm development. Plot values were analyzed as a two
location randomized block using SAS JMP software (SAS Institute; 1995). Mean separations |
were conducted by calculating 2 X Mean Standard Error confidence intervals.

34 Black Cutworm

The black cutworm trials were conducted in a three location, randomized block design with three
replications at each location. The trials were planted at Huxley, IA, Johnston, IA and Fowler,
IN. The black cutworm infestation did not cause damage at the Fowler, IN location so that
location was dropped from the data analysis. Each experimental unit consisted of 10 ft single
row plots that were enclosed with metal sheeting to eliminate plot to plot movement of black
cutworm larvae. When plants were at the VE leaf stage, entries that were segregating for the
presence of CrylF were sampled and tested using an ELISA designed to test for the presence of
CrylF protein. Plants that were found to be non-transgenic were removed from the plot. All
plots were then thinned to leave 8 plants per enclosed row. At V1, each seedling was infested \
with 3-4 third instar black cutworm larvae. '
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After infestation, the number of plants that were destroyed by black cutworm feeding was
recorded daily to monitor progression of black cutworm feeding. On day 13, the final number of
" plants surviving was recorded. The number of surviving plants per plot was analyzed as a two
location randomized block using SAS JMP software (SAS Institute; 1995). Mean separations

were conducted by Least Significant Difference.
3.5 Fall Armyworm

Hybrids from Cry1F events TC1360 and TC1507 were tested against fall armyworm at Salinas,
Puerto Rico. The experiment was planted during two separate growing cycles. The first was
planted in April of 1999 and the second planting was July 1999. For both planting dates; the
plots were planted after the majority of the corn in the surrounding area had been planted to

ensure a heavy natural infestation of fall armyworm.

The trials were conducted in a randomized block design with three replications at each planting
date. Entries that were segregating for the presence of Cry1F were sprayed Liberty herbicide at a
rate of 1.25 ml Liberty / 100 ml water to remove all non-transgenic plants from the rows. When
the majority of the plots reached pollen shed, the plots were evaluated for fall armyworm leaf
feeding damage. A 1-9 rating scale based on the 14-day leaf feeding scale described by Davis et
al. (1992) was used to evaluate the plots (see Table 3). Each plot was given a single 1-9 value.

The July 1999 planting date was severely impacted by the presence of leaf disease. Those plots
had to be destroyed before the plots could be evaluated, so that data was not included in the final
analysis. The data from the April planting data were analyzed as a randomized block design
using the SAS JMP software package (SAS Institute; 1995). Mean separations were conducted
by calculating 2 X Mean Standard Error confidence intervals.
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4.0 RESULTS

4.1 European Corn Borer (Table 4)

The artificial infestation level in this trial was not exceptional, but it was adequate to show the
efficacy of the events against both first and second generation European corn borer. All of the
TC1360 and TC1507 scored a 9 for ECB1 leaf damage and had 0 inches of shank tunneling. In
the stalk, there wer; only a few short tunnels. These tunnels were most likely where late instar
larvae had moved from the control rows onto the CrylF material. In all cases, the tunnels were

of less than one inch and no surviving larvae were found on the Cry1F hybrids.
4.2  Southwestern Corn Borer (Table 5)

Insect pressure was excellent at both locations as shown by the non-Bt isolines averaging 3.5 to
4.5 inches of stalk tunneling. All of the TC1360 and TC1507 hybrids averaged 0.0 to 0.1 inches
of tunneling per plant. Any tunnels that were found on those entries were only small entrance
holes where a late instar larva had moved onto the plant and attempted to tunnel into the stalk.
No live larvae were found on any of the TC1507 or TC1360 hybrids. From these results itis
obvious that both events show excellent control of Southwestern corn borer even under heavy
natural infestations.

43 Corn Earworm (Table 6)

Com earworm pressure was excellent during both planting dates as shown by the non-Bt isolines
averaging 3.4 to 3.8 on the 1-9 rating scale. In all hybrid backgrounds, Cry1F events TC1360
and TC1507 scored significantly (P<0.05) higher than their non-Bt isolines and equal to the
Mon810 entries. Mean scores did vary across hybrids w1thm events probably due to differences
in husk cover and silk channel length in the different hybrids. More open husks and shorter silk

channels allow corn earworm larvae to establish on the ear more easily than closed husks and
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long silk channels (Wiseman et al. 1977). The results show that the Cry1F events TC1360 and
TC1507 offer some protection against corn earworm feeding damage on the developing ear.
Based upon the number and instar of corn earworm larvae on TC1360 and TC1507, it appears
that expression of Cry1F reduces corn earworm survival and delays larval development, but
some larvae do survive to pupation. This level of control, although significant, is not complete

control as seen with the other Lepidopteran insects tested.
44  Black cutworm (Table 7)

There were statistically more surviving plants in the two Cry1F events compared to their non-
transformed isolines. Both hybrids from Cry1F event TC1360 had 100% plant survival across
all reps and locations, and hybrids from Cry1F event TC1507 had at least 88% plant survival.
Both events were statistically more protective than the Cry9¢ Starlink event in at least one
hybrid. In this study, MON810 hybrids v;rere not included as controls because they do not offer
BCW activity.

45 Fall Armyworm (Table 8)

Results from the Puerto Rico trial show clearly the complete control that Cry1F events TC1360
and TC1507 provide against fall armyworm. All hybrids in these two events scored 8 or better
on the 1-9 rating system. Fall armyworm larvae are very mobile. Therefore, in most cases the
level of damage seen on the Cry1F hybrids was caused by fall armyworm larvae moving from
plot to plot. The non-Bt rows were fed upon to the extent that larval competition caused larvae
to find alternative feeding sites. These late instar larvae do not survive exposure to TC1360 and
TC1507; however, they can cause enough damage to drop the plot score from 9 to an 8.
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50 CONCLUSIONS

Results from the 1999 field evaluations show that TC1360 and TC1507 provide excellent control
of European corn borer, Southwestern corn borer, black cutworm, and fall armyworm and
suppression of corn earworm. In all.cases, both events were statistically more efficacious than
the non-Bt isoline. TC1360 and TC1507 provide a broader spectrum of Lepidopteran control
than the commercial transgenic events tested. TC1360 is no longer in product development and
will not be part of the CrylF regist;aﬁon package.
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Table 1. Pioneer European Corn Borer Leaf Feeding Scoring System'

“RATING

DESCRIPTION _

No visible leaf injury or a small amount of pin or fine shot-hole type

injury on a few leaves.

Small amount of shot-hole type lesions on a few leaves.

Shot-hole injury common on several leaves.

Several leaves with shot-hole and elongated lesions.

Several leaves with elongated lesions (ca. ¥2”).

Several leaves with elongated lesions (ca. 17).

Long lesions common on about one-half of leaves.

Long lesions common on about two-thirds of leaves.

=l N W & | & 3]

Most of leaves with long lesions

! From Guthrie, et al. (1960) with 1-9 in reverse order.
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Table 2. Pioneer Corn Earworm Ear Damage Scoring System
RATING . - . DESCRIPTION iy
9 No damage to eartips or kernels, Slight damage to silks or husks
8 Slight damage to silks, husks, or eartips but no kernel damage .
7 Small damage to silks, husks, or eartips and slight damage to kernels (1-2
kernels damaged or lost)
6 Small damage to silks, husks, or eartips, and 0.1 - 1.0 cm (>2) kernels
damaged or lost

Moderate damage to silks, husks or eartips, with 1.1 - 2.0 cm kernels lost

Moderate damage to silks, husks or eartips, with 2.1 - 3.0 cm kernels lost

Heavy damage to silks, husks or eartips, with 3.1 - 4.0 cm kernels lost

Heavy damage to silks, husks or eartips, with 4.1 - 5.0 cm kernels lost

=l N W R W

Heavy damage to silks, husks or eartips, with 5.1(+) cm kernels lost
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Table 3. Pioneer Fall Armyworm Leaf Feeding Scoring System'
RATING DESCRIPTION 7
9 No visible leaf damage or only pinhole lesions present on whorl leaves.
8 Pinhole and small circular lesions present on whorl leaves.
7 Small circular lesions and a few small elongated (rectangular-shaped)

lesions of up to 1.3 cm (1/2 ) in length present on whorl and furl leaves.
6 Several small to mid-size 1.3 to 2.5 (1/2” to 1”) in length elongated

lesions present on a few whorl and furl leaves.

5 Several large elongated lesions greater than 2.5 cm (1”) in length present
on a few whorl and furl leaves and/or a few small- to mid-sized uniform
to irregular-shaped holes (basement membrane consumed) eaten from the

whorl and/or furl leaves.

Several large elongated lesions present on several whorl and furl leaves
and/or several large uniform to irregular-shaped holes eaten from furl and

whorl leaves.

3 Many elongated lesions of all sizes present on several whorl and furl
leaves plus several large uniform to irregular-shaped holes eaten from

furl and whorl leaves.

2 Many elongated lesions of all sizes present on most whorl and furl leaves
plus many mid- to large-sized uniform to irregular shaped holes eaten
from the whorl and furl leaves.

1 Whorl and furl leaves almost totally destroyed.

! From Davis et al. (1992) 14-day rating scale with 1-9 in reverse order.

= e Ps == o =m sm on o niPem = o am o o s m PO =
S
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Table 4. European Corn Borer Efficacy Data (Johnston, Iowa, 1999)
- Hybrid Group ~ Event | ECBlLeaf | EarShank Stalk

(dosés of recurrent parent) | R Da;hiag; Rntmg"z Tum’xel.ingl Tunnel‘ingl

, . e ) Gachedplant) | Gachesplany)
Mycogen Hybrd M TCI360  90a —0.0¢ 0.0¢
Mycogen Hybrid M- -- TC1507 9.0a 0.0c 0.0c
Mycogen Hybrid M Non-Bt 6.3b 0.2a 1.4b
Pioneer Hybrid N (3) TC1360 9.0a 0.0c 0.1c
Pioneer Hybrid N (2) TC1507 9.0a 0.0c 0.0c
Pioneer Hybrid N Non-Bt 4.7b 0.1b 1.2b
Pioneer Hybrid D (3) TC1360 9.0a 0.0c 0.1c
Pioneer Hybrid D Mon810 9.0a 0.0c 0.0c
Pioneer Hybrid D Non-Bt 4.3b 0.0c 1.7a
Pioneer Hybrid D Non-Bt 4.3b 0.1b 0.9
Pioneer Hybrid P (2) TC1507 9.0a 0.0c 0.1c
Pioneer Hybrid P Mon810 9.0a 0.0c 0.0c
Pioneer Hybrid O (2) TC1507 9.0a 0.0c 0.0c
Pioneer Hybrid O Mon810 9.0b 0.0c 0.1c
Pioneer Hybrid Q (2) TC1507 9.0a 0.0c 0.0c

! Values are means of three replications at one site, planted in a randomized complete block design. Each
replication consisted of the average score of up to 10 plants per entry. Means followed by the same letter are not
statistically different (P = 0.05).

? Based upon Guthrie et al. (1960) with 1-9 in reverse order. See Table 1.
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Table 5. Southwestern Corn Borer Efficacy Data (Plainview, Texas and Union City,

Tennessee, 1999)
. Hybrid Group Event - | Southwestern Corn
¢ X, L el :hofer Tui_m:elingl‘
| (Gochesplany
Mycogen Hybod M~ TC1360 0.0c
Mycogen Hybrid M TC1507 0.0c
Mycogen Hybrid M Non-Bt 3.5b
Pioneer Hybrid N TC1507 0.1c
Pioneer Hybrid N ‘Non-Bt 3.9ab
Pioneer Hybrid D TC1360 0.0c
Pioneer Hybrid D TC1507 0.1c
Pioneer Hybrid D Mon810 0.0c
Pioneer Hybrid D Non-Bt 4.5a
Pioneer Hybrid D Non-Bt 3.9ab
Pioneer Hybrid P TC1507 0.0c
Pioneer Hybrid P Mon810 0.0c
Pioneer Hybrid O TC1507 0.0c
Pioneer Hybrid O Mon810 0.0c
Pioneer Hybrid R TC1507 0.0c

- N Qg S I I S = mes = am o o m wm P = ms

! Values are means of three replications at each of two sites, planted in a randomized complete block design. Each
replication consisted of the average score of up to 10 plants per entry. Means followed by the same letter are not
statistically different (P = 0.05).
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Table 6. Corn Earworm Efficacy Data (Kauai, Hawaii, 1999)

Hybrid Group "Event . | Ear Damage
| E o i _Rkting""':
~Mycogen Hybrid M TC1360 570
Mycogen beﬁd M- TC1507 5.4bc
Mycogen Hybrid M Non-Bt 3.8
Pioneer Hybrid N TC1360 53¢
Pioneer Hybrid N TC1507 5.0c
~ Pioneer Hybrid N Non-Bt 3.6d
Pioneer Hybrid D TC1360 6.6a
Pioneer Hybrid D Mon810 6.5a
Pioneer Hybrid D Non-Bt 3.4d
Pioneer Hybrid D Non-Bt 3.8d
Pioneer Hybnid P TC1507 5.6bc
Pioneer Hybrid P Mon810 5.4bc
Pioneer Hybrid O TC1507 5.6bc
Pioneer Hybrid O Mon810 6.1ab
Pioneer Hybrid Q TC1507 5.8abc

! Values are means of three replications at each of two sites, planted in a randomized complete block design. The
two sites were planted during different growing cycles. Each replication consisted of the average score of up to 10
plants per entry. Means followed by the same letter are not statistically different (P = 0.05).

