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Efficacy of CrylF Events TC1360 and TC1507 

1.0 ABSTRACf 

The purpose of this study was to evaluate CrylF maize events TC1360 and TC1507 for efficacy 

against the most important Lepidopteran pests of maize in the United States. The insects tested 

were: 

• European com borer, Ostrinia nubilalis (Hubner); 

• Southwestern com borer, Diatraea grandiosella (Dyer); 

• black cutworm, Agrotis ipsolon (Hugnagel); 

• com earworm, Helicoverpa zea (Boddie); 

• fall armyworm, SpodopteraJrugiperda (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 com borer, com 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 CrylF registration 

package. 
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Table 1. Pioneer European Com Borer Leaf Feeding Scoring Systemt 

RATING DESCRIPTION : : : 
- - -- ---

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

injury on a few leaves. 

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

7 Shot-hole injury common on several leaves. 

6 Several leaves with shot-hole and elongated lesions. 

5 Several leaves with elongated lesions (ca. W'). 

4 Several leaves with elongated lesions (ca. 1 ''). 

3 Long lesions common on about one-half of leaves. 

2 Long lesions common on about two-thirds of leaves. 

1 Most of leaves with long lesions 

I From Guthrie, et 01. (1960) with 1-9 in reverse order. 
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Table 2. Pioneer-Corn Earworm Ear Damage Scoring System 

RATING DESCRIPTION , , 

" 
, 

, 
.' 

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 em (>2) kernels 

damaged or lost 

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

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

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

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

1 Heavy damage to silks, husks or eartips, with 5.1(+) em kernels lost 
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Table 3. Pioneer Fan Armyworm Leaf Feediog Scoring System l 

RATING DESCRIPTION ,: ' 
~:~ 

", 

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 (112 ") in length present on whorl and furl leaves. 

6 Several small to mid-size 1.3 to 2.5 (112" 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 ~horl 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. 

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

Myeogen Hybrid M TC1360 9.0a O.OC O.OC 

Myeogen Hybrid M TC1507 9.0a O.Oc O.OC 

Myeogen Hybrid M Non-Bt 6.3b O.2a l.4b 

Pioneer Hybrid N TC1360 9.0a O.OC O.le 

Pioneer Hybrid N TCl507 9.0a O.Oc O.OC 

Pioneer Hybrid N . Non-Bt 4.7b O.lb · 1.2b 

Pioneer Hybrid 0 TCl360 9.0a O.OC O.le 

Pioneer Hybrid 0 Mon81O 9.0a O.OC O.OC 

Pioneer Hybrid 0 Non-Bt 4.3b O.OC 1.7a 

Pioneer Hybrid 0 Non-Bt 4.3b O.lb 0.9b 

Pioneer Hybrid P TCl507 9.0a O.OC O.le 

Pioneer Hybrid P Mon81O 9.0a O.OC O.OC 

Pioneer Hybrid 0 TC1507 9.0a O.OC O.OC 

Pioneer Hybrid 0 Mon810 9.0b O.OC O.le 

Pioneer Hybrid Q TC1507 9.0a O.OC O.Oc 

I 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 = O.OS). 

1 Based upon Guthrie tl 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 
.. 

Borer TunnelinC 

(incbes/plant) 
. 

. .... ... 
Mycogen Hybrid M TC1360 O.Oe .. 

( 

Myeogen Hybrid M TCl507 O.Oe 

Myeogen Hybrid M Non-Bt 3.5b 

Pioneer Hybrid N TCl507 O.le 

Pioneer Hybrid N Non-Bt 3.9ab 

Pioneer Hybrid D TC1360 O.Oe ' 

Pioneer Hybrid D TCl507 O.le 

Pioneer Hybrid D Mon8l0 O.Oe 

Pioneer Hybrid D Non-Bt 4.5a 

Pioneer Hybrid D Non-Bt 3.9ab 

Pioneer Hybrid P TC1507 O.Oe 

Pioneer Hybrid P Mon8l0 O.Oe 

Pioneer Hybrid 0 TC1507 O.OC 

Pioneer Hybrid 0 Mon8l0 O.OC 

Pioneer Hybrid R TC1507 O.OC 

I 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 arc not 

statistically different (P = O.OS). 



Table 6. Corn Earworm Efficacy Data (Kauai, Hawaii, 1999) 

Hybrid Group Event Ear Damage 

" ' 00 , 

b, Ratini£ 
; ' 0 'C' 

Mycogen Hybrid M TC1360 5.7b 

Mycogen Hybrid M " TC1507 5.4bc .. 
Mycogen Hybrid M Non-Bt 3.8d 

Pioneer Hybrid N TC1360 5.3c 

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 Hybrid P TC1507 S.6bc 

Pioneer Hybrid P Mon810 5.4bc 

Pioneer Hybrid 0 TClS07 S.6bc 

Pioneer Hybrid 0 Mon810 6.lab 

Pioneer Hybrid Q TC1507 S.8abc 

Pioneer Hi-Bred International, Inc. 
Study 10: PlU99-024 

Page 120f89 

I Values are means of three replications at each of two sites, planted in a randomized c";mplete block design. The 

two sites were planted during different growing cycles. Each replication consisted of the average score of up to 1 0 

plants per entry. Means followed by the same letter are not statistically different (p = 0.05). 

2 See Table 2 for scoring system. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I , 
I 
I 
I 
I 
I 
I 

-
I 
I 
I 

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

Page 13 of89 

Table 7. Black Cutworm Efficacy Data (Huxley, Iowa and Johnston, Iowa, 1999) 

Mycogen Hybrid M 

Mycogen Hybrid M 

Pioneer Hybrid N 

Pioneer Hybrid N 

Pioneer Hybrid N 

AgrEvo 

Non-Bt 

TC1360 

. TCIS07 

Non-Bt 

Cry 9CStarlink 

Mean Plant 

Survival (%)1 

IOOa .. 

9Sa 

SOc 

IOOa 

8Sab 

27d 

8Ib 

I 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 .. 
. Leaf Damage 

> . .. • Rating1,l 

. ' 
Mycogen Hybrid M TC1360 9.0a 

Mycogen Hybrid M .- TC1507 9.0a 
.' 

Mycogen Hybrid M Non-Bt l.Ob 

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 Mon81 0 7.0a 

Pioneer Hybrid D Non-Bt l.Ob 

Pioneer Hybrid D Non-Bt l.Ob 

Pioneer Hybrid P TC1507 8.5a 

Pioneer Hybrid P Mon81 0 2.Th 

Pioneer Hybrid 0 TC1507 8.3a 

Pioneer Hybrid 0 Mon810 2.Th 

Pioneer Hybrid Q TC1507 9.0a 

Study ID: PHl99-024 
Page 14of89 

I 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. 