2 See Table 2 for scoring system.
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Table 7. Black Cutworm Efficacy Data (Huxley, Iowa and Johnston, Iowa, 1999)

Hybrid Group - Event =~ Mean Plant
T Survival (%)
MycogenHybnd M TCI360 1002
Mycogen Hybrid M TC1507 98a
Mycogen Hybrid M Non-Bt 50c
Pioneer Hybrid N TC1360 100a
Pioneer Hybrid N TC1507 ~ 88ab
Pioneer Hybrid N -Non-Bt 27d
AgrEvo Cry 9CStarlink 81b

! Values are means of three replications at each of two sites, planted in a randomized complete block
design. Each replication consisted of eight plants per entry. Means followed by the same letter are not
statistically different (P = 0.05).
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Table 8. Fall Armyworm Efficacy Data (Salinas, Puerto Rico, 1999)

Hybrid Group | - Event - | Fall Armyworm
' A - .| Leaf Damage
5 °|  Rating”

Mycogén Hybrid M i vTC1360v 9.0a
Mycogen Hybrid M - TC1507 9.0a
Mycogen Hybrid M Non-Bt 1.0b
Pioneer Hybrid N TC1360 8.5a
Pioneer Hybrid N TC1507 8.0a
Pioneer Hybrid N Non-Bt 3.3b
Pioneer Hybrid D TC1360 8.7a
Pioneer Hybrid D Mon810 7.0a
. Pioneer Hybrid D Non-Bt 1.0b
Pioneer Hybrid D Non-Bt | 1.0b
Pioneer Hybrid P TC1507 8.5a
Pioneer Hybrid P Mon810 2.7
Pioneer Hybrid O TC1507 83a
Pioneer Hybrid O Mon810 2.7
Pioneer Hybrid Q TC1507 9.0a

! Values are means of three replications at one site, planted in a randomized complete block design. Means followed
by the same letter are not statistically different (P = 0.05).
2 Based upon Davis et al. (1992) with 1-9 in reverse order. See Table 3.
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Visual Rating Scales
for Screening Whorl-Stage Corn
for Resistance to Fall Armyworm

Introduction

Screening Jor leaf teeding resistance in corn. Zea
mays L.. to the fail armyworm, Spodoptera frugiper-
da (J.E. Smith). a major pest of this crop in the
southeastern United States. consists of two compo-
nents. The first component (infestation) btings the in-
sect and host piant together. After some specified
time. the second component (evaluation) characterizes
the results of sheir interaction.

Corn has been screened for leaf feeding resistance
since the mid-1970's at the Crop Science Research
Laboracory 'USDA-ARS) located at Mississippi State
University. Over the years. the procedures for infest-
ing corn with fall armyworms and evaluating the
response of the plants to their attack have evoived
with efforts to improve our abiiity to separate resis-
tanc from susceptible corn. In she early vears, we re-
lied on large. aaturally occurring field populations of
the fall armyworm to infest our iate-planted cora for
resistance screening. .

By 1980. we were able zo successfully rear the fall
army~worm on 2 meridic diet in the iaboratory :Da-
vis, 1969). This allowed us to infest plants at the
desired growth stage with a pre-selected number of
fail armyworm neonate larvae. Now. 2ach plant is in-
fested in the mid-whor! stage of growth with 30 ‘ar-
vae. The larvae are mixed in corn cob grits and
dispersed direc:ly into the whoris of the plants using
a hand-held piastic device {Davis et ai.. 1989; Minm,
1989). This procedure has provided exceilent unifor-
mity of infestation, with plant escapes being rare.

An evaluation technique for characterizing the
responses of plants to an insect’s attack should be ac-
curate and capable of differentiating among smalil
differences in plant damage. Also. the technique
should be fast and 2asy to execute because thousands
of plants normally must be evaluated during the
process of identifiing and developing resistant
germplasm.

To meet chese criteria. we developed rating scales
to visually evaluate differences in the degree of lear
feeding damage among corn genocypes. The scales are
based on types and aumbers of feeding lesions present
on the leaves T and 14 dayvs after infestation. The
scales range rom 1) to 9. where /) indicates no visible
damage and @ indicates heavy damage. The T-dav

scale was deveioped in 1987 to minimize the etfect of
migratory mid-instar larvae on rating scores. and to
previde us an opportunity to control with insecticides
the larvae feeding in the plant whorls after plants are
rated. Control is not possible 14 days after infestation
because most of the larvae have left the whor!s to pu-
pate in the soil.

Also in 1987, we revised the 14-day scale that we
had previously deveioped for rating artificially infest-
ed mid-whor! stage corn for degree of leaf damage
(Williams et al.. 1983). The primary reasons for revis-
ing the scaie were to parallel the 7-day scale in pianc
anatomy and insect feeding iesion terminology and
to adjust scores for damage undoubrtedly caused dv
migratory iarvae on resistant plants.

These two rating scales have been used in our
screening program since 1988 i Williams et al.. 1989:
Callahan et al.. 1992). Also, e shared the scales with
other plant resistance researchers. Some have report-
ed adopting the scales for cheir use in screening ‘or
tall armyworm leaf feeding resistance in corn and sor-
ghum (Diawara et al.. 1920; Diawara et al.. 1991:
Wiseman and Isennour. 1992). Only brief descriptions
of che scales were presented in these pubiications. We
report here the: (1) methodoiogy used o devise the
scales. (2) erficiency of the scales in separating resis-
tant {rom susceptipie corn genotypes. and (3) correia-
tions between scales.

Methodology

Additional knowledge of the feeding behavior of zhe
fall armyworm was needed :o devise a damage scaie
based on 7 days of feeding and to revise the l4-day
scale. Observations were made every other day on the
progression of fall armyworm iarval feeding on sus-
ceptibie and resistant corn plants infested with 30 ne-
onate larvae at the mid-whor! stage of growth. Types
and sizes of lesions were recorded at each observation.
Photographic slides of the damage were taken per:-
odically to ailow further study of lesion types. [nior-
mation on lesion type and size was used in devising
the 7-day scale and revising the l4-day scale.

Experiments -vere conducted in 1987 and 1928 0
determine the erficiency of these scales in separatiag
resistant rom susceptibie corn. [n 1987. 13 inored
lines with known leveis of susceptibility to lear Jeed-
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ing 5v the :il irmy~vorm were grown in a randomized
compiete diock lesign in single-row piots. 5. = - 16
ft) long with 1. m " 3§ ins between rows, with ~vo resli-
cations. Each -ow 'was pianted with 35 seeds and ater
thinred 0 20 zianzs. Agronomic oractices common 0
our area wers used :0 Jrow the plants. When the
piants were 2: :he mid-whorl stage. each slant was

infested vith 30 neonate larvae, Seven days after in.

festation. 2acx jianc within a row was visuaily rated
using the 7-dav scale. The same plants were scored
a week later using :he revised l4-day scale. The fol-
lowing year. a similar experiment was conducted us-
ing 20 inbred lines. The inbreds were planted :n hree
replications.

Data ‘plot means) were subjected to the ANOVA
(Steel and Torre. 1930). Means were separated for sig-

nificance using Student-Newman-Reuls’ test. Corre-

lations betweex rating scales were calculaced for each
experiment.

Because plant host and temperature are major fac-
tors governing .arval Jrowth rate. the number of heat
units accumuiazed during che 7-day and 14-day ‘eed-
ing periods was caiculated from temperature records
provided by the Mississippi Agricultural and & orestry
Experiment Stazion. The heat units for a given peri-

od were accumulated by summing daily heat units.
which were estimated bv subtracting the base zem-
perature of 30°F from the mean daiiy temperature.
As temperature influences insect growth rate and
resulting damage to the plant by he larvae. this fac-
tor should de considered when making a decision on
the aumber of days arter infestation to evaluate the
responses of the plants to the insects’ actack.

Larval Feeding Habits -

When mid-whorl stage corn is infested with fall ar-
myworms. the larvae feed on lear :issue within the
whori for their entire developmental period. Ditfer-
ent types of feeding lesions are made as the larvae
progress through their various instars (Fig. 1). Pin-
holes, small circular lesions. and small elongated trec-
tangular shaped) lesions of 1.3 ecm i Li2 in) or less in
length and about 0.2 cm /L, 16 in) in width are made
by 1- to 3-day-old larvae. These lesions nccur normal-
ly between lear veins. ’

When the larvae are about 3 days old. thev begin
to make mid-sized (up to 2.5 ¢m (1 in] in lengths to

‘large igreater than 2.5 cm in length elongated le-
. sions. These lesions usually range from 0.2 ©0 0.6 cm

Figure 1. Types of lesions caused by fall armyworm larval feed-
ing on leaves (a. pin-hole; b. small circular: c,, small elongated:
¢;, medium-sized elongated: c,, large elongated: d,, small uniform
to irregular shaped: d, medium-sized uniform to irregular
shaped: d,, large uniform o0 irregular shaped; and e, shothole)
and {, leaf sheath.

9
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118 z0 L4 ins in "vidth. Larvae less than 3 days old
feed as leaf surTace scrapers and :he basemeat mem-
brane of the iear remains intac:.

When the larvae reacz 5 =0 7 days old. they begin
to eat complereir chrough the leaf. consuming the
basement memborane. This t>pe of lesion may be uni-
form or irreguiar in shape and range from small to
medium in size. Leaf tissue may e completely con-
sumed along :he margins and inger portions of the
leaf.

As the larvae continue to grow. larger portions of
the leaves are consumed. Such lesions have been ob-
served to be as !arge as 1.9 cm wide by 7.6 cm in
length 13/4 in by 3 in). Additionally, when late instar
larrae feed on :he upper whorl and furi leaves. they
will oiten eat directly through these tighely furled
leaves. When the leaves unfurl. a series of uniform
to irregular shaped lesions can be observed across the
leaf. Often. these lesions resemble a line of snotholes.
If the larvae feed chrough the tip of the furled !eaves.
the distal end of chese leaves is Tuncarted.

Informartion on fail armyworm larval feeding habits
was used to devise a scaie based on less than 14 days
Table 1. A 7-day rating scale for visually estimating

damage on leaves of mid-whorl stage corn caused by
fall armyworm larval feeding.

ore Description

No visivie damage.

QOuriy pinnoie 'esions present on whor! lsaves.

o o~ o g‘

Pianoies and smail zircuiar lesions present on
whori Leaves.

[2)

Pinhoies. smail circular lesions and 4 Jew smail
2iongaced 'reccanguiar shaped) lesions of up 0
1.3 cm 127 ia length greseat on whori and
furi ‘eaves.

4 Smail 2iongated .esions present an “vhori .eaves
and 3 ‘ew mid-siced 2iongated iesions it 1.3 0
2.3 cm L2"co \™ 1a length present aa whori
andor Jur! leaves.

3 Smail ¢iongated lesions and several mid-sized
2longated lesions present on whorl and furi
leaves.

(] Small and mid-sized elongated lesions plus a
tew arge elongaced lesions of greater than 2.3
+17 ia length present on whori andor furi
leaves.

Many smail azd mid-sized 2longated esions
present an ‘vhorl .eaves pius several ‘arge <ion-
gated esions present on che furl leaves

3 Many small and mid-sized ¢longated lesions
aresent Hn whor: .eaves ius rmany large =ion-
gated ‘esions oe che furi ‘eaves.

9 Mary =iongated .esions of 1il sizes on ‘vhor! and
furi ‘waves pius 1 Jew unuorm 0 irreguiar
shaced 20ies Saserment membrane consumed)!
eazen rom the dase of the whor! andor furi
leaves,

of larval infestation on the corn piants and o deter-
mine when an eariy lear-damage rating snould de
taken. Seven days aster infestacion was caosen de-
cause (1) damage ‘vas easily visibie (2) differences be-
tween resistant and :usceptibie genotripes were
evident. and (3) it was a ransition zeriod berveen lar-
vae being lear scrapers ind becoming totai lear :is-
sue consumers.

/isual Rating Scale

The 7-day and l4-day scales ‘or evaluating the
degree of leaf damage caused by fa:l armyworms feed-
ing on mid-whori-stage corn are shown in Tables 1 and
2, Both scales utilize a 1) to 9 range of scores based
on lesion tvpes and number that sccur on the whor!

Table 2. A 14-day rating scale for visually estimating
damage on leaves of mid-whorl stage corn caused by
fail armyworm larval feeding.

Description

S

0 No +isibie da=mage.

1 Oniyv pindoie "2sions present an vhor! ‘eaves.

3 Pianoie and s=ail sircuia- ‘esions present on
wnori leaves.

3 Smail circuiar ‘esions arc 1 feww smail 2iongatee
irectanguiar-:aaped) 'esiozs of 1p 0 1.3 ¢m
1127 in leng:a reseat oz whori and jurl leaves.