_I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
-I 

I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 

.. 1 
I 
I 
I , 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

Conclusions: 

Pioneer Hi-Bred International. Inc. 
Study ID: PHI99-Q24 

Page 15 of 89 

Results from the 1999 field evaluations show that TC1360 and TClS07 provide excellent control 

of European com borer, Southwestern com borer, black cutworm, and fall armyworm and 

suppression of com earworm. In all cases, both events were statistically more efficacious than 

the non-Bt isoline. TC1360 and TCl507 provide a broader spectrum of Lepidopteran control 

than the commercial transgenic events tested . 
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The CrylF maize events TCI360 and TCI507 were evaluated for efficacy against the most 

important Lepidopteran pests of maize in the United States. The insects tested were: 

• European com borer, Ostrinia nubilalis (Hubner); 

• Southwestern com borer, Diatraea grandiosella (Dyer); 

• black cutwonn, Agrotis ipsolon (Hugnagel); 

• com earworm, Helicoverpa zea (Boddie); 

• fall armywonn, Spodopterafrugiperda (IE. Smith). 

Hybrids derived from TC1360 and TCI507 were compared to non-Bt isolines, and current 

commercial events were included for comparison purposes. TC 1360 is no longer in product 

development .and will not be part of the CryIF 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 1 F entries were segregating for the presence of Cry IF, so negative segregants 

were removed from the plot either by glufosinate application or by detection of the CrylF 

protein through ELISA detennination. Unless otherwise noted, each experimental unit consisted 

of a I5-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 Com Borer 

The European com borer trial was planted at Johnston, IA in a randomized block design with 

three replications. At the V 6 plant stage, entries that were segregating for the presence of Cry I F 
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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 V6leafwith a cotton swab. Seven days later, 

plants were evaluated for Liberty resistance and all Liberty-susceptible plants within the Cry1F 

plots were removed. 

To evaluate for first generation European com 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 com 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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The plots were planted at Union City, TN and Plainview, TX. At both locations, the plots were 

planted after the normal com 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 CrylF were 

sprayed with Liberty herbicide at a rate of 1.25 ml Liberty 1100 ml water to remove all non­

transgenic plants from the rows. 

When it was estimated that Southwestern com 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 plant within 

each plot was not evaluated to eliminate edge effects near the alleyways. The bottom 6 nodes of 

each stalk were split in hal~ longitudinally using a sharp knife. The amount of stalk tunneling in 

each plant that was caused by Southwestern com 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. 

3.3 Corn Eanvorm 

Hybrids from CrylF events TC1360 and TC1507 were tested against Com 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 com in the surrounding area had been planted to ensure a heavy natural 

infestation of com earworm. 

The trials were conducted in a randomized block design with three replications at each planting 

date. Entries that were segregating for the presence of Cry 1 F were sprayed with Liberty 

herbicide at a rate of 1.25 m1 Liberty / 100 m1 water to remove all non-transgenic plants from the 

rows. 

When plants reached the dough stage, the plots were evaluated for com 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 comearworm larvae in 

each plot was also recorded to determine if the CrylF entries' caused a reduction in com earworm 

populations, or if they delayed com 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. 

3.4 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 10ft single 

row plots that were enclosed with metal sheeting to eliminate plot to plot movement of black 

cutworm larvae. When plants were at the VB 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 VI, 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.S Fan Armyworm 

Hybrids from CrylF 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 com 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 CrylF were sprayed Liberty herbicide at a 

rate of 1.25 ml Liberty 1100 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 Com Borer (Table 4) 
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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 com borer. All of the 

IC 1360 and IC I 507 scored a 9 for ECB I leaf damage and had 0 inches of shank tunneling. In 

the stalk, there were 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 

ofless than one inch and no surviving larvae were found on the CrylF hybrids. 

4.2 Southwestem Com Borer (Table S) 

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 IC1507 or IC1360 hybrids. From these results it is 

obvious that both events show excellent control of Southwestern com borer even under heavy 

natural infestations. 

4.3 Com 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, CrylF events TC1360 

and Ie 1507 scored significantly (P<0.05) higher than their non-Bt isolines and equal to the 

Mon810 entries. Mean scores did vary across hybrids within events probably due to differences 

in husk cover and silk channel length in the different hybrids. More open husks and shorter silk 

channels allow com 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 Cry 1 F events TC 1360 and 

TC1507 offer some protection against com earworm feeding damage on the developing ear. 

Based upon the number and instar of com earworm larvae on TC 1360 and TC 1507, it appears 

that expression of Cry 1 F reduces com 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. 

4.4 Black cutworm (table 7) 

There were statistically more surviving plants in the two Cry 1 F events compared to their non­

transformed isolines. Both hybrids from CrylF event TC1360 had 100% plant survival across 

all reps and locations, and hybrids from CrylF event TC1507 had at least 88% plant survival. 

Both events were statistically more protective than the Cry9c Starlink. event in at least one 

hybrid. In this study, MON810 hybrids were not included as controls because they do not offer 

BCWactivity. 

4.5 Fan Armyworm (Table 8) 

Results from the Puerto Rico trial show clearly the complete control that CrylF 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 CrylF 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 TC 1360 and 

TC1507; however, they can cause enough damage to drop the plot score from 9 to an 8. 
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Results from the 1999 field evaluations show that TC1360 and TC1507 provide excellent control 

of European com borer, Southwestern com borer, black cutworm, and fall armyworm and 

suppression of com 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. TC 1360 is no longer in product development and 

will not be part of the Cry 1 F registration package. 
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Table 1. Pioneer European Com Borer Leaf Feeding Scoring Systeml 

RATING DESCRIPTION 

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

injury on a few leaves. 

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

7 Shot-hole injury common on several leaves. 

6 Several leaves with shot-hole and elongated lesions. 

5 Several leaves with elongated lesions (ca. W'). 

4 Several leaves with elongated lesions (ca. 1 'J. 

3 Long lesions common on about one-half of leaves. 
, 

2 Long lesions common on about two-thirds of leaves. 

1 Most of leaves with long lesions 

I From Guthrie, et al. (1960) with 1-9 in reverse order. 
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Table 2. Pioneer Com Earworm Ear Damage Scoring System 

RATING DESCRIPTION , ", , "" 

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 em (>2) kernels 

damaged or lost 

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

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

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

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

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

RATING DESCRIPTION 
.. 

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.~mall elongated (rectangular-shaped) 

lesions of up to 1.3 cm (112 ") in length present on whorl and furl leaves. 

6 Several small to mid-size 1.3 to 2.5 (112" to l'J 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. 

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. 

I From Davis et a/. (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) 

Hybrid Group Event ECBILeaf . EarShank Stalk 
• • ~ - M • .': .~ 

. (doses of recurrent parent) . ' Damage' Rating1,l Tunileling1 Tunneling1 
. :.," ,,~. 'M"T '.':-

. (inches/plant) (mches/plant) 

•• ••••••• 

': . " .. ':,,: " 

Myeogen Hybrid M TC1360 9.0a O.Oe O.Oe 

Myeogen Hybrid M" '. TCl507 9.0a O.Oe O.Oe 

Myeogen Hybrid M Non-Bt 6.3b O.2a l.4b 

Pioneer Hybrid N (3) TC1360 9.0a O.Oe O.le 

Pioneer Hybrid N (2) TCl507 9.0a O.Oe O.Oe 

Pioneer Hybrid N Non-Bt 4.7b O.lb 1.2b 

Pioneer Hybrid 0 (3) TC1360 9.0a O.Oe O.le 

Pioneer Hybrid 0 Mon810 9.0a O.Oe O.Oe 

Pioneer Hybrid 0 Non-Bt 4.3b O.Oe 1.7a 

Pioneer Hybrid 0 Non-Bt 4.3b O.lb O.9b 

Pioneer Hybrid P (2) TCI507 9.0a O.Oe O.Ie 

Pioneer Hybrid P Mon8IO 9.0a O.Oe O.Oe 

Pioneer Hybrid 0 (2) TC1507 9.0a O.Oe O.Oe 

Pioneer Hybrid 0 Mon810 9.0b O.Oe O.le 

Pioneer Hybrid Q (2) TC1507 9.0a O.OC O.Oe 

1 Values are means oftbree 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). 

1 Based upon Guthrie et aI. (1960) with 1-9 in reverse order. See Table 1. 
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Table 5. Southwestern Com Borer Efficacy Data (plainview, Texas and Union City, 

I Tennessee, 1999) 
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Hybrid Group Event 

TC1507 

Mycogen Hybrid M Non-Bt 

Pioneer Hybrid N TC1507 

Pioneer Hybrid N Non-Bt 

Pioneer Hybrid D TC1360 

Pioneer Hybrid D TC1507 

Pioneer Hybrid D Mon810 

Pioneer Hybrid D Non-Bt 

Pioneer Hybrid D Non-Bt 

Pioneer Hybrid P TClS07 

Pioneer Hybrid P Mon810 

Pioneer Hybrid 0 TClS07 

Pioneer Hybrid 0 Mon810 

Pioneer Hybrid R TClS07 

Southwestern Com 

Borer Tunnelingl 

(incheslplant) 

O.Oc 

3.5b 

O.lc 

3.9ab 

O.Oc' 

O.lc 

O.Oc 

4.Sa 

3.9ab 

O.Oc 

O.Oc 

O.Oc 

O.OC 

O.Oc 

I 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. Com Earworm Efficacy Data (Kauai, Hawaii, 1999) 

Hybrid Group Event Ear Damage 

. Rating1,1 

Mycogen Hybrid M TC1360 5.7b 

Mycogen Hybrid M .. TC1507 5.4bc .. 
Mycogen Hybrid M Non-Bt 3.8d 

Pioneer Hybrid N TC1360 5.3c 

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 Hybrid P TC1507 5.6bc 

Pioneer Hybrid P Mon81 0 5.4bc 

Pioneer Hybrid 0 TC1507 5.6bc 

Pioneer Hybrid 0 Mon810 6.1ab 

Pioneer Hybrid Q TC1507 5.8abc 

Pioneer Hi-Bred International, Inc. 
Study 10: Plfl99-o24 
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I 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 Sec 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 

Mycogen Hybrid M 98a 

Mycogen Hybrid M Non-Bt SOc 

Pioneer Hybrid N TC1360 lOOa 

Pioneer Hybrid N TCIS07 88ab 

Pioneer Hybrid N -Non-Bt 27d 

AgrEvo Cry 9CStariink 8Ib 

I 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 (SaUnas, Puerto Rico, 1999) 

Hybrid Group Event I .. FaU Armyworm 
Leaf Damage 

rRatin 1,2 g .C 

.. , 

Mycogen Hybrid M TC1360 9.0a 

Mycogen Hybrid M ". TC1507 9.0a 

Mycogen Hybrid M Non-Bt l.Ob 

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 l.Ob 

Pioneer Hybrid D Non-Bt l.Ob 

Pioneer Hybrid P TC1507 8.5a 

Pioneer Hybrid P Mon810 2.7b 

Pioneer Hybrid 0 TC1507 8.3a 

Pioneer Hybrid 0 Mon810 2.7b 

Pioneer Hybrid Q TC1507 9.0a 

Study 10: PHI99-024 
Page 32 of 89 

I 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 01. (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 :or te3f feeding resistance in corn. Zila 
mays L .. to the fail armyworm. Spodoptera ,'rug(oer­
da iJ.E_ Smithl. 3 major pest of this crop in :he 
30uthe:lStern'r;nited States. consists of two compo­
nents. The first component 1 infestationl brings the in­
sec: and host piant together. After 30me 3Pecified 
time. the iieCond component 1 evaluation) characte~.zes 
the results f)r :heir inter:1ction. 

Corn has been 3creened for leaf feeding resistance 
3ince the mid·1970'3 at the Crop Science Research 
Labor:1tory 'L-SDA-ARS, toc3ted ilt )'lississippi State 
Gniversity. Over the years. the procedures tor in.fest· 
ing corn with fall arm~'worIru and <!valuating the 
response of the plants to their attack have evoi'led 
with efforts :0 improve our abiiity to ~eparate resis­
tant from 3wceptible corn. In :he ear:y years. we re­
lied on !:u-ge. :1atUr:lIly occurring field populations of 
the mIl armyworm to infest our rate-planted con for 
resistance 3c::eening. : 

By 1980. we were able :0 succe:isfully rear the fall 
arm~-.vorm on :1 meridic diet in ~he :abOr:J.tor: . Da­
vis. 1989\. This :l.llowed us to infest olants ~t the 
de:;ired il'OlIIo"th 3tage with :1 pre.,;elec:~d number of 
fall ar:n..-wor:n neonate lar.':!.!!.. ~f)\v. <!ach olant ;s in­
fested i~ the :nid·whor! ~uge 1)(' 11'owth ·.~th 30 :3r· 
vae. The lar-:ae 3re mixed in corn cob gritS :lnd 
dispersed directly into the \vhoris of :he planes using 
a hand-held piastic device I Da,,;s et 011.. 1989: ),oIiilm, 
19891. This procedure h:u provided exceilent unifur­
mity of infestation. with plant escapes being rore. 

An evaluation technique for char:J.cterizing the 
responses of plants to an insec:'$ attack should be ac­
curate and capable of differentiating among 3mall 
diffe~nces in plant damage. Also. the technique 
should be fast and <!asy to execute because thousands 
of plana nOr::lally must be evaluated during the 
process of identw.';ng and de\-eloping resistant 
germplasm. 

To meet mese criteria. ·.ve developed roting iC:1les 
to visu:J.lly evaluate differences in ~he degree of !eaf 
feedinlJ d.aJrulge :unong corn genot)-pes. The ,;cles ue 
based 'In tJol'es and :1umben of feeding lesions present 
on the !el1\-es 7' and 14 d3ys after irue:;tation. The 
scales range :rom I) to 9. ;vne:e') indic:ltes no villible 
damage ilnd 9 indicates heavy dama%,e. The -; ..l31' 

1 

.Kale was deveioped in 1987 .0 minimize the elfect of 
migntory mid-instar Iar-rae on r:J.ting scores. and to 
provide us an opportunity to contrOl with insecticides 
the larvae feeding in the plant whorls after planes 3re 

rated. ContrOl is not possible 14 days mer infestation 
because most .,{the larvae have left the whor!ll to pu· 
pate in the 3Oil. 