4 Several smai! :0 mid-sizes 1.3 0 2.3 cm L2700
L™ in .ength ziongated !esions presest sa 3 lew
whor! and furi leaves.

5 Several large 2iongated lesions Jreatar than 2.5
cm 1™ i lengTa present :u 2 few wiori and
fur: leaves ancor 2 Jew s=ail- 0 mid-sized uni-
for= 0 irregiiar shaped -oies 'basement 2em-
orane coasumed) eaten ‘o= the whori andor
fur: .eaves,

L1 Several arge 2iongated ‘esions present on sever-

ai ‘vhori and Juri .eaves indor severai large

usiform <o irreguiar shaped nholes eaten rom
furi and vhori .eaves.

Many elongated lesions of iil sizes present on

several ‘vhor! ind Surl leaves plus several large

usiform 0 irregular shaped 7oles ¢aten ‘rom

the whori and ‘url leaves

3 Many 2iongated lesions of 1il sizes present on
most whori and Jur! leaves pius many mud- fo
large-sized unuorm 0 irreguiar shaped hoies
eaten ‘rom :he vhorl and Zurl leaves

9 Whort and fur: leaves almost totaily estroved.

‘Scores 3 and 8 adjust ‘or ‘eedicg damage caused by mugratory muid-
insear larvae Plants that have ‘seding by =ugracory iarae exhicic
2 break 1n the sequence of types of "arvai ‘eediag lestons. For 2x-
ample. a plant swfering ‘rom migratory ‘arvai leeding may :x-
hibic pinhoies. smail circular ‘esions. and :=en smail o large 2aten
out hoies in the ‘eaves. Missiag 0 she feeainyg sequence ire the
mid-sized and large <iongazed lesions.

|
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Table 3. Mean leaf feeding ratings for 13 corn inbred
lines infested ac the mid-whori stage with 30 neonate
fail armyworm iarvae per planc (1987}

Racding
Suscepdbility

Inbred Classificadon: 7-Day 14-Day
NCcas2 3 TT 9.0a
NC256 K] Tl @ - 9.0 2
Tz501 S T ¢ 892
Ab2{E S .0a 39a
NC262 S 8.3 ab 3iTa
NC2s4 K] 8.5 ab 9012
NC2s3 S 8.4 ab 33a
Mp496 R 3.3 abe 835
Mpi03 R .2 be 5.9 be
Mp702 R 43¢ 5325
Mp704 R 43¢ 5.4 0c
Mp778 R i2e . 8.0 5c
Mp?07 R tle 5.7 3¢
Mpiol R $1le¢ 49¢
Mp705 R 40¢ 8.4 ¢

‘The number o Qeat units:degrees above 30°M accumulaced Fom
day i through day T was 175.0 and 372.4 for the li-day period.
iS = leaf feedizg susceptible: R = lear ‘eeding resistant.
3{eans within a coiumn Joilowed by she same ietter do aot dier
significantly ac he 0.03 ‘evei of prooanilicy ‘Student-Newman-
Keuls’ test). ‘ :

Table 4. Mean lear feeding ratings for 20 corn inbred
lines infested at the mid-whorl stage with 30 neonate
faill armyworm larvae per plant (1988):

; Rating
Suscepribilicy

Inbred Classificaciont 7-Day 14-Day
N6 s EREEY 332
Ls73 3 7.3 a0 36a
3C313 3 7.3 ab 3.7a
NC2s2 S 7.0 be 3d3a
SC229 S 6.3 be 3.3a
B&6 35 8.3 cd 3.2a
Mpr2:299 S 8.2cd Sla
Tx601 S 6.1 cd 8.2a
Ab24E S 8.0 cd 8.8a
Vals S 5.4d 7323
Mpi96 R 438 6.1
Mpr06 R 3.9 of 5.9 be
Mpi02 R 3.7 4.9 od
Mpiol R 325 5.3 cd
Mp705 R 3.2 fgh 5.0 cd
Mpi03 R 3.0 (g 43 e.
Mp?07 R 3.0 gh 43 e
MpT0e R 2.7 gb 49ed
Mpi3:31MS) R 263k 46ed
MpraSiaCDLD R 23h 4.5 ed

‘The number o :eat units degrees adove 30°F) accumuiated from
day ! through day T was 131.3 and 392.0 for the l4-day period.
S = lear ‘eeding susceptibie: R = leaf ‘eeding -esistanc.
'Means ‘vithin 1 coiumn (oilowed 3y the same letter do not differ
sigruficanely ac :2e 0.05 levei of prodabiiicy ' Student-Newman Xeuis’
sestr.

and iuri leaves. Lesion types range in severicy rom

" pinhole. smail circuiar. smail elongated. mid-sized

eiongated. large clongated o0 small. mid-sized and
large uniformvirreguiar shaped hoies eaten irom the
leaves. This severity range parallels the feeding se-
quence of :3e larvae as they zrow to marurity.
Plants that show migratory larval feeding 'vill have
a break in the sequence of jeeding lesions. Those
plants that have onir pinhoies. small sircular. and
small elongated esions on leaves but regular-irregu.-

" lar shaped lesions eaten from the furl leaves are sx-

ampies of the effects of migratory larval feeding. The
mid-sized and large 2longated lesions are missing.

. Scores of 5 and 6 in the 14-day scale adjust for damage

caused by migrating mid-instar larvae onto resistant
plants. Alse. the scales reflect che degree of larval an- -
tibiosis and or nonpreference possessed oy cthe plant. -

As the adverse effects on larval growth andior sur-
vival increase, leaf damage decreases. The rating scale
described by Guthrie 2t al. 11960) for screening whorl-
stage corn Jor resistacce to the European corn borer. -
Oscrinia nuobilaiis 'Honer'. was used ias a mode! “or
formuiating the scaies.

When rating plants. -ve identify the types of lesions -
present first and then consider the aumber or lesions.

The most severe lesion type's) immediatelr zives the

rater the approximare score. A finai score is arrived
ac quickly by then observing lesion aumbper. The as-
sociation between rating score and iear feeding
damage caused dy {ai! armyworm larvae is {ilustrac-
ed in Figures 2.3. At 7 days after infeszation. the piant
in Figure 2 rates a score of 4. whereas. the piant in
Figure 3 rates a score of 9 using the 7-day scaie. At
14 days arter infestation. the plant in Figure + races
a score of 3 and the piant in Figure 3 rates a score
of 9 using the 14-day scalie. .

Screening Efficiency

Both the T-day and rhe 14-day scales are efficient
in separating resistant from susceptibie cora geno-
types as shown in Tables 3 and 4. Additionally. he
scales are highly correiated ir values for the two ex-
periments aqual 0.93 and 1987 and 0.97 in 1988\

Summary and Conclusions

Two rating scales have been devised and are in use
for visually avaluating mid-whorl-stage corn piants
for differences in degree of leaf feeding damagye caused
by the fall armyworm. They are based un the types
of feeding lesions and zumboers of these lesions present
on the whort and furi .eaves T and 14 days after in-
festing each plant with 30 neonate larvae.
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Under our aormal summer temperatures. the 'ar-
vae wiil have caused !ong 2longated lesions and will
have just begun to eat out uniform :o irregular shaped
holes from the leaves of highly susceptible genotypes
by 7 days after infestation. By the l4th day aiter in-
festation. feeding on susceptibie z2notypes will have
ceased. and the larvae -viil have 2ntered the soil 0
pupate. In other locations, where temperatures are
significantly cooler or warmer than ours. the day
selected for rating may aeed to be adjusted to fit the
larval feeding characteristics under their normal tem-
peratures.

The 7-day and 14-day scales are highly correlated
in their ability to separate resistant from susceptible
genotypes. Eicher or both scale!s) can be used in
screening for resistance and for axperiments where
leaf feeding ratings are needed. Thus. having availa-
ble both 7-day and l4-day rating scaies provides flex-
ibility. The advantages of the 7-dav scale are that it
minimizes the effect of leaf damage caused by migrat-
ing mid.instar tall armyworm larvae by the rating ac-
cwrring prior to most of the migration. and that it
provides the researcher with the opportunity to use
an insecticide o kill the larvae aiter rating "vhile they
are in the whorls. Management of :hese larvae is im-
portant where this pest poses a problem o other ex-
periments and surrounding plant hosts. The 14-day
scale gives the researcher a view of the total feeding
damage caused by the larvae. It also provides an op-
portunity to determine if the nlants show any late
resistance response o the insect that would not be ap-
parent at ; gays after infestation. An example of a
deiayed resistance response was observed by Diawara
et al. (1990) in some converted sorghums being
screened for resistance to the fail armyworm.

In conclusion. these scales have proven to be: () ac-
curate in their abilities 0 separate resistant rom sus-
ceptible genotypes. (2) capable of differentiating
among small differences in damage. (3) {ast 'requir-
ing only 1 to 2 minutes per row of 20 plants. and (4)
easy to execurte after some practice.

(7]
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Figure & Mid-whori-stage cora olanc with leas jeeding damayge caused by ‘ail armyworm lar-ae $+ DAL 2as
a visual sauny score of 5,
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Figure 3. Mid-whori-stage corn plant ¥ith leusf ‘eedicy damage caused by @il army~orm [arvae 1+ DAI has
a visual rating score or 3.




Pioneer Hi-Bred International, Inc.
Study ID: PHI99-024
Page 45 of 89

RESEARCH BULLETIN 860 AUGUST 1960

Leaf and sheath feeding
resistance to the

EUROPEAN CORN BORER
in eight inbred lines of

DENT CORN

W. D. GUTHRIE
F. F. DICKE

C. R. NEISWANDER

il
9L00394 Y

dhio Agricultural Experiment Station

101 H
o Wooster, Ohio

no.860




Pioneer Hi-Bred International, Inc.
Study ID: PHI99-024

Page 46 of 89
CONTENTS
= x %
INEPOAUCHION e o o o oo o s e m i o 55 i 4 G o S 6 S 3
Review of Literature . ... oo cceccccmcmccmn—a- 4
Mataricils Grid MEhDds: - «ccn m s 5 i = s s 3 i 8 s 9 5000008 o piopims 7
Experimental Results - . . oo eieecmaaaaa- 18
SUMMANY - o cecc e e eecccccceccccccicccccceammmmamm—————= 31
Appendix .__.i-.._._... e e meemee mmmmmmmemmmceeac—ccm—aeea 33
Literature Cied . e e e e s e S 34




Pioneer Hi-Bred Intemnational, Inc.
Study ID: PHI99-024
Page 47 of 89

LEAF AND SHEATH FEEDING RESISTANCE
TO THE EUROPEAN CORN BORER IN
EIGHT INBRED LINES OF DENT CORN

W. D. GUTHRIE!, F. F. DICKE}, and C. R. NEISWANDER®

INTRODUCTION

The development of hybrids resistant to the European corn borer,
Pyrausta nubilalis (Hbn.), has been in progress for over 30 years and has
become an integral part of the corn breeding programs in several states
and some seed companies. These investigations began when prac-
tically all corn grown was open-pollinated. For several years the work -
on varietal resistance consisted of testing open-pollinated varieties,
inbred lines, and hybrids to locate resistant germ plasm. r

At the present time the practice of direct extraction of lines from
special crosses, commonly referred to as second cycle breeding, and from
special synthetic varieties is being used extensively. Agronomically
desirable lines with a good level of resistance, even though one of the
parents used was susceptible, have been produced with this breeding
method. In some instances the procedure of breeding commonly
referred to as transference through backecrossing in combination with
various methods of intensification or recurrent selection has been used
successfully. v ,

Most of the varietal resistance factors studied thus far are most
effective against the newly-hatched larvae of the first-brood infestation
on corn in the “whorl” stage of growth. Such resistance is usually
referred to as resistance to larval establishment and survival. For the
European corn borer it is actually resistance to leaf blade feeding.
However, some growth inhibiting effects and abnormal mortality have
been observed in the third and fourth instar larvae which feed mainly on

1. S. Department of Agriculture, Agricultural Research Service, Ento-
mology Research Division in cooperation with the Ohio Agricultural Exper-
iment Station, Wooster, Chio. ' ‘

2. S. Department of Agriculture, Agricultural Research Service, Ento-
mology Research Division, Ankeny, lowa in cooperation with lowa Agri-
cultural Experiment Station, Ames, lowa.

30hio Agricultural Experiment Station, Wooster, Ohio,
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the midrib and the leaf sheath. The study reported herein was designed
to extend our information on both leaf blade and sheath feeding resist-
ance of the first-brood infestation.

REVIEW OF LITERATURE

Three of the ecarliest reports of differences in borer survival in
strains of corn were those of European investigators. Roubaud (1928)
artificially infested five French varieties of corn with newly-hatched
larvac and found almost complete mortality of larvac on Dent de
Cheval. The variety Hatf ¢ Auxonne was partially resistant.
Roubaud suggested that since the varieties of corn grown in the United
States and Canada were more favorable for the development of the corn
borer than were the European and particularly the French varieties, the
American strains should be replaced by the more resistant European
strains. Hase (1929) also found the variety Pferdezahn (Dent de
Cheval) to be practically immune to corn borer attack; of 4,368 larvae
deposited on 728 plants, less than 1 percent were recovered at harvest.
The two German varieties, Baden and Pommern, favored the develop-
ment of borers.