Also in 1987. we revised the 14-day K3le that we 
had previously deve!oped :or :-acing :1rtific'.ally iruest­
ed mid-whorl staie corn for degree of leaf damage 
rWilliams at al.. 1983\. The primary reasons fur :'eVill­
ing the ,;cie were to parallel the 7.day scale in piant 
anatomy and insect teeding :esion terminology and 
to adjust scores for damage undoubtedly caused by 
migrator; larvae on resistant plants. 

These two rating scales have been used in our 
screening program 3ince 1988 ! Williams et a1.. 1989: 
Callahan et a1.. 1992). Also. ·.ve shared the ,;cles with 
other plant resistance researchers. Some have report· 
ed adopting the 3cales for :heir use in 3creening :or 
wI ar:nyworm :eai feeding resistance in corn and :lor· 
ihum IDiawam et 011.. 1990; Diawam <!t a1.. 1991: 
Wiseman and Isennour. 1992). Only brief descriptions 
at' the Kales were p~sented in these pubiications. W~ 
report here the: (1) methodoio~ used :0 devi3e :he 
scales. 12) ~!nciency f)f the 3cales in sep3r:J.ting re;;i;;­
tant from :iusceptibie corn lenotypes. and (3) corre~:l­
tions between scales. 

)Iethodology 

Aciditional knowledge of the feeding beh3\;or of :he 
fall armyworm was needed ;:0 devise a damage ,;cale 
based on "7 days of feeding and to revise the 14-.:iay 
se:Ue. Observations were made otvery other day on ~he 
progression of fall 3r:l1yworm iar-ral teeciin!l on JUS­

ceptibie and resistant corn plants infe:;ted with 3Q. ne· 
onate Iar'lae at the mid·whor! 3tage of ;p'Owth. T}-pes 
and sizes of iesions were recorded at each obser:at;on. 
Photognpnic 3lides or :he damage were :3ken iler.­
odically to :1ilow further :ituay 'J1' lesion :ypes. Iruor· 
mation on lesion type and 3ize was used in de\;:iini 
the 7 -day ,;cle ;lnd re\;sing ~he 14-day ,;cale. 

Experiments ·.vere conduc!ed in 19157 and 19135 :0 
determine the efficiency of:he:ie 3ales in jeparating 
resistant from 3usceotibie can. In 1987. 15 :nored 
lines with :mown le~is of 3wceptibility to lest :'<!~. 
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ing hy the :ai: ll'::::--.vor.::t were it'OWtl in .1 :':lndomized 
compiete oiocj,::ie::i~ :n single-row plots. 5.: :n ,16 
ftJ long with :.:: :n .;38 inliletween:ows. with :wo reoli. 
Qtioas. Each ~'JW ' .... :1$ pianted with 35 seeds .lna :a'cer 
thinned:o ~O ~;.lr.:,;. A!S~nomic !)r:lctices common :0 

our area wer! ".lso!ci :0 srow the plants. \~nen the 
plants were .1: :he :nid··.vnorl stage. each ?iant was 
infested ·.vith ·~o =teo nate :ar'V3e. Seven da\'s ;li'te:- :n. 
festacion. tac::' ?iilnt ·.vithin a row ·.vas vis~aih' :":lted " 
using the ';'.d:ly 3caie. The .same plants were' scored 
a week later ;l.;ing :he revised 14-Gay scale. The ful. 
lowing year. a ~imibr er,leriment IVa5 conducted us­
ing :20 inbred :ine::. The lnDrecis were planted :n :hree 
replications. 

Data 'plot :;t~ansl were 3ubjec:ed to thl! _\~Ov ... -\. 
'Steel and Tor:-:e. 191301. ~Ieans were sepB.r.1ted for .. ii' 
nificance using 5tudent':~jewman-Keuls' test. Corre­
lations between l'ating 3C3les were calculated !or each 
experiment. 

BeQU5e plant host and :emperature are major fac. 
tors governing ::ll":ai 6l'OWth rate. the numoer ofileat 
units accwnula;:eci during _he';' -day and 14-day feed­
ing periods wa,; .:aiculated from temperature records 
provided by the ~Ii';3issippi Agricultural and :orestry 
Experiment 5[.1:ion. The !leat units fur a given peri. 
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od were 3cC'.lmulaced !ly 3ummini daily heat units. 
Which were estimated by 3ubtr:lc:ing ~e base :em­
cer3ture or' .jiPF from the mean daiiv temcerarure. 
~ temperature inr1uences insect gr;,wth ~te and 
resulting damage to the ,lant Oy :he larvae. this fnc­
tor jhould oe considered ·.vhen :naking a decision <>n 
the :lumber or'days :liter iniestlltion to evnluate the 

" responses of ~he plants to the insects' 3tUlck. 

Larval Feeding Habits 

\linen mid·,vnorl 3tllge corn is infested \vith tall Jr. 

tIl"IWorms. the larvae feed on leaf :issue ·.vtthin the 
whorl tor their entire developmental period. Differ­
ent types of feeding lesions are made 3S the larvae 
progress through cheir various instars (Fig. ll. Pin­
holes, small circular lesions. and ;Omall elonlPted I rec. 
tangular 3baped) lesions of 1.3 cm ; L2 in) I)f less in 
length and about 0.2 em I L 16 inl in width are made 
by 1- to 3-day·..,ld lan-ae. These lesions occur :lormal. 
ly between leai veins. 

When the larvae are about 5 days old. they begin 
to make mid· sized (up :0 2.5 cm ;1 inl in length, to 
iarge igreater than 2.5 'cm' in length} elong:lted le­

. 3ions. These lesions usually range from 0.3 to 0.6 em 

Firure 1. Types a{ lesions caused by fall armyworm larval feed. 
ing on leaves (a. pin-hole: b. :small circular: c,. small elongated: 
c:. medium-Jized I!longated: CJ • large elongllted: d .. small uniform 
to irreiular jhapeci: d:. medium-Jized uniform to in'elJular 
shaped: d., \ar;e uniform to irregular shaped: :lI1d I!, :Jhochole} 
and t: leaf sheath. 

=====--C2 

====---d2 

e 

d, 
-:;;;::,--f 

2 



I L'S :0 1.", inl :n ·.I.-teith. Lar::1e :e55 than 5 days old 
feed :lS le:u' m::':lc~ .icrapers and :he basement memo 
brane of :he ;eai remai!1s intac:. 

WOnen the lar:ae :oeac: ? :0 ';' ciays old. they begin 
to eat completei:: :hrouih :he !eaf. consu:ning the 
basement lD.mor:m~ !:lis C:/l'e oi:.51on may be uni· 
form or in'egular tn 3i1ape and range from .. mall to 
medium in 3Ue. Ltaf wsue may ~e completely eon, 
3umed along :ne :narT.IlS and inner portions oi the 
lear: 

Ai the larvae continue :0 srow. Iar'ilr portions oi 
the leaves are consumed. Such lesions have ~een ob· 
Hrved to be 3S !a.r;e 3S 1.9 em ;vide by i.o em in 
length 13,'4 in hy 3 in) .. o\cieiitionally, when late instar 
larrae feed OD :he '.1pper whorl and furl lea\"85. they 
will often ut directly through these tightly furled 
leaves. When the !eaves unfurl. a !eries oi uniform 
to irrelJUlar 3haped lesions C:1!l be observed 3CrOSS the 
leaf. Often. the!e lesions resemble 3. line of inotholes. 
If the tar.-ae feed :h.rough the tip of the furled leaves. 
the distal I!nQ l'Ji :hese !e:.wes is ':rUnC3ted. 

Information aD fail ar:nywonn larral feeding habitS 
was used to de·.ise a .iC:l.ie based on less than l~ ciays 

Table 1. A 7-day rating :lcale Cor \isually estimatin, 
damalJe aD leaves ot Dlid·whorl :italJe corn caused by 
fall armyworm lar"'al l'eediDg. 

Score 

3 

5 

6 

j 

Description 

~o \'isioi. ~ .. 

Olli~' ;mu\oie : .. ioD.l ;lre~ut ')D ·.vllor: :.a\·es. 

P!l1iIoies :1ad ,m:til '!!r'C'.:i:1t !esions preHn, oa 
",i'lori :ot:1""". 

P!anoies. imail ~ire:ll:lr :.SIOns :lAd .l :'ew iftl:1i! 
.Ioftlr.ltotd 'teC'::1IUlui:l.l' jr.:1!111d) !"IOIU 01' ap :0 

1.J ~m .. 2'" ill : .. nor-h ;!~nt .:.n ,,,i'lor: ~DQ 
tUr! :.3\"":i. 
Smail .ioapt~ :t.ion, ;)I"!~ent .1n ·.~hor: :"a~es 
mei .l :i,,, :11IQ·jl:eQ tionpleG :.sio~ Ji :.J :0 

:!.3 era L 2" to : '" ID :eDljt:t ilresent ')11 ·.whorl 
:1Dd..,r :\u! :.:1'"'' 

SID,"I .ioalr.l'~ :"510n • .lIlei Hveml :Did'lind 
otloll:,::1totd :"io"" ;lreHnl ')11 ·.,aorl :lAd :'uri 
Ift,_ 

SIII:1I1 :lAcl :Did'iized .IODcated : .. ions jllus ;l 
I .... :ar;e "Ioapted. :.,ioIU .x ~.ter :haa 2.5 
C/l ·1 .... i!l :ear.!t preseat .:.11 ·.horl :lAd.or :Uri 
!e:a'"s. 

~L1.ny .mail .leci ::id'5ized "lolllr.ltK : .. ion. 
p-.n' ·,n ·.vi'lorl :.Il"-" ;!illS _r.1I ::1tp -tion· 
p,<Id : .. iOD. ilreHnt 'In :he furl : ....... 

~13D)· imall .lllei :nici'iizeci tloapted : .. IOns 
;lrtHnt 'ID wi'lor: :e:a"el ~ius mllll)' !:ar;w .ion· 
,r-l11Hi :II:lIOns 01:: :he :'uri :"aves. 

~br.r of!ODIl:1t~ :""10"" 'li .111 ilZlS ~II '"lIor! md 
Cur: :":l''" jliU.f .1 :iw ·,uu:or:n :0 il'l"e1(llioV 
ih:1c.cl ::oi" ;:lUment :11embr:lae ,'OlIlIum.a, 
":1teft :':om :h" ~lUe oJi :b" · ... lIor! .1I11i-IIr !'ur! 
:u,·." 

3 
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of larval infestatioD on :he corn :liants and to eiete!'· 
mine when .In 1!3J':y !eai-<iama~! :':1tini .nould ~ 
taken. Seven .lays mel' Eniestacon was oosen be­
ClU5e tl) ci:unail was easiiy \;siDia.. (2) ciliTe:-ene~~ De­
tween resistant and ilUceptibitt r-not:"?8S we:-e 
mdent. and (3) it '.\'CLi a :r:lnsition :er.od be~en iar· 
vae bein~ leaf 'C!':lpers .lnci beco~ni' toul !e:u' ~u.. 
aue consumers. 

Visual Rating Scale 

The 7 -day and 14-day 3C:lles :Or evaiuatini the 
degree of leaf ciamaie aused by f3.il ar:D.Y"'Ilr.n.s feed· 
ing on mid·whor!·itaie corn ;lre shawn :n Tailles 1 3J1ci 
2. Both 3C3les atiiize a .) to 9 ranie at .iCores ba:08'i 
aD lesion types and :1u::lDer :hat ·;<cur on :hl! who!': 

Tllble 2. A l+day r:UUl, scale for visually estimatinf 
ciamllle OD leaves of mid·whorl :iUle corn caused by 
fall ~yworm lar.·a1l'eediDlJ. 

Score 

o 
1 

3 

oJl 

j 

9 

~o ·.'Uloi. Q=1Je. 

OQ'~' ;liMO!' . .sion. iI~:lt OlD ."lIor: :~:1VU 

i".:noi .. .1Ild !::ail .~a: : ... ions preMnt ola 
",itori :nYe5. 

Smail \!i..-e~3: :tsioa.:s ~cci 1 f&\~ :im.~! -!iODPt~ 
;rect:lDC'.tioV·!itapecil ! .. io:l oX' '.1p ;0 !.l e:a 
, l:!- ;D :.IIr.: ;!rtieQt ,,~ ·.vhorl .lad :'url t.:l"'" 
~e"'.nl ~1I1lli! :0 :nid'5izeG :.3 ;0 2..3 = . L Z~ :0 
1- in :otDItB ~iollpted !etions iI-.~t'lI :1 :ew 
..i:or! :lAci flU': :e;1' __ 

Se,·er.1l :.v;e .ionc:uaci :etioas ;re:ater :han :!.3 
em l .... :D !ea~",::s ;ll'ftenc "I .l !' ... ""r-ori .1Ild 
r'uri :,.,·e:l me!. Ilr :1 ;'w 5=i1· ;0 ;al<:i'flzeQ =i· 
(0= :0 :.rr.r~oV 5bapeci ::Oi •• 'b .... :::.at ::1.m· 
Ql"3ae ,'OIIlIwz:1l<i1 Qtea :'nr= :h. o.yllori .1Iuior 
i'W': :.4\,"-

s...-.nl :.v;t .ionpted :HIOId ilre5e!l' 'ID .. , .. r· 
a.i 'MiIor: .1Ild :'ari :.a.,., .u:ci;or _r::i ,~ 
Wli:ar:n :0 i~illr ibapeo:i hoi .... .t:at.n :rom 
l'uri :1nd ··"hor: :,,:1"_ 

~llny "Ioa,.teci t .. IOIIa iii .til jizM ;ll'tient on 
_ .. r:lI ."bor! .uld *"'1 tea .... pi"" _r:lI !ar;e 
WIiiorm :0 inqul:ar 5ho.peci !toln ot3tell :rom 
the whorl :lAc:i :UrI :eaws. 

~y 'tioa(lltK ! .. ioaa oi .til .iza ;lrtsen, on 
_t ·..,horl .1Ilc:i :'ur! :ea' ... ;Jiua ::l:1~' :nlc:i· to 
~'lZed :uw"anu. ;0 lrTetui:ar .n..peci ?toi .. 
eatea :'rom :h .... Ilorl :lIIci :'arl !eaves. 