Ellinger and Chorine (1930, 1931) reported that a South African
corn (Natal), which was believed to be of the same origin as Dent de
Cheval, was resistant to the corn borer. :

In the early research, the differences in borer survival between open-
pollinated varieties, inbred lines, or hybrids were thought to be due to the
time of planting, to the seasonal habit or size of growth, and the stage of
maturity of the corn plant; the early maturing strains of corn were less
resistant to attack by the borer than late strains (Felt 1921, Caffrey 1924,
Cutright and Huber 1928, Huber et al. 1928, Salter et al. 1928,
Neiswander and Huber 1929, Patch 1929, Kelsheimer and Polivka 1931,
Ficht 1936, Meyvers et al. 1937, Huber 1939).

Meyers et al. (1937) reported that Jablonowski, who studied the
corn borer for more than 30 years in Hungary, noted, as early as 1898,
that early varieties suffered more from corn borer attack than the later
varieties; in 1918 early varieties suffered 50 percent greater loss than
later varieties. These authors also reported that a Russian, Krassilstchik,
noted differences in infestation between varieties in 1914-1915.

One of the early reports on breeding for corn borer resistance was
made by Marston (1930a, 1930b, 1931, 1933). The variety Maize
Amargo, which is a flint variety developed in Argentina from material
believed to have been introduced from Hungary, was observed to be

4
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resistant to corn borer attack. This variety was crossed with several
native dent varieties. The F, generation of these crosses was heavily
infested (1930a), leading Marston to believe that susceptibility was
dominant and resistance recessive. In the F. generation there was a
lighter infestation on the plots of Maize Amargo crosses than in the
native parent plots. .Of 935 F. families tested, 227 were not infested.

Marston interpreted this as a simple Mendelian ratio of 3tol and . |

believed that the resistance of Maize Amargo was a simple recessive
character. Marston (1933) also showed that the resistance of Maize
Amargo was transmissible to the progeny of its crosses.

Marston and Mahoney (1933) crossed Maize Amargo with a few
varieties of sweet corn in an attempt to select resistant sweet corn types.
Lines of Golden Bantam X Maize Amargo were selected which were
highly resistant and cqual to inbred lines of Golden Bantam in other
respects. ' - ‘

In a later article, Marston (1936) reported that Michigan hybrid
561, which had Maize Amargo in its pedigree, was resistant to attack.
Patch et al. (1938), however, reported this hybrid to be no more resist-
ant in respect to the number of mature borers surviving from a given
number of eggs than the susceptible single cross, A X Tr. In all resist-
ance tests reported by Marston and co-workers, the infestation origi-
nated from natural oviposition. '

Since the early work on resistance, many investigators have dis-
covered that most strains of corn vary somewhat in their comparative
resistance and tolerance. The following investigators have reported on
differences in relative resistance among open-pollinated varieties, inbred
lines, and hybrids: Huber and Herr 1931; Huber 1937; Patch 1937;
Patch and Bottger 1937; Thompson 1938, 1939; Huber and Stringfield
1940; Thompson 1940; Patch et al. 1941; Pepper and Garrison 1941;
Thompson 1941; Huber and Stringfield 1942; Patch et al. 1942; Patch
and Deay 1948; Patch and Everly 1948; Patch ¢t al. 1951. Some of
these tests were made under infestations originating from the natural
oviposition, whereas others were made under an artificial infestation
simulating as nearly as possible natural infestation conditions.

Dicke and Penny (1956) list the source of resistance in new experi-
mental field corn inbreds.

The genetic basis of corn borer resistance has been postulated by -
several investigators. Patch ef al. (1942) concluded from tests on a
large number of open-pollinated varieties, inbred lines, and dent corn
hybrids during the period 1930 to 1939 that the different inbred lines

varied in their inherent resistance to survival of the corn borer, and that

-
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this resistance was transmitted to hybrids. The authors suggested that
resistance was the result of an undetermined number of multiple factors,
and that lines showing the greatest degree of resistance contained the
largest number of these factors. In these tests the plots were artificially
infested, and the number of borers surviving in the summer was deter-
mined by disscctions. The relative resistance was measured as the per-
centage deviation of the observed population of borers from the pre-
dicted population on the date of silking of the strain of corn.

From a study of 977 sweet corn inbreds, which were artificially
infested, Schlosberg and Baker (1948) found that 44 manifested some
resistance, and the results obtained from single crosses indicated incom-
plete dominance of either resistance or susceptibility. The intercrosses
of resistant and susceptible parents generally showed results inter-
mediate between those obtained from crosses within resistant and sus-
ceptible groups of inbreds.

The results obtained by Singh (1953), in a study of the segregation
for leaf feeding differences in the F. and first backcross generation of a
cross between a resistant and susceptible inbred line, showed a slight
tendency for phenotypic dominance of susceptibility. The results also
gave an excellent fit to a two-factor pair hypothesis.

Ibrahim (1954) used a large number of chromosomal interchange
lines to determine which chromosomes carried genes differentiating the
borer resistance of inbred line A411, which was derived from A344 X
L317, from the susceptibility of inbred line A344. His data indicated
that the resistance of A411 was due to at least one gene in the long arm
of chromosome 3, one in the long arm of chromosome 4, and probably
one in the long arm of chromosome 5. The resistance of A411 was con-
sidered dominant in all crosses studied.

Penny and Dicke (1956) reported on resistance to leaf feeding of a
group of F. and backcross progenies of a susceptible X resistant cross,
M14 X MS1. Segregation of genes for borer resistance at three or more
loci with at least partial phenotypic dominance of susceptibility was
indicated. Ina B14 X N32 cross, one or two gene pairs for leaf feeding
resistance were indicated on the basis of individual plant segregations in
F. and first backcrosses. The F.: and selfed backcross progeny ratings
could not be explained on a single locus basis.

In a later article, Penny and Dicke (1957) reported that ratings of
leaf feeding on plants in F. and backcross progenies from two susceptible
X resistant crosses (the susceptible parents were M14 and WF9; the
resistant parent, gl: v,:, used in both crosses was a stock homozygous for
two very closely linked genes, glossy, gl:, and virescent, vi;) indicated

6
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that resistance differences were conditioned by segregation of genes ata -

single locus. The resistance gene was linked with gl: vi; genes of the
resistant parent with cross-over frequencies estimated at from 31 to 37
percent.

The role of chemical substances recovered from the corn plants in
inhibiting the growth of larvae has been studied by Beck (1951, 1957a,
1957b), Smissman et al. (1957a, 1957b), and Loomis et al. (1957).
These authors have isolated several chemical factors that inhibit the
development of larvae, designated as resistance factors RFA\, RFB, and
RFC. ‘

Resistance Factor A, 6-methoxybenzoxazolinone, is ether-soluble
(Beck et al. 1957; Smissman et al. 1957a, 1957b; Loomis et al. 1957).
Neither Resistance Factor B, which is water-soluble, nor Resistance
Factor C, which is ether-soluble, have been isolated and characterized
(Beck et al. 1957).

The inbred lines WF9, W204, W210D, W22, and W22RB were "
utilized by Beck (1957¢) in a study of the role of growth-inhibiting
chemical factors in the resistance to the establishment of corn borer
larvae. Total resistance factor activity, as determined by bioassay, was
reported to be in close agreement with field test ratings of the inbreds.
Resistance Factor A was primarily responsible for resistance to leaf feed-
ing on early plant growth stages but negligible after the development of
a visible tassel. Resistance Factors B and C contributed about equally
to the resistance factor activity found in internode, leaf sheath, husk,
and silk tissues. W

Painter (1941, 1951, 1954, 1958) and Snelling (1941a, 1941b)
discuss the complex of insect resistance in crop plants. These authors
list many references on insect resistance.

MATERIALS AND METHODS

Eight inbred lines of dent corn were assembled for a study of their
resistance to survival of the first and second larval instars, as expressed
by feeding damage to the leaf blade in the whorl stage of development,
and their degree of resistance to the third and fourth larval instars, as
expressed by feeding lesions on the sheath, midrib, and around the
collar. The eight lines were selected on the basis of observed differences
in establishment and survival of the first and second larval instars and
also on survival of the third and fourth larval instars. However, no

7
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quantitative study of resistance of these lines to third and fourth instar
larvae has been made. Information on the origin of the lines studied is
as follows:

The experimental inbred (W24 X Ind. B2)-2-38-1-Sel. was
developed by L. H. Penny and F. F. Dicke at Ankeny, Iowa. W2¢isa
first cycle line from the open-pollinated variety Golden Daybreak form-
erly grown in Minnesota. Ind. B2 was developed from Reid yellow
dent at the Purdue University Agricultural Experiment Station by R. R.
St. John. This line was used in the parent single cross as a source of
both moderate leaf feeding and sheath feeding resistance.

W22R was recovered from (W22 X Hy). The recurrent parent
(W22) was developed from a single cross (IIL.B10 X W25). Hy, used
as the non-recurrent parent, was derived from the variety Illinois High
Yield by A. M. Brunson at the Kansas Agricultural Experiment Station
and further selected by C. R. Holbert in Illinois after the fifth genera-
tion of inbreeding. W22R was developed in Wisconsin by N. P. Neal.

A295 is a direct extraction from (A344 X L317), selection 1088.
The original selection was made in an F population by F. F. Dicke in a
cooperative resistance breeding project between the U. S. Department
of Agriculture and the Minnesota Agricultural Experiment Station from
which it was released. Minn. A344 is a sub-strain of [a. 153 which was
derived from the variety Minn. 13. L317 is a derivative from the open-
pollinated ‘variety Lancaster Surecrop. Both of these inbreds were
originated by M. T. Jenkins at the Iowa Agricultural Experiment Station.

Oh43 is a derivative of (Oh40B X W8), Oh40B being a direct
isolate of a composite of eight Lancaster Surecrop lines. W8 is a second
cycle inbred derived from (Minn. 13 X IIl. A48) and developed at the
Wisconsin Agricultural Experiment Station by N. P. Neal.

Oh51A is a recovered line from (Oh31 X Oh17). Oh31 was used
as the recurrent parent and is a derivative of the open-pollinated variety,
Clarage. Ohl7 was used as the non-recurrent parent and was
developed from an ear to row breeding stock. Oh43 and Oh31A were
developed by G. H. Stringfield at the Ohio Agricultural Experiment
Station.

Sprague at the Iowa Agricultural Experiment Station.  This inbred
was included because of its outstanding stalk qualities.

8

Bl4 was developed from a Stiff Stalk synthetic variety by G. F.
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M14 was developed by B. E. Moews of Granville, Illinois. It was
derived from a single cross (BR10 X R8) and released from the Illinois
Agricultural Experiment Station. The origin of BR10 and R8 is
obscure. :

WF9 was derived from the open-pollinated variety, Reid yellow
dent, by R. R. St. John at the Purdue University Agricultural Experi-
ment Station. This inbred is probably the most cttcnsnvcly uscd mbrcd
in making up commercial hybrids.

These studies were initiated in 1953 and concluded in 1956. With
minor exceptions, the experimental methods were similar for the two-
year period. The inbred lines were planted in randomized blocks con-
sisting of 26-foot single-row plots with sixfold replication. - In &rder to
escape an infestation from the natural moth population, the plots were
planted two to three weeks later than normal, dcpendmg on seasonal
weather conditions. ‘ :

The expcnmcntal plots followed clover in the rotation, and 300
pounds per acre of a 5-10-10 analysis fertilizer were applied in the row
before planting. A 33 1/3 percent ammonium nitrate fertilizer was
applied as a side-dress applicatior. at the rate of 100 pounds per acre
when the plants were 12 to 15 inches in extended leaf height.

In 1955 each plant in the experimental plots was artificially infested
with six egg masses (approximately 120 eggs), whereas in 1956 the
plants were infested with five egg masses (approximately 100 eggs) per
plant. The egg masses were incubated to near the hatching stage before
being placed in the whorl of the plants. :

In 1956 the application of egg masses was made when the plants
were in the mid-whorl stage of growth. The height of the inbred lines,
as measured from ground level to the tip of the longest leaf, ranged from
27.0 to 32.1 inches. In 1955 the application of egg masses was made
when the plants were in a slightly later stage of development. The
inbred lines ranged from 27.4 to 36.9 inches in extended leaf height.
These tests simulated, as ncarly as possible, the natural first-brood
infestation..

The pattern of lanal sunwal on the mbrcd hncs was dctcrmmcd
by dissecting samples at intervals of 5, 10, 20, and 30 days after egg
hatch. In 1953 a four-plant sample was dissected in each plot 5, 10, 20,
and 30 days after egg hatch. In 1956 a four-plant sample in each plot
was dissected five days after egg hatch, whereas a six-plant sample was
dissected 10, 20, and 30 days after egg hatch. The samples on each of
the 5-, 10-, 20-, and 30-day intervals were taken at random from all
plots in a split-plot arrangement.
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Leaf feeding ratings and lesion and burrow counts were made 20
and 30 days after egg hatch.