Whorl J.Dd :'ur: :IIa''IIS :11=_ :ouily ,iett"*..G. 

• Sco,... 5 iUld 6 :lc:ijuat :ar :~( tiamqe ClII:Mci bl' rlU4f':1tor;' :nlli· 
iuQr!&l'Ia& PI.:1atl that =, .. :'tec:i.ia1J by ::llVolg)~' :ar:3ot cxn:i:1t 
;l bruit ID the Hquence of:.~ of:.v<r:li :ftcii:V !oHlOn:l. for ~I(. 
3l1l\I1 .. ~ ;lla.ct JUoIr.nDIJ froID :lUcr:to~· :.l1'Ylli :"e.ec:iill( =r :X' 
iUbit ;riahoies. .mail ~:n:'.uoV : .. ioa-.. :uui ::en nllail :0 :;u;e of:lC.n 
out !Ioi .. in thot :0t2VH. ~iul:21J :a ~. i_in" HqUot!l.:a· .are :Iw 
lIlid'iized iUIci !.v;t otionlJ:1:11<i : __ iolllL 
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Taole 3.liean !eaf feeding :'lltings tOr 15 corn inbred 
lines infested at :he :::r.id·whori Rage with 30 neonate 
fail armyworm iar:ae per plant 11987'.1 

S\UCepcibility 
IDhred Cl_iftemoll" T-Cay 14-0ay 
~C::52 S i.7 ~ 9.0.1 
~C:.56 5 i.l a 9.0 ~ 
TlIiOl S i.! J. 8.9.1 
AbZ"C: 5 7.0 :1 .:5.9 :1 
~C262 5 8.3 :1i1 3.:" 1 
~C2S-l 5 8.0 :10 9.01 
~C:.5a 5 a." 10 15.5 :1 
~pol96 R 5.8 oliIc 8.3b 
~pi03 R 5.2 be 5.9 Oc 
Mp;02 R ".3 c: 5.:!x 
MpiO", R ".3 c 5.-4 Oc 
Mpj"g R ".2 c 1i.0x 
Mpi07 R -4.1 c: 5.ix 
MpiOI R ".1 c -4.9 c: 
MpiOS R ".0 C lUX 

'The number '}I' lieu WUU'~:1~ 50"F'! accumulaced!%om 
day L :brouCh loly ';' wu :75.0 .1.Dd 3":'l." ror the l~y per:od. 
'S • lui f~ 5USCepcible: R • leai ~eedillC resmant. 
1~[.1lJl.I ..;thill .1 .:oiumn :'oilowed by :be .a.me :.tter do aoe dli!er 
lipific:l.Jlcly 1t :hot 'J.1l5 . :evei oJr" proOabilicy ! 5tudellc,~ewm=. 
Kotuu' test'. 

Table 4_ )lean leal feeding r:ltinis Cor 20 COrD inbred 
IiDes iDlested at the mid-wb.orl nage with 30 lleonate 
Call armyworm larvae per plaDt (1988).1 

RadDe 
Suscepdbillcy 

IDhred ClauiftC::lIl0a' T-Oay 14-0ay 

:-::36 5 ~.! :1' d.~ .1 
U73 5 7,S .lO d.o .1 

5C3-4J 5 7.3 3D il.:" :1 

::-iC:.5Z 5 i.Ox 3.5 :l 

SC::29 S a.a be 3.3 :l 

888 S 6.3.:1i d.::: :l 

Mp;2:299 5 8.2 cd 8.1 :l 
Tx601 S 8.1 .:d 8.2 :l 
.-\))2,,£ S 6.0 cd 8.tJol 
Va35 5 5." d 7.3 :1 
)(P"96 R ·U. Ub 
Mpi06 R 3.ge .Ubc 
)[pi02 R 3.:" (r Uotd 
)[p;OI R 3.2 fp 5.3 cd 
l{p:"05 R 3.:!(p 5.0 cd 
Mpi03 R 3.0 flil ".3 .. . 
)[p707 R 3.0 fch ".3 e 
l{p:"O-l R 2.7ib Uecl 
)[p 78:5151 ~(5) R 2.6~ Uotd 
)[p :"S:51s(CCC,[,:"1'\ R 2.5il Uo!d 

:ThellumDer .,i::':a, ~IU 'd~ ailoYe 50"Fl accumuiated from 
day t :hrnUCil .::ay ~ ..... Ul.5 ~ :392.0 tor ~e l~y period. 
:5 • !ear·:...unc ~1UCotP'lbi,,: R a lear" !eedillC :tiistaDt. 
'M.allS ~tlllll .1.'Oiumn t'oilowed ~ :h. _ letter do IlOC ,filTer 
~!y:lC :':'0.1)5 I .... i lliilr'Ooailiiicy ,5tudent·~WIIWI K.tull· 
:"tl. 
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aDd furl leaves. to!siontYlles :':lnge in :eventy :rom 
· pinho II!. smail circul3.r. 3mail elongated. :nid'~l%ed 

eionrated. !:u'ie elolliated ;0 3mall. mid·;;ized .lIld 
lllri8 unifor:DI~g'.!!ar siuped hoies eaten :rom :he 
!eaves.Thisse\"erity range parallels the t'ee<iini ;e­

quence of :1le larvae u :hey rrow to maturity. 
Plants that show :ni~tor:: larll1l feeding ·.viU have 

a oreak in:he5equence of :"eeding lesions. Those 
.,iants that :ta"'e on!:: pinhoies. small circular . .lIld 
small elongated :esiollS on lea\'es but regulariITeiU' 
tar shaDed :esiollS eaten from the furl leaves ;ll'e 9X­

ampies 'of tile ed"ec::s of :niiI'lltor:' larval :eeding. The 
mid-;;ized and large elongated lesions ;ll'e missing, 

· Scores oi 5 ud 6 in :he l-l-day Kale adjUl!t [or damaie 
caused by :::ligrating :aid-instar lanae onto resist:ll1t 
pl:ll1ts. Also. the 50le:; retlect :he degree of!ar;al :In· ' 
tibiosis uncial' nonpreI-erence possessed by the "lant. 
_~ the ~\-erse etfet:s on lar.al iTOwth ;.lna.;or 3ur­

vi .... a! increase. le31-da..a:aie decrea.~s. The :':lting SC3le 
described by Guthrie ~t aI., 19601 for 5creenini wnorl­
:>tage corn :'or resistaz:ce to the European corn borer. 
Osrrin.ia l'luoilaLi.:I ,H':lne:o'. was '.1Sed ~ 1 model :01' 
for:nulating :he sca11!5. 