A nine-class rating scale was used for evaluating borer leaf feeding
in the whorl stage of plant development. Only injury caused by larvae
feeding in the whorl was used in the leaf rating determinations, i.c.,
lesions on the sheath collar, sheath, and midrib were not considered in
these determinations. In the relative resistance scale, lines which rated
1 to 3 are considered resistant, lines which rated 4 to 6 are considered
intermediate in resistance, and lines which rated 7 to 9 are considered
highly susceptible. Classification into a resistant, intermediate, or sus-
ceptible class is dependent upon the size and shape of leaf injuries, and
rating within each class is determined by the number of holes or amount
of feeding. A general description of the visual leaf feeding rating classes
for evaluating the amount of plant injury for different levels of larval
establishment and survival is given in the following summary:

Class 1. No visible leaf injury or a small amount of pin or fine
shot-hole type of injury on a few leaves.

Class 2. Small amount of shot-hole type lesions on a few leaves.
Class 3. Shot-hole injury common on several leaves.

Class 4. Several leaves with shot-hole and elongated lesions.
Class 5. Several leaves with elongated lesions.

Class 6. Several leaves with elongated lesions (about 1 inch).
Class 7. Long lesions common on about one-half of the leaves.
Class 8. Long lesions common on about two-thirds of the leaves.

Class 9. Most of the leaves with long lesions.

: Examples of classes 1, 5, and 9 are illustrated in Figures 1-3.
Dicke (1954) has discussed the biology of the first brood of the corn
borer in the corn plant and its relation to the leaf feeding rating system
which is important in resistance investigations.
Lesions on the sheath, midrib, and around the collar are caused

. primarily by the feeding of the third and fourth larval instars. The
lesion counts were made on the basis of the number and size of the
lesion, i.e., 2 midrib or sheath lesion 1 to 1% inches long was counted as
one lesion, but a midrib or sheath lesion 6 inches in length was counted
as four lesions. Likewise, a lesion which girdled one-third of the collar
was counted as one lesion, a lesion which girdled two-thirds of the collar
"was counted as two lesions, and a lesion which completely girdled the
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e e

a better index of injury to the midrib, sheath. and <heath “silar than is

collar. a~ in Flgure 4. was counted as chree lesions. This method gave

Fig. 1.—A class ‘1 visual leaf rating showing small and few lesions
caused by young larvae feeding in the whorl. Typical of a resistant
reaction o the first-brood corn borers.
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possibic by disrezarding
tvoical fesding of third

midrib.

Fig. 2.—A class 3 visual

elongated lesions.
corn borer.

Tyoical of

the ~ize sl the lesion. Fromres 3 and o <how

and feurth instar tarcae -n the sheath and

leaf rating showing several leaves with
an intermediate reaction to the first-brood




Pioneer Hi-Bred International, Inc.
Study ID: PHI99-024
Page 57 of 89

Fig. 3.—A class 9 visual leaf rating showing numerous elongcted
lesions caused primarily by first and second instar larvae feeding in the
whorl.  Typical of a highly susceptibie reaction to the first-brood ¢orn
borer.
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Fig. 4.—Llesion caused primarily by third and fourth instar larvee

feeding in the sheath collar.
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The metheds wsed i desc-breed sesistance studies have evolved
slowly,  During the carly sork, the criterion nsed as an index for npen-
pollinated. hvbrid. or inbred line performancs was the number of larvae
that survived which was usuaily determined by dissection in late July or

Fig. 5.—Lesions caused primarily by third and fourth instar larvae
feeding in the sheath. ' '
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eariv Nugust.  This method involved aogrear deal of work for evaluat-
ing onlv a4 few hendred entries. Huber 1037 used leaf feeding punc-
ture connts as an index of resistance to frst instar larvae. Patch and
Everly 1943 used mature larvae in the fall and also leaf feeding

ratings class ) = least. to 1) == highest infestation level  for evaluating

Fig. 6.—Lesions ccused primarily by third and fourth instar larvae
feeding in the midrib of the leaf.
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a group of inbred lines and hybrids. The leaf feeding rating method
and the sheath and midrib lesion count method and combinations there-
of were perfected and used on a large scale for evaluating inbred lines
and hybrids by F. F. Dicke*. A nine-class scale was used for evaluating
inbred lines and a five-class scale for evaluating hybrid material (class
1 = least, to 5 or 9 = highest infestation level). He considered the
whorl type feeding and also the midrib, sheath, and sheath collar type
feeding in the class scale. In tests on hybrids and late generation
inbreds, samples of ten plants were usually artificially infested with three
or four egg masses (60 or 80 eggs) per plant. The inbreds were rated -

on a plot basis before pollination. This system preserves the resistant
cultures for pollination and progeny testing which is particularly valu-.
able in individual plant selections in segregating populations to study
inheritance of resistant factors. This is an excellent method for screen-
ing a large amount of material. The highly susceptible material can
easily be discovered and discarded. To establish an accurate evaluation
of resistance, several tests are essential because activities of several
predators may destroy the egg masses or young larvae on certain entries.
By using this visual method for evaluation of inbred lines or hybrids, one
investigator can test many fold the amount of material as would be
possible by dissection. However, for detailed information on the nature

of resistance a combination of methods is most desirable.

Since the plots were planted in randomized blocks and the plant
dissections were made in a split-plot arrangement, the data on surviving’
larvae, leaf feeding ratings, and lesion and burrow counts were analyzed
according to split-plot procedure (Cochran and Cox 1950). . The
inbred lines were on the whole plot area, and the dissection intervals of
5, 10, 20, and 30 days after egg hatch were on the split-plot area.

In order to determine the degree of association between surviving
larvae, leaf feeding ratings, lesion counts, and burrows, mean values for
the lines were used to obtain simple correlation coefficients. - Regression
coefficients were also computed. By using the means of thé six replica-
tions in the correlation and regression coefficient determinations, the
errors involved in estimating the means were ignored. Larval estab-
lishment and survival, resulting from the artificial infestations, were on 2
much higher level in 1956 than in 1955. Therefore, correlation and
regression coefficients were determined for only the 1956 data.

All data were analyzed on a probability per plant basis. The
analysis of variance for the data is presented in Appendix Tables 6-8..

‘Unpublished data.
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EXPERIMENTAL RESULTS

LARVAL ESTABLISHMENT AND SURVIVAL

The data on larval survival, leaf feeding ratings, and lesion and
burrow counts obtained in these studies are summarized in Tables 1-5.
The conclusions arrived at are based on the two-years’ results. How-
ever, since 2 much higher level of larval establishment was obtained in
1956 than in 1955, the data for 1956 give a better picture of what is
expected when high populations prevail. In a study of this kind it is
imperative to have a high level of larval establishment and survival in
order to obtain expression of the resistance factors that exist. The level
of larval survival in 1955 was too low to show differences, at the desired
magnitude, between inbred lines.

The level of larval survival in the inbred lines in 1956 was satis-
factory for evaluating varying levels of resistance by the four criteria:
(1) surviving larvae, (2) leaf feeding ratings, (3) lesion counts, and (4)
burrows.

TESTS OF DENT CORN INBRED LINES, 1955 AND 1956

The levels of significant differences for the eight inbred lines in
1955 and 1956 are indicated by the usual characters in Table 1. The
analysis was based on mean number of larvae, leaf feeding ratings,
lesions, and burrows per plant. The analysis of data for 1955 shows
significant differences among inbreds, dissection intervals, and the inter-
action of inbreds X dissection intervals for larvae, significant differences
among inbreds for leaf feeding ratings, and significant differences
among inbreds and dissection intervals for burrows. There were no
significant differences among inbreds, dissection intervals, or the inter-
action of inbreds X dissection intervals for lesions.

The analysis of data for 1956 shows significant differences among
inbreds, dissection intervals, and the interaction of inbreds X dissection

~ intervals for larvae, leaf feeding ratings, lesions, and burrows.

Since the performance of the inbred lines for each dissection inter-
val of 5, 10, 20,.and 30 days after egg hatch is of primary interest, the
data on the main effect of dissection intervals recorded in Table 2 are of
little interest. The over-all effect of inbred lines on larval survival is
also of little interest and can be determined by computing means for the
dissection intervals of each inbred line, as presented in Tables 3 and 4.

~ The interaction of inbreds X dissection intervals, which measures
the rate of larval mortality, is of greatest interest. These data are
reported in Tables 3 and 4 for 1955 and 1956, respectively. Although
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the analysis of variance for the 1955 data (Table 1) shows significant
differences among inbred lines, dissection intervals, and the interaction
of inbreds X dissection intervals for larvae, an examination of the data
(Table 3) reveals that these differences were due primarily to the differ-
ential in larval survival among lines five days after egg hatch.. The
differences among lines for larvae 10, 20, and 30 days after egg hatch
and for leaf feeding ratings, lesions, and burrows 20 and 30 days after -
egg hatch were small and of minor importance. o

Although the level of larval establishment and survival in 1955 was -
very low, a trend in inbred performance is obvious. Bl4 (12.3 larvae
per. plant) followed by WF9 (6.9 larvae per plant) harbored the great- -
est population five days after egg hatch. W22R, A295, and Oh43
harbored a population of 1.4, 1.9, and 2.3 larvae per plant, respectively,
five days after egg hatch, whereas (W24 X B2)-2-38-1, Oh314, and
M14 harbored similar populations of 3.3, 4.0, and 4.0 larvae per plant,
respectively. The larval population in all lines decreased appreciably
between five and ten days after egg hatch, but did not decrease appre-
ciably from 10 days to 20 and 30 days after egg hatch. By the end of
10, 20, and 30 days after egg hatch there was not much differentiation
in larval survival between any of the lines. Although B14 had the
highest population five days after egg hatch, the larval population in
this inbred decreased rapidly, and at the end of 30 days after egg hatch -
the population was at a low level. o T

The low leaf feeding ratings, lesion counts, and burrows for all lines
in 1955 resulted from the high larval mortality that occurred within five
days after egg hatch; practically all of the larvae had perished by the
end of ten days after egg hatch. The larval population was too low in
most of the inbreds five days after egg hatch to cause extensive damage
to leaf tissue. . ;

A much higher level of larval establishment and survival resulted
from the artificial infestation in 1956. Therefore, the resistance effect
on the larvae over the 30-day period was measured with more reliability.
All four dissection intervals will, therefore, be used as a basis for deter-
mining inbred performance. The leaf feeding ratings 20 days after egg
hatch and the lesion and burrow counts 30 days after egg hatch will be
used as a basis for determining inbred performance. The reason for
using only the 20-day leaf feeding ratings and 30-day lesion counts is
discussed in a later section entitled “Best Time for Making Leaf Feeding
Ratings and Lesion Counts in Resistance Investigations.” - The follow-
ing discussion is based on the data recorded in Table 4. The standard
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error of the means and the differences between inbreds required for
significance at the 5 percent probability level are indicated.

The majority of the larvae were in the first and second instar stage
of development during the first ten days after egg hatch.  Therefore,
larval mortality during this period was used as an index to the degree of
resistance of the inbred lines to the whorl type of feeding by the first and
second instar larvae. Larval mortality between the 10- and 20-day
dissection intervals was used as an index to the degree of resistance of
the lines to the third and fourth larval instars. However, mortality of
the fourth larval instar also occurred beyond 20 days after egg hatch.
The majority of the larvae were in the fifth instar stage of development
on the 30-day dissection interval.

Based on the four criteria, mean number of larvae, leaf feeding
ratings, lesions, and burrows per plant, the experimental inbred
(W24 X B2)-2-38-1 was highly resistant to the first and second larval
instars. This line may also be resistant to the third and fourth larval
instars. However, since the rate of larval mortality was so rapid (only
4.5 larvae per plant survived five days after egg hatch thus resulting in
a larval mortality of 95.5 percent), it is difficult to measure the resist-
ance of this line to the feeding of the third and fourth instar larvae. In
order to determine conclusively if resistance factors of inbred lines,
which are highly resistant to leaf feeding of the early larval instars, are
effective against the third and fourth instar larvae, the infestation would
have to originate from third instar larvae. There was appreciable larval
mortality on this line beyond five days after egg hatch; only 2.7, 1.6,
and 1.0 larvae surviving 10, 20, and 30 days after egg hatch, respec-
tively. The fast rate of larval mortality was also reflected in the low
leaf feeding rating (1.6 per plant), lesion count (2.4 per plant), and
burrows (0.8 per plant) of this line.

W22R was highly resistant to the first and second larval instars.
The rate of larval mortality was rapid in this inbred, 4.6 larvae per
plant surviving five days after egg hatch; 2.3, 3.0, and 2.4 larvae per
plant survived 10, 20, and 30 days after egg hatch, respectively. This
line also had a low leaf feeding rating (1.7 per plant) and burrow count
(2.5 per plant). However, the lesion count was somewhat higher (4.5
per plant) than would be expected from the fast mortality rate.

A295 was highly resistant to the first and second larval instars.
The rate of larval mortality, however, was somewhat slower in A295
than it was in (W24 X B2)-2-38-1 and W22R; 7.7, 3.9, 2.2, and 1.9
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larvae per plant surviving 5, 10, 20, and 30 days after egg hatch, respec-
tively. The leaf feeding rating (2.4 per plant) and burrow count (2.8
per plant) were also low for A295.  The lesion count (4.2 per plant)
was similar to the lesion count for W22R.