When rating plantS. ',ve identify the :ypes of !esions 
present :lrSt and :hen ·:onsider :he number ,,['lesions. 
The most 5e\'ere lesion "Yil.8' 51 immediatel~' pves :ne 
r:lter the 3Doro:timatc! 5core . .-\ final 3core is :J.r.!\-ed 
at quickly b;' :hen obser-:ing ~esion number. The ·;lS· 
5ociation between !'ating score and leat" feeding 
damage caused by rai! armyworm lar:ae is iil'.1Str:lt· 
ed :n F:gure5 2·5. At 7' iay's after infestation, the .,i;lnt 
in Fi$'.ll'e :! :'ate,; a :core of .!e, whe:-eas. :he .,iant :n 
Fig'.11'e ;J rates 3. :core of 9 '.1Sin~ :he ';' -day 3cale. At 
14 days mer ini'estat:on. :he ;alant in Figure ~ rates 
a ~ore .. ,t" .; .lIld the ;Jiant in Figure 5 ratt!:! :1 .;core 
of 9 using :he 1J,·day· ,cale, 

Screening Efficiency 

· Both the 7'-day and ~he 14-<iay 3cales lore efficient 
in separatinr resist:ll1t from sUsceptibie corn ;e!lo, 
t11les as shown in Tables 3 and 4. Adciition:ll!:--, :he 
3C3les are highl:-' cOl'!'eiated ir \'lllues for :he ~wo ex­
periments equ~l 0.93 and 1987 and 0.97 in 19S5·'. 

Summary and Conclusions 

Two rating scales have been devised and ue in ~;;e 
for 'nsually ~valuatini mid-whor!·stage .:orn .,ia~t.i 
for differences in degree of leaf t'et!ding dam3~e ':::I.1.; .. ~d 
by :he fan ;U'mywl)rm. They are' bued In :hl:! types 
of feeciing !esions and ~umoers III :hese :esions pre:;e!lt 
on the ·.vhor: ;lnd fur: :e3\'8s 7' 3nd 14 days uter :n· 
resting each i'lant with 30 neonate [ar:ae. 



L" nder our :'lormal !ummer temperatures. the !ar' 
vae ·.vill have caused !ong '!Ionpted lesions and ·.vill 
nave JUSt Oeg'.ln to I!at out uniform :0 irregular shaped 
boles from the :e3\'es I)r"~ighly susceptible genotypes 
by -;' days after infestation. By :he l~th day :liter in· 
festation. feeding on susceptible r-notypes \viU have 
ceased. and :he !ar.'lle ·.vill have ~ntered the ~il :0 
pupate. In other locations, where temperatures :1l'I! 

3igniticantly ~ooler or warmer than ours. the day 
Hlected for r:ltinl ::lay :lee<i to be :ldjusted to fit the 
lar.:al feeding char:lc:eristic:s under their normal :em· 
peratures. 

The '7 -day and l .. -day sC3.1es are highly correlated 
in their ability to separate resistant from susceptible 
genotypes. Either or both 3C31elsl can be used in 
K1'eening for resisUlnce and for e..'qlerimenes where 
leaf feeding ratinl$ are needed. Thus. having availa­
ble both -;' -day and l .. -<lay r:lting 3C:lies provides tlex­
ibility. The advantages of the -;' -day scale are that it 
minimizes the effec: of teaf damage caused by migrat. 
ing mid-insUll' tall armyworm larlae by the rating IJC· 

curring prior to most of the migration. and that it 
provides the researcner ·.vith the opportunity to use 
an insecticide :0 kill the larlae after rating while they 
are in the whorls. )(anagement of :hese larvae is im· 
portant where this pest poses a problem :0 other ex­
periments and 3\.1lTOunding plant hoses. The l-Hiay 
sc:lle lives the researcher a view of the total feeding 
dnmage c3used by the larvae. It also provides an op­
portUnitj' to deter:nine if the l'ianes show any late 
resisUlnce response :0 the insect that would not be ap­
parent at 'j days after infesUltion. An o!x:unpie of il 
deiayed resistance response was obser:ed by Diawara 
et al. 119901 in some con""erted 3org'hu:r.s being 
screened for :"I!sist:1nce to the fail armyworm. 

In conclusion. these sC3les have pro\"en to be: m :lC· 
cur:lte in their abilities ;0 separate l"esistant :'rom sus­
ceptible genotypes. (2) capable of differenti:ltini 
among small diITerences in damage. (3) fast I requir· 
ing only 1 to ~ minutes per row of 20 plants. ilnd ,-') 
easy to execute :Ute~ 30me ilrac:ice. 
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LEAF AND SHEATH FEEDING RESISTANCE 
TO THE EUROPEAN CORN BORER IN · 

EIGHT INBRED LINES OF. DENT CORN 

W. D. GUTHRIE1, F. F. DICKE:!, and · C. R. NEISWANDER3 

INTRODUCTION 

The development of hybrids r~istant to the European com 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 inv~tigations began when prac­
tically all com grown was open-pollinated. F or several year5 the work 
on varietal r~istance consisted of testing open-pollinated varieties, 
inbred lines, and hybrids to locate resistant germ plasm. 

At the pr~ent 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 backcrossing in combination with 
various methods of intensification or recurrent selection has been used 
successfully. 

l\<Iost 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 ~tablishment and survival. For the 
European com 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 

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

:lU. S. Department of Agriculture, Agricultural Research Service, Ento­
mology Research Division, Ankeny, Iowa in cooperation with Iowa Agri. 
cultural Experiment Station, Ames, Iowa . 

JOhio Agricultural Experiment Station, Wooster, Ohio. 
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the midrib and the leaf sheath. The 5tudy reported herein was d~igned 
to extend our information on both leaf blade and sheath feeding resist­
ance of the first-brood infestation. 

REVIEW OF LITERA rURE 

Three of the earliest reports of differences in borer survival in 
strains of com were those of European investigators. Roubaud (1928) 
artificially infested five French varieties of corn with newly-hatched 
larvae and found almost complete mortality of larvae on Dent de 
Cheval. The variety HatH d' 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 -1-,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 .-\frican 
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, Meyers et al. 1937, Huber 1939). 

~reyers 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 SO 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 com borer resistance was 
made by Marston (1930a. 1930b. 19:3 t. 19:3:3). The vari~ty Maize 
Amargo, which is a flint variety d~veloped in .-\rgentina from material 
beli~ved to have bc=en introduced from Hunga.ry, was observed to be 
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resistant to com borer attack. This variety was crossed with several 
native dent varieties. The F l generation of these crosses was heav.ily -
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 Arnargo crosses than in the 
native parent plots. . Of 935 F;; families tested, 227 were not -infested. 
~Iarston interpreted this as a simple Mendelian ratio of 3 to 1 and 
believed that the resistance of Maize Amargo was a simple recessive 
character. Marston (1933) also showed that the resistance of Maize 
.-\margo was transmissible to the progeny of its crosses. 

l\Iarston and Mahoney (1933) crossed Maize Amargo with a few 
varieties of sweet com in an attempt to select resistant sweet com types. -
Lines of Golden Bantam X Maize Amargo were selected which were 
highly resistant and equal 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 ale (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 ale 1941; Pepper and Garrison 1941; 
Thompson 1941; Huber and Stringfield 1942; Patch et ale 1942; Patch 
and Dea y 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 com inbreds. 

The genetic basis of corn borer resistance has been postulated by . 
several investigators. Patch et ale (1942) concluded from tests on a 
large number of open-pollinated varieties, inbred lines, · and dent com 
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 facto·rs. In these tests the plots were artificially 
infested, and the number of borers surviving in the summer was deter­
mined by dissections. 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 com. 