Oh43 was resistant to the first and second larval instars but some-
what susceptible to the third and fourth instars. The rate of larval
mortality was rather fast but slower than in the three inbreds discussed
above; 9.7 larvae per plant surviving five days after egg hatch. Asis
reflected in the low leaf feeding rating (1.8 per plant), the larval popu-
lation of 9.7 per plant five days after egg hatch and then a decrease in
population to 3.5 larvae per plant ten days after egg hatch was not high
enough to cause extensive damage to whorl leaf tissue. However, the
larval population of 3.9 and 2.4 per plant 20 and 30 days after egg
hatch appears to be high enough to cause considerable damage to the
midrib, sheath, and collar as is reflected by the lesion count of 5.6 per
plant. Oh+43 had 2.8 burrows per plant 30 days after egg hatch.

Oh31A appears to be somewhat susceptible to the first and second
larval instars but resistant to the third and fourth instars. The rate of
larval mortality was considerably slower than in the four previously dis-
cussed inbreds. The larval population of 14.1 and 5.3 per plant five
and ten days after egg hatch, respectively, is reflected in an intermediate
leaf feeding rating (3.8 per plant). The population died out rapidly
beyond ten days after egg hatch, 3.7 and 2.0 larvae per plant remaining
20 and 30 days after egg hatch, respectively, which is reflected in a low
lesion count of 2.9 per plant. Oh31A also had a low number of burrows
(3.3 per plant).

B14 was highly susceptible to the first and second larval instars.
However, it was indicated that this line may be resistant to the third and
fourth larval instars. The rate of larval mortality was slow, 21.7 larvae
per plant surviving five days after egg hatch. The high number of
larvae surviving five days after egg hatch plus the 8.8 larvae per plant,
which survived ten days after egg hatch, is reflected in the high leaf
feeding rating of 7.0 per plant. On the basis of the high number of
larvae which B14 harbored five and ten days after egg hatch, the lesion
count of 3.5 per plant is rather low. It appears that this phenomenon
is due to the fact that larval mortality in B14 proceeded at a fast rate
(5.8 and 3.1 larvae per plant surviving 20 and 30 days after egg hatch,
respectively) beyond ten days after egg hatch. Therefore, Bl14 had
almost as low a population 30 days after egg hatch as some of the more
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resistant lines. Bl+ also had a relatively low number of burrows (3.0
per plant) which indicates that this inbred is resistant to stalk invasion.

M14 was susceptible to all types of larval feeding. Although the
larval population five days after egg hatch (13.9 per plant) was lower
in this inbred than in Bl4 and Oh314, the population remained at a
relatively high level and there was practically no mortality beyond ten
days after egg hatch (5.9, 6.3, and 5.2 larvae per plant surviving 10, 20,
and 30 days after egg hatch, respectively). The leaf feeding rating,
lesion count, and number of burrows were 5.5, 8.3, and 6.9 per plant,
respectively.

WF9 was highly susceptible to all types of feeding. This inbred
had the highest susceptibility of any line in the test. The rate of mor-
tality was slow (32.5 larvae per plant surviving on the five-day dissec-
tion interval). The larval population, consisting of 12.9, 9.8, and 8.9
per plant 10, 20, and 30 days after egg hatch, respectively, remained at
a high level and did not decrease appreciably beyond ten days after egg
hatch. The high larval population is also reflected in a high leaf feed-
ing rating (7.5 per plant), lesion count (10.4 per plant), and burrow
count (8.6 per plant). 3

Larval mortality in inbred lines, 1955 and 1956.—As is shown in
Table 5, most of the larval mortality in the eight inbred lines in 1953
and 1956 occurred during the first few days after egg hatch. This
phenomenon has been noted by many investigators and reported by
Painter and Ficht (1924), Caesar (1925, 1926), Springer (1930),
Huber (1936), and Patch (1943). In 1955 there was appreciable
larval mortality in all lines beyond five days after egg hatch but prac-
tically no mortality in nearly all of the lines beyond ten days after egg
hatch. In 1956 there was appreciable mortality in all lines beyond five
days after egg hatch and appreciable mortality in a few lines beyond 10
and 20 days after egg hatch.

Correlation of four criteria for determining corn borer damage.—
The data in Table 4 indicate that the eight inbred lines possess different
types of resistance and various factors for resistance. The simple cor-
relation coefficients recorded in Figures 7-9 show that on the whole, the
four criteria of surviving larvae, leaf feeding ratings, lesion counts, and
burrows, for determining corn borer damage or for evaluating inbred
lines for corn borer resistance, were equally effective and are highly
correlated.  Very high correlation coefficients were obtained for larvae
30 days after egg hatch vs. lesion counts 30 days after egg hatch (.95,
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Figure 7) and larvae 30 days after egg hatch vs. burrows 30 days after
egg hatch (.96, Figure 8). A correlation coefficient of .77 was obtained
for larvae 30 days after egg hatch vs. leaf ratings 20 days after egg hatch
(Figure 9). Dicke (1954) reported simple correlations of .882 for

)

LESIONS PER PLANT OF EIGHT INBRED LINES 30 DAYS AFTER EGG HATCH

L 'l i A i
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LARVAE PER PLANT OF EIGHT INBRED LINES 30 DAYS AFTER EGG HATCH
Fig. 7.—Regression and correlation between surviving larvae per

plant 30 days after egg hatch and the lesion count per plant 30 days after
egg hatch for 8 inbred lines of dent corn, 1956.
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. larvae per plant vs. leaf rating per plant and .869 for larvae per plant vs.
lesions per plant; this study was made with 24 inbred lines. Correla-
tion coefficients which were computed for the 1956 data but not
recorded graphically were: lesion counts per plant 30 days after egg
hatch vs. burrows per plant 30 days after egg hatch, .93; leaf ratings per
plant 20 days after egg hatch vs. burrows per plant 30 days after egg
batch, .75; and leaf ratings per plant 20 days after egg hatch vs. lesion
counts per plant 30 days after egg hatch, .72.

BURROWS PER PLANT OF EIGHT INBRED LINES 30 DAYS AFTER EG6 NATGI"C

. I A .

(] i 2 3 4 L) [ ] 7 8 9

LARVAE PER PLANT OF EIGHT INBRED LINES 30 DAYS AFTER EGG HATCH

Fig. 8.—Regression and correlation between surviving larvae per
plant 30 days after egg hatch and the burrows per plant 30 days after
egg hatch for 8 inbred lines of dent corn, 1956.
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On the basis of all eight inbred lines, the regression coefficient (b)
in Figures 7-9 shows that there was an increase of 1.01 lesions per plant
for every increase of 1.00 larva per plant (Figure 7); there was an
increase of .97 burrows per plant for every increase of 1.00 larva per
plant (Figure 8); and there was an increase of .74 class in leaf feeding
rating per plant for every increase of 1.00 larva per plant (Figure 9).

Although the data show high correlations between the four criteria
used for determining relative plant damage, certain facets of informa-
tion in Table 4 should be pointed out. Larvae per plant 30 days or

LEAF RATING PER PLANT OF EIGHT INBRED LINES 20 DAYS AFTER EGO HATGH

'y A i i i i [ i d

o ! 2 3 4 L] [ 7 8 . 9
LARVAE PER PLANT OF EIGHT INBRED LINES 30 DAYS AFTER E£GG HAT

Fig. 9.—Regression and correlation between surviving larvae per
plant 30 days after egg hatch and the leaf ratings per plant 20 days after
egg hatch for 8 inbred lines of dent corn, 1956,
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later after egg hatch may be a good index of inbred performance for
some lines but not for others. Likewise, leaf feeding ratings or lesion
counts may be a good index of the performance of some lines but not
others. Leaf feeding ratings, as an index to the degree of damage
caused by first and second instar larvae, and lesion counts, as an index
to the degree of damage caused by third and fourth instar larvae, appear
to be good criteria for determining the performance of most inbred lines.
Larvae per plant 30 days or later after egg hatch would give an inaccu-
rate interpretation of the performance of B14 because the larval popula-
tion is rather low at this time, and one would conclude that B14 is
resistant. However, B14 harbors a high population five and ten days
after egg hatch. The larvae feed in the whorl of the plant at this time
and if a high population exists, considerable damage is done to leaf
tissue. Also the leaf feeding rating used alone as an index to the per-
formance of B14 would be misleading as the rating of 7.0 would indicate
high susceptibility. Lesion counts would also be misleading but might
be the best single method. With an inbred such as B14, it appears that
only a detailed study of the larval survival pattern, leaf feeding rating,
lesion count, and burrows would estimate its true performance.

The leaf feeding rating of Oh31A would indicate an intermediate
reaction to the early larval feeding, thus a moderately high level of
infestation during the first few days after egg hatch, whereas the low
lesion count of Oh51A would indicate a fast mortality rate of the third
and fourth larval instars. Therefore, the combination of leaf ratings
and lesion counts would be a better index to the performance of Oh31A
than the larvae surviving 30 days after egg hatch.

A combination of leaf feeding ratings and lesion counts would be as
good an index for the performance of W22R, A295, and Oh43 as the
larvae surviving 30 days after egg hatch.

These data further indicate that any one of the four criteria of
larvae, leaf feeding ratings, lesion counts, and burrows would be equally
effective in measuring the performance of inbred lines falling in the
extreme classes such as (W24 X B2)-2-38-1, M 14, and WF9, i.e., any
one of the criteria would indicate that (W24 X B2)-2-38-1 is highly
resistant to all types of feeding and that M 14 and WF9 are susceptible
to all types of feeding.

Vouk (1930) tested certain varieties of corn in Yugoslavia, which
were resistant to the European corn borer in certain parts of Europe,
and found that the number of larvae surviving from an artificial infesta-
tion was practically the same for all varieties, but the damage suffered
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by the plants, infested with an equal number of larvae, was different for-
the varicties. From 2.5 to 3.5 larvae per plant were recovered for all
varieties in the fall. In two varieties, White-row and Cinquantino, all
the plants were broken and dried with poorly developed ears. The
stronger and more robust varieties like Pferdezahn were fully matured
and showed little injury. The author interpreted this as a constitutional
resistance of certain varieties although the susceptibility of the plants to
larval infestation was the same. Although the number of larvae
recovered by Vouk in the fall was practically the same for all varieties,
the rate of mortality must have been much slower in the varieties White-
row and Cinquantino. The number of larvae recovered in the fall was
a poor index to the comparative performance of the varieties. It
appears that leaf feeding ratings and probably lesion counts would have
been better criteria for measuring the comparative performance of these
varieties. '

Best time for making leaf feeding ratings and lesion counts in resist-
ance investigations.—The data in Table ¢ show that in these experi-
ments the best time to make leaf feeding ratings of inbred lines is 20 days
after egg hatch as the leaves of the plants are closely bunched at this
time, and it is easier to visualize the relative amount of leaf damage. In
most cases the leaf feeding ratings 30 days after egg hatch were con-
siderably lower than they were 20 days after egg hatch. The best time
to make lesion counts is 30 days after egg hatch.  The lesion counts
were considerably higher on the 30-day dissection interval. However,
temperature plays a part in how rapidly the larvae and corn plants
develop. In warmer areas these periods might be shortened somewhat.

The results of these investigations show that when evaluating a
large number of inbred lines, where the time consumed in dissecting a
certain number of plants in each plot is prohibitive, leaf feeding ratings
made about three weeks after egg hatch, as an index to the mortality of
the first and second larval instars, and lesion counts made from four to
five weeks after egg hatch, as an index to the mortality of the third and
fourth instar larvae, are good criteria for evaluating the performance of
inbred lines. If the time consumed in counting the lesions of a certain
number of plants in a plot is prohibitive, a rating scale similar to the one
used for leaf ratings could be utilized on a plot basis.  F. F. Dicke® is
investigating the possibility of utilizing a ratio between leaf ratings and
lesion counts as an index to inbred performance.

*Unpublished data.
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TABLE 1.—Summarized analysis of mean number of larvae, leaf feeding
ratings, lesions, and burrows Per plant of eight inbred lines of
dent corn (6 replications). Wooster, Ohio, 1955 and 1956

B S e —

Leaf
Larvae ratings Lesions Burrows

Source of variation }

1955 1956 1955 1956 1955 1956 1955 1956

Inbreds 2a 'Y s s ns ew ™ e
Dissection interval ¢ e aa ns e ns ** AT L
Inbred X dissection interval 4 s ns * ns °** ns =

* Significant at the § percent probability level.
** Significant at the 1 percent probability level.
ns Nonsignificant,

! Inbred lines were dissected at intervals of 5, 10, 20, and 30 days after egg hatch.

TABLE 2.—Mean number of larvae, leaf feeding ratings, lesions, and
burrows per plant of eight inbred lines of dent corn by dissection
intervals (6 replications). Wooster, Ohio, 1955 and 1956

Leaf
Dissection Larvae ratings Lesions Burrows
intervai®
1955 1956 1955 1956 . 1955 1956 1955 1956

5 4.5 13.6 s == - — —— -
10 1.1 5.7 — — - — g —
20 0.9 4.5 1.4 3.9 0.6 2.9 0.4 0.9
30 0.9 3.4 1.2 3.0 0.8 5.5 1.2 3.9
LSD .05 0.77 1.16 ns LT ns L] : e sa

* Days after egg hatch on which the plants were dissectad.
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TABLE 3.—Mean number of larvae, leaf feeding ratings, lesions, and
burrows per plant by inbred line and dissection interval
(6 replications). Woaoster, Ohio, 1955?

____—_—-———"—_——_—_—_—__.—_—_.———_———_--—'———__—_——————_——

Dissection interval®

Inbred line Larvae Leaf Lesions' Burrows
' ratings’ .

5 10 20 30 20 30 20 30 20 30
(W24 x 82)-2-38-1 3.5 0.2 03 04 1.0 1.0 0.3 0.5 0.1 0.4
W22R - - 1.4 0.7 0.7 1.0 1.1 - 1.0 0.7 0.6 04 1.6
A295 1.9 02 05 0.8 1.0 1.0 0.5 0.7 _ 0.2 1.2
Oh43 2.3 0.9 0.8 04 1.0 1.0 0.4 0.8 0.4 07
OhS1A 4.0 1.5 1.5 09 1.2 13 0.9 1.0 1.0 1.4
Bl4 12.3 1.3 0.9 0.7 20 1.3 0.3 0.7 0.1 1.2
Mi4 4.0 24 1.2 14 1.1 1.5 0.9 1.2 0.6 1.6

WF9 69 1.9 14 13 25 1.7 05 0.9 0.4 1.8

Standard error of
difference between

Any two means between
dissection intervals for
the same inbred 1.09 0.32 0.37 0.41

Any two means between
inbreds for the same
dissection inrerval 1.06 0.37 0.40 . .0‘“

LsSD .05

Any two means between
dissection intervals for
the same inbred 2.18 ns ns ns

Any two means between
inbreds for the same
dissaction interval 2.1 ns ns . ns

3 Planted in single row 26-foot plots on May 20.

I Number of days plants wers dissected after egg hatch (infested with 120 eggs per
plant). .

® The leaf ratings were made on a 9 class basis (class 1 = least, class 9 = highest
infestation level). ; : .

% Lesions refer to feeding damage on the midrib, sheath, and arcund the collar
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TABLE 4.—Mean number of larvae, leaf feeding ratings, lesions, and
burrows per plant by inbred line and dissection interval
(6 replications). Wooster, Ohio, 1956
W

Dissection interval®

Iinbred line Larvae Leaf Lesions' Burraws
ratings’

5 10 20 30 20 30 20 30 20 30
(W24 x B2)-2-38-1 4.5 27 1.6 1.0 1.6 13 1.9 2.4 0.2 038
W22R 4.6 23 3.0 24 1.7 1.1 2.9 4.5 0.4 25
A295 7.7 3.9 22 19 24 14 1.9 4.2 0.6 2.8
Oh43 9.7 3.5 3.9 24 1.8 1.1 3.6 5.6. 0.9 2.8
OhS1A 14.1 53 37 20 3.8 14 2.3 2.9 0.9 3.3
Bi4 217 8.8 5.8 3.1 7.0 57 2.8 5.5 0.6 3.0
M14 13.9 59 63 5.2 5.5 4.5 4.3 8.3 1.8 6.9
WF9 325 129 9.8 8.9 7.5 7.6 3.6 104 1.5 8.8

. Standard error of

difference betwaen

Any two means between
dissaction intervals for
the same inbred 1.66 0.43 0.89 0.45

Any two means between
inbreds for the same
dissection interval 1.74 0.33 1.10 0.58

LsD .05

Any two means between
dissection intervals for v
the same inbred 3.29 0.86 1.80 0.92

Any two means between
inbreds for the same
dissection interval 3.47 0.68 2.23 1.19

'planted in single row 24-foct plors on June 7.

* Number of days plants were dissected after egg hatch {infested with 100 eggs per
plant).

3 The leaf ratings wers made on o 9 class basis ([class 1 = least, class 9 = highest
infestation level).

% Lesions refer to feeding damage on the midrib, sheath, and around the collar.
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TABLE 5.—Summarized data showing larval mortality as expressed
by percent survival on eight inbred lines of dent corn at
intervals of 5, 10, 20, and 30 days after egg hatch
(6 replications). Wooster, Ohio, 1955 and 1956
______—_———'_——-_—_———————____—z—___——_'——___

Days after egg hatch’

Inbred line S 10 20 30

1955 1956 1955 1956 1958 1956 1955 1956

(W24 X B2)-2-38-1 3.0 4.5 0.2 2.7 0.3 1.6 0.3 1.0
W22R 1.2 4.8 0.6 2.3 0.6 3.0 0.9 2.4
A295 1.5 7.7 0.2 3.9 0.4 2.2 0.6 1.9
Oh43 2.2 9.7 0.6 3.5 0.6 3.9 0.4 2.4
OhS1A 3.5 14.1 1.2 5.3 1.3 3.7 0.7 2.0
'Bl4 7.8 21.7 1.1 8.8 0.8 58 0.5 .1
Mmi4 3.4 13.9 1.8 5.9 1.0 63 11 5.2
WE9 . 5.7 32.5 1.6 12.9 1.2 9.8 1.0 8.9

' Each plant in 1955 was artificially infested with 120 eggs, whereas the plants in
1956 were infested with 100 eggs per plant.

SUMMARY

The European corn borer larval survival pattern of eight inbred
lines of dent corn, (W24 X B2)-2-38-1, W22R, A295, Oh43, Oh314,
B14, M14, and WF9, was determined at intervals of 5, 10, 20, and 30
days after egg hatch under a uniform simulated natural first-brood
infestation (an artificial infestation of 100 to 120 eggs per plant was
made in the mid-whorl stage of plant development). Relative leaf feed-
ing ratings, midrib, sheath and collar lesion counts, and stalk burrows
were made 20 and 30 days after egg hatch. These investigations were
initiated in 1955 and concluded in 1956.

The objective of this study was to extend our information on both
leaf blade and sheath feeding resistance of the first-brood infestation.

The level of larval establishment and survival in 1955 was too low
to show differences, at the desired magnitude, between inbred lines.
The level of larval establishment in the inbred lines in 1956 was satis-
factory for evaluating varying levels of resistance by the four criteria of
surviving larvae, leaf feeding ratings, lesion counts, and number of
burrows.

31




Pioneer Hi-Bred International, Inc.
Study ID: PHI99-024
Page 76 of 89

Based on the four criteria, the experimental inbred (W24 X B2)-
2-38-1 was highly resistant to the first and second larval instars. This
line may also be resistant to third and fourth instar larvae. The inbreds
W22R and A295 were highly resistant to the first and second instars.
Oh43 was resistant to the first and second instars but somewhat sus-
ceptible to the third and fourth instars, whereas Oh51A was somewhat
susceptible to the first and second instars but resistant to the third and
fourth instars. B14 was highly susceptible to the first and second
instars, but appeared to be resistant to the third and fourth instars.
Bl4 also possessed resistance to stalk-invasion. WF9 and M14 were
highly susceptible to all types of feeding.

The greatest differential in larval survival between lines was on the
five-day dissection interval. Most of the mortality in the eight inbred
lines occurred during the first few days after egg hatch.

The results of these investigations indicate that when evaluating a
large number of inbred lines, where the time consumed in dissecting a
certain number of plants in each plot is prohibitive, leaf feeding ratings
(on a plot basis) made about three weeks after egg hatch, as an index to
the mortality of the first and second larval instars, and lesion counts
made about five weeks after egg hatch, as an index to the mortality of
the third and fourth instar larvae, are good criteria for evaluating the
performance of inbred lines. If the time consumed in counting the
lesions of a certain number of plants in a plot is prohibitive, a rating
scale similar to the one used for leaf feeding ratings could be utilized on
a plot basis.

Although the four indices for determining corn borer damage were
highly correlated, the data show that the number of larvae surviving 30
days or later after egg hatch may be a good index of inbred performance
for some lines but not others. The relative leaf feeding rating used
alone would also give an inaccurate interpretation of the performance of
some lines. A combination of leaf feeding ratings and lesion counts is a
good index to the performance of most inbred lines.
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APPENDIX

TABLE 6.—Analysis of variance of the data for larvae reported in
Tables 2 and 3, 1955 and in Tables 2 and 4, 1956

1955 ' 1956
Mean - Mean
Source of variation d.f. square F square F
Whele plet ;
Replications S 5.9488 2.23 ns 61.32 5.25**
Inbreds 7 26.9931 10.11** 481.57  41,20°*
Error {A) 35 2.6697 11.69
Split plot
Dissection interval 3 152.5246 42.06°* 1026.55 123.98**
Inbred X D. I. 21 18.2022 5.02°* - 74.71 9.02=*
Error (8B) 120 3.6259 : 8.28
Total 191

**Significant at the 1 percent probability level.
ns Nonsignificant.

TABLE 7 .—Analysis of variance of the data for leaf ratings,
lesions, and burrows reported in Tables 2 and 3, 1955

Leat ratings Lesions Burrows
Source of variation Mean Mean Mean
d. f. square F square F square F

Whole plot ‘

Replications 5 0.5542 1.08ns 1.0356 1.97ns 1.2631 2.65*

Inbreds 7 1.7827 3.48°" 0.5316 1.0lns 1.2950 2.72*

Error (A} 35 0.5120 0.5262 0.4759
Split plot

Dissection interval 1 0.4174 1.39ns 1.0817 2.57ns - 15.9740 31.41°"

Inbred x D. 1. 7 0.4905 1.63ns 0.0668 0.l6ns 0.5415 1.06 ns

Error (B) 40 0.3005 0.4209 0.5086

Total 9s

* Significant at the 5 percent probability level.
== Significant at the 1 percent probability level.
ns Nonsignificant.
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TABLE 8.—Analysis of variance of the data for leaf ratings, lesions,
and burrows reported in Tables 2 and 4, 1956

||

Leat ratings Lesions Burrows
Source of variation Meen Mean Mean
d.f. square B square E square F

Whoele plot

Replications 5 1.1417 1.44ns 19.0178 3.91** 4.0174 2.79*

Inbreds 7 73.3159 92.45°=  35.4223 7.28°" 28.2924 19.68°*

Error (A) 35 0.7930 4.8645 1.4374
Split plot

Dissection interval 1 19.8471 36.33°" 54,2294 64.55*" 215.5203 349.93*"

Inbred x D. L. 7 1.6776 3.07° 12.8787 5.39=* 13.1810 21.40°*

Error (B) 40 0.5463 2.3892 0.6159

Total 95

= Significant at the S ‘percent prabability level.
*=* Significant ot the 1 percent probability level.
ns Nonsignificant.
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EAR CHARACTERISTICS AND MECHANISMS
OF RESISTANCE AMONG SELECTED CORNS
TO CORN EARWORM!*2

B. R. WisemaN, N. W. WIDSTROM, AND W. W. MCMILLIAN

Southern Grain Insects Research Laboratory,
.Agr. Res. Serv,, USDA, Tifton, GA 31794

ABSTRACT

Some of the ear characteristics of selected corns resistant and suscept-
ible to the corn earworm, Heliothis zea (Boddie), are described. Some corns,
previously described as tolerant, had long, fairly tight silk channels,
and/or a large amount of silk that maintained a high moisture content over
the period of earworm larval development. However, ‘Zapalote Chico’ had
a long tight silk channel, but only a small amount of silk, and a low mois-
ture content over this period. Its mechanism of resistance is other than tol-
erance, and corn earworm larvae did not readily establish on it.

Investigations of host plant resistance to insects tend to deal with the
development and use of screening procedures for evaluation of the relative
resistance among lines. Some investigators have gone beyond initial screen-
ing, however, and have identified mechanisms of resistance such as nonpref-
erence, antibiosis, or tolerance (Painter 1968), and a few have attempted to
delineate factors associated with the mechanisms of resistance. For ex-
ample, Wiseman et al. reported (1972, 1974a) that certain “resistant” corn
lines were as much infested with corn earworm, Heliothis zea (Boddie), as
certain susceptible corn lines; thus, they identified the mechanism of re--
sistance as tolerance.

This report describes several ear characteristics, measured over several
sampling periods in 1973 and 1974, of selected corns classified previously in
the field as resistant or susceptible to the corn earworm, and illustrates
their respective ear damage. '

METHODS AND MATERIALS

Selected corns were planted in plots consisting of six 20-ft rows, 3 ft
apart and arranged in a randomized complete block design with 5 replica-
tions. ‘Dixie 18' and 471-U6 X 81-1 were selected as resistant (tolerant),
409 X 20 as intermediate, and ‘Asgrow 204B’, ‘loana’, and ‘Stowell’s Ever-
green’ as susceptible. ‘Zapalote Chico’ was selected because of unpublished
reports that it possessed “lethal silks” and because it had the tightest husks,

When all the ears were in full silk (3 days past initial silk) 1 row of
each plot was infested (Wiseman et al. 1974b) with 30 corn earworm eggs/

'Lepidoptera: Noctuidae.
'In cooperation with the University of Georgia College of Agriculture Esperiment Sta--
tions, Coastal Plain Station. Tifton. GA. Accepted for publication 25 Feb. 1977. ’

g *Mention of a proprietary product in this paper does not constitute an endorsement by the
SDA.
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silk aggregate/ear obtained from the laboratory. From another randomly
selected row, 5 silks from the top ears of 5 plants from each plot were har-
vested that same day (0-day), and the silk was separated into exposed silk
and nonexposed silk (that portion in the silk channel to ear tip). This pro-
cedure was repeated on other rows at 5, 10, 15, and 20 days past full silk. All
plants that were not in full silk at 0-day were discarded. Silk channels
were measured in cm lengths for each sampling period. The silks, as sepa-
rated, were weighed, oven-dried at 41°C for 24 h, and the percentage mois-
ture determined. These same procedures were repeated at 5-day intervals
through the 20th day past full silk. Only the data for the 0, 10, and 15-dayv
sampling periods along with marginal means are shown. On the 20th dav.
corn earworm damage was measured as the depth of penetration (cm) of the
earworm larvae into the infested ears.

Analyses of variance were made for each character measured, and data
were combined over the years.

REsSuULTS AND DiscussioN

Analyses of variance for data on corn earworm damage revealed that
significant differences existed among lines (Table 1). Zapalote Chico and
471-U6 X 81-1 were the least damaged. Dixie 18 and Asgrow 204B did not
differ in damage when data were combined over years, but significant differ-
ences were apparent in 1974. Zapalote Chico had the tightest husks, but the
other 2 resistant entries, Dixie 18 and 471-U6 X 81-1, also had fairly tight
husks.

TABLE 1. CORN EARWORM DAMAGE AND HUSK TIGHTNESS RATINGS FOR
SELECTED CORNS GROWN IN 1973 AND 1974.

Entry Husk tightness® Earworm damage**
Dixie 18 22 38c¢

Asgrow 204B 14 43 be
Zapalote Chico 33 16d

Ioana 1.0 56a
Stowell’s Evergreen 14 52 ab

409 x 20 16 38¢

471-U6 x 81-1 1.6 18d

I

*Average husk tightness ratings shown from other experiments. Ratings were based o8
o visual scale of 0-5, where 0= loose husks with ear visible and 5= very tight husks that are tough
and difficult to shuck.

**Means followed by the same letter are not significantly different at P=0.05. Earworm
damage mting was as follows: 0= no injury, I =silk feeding, 2=injury to 1 cm beyond esr UP-
and 3, 4. .. . n= sdditional penetration into the ears in 1-cm increments.

The average lengths of the silk channel for each entry for each of 3
sampling periods are shown in Table 2. Analyses of variance revealed sig-
nificant differences for silk channel lengths among entries at the various
sampling periods. Asgrow 204B and Ioana had the shortest silk channels:
Stowell's Evergreen was next, and the resistant entries Dixie 18, Zapalote
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TABLE 2. AVERAGE LENGTH OF SILK CHANNEL (CM)® AT FULL SILK (0-
DAY) AND AT 10 DAYS AND 15 DAYS AFTER FULL SILEK OF SE-
LECTED CORNS GROWN IN 1973 AND 1974.

Average length (cm) at indicated

Days after full silk

Entry | 0 10 - 15 Mean

Dixie 18 95a 66a 77a 77a
Asgrow 204B 93a 42b 39b 58d
Zapalote Chico 94 a 72a 68a 75a
Ioana 60b 40b 44b 43e
Stowell’s Evergreen 99a 6.1a 50b 6.7¢
409 x 20 ; 82ab 79a 70a 78a
471-U6 x 81-1 102a S42a . 55ab 71b
Mean 89a 61b 58¢

“Average silk channel lengths st any sample period or marginal means followed by the
same letter are not significantly different at P=0.05.

Chico, 409 X 20, and 471-U6 X 81-1 had the longest silk channels. Silk chan-
nel lengths stabilized after a sharp decline from 0-day through 10 days.

The average weight of exposed silks (that portion beyond the silk chan-
nel) and nonexposed silks of all entries is shown in Table 3. Analyses of
variance revealed significant silk weight differences among entries within
sampling dates. On any sampling date, however, the differences were usu-
ally greater for nonexposed silks. With the exception of Ioana, the entries
previously classified as tolerant and as susceptible differed only slightly
among themselves through 15 days. Generally, Ioana tended to have a rela-
tively smaller amount of silk throughout the various sampling periods
than other entries, but Zapalote Chico always had even smaller quanti-
ties of both exposed and nonexposed silks than Ioana at all sampling peri-
ods. The resistant (tolerant) Dixie 18 and 471-U6 X 81-1 both possessed very
large quantities of silk, the one characteristic for which Dixie 18 and 471-
U6 X 81-1 differed drastically from the equally resistant Zapalote Chico.

The percentage of moisture in the exposed and nonexposed silks of each
entry at each sampling period is shown in Table 4. Moisture contents were
generally above 90% at 0-day except for the exposed and nonexposed silks
of Zapalote Chico, which had 82% and 87% moisture, respectively. Per-
centages for Zapalote Chico were low at all sampling periods, but this
Was not true for Dixie 18 and 471-U6 X 81-1, which had a much higher mois-
ture content in their silks. Overall means showed that their 0-day silks were
about 90% moisture for both exposed and nonexposed silks and then dropped
Steadily in moisture content through the 20th day.

Barber (1941) reported on behavioral observations of newly hatched
corn earworm larvae. He observed that by the time corn earworm eggs begin
to hatch and the silks to wilt, the larvae have penetrated into the still-
moist silks since they prefer to feed under the protection of a moist environ-

-.’--—-*---‘--




s
=3
TABLE 3. AVERAGE WEIGHTS® (G) OF EXPOSED (E) AND NONEXPOSED (N) SILKS OF SELECTED CORNS A;r FULL BILK (0-DAY),
10 DAYS AND 15 DAYS AFTER FULL sILK. 1973-74. ;!
®
Avg weight (g) at indicated "y
Days after full silk 'g*
g:
0 10 15 Mean
S
Entry i E N E N E N E N §
1)
Dixie18 3648 419a 144abc 288a B4a 272a 18.1ab  310ab &
Asgrow 204B 982a  437a 161ab  190bc 1.la 130d 168b  253¢ :
Zapalote Chico 99b 147¢ 25d 764d 20c¢ 60e 46e 87e -
loana 347a 292 b 9.6 bed 15.1 ¢ 5.5 be 133d 162¢ 169d
Stowell’s Evergreen 32.7a 483 a 11.5abc 285a 6.9 be 199 ¢ 17.1b 0L
409 x 20 252 a 276 b 75¢cd 24.6 ab 5.1 be 210 be 108d 242¢
471-U6 x 81-1 31.7a 479a 190a 299 a 109 a 25.1 ab 187 a 328a < o)
) )
=4 2
Mean _ 284 a 362a 115b 219b 12¢ 179 ¢ @ a
s oo
*8ilk weights ave an average of b silks, b replications, and 2 years for each sample day. Marginal mesns or averages within s given sample period followed Z E';,
by the same letter are not significuntly different at P =005, Entry mean includes data for all 5 sampling periods. o ‘é’ a
| © &g
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| R g B
2E 8
o P &
_____ 2SE
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TABLE 4. PERCENT® MOISTURE IN EXPOSED (E) AND NONEXPOSED (N) SILKS OF SELECTED CORNS, RECORDED AT FULL
S1LK (0-DAY) 1) DAYSE AND 15 DAYS AFTER FULL 8ULK, 1973-74.

Days after full silk

0 10 15 oo Mean
Entry E N B N E N E N
Dixie 18 91b 90 ab 75 be 87b 60 b " 90b 72d 89 c
Asgrow 204B 90 b 90 ab 77 he 90b 67 be 86 b e 88d
Zapalote Chico 82a 87a 35a 79 a JNa 77a 48 f e
loana - 92b 92 b 74 be 93 b 60 b 92 b Ne 91 b
Stowell’s Evergreen 9%0Db 92 b 72h 92 b 67b 90 b 72d 91 b
409 x 20 91 b 91b b 91 b 67 be 91 b 14 b 91b
471-U6 x 81-1 91b 92 b 82¢ 92 b Mc 92 b Ma 92 a
Mean 90 a 9l a 70b 89b 69 c 88¢

*Column or marginal mean percentages followed by the same letter are not significantly different at P=005. Entry mean includes data from all §
sampling perioda.
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ment. Thus, when earworm moths oviposit on silks of corn, the silks would
then normally possess moisture in excess of 90%, and since eggs usually
hatch in ca. 2 days, most corn would still have a silk moisture content of
90% or above. The exception would be corn of Zapalote Chico types.

A long, tight silk channel and a large quantity of silk that maintains a
high moisture content, such as Dixie 18 and 471-U6 X 81-1, provide an ideal
environment for successful establishment of corn earworm larvae and also
an adequate diet of silk for development (Wiseman et al. 1976). However,
the larvae stop and initiate feeding near the husk tip of Dixie 18 and 471-U6
X 81-1, probably because of a thigmotactic response. Susceptible corns
seem to allow the larvae to move deeper into the silk channel before they
begin feeding. Wiseman and McMillian (1973) also found differences in the
movement and feeding of corn earworm larvae on 2 susceptible sweet corns:
the susceptible corn, with the longer silk channel, had limited early ear
feeding.

Wiseman et al. (1976) found that when corn earworm larvae were fed
silks from certain tolerant and susceptible lines, their growth and mortal-
ity were essentially the same. They found this was not true for Zapalote
Chico: larval growth was retarded and mortality increased. Also, no pupa-
tion had occurred by the end of the 20th day as compared to 88% for suscept-

. ible Stowell’s Evergreen or tolerant 471-U6 X 81-1. Thus, these effects
measured for Zapalote Chico were quite different from those for the toler-
ant entries Dixie 18 and 471-U6 X 81-1. Zapalote Chico possesses the tightest
husk and a long silk channel, but it does not have a large amount of silk.
nor does it maintain a high moisture content in the silks. The exposed silks
dry rapidly and probably physically prevent most larval establishment
due to the matting of the silks, or chemically by an antibiosis factor and/or
by a combination of both.

In summary, the 3 resistant entries, Zapalote Chico, Dixie 18, and 471-
U6 X 81-1, had the least amount of earworm damage and tightest husks
(Table 1), and they had long silk channels over the entire sampling peri-
ods (Table 2). Thus, in these respects, no noticeable differences existed
among the 3 resistant entries. They differed in amount of silk mass, however.
(Table 3) and moisture content of silk (Table 4). Yet, they were fairly
equal for resistance in the field. The resistant (tolerant) entries, Dixie 18
and 471-U6 X 81-1, possessed long, tight silk channels and large amounts of
silks that maintained a high moisture content over the period of corn ear- -.
worm larval development. The resistant (either antibiosis and/or non-
preferred) Zapalote Chico had a long, tight silk channel and possessed very
small quantities of silk that sharply decreased in moisture over the period
of insect development. Therefore, as seen in the field. the resistance mech-
anism of Zapalote Chico, and of Dixie 18 and 471-U6 X 81-1, were quite
different.
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CONTROL OF STRIPED GRASS LOOPERS AND ARMY-
WORMS IN PASTURE: 1976'~ (Note). Florida has over 3 million acres
of improved pasture of which ca. 200,000 acres are grown for hay. Such
insect pests as the striped grass looper, Mocis latipes (Guenée), and fall
armyworm. Spodoptera frugiperda (J. E. Smith), are capable of severely
damaging improved pasture and hay fields (Kelsheimer, E. G., D. W. Jones,
a?ttih E. M.psidodges. l1953. Agr. Exp. Sta. Cirt._ S-64). The ec:ar;oai: hterptu;
of the stri ooper as a major pest o turegrass n review
by J. A. Reinegr?ﬁS‘TS%nn. Enc.',Soc. Am. gg:s201-4). and E. O. Ogunwolu
and D. H. Habeck (1975; Fla. Ent., 58:97-103).

Lepidopterous larvae in pasturegrass are usually controlled by aerial
applications of approved insecticides. This study was initiated to evaluate
the effectiveness of several new insecticides and formulations applied by
air for control of lepidopterous larvae in pasture.

insecticides were evaluated for pasture caterpillar control in
September 1976. These insecticides were permethrin (Ambush®), carbaryl
(Sevin 4 0Oil*), and carbaryl (Sevin 80S®). All materials were applied by
air on J1 Aug. 1976 with a Cessna AG truck (188 series) aircraft equipped
with a Transland spray system. The carbaryl-oil formulation was diluted
I:1 in fuel oil and applied with 30 D3 nozzles at 1.0 Ib Al/acre. The
carbaryl WP formulation and permethrin were applied in 3 gal of water
per acre at 1.0 and 0.2 |b Al/acre, respectively, with 60 D6 nozzles. Three
experimental plots were established in a 20 acre coastal bermuda, Cyna-
don dactylon (L.), pasture near Newberry, Fla. as 3 swaths, 60 ft. wide run-
ning the length of the pasture. '
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