From a study of 97i sweet com inbreds, which were artificially 
infested, Schlosberg and Baker (1948) found that 44 manifested some 
rdistance, 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 .\411, which was derived from A344 X 
L31 i, from the susceptibility of inbred line .\344. His data indicated 
that the resistance of .\411 was due to at least one gene in the long amI 
of chromosome 3, one in the long arm of chromosome 4, and probably 
one in the long arm of chromosome 3. The resistance of A 411 was con­
sidered dominant in ~ll 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, 
~r 14 X MS 1. Segregation of genes for borer resistance at three or more 
loci with at least partial phenotypic dominance of susceptibility was 
indicated. In a B 14 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 backcrosscs. The F:: and selfed backcross progeny ratings 
could not be explained on a single locus ba."l:s. 

In a later article, Penny and Dicke (1957) .reported that ratings of 
leal feeding on plants in F:: and backcross progenies from two susceptible 
X resistant crosses (the susceptible parents were ~r 14 and WF9; the 
resistant parent, g 1 ~ VI;, used in both crosses was a stock homozygous for 
two very closely linked genes, glossy, glr, and virescent, Vl;) indicated 
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that resistance differences were conditioned by segregation of genes at a 
single locus. The resistance gene was linked with glr Vtr genes of the 
resistant parent with cross-over frequencies estimated at from 31 to 37 
percent. 

The role of chemical substances recovered from the com plants in 
inhibiting the growth of larvae has been studied by Beck (1951, 1957 a, 
195 7b), Smissman et ai. (195 7a, 195 7b), ' and Loomis et aI. (1957). 
These authors have isolated several chemical factors that inhibit the 
development of larvae, designated a::; resistance factor:s RF;\, RFB, and 
RFC. 

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

The inbred lines WF9, W204,W210D, W22, and W22RB were ' 
utilized by Beck (195 i c) 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 Band C contributed about equally 
to the resistance factor activity found in internode, leaf sheath, husk, 
and silk tissues. 

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 com were assembled for a study of their 
resistance to survival of the first and second larval instars, a.<; expre:-l'cd 
by feeding damage to the leaf blade in the whorl stage of dC\'e!opment, 
and their degree of resistance to the third and fourth larval instar.-. 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 
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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 e.~perimental inbred (W24 X Ind. B2) -2-38-l-Sel. was 
developed by L. H. Penny and F. F. Dicke at Ankeny, Iowa. W24 is a 
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 .-\gricultural 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 (m.B lOX W25). Hy, used 
as the non-recurrent parent, was derived from the variety Illinois High 
Yield by A. M. Brunson at the Kansas .-\gricultural Experiment Station 
and further selected by C. R. Holbert in Illinois after the fifth genera­
tion of inbreeding. W22R was developed in 'Visconsin by N. P. Neal. 

A295 is a direct extraction from (.-\344 X L317), selection lOBS. 
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 la. IS3 which was 
derived from the variety Minn. 13. L31 i is a derivative from the open­
pollinated variety Lancaster Surecrop. Both of these inbreds were 
originated by ~I. T. Jenkins at the Iowa Agricultural Experiment Station. 

Oh43 is a derivative of (Oh40B X WS), Oh40B being a direct 
isolate of a composite of eight Lancaster Surecrop lines. WS is a second 
cycle inbred derived from (Minn. 13 X Ill. A4S) and developed at the 
Wisconsin Agricultural Experiment Station by N. P. Neal. 

Oh5lA is a recovered line from (ObSl X Oh 17). OhSI was used 
as the recurrent parent and is a derivative of the open-pollinated variety, 
Clarage. Ohl i was used as the non-recurrent parent and was 
developed from an ear to row breeding stock. Oh43 and OhSlA were 
developed by G. H. Stringfield at the Ohio Agricultural Experiment 
Station. 

B14 was developed from a Stiff Stalk synthetic variety by G. F. 
Sprague at the Iowa Agricultural Experiment Station. This inbred 
was included because of its outstanding stalk qualities. 
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~n4 was developed by B. E. Moews of Granville, Illinois. It was 
derived from a single cross (BRlO X RS) and released from the Illinois 
Agricultural Experiment Station. The origin of BR10 and RS is 
obs~ure. 

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 extensively used inbred 
in making up commercial hybrids. -

These studies were initiated in 1953 and concluded in 1956. \Vith 
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, depending on seasonal 
weather conditions. 

The experimental 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 3:3 1/3 percent ammonium nitrate fertilizer was 
applied as a side-dress applicatior: at the rateoflOOpounds 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 n~ar 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 1953 the application of egg masses was made 
when the plants were in a _ slightly later stage of development. The 
inbred lines ranged from 2i.4- to 36.9 inches in extended leaf height. -
These tests simulated, as nearly as possible, the natural first-brood 
infestation. - -

The pattern of birval survival on the inbred lines was determined 
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 intervab 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.e., 
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 ~eaves. 

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 l~ions. 

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 com 
borer in the com 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., a midrib or sheath lesion 1 to 1 Y2 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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c()ll~lr. ~l;--. ill F:~q!"{: -+. \\J..' ~·n1.ln~t·d .. ~.' :hr('(~ lc~i(;n.'. Thi:, :ilc~htili '.!:l\·f~ 

J. be:tc:- :nJex "f ~n:lln' rn cht: :11i~r:h. ,h!·~Hh. ,wei ·he:.l.(h '-')ila; than i:: 

Fig. l.-A class·1 visual leaf rating showing small and few lesions 
caused by young larvae feeding in the whorl. Typical or a resistant 
reaction to the first-brQod Colrn borers . 
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pn, .... ir,ic h\' Ji:-rt::!:tn:;!l:! dk .. i.~l·)[ tnl' lr:-i'JIl. F:'.!,,:',,:--) ,wd I) .. hi;\\' 
rypil:.l.l :'c~u:n~ nf third .U;(,: tlll:'r.h :Il:-ur ~~t:" :1.(~ '.on chI.: .. ht:~t(h ,l:!U 

midrib. 

Fig. 2.-A class 3 visual leaf rating showing severo I leaves with 
elongated lesions. Typical of on intermediate reaction to the first-brood 
corn borer. 
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Fig. 3.-A class 9 visual lecf rating showing numerous elongated 
lesions caused primcrily by firsT and second instcr larvae feeding in the 
whorl. Typical of a highly susce?tibjerecc~if.)n to the first-brood corn 
borer. 
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Fig- 4.-lesion c:cused primar:ly by third and fourth instar larvc:e 
feeding in the sheath collar. 

1 , ,-

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 

f 
I 
I 
I 
I 
I 
I 

• 
I 
I 
I 

Pioneer Hi-Bred International, Inc. 
Study 10: PHI99-024 

Page S9 of 89 

The !1~l'~h( :d:, '.l~t::l ;n rir-r-hr· '1'.1 :-t>i~unle .t!ldie~ haw: e\,oh'ed 
'!IIJwly. 01t:':m; :i1e ";lrly '.\1'1':,. (he ,:r:cc:rilJn II.'~'J .1:' .tn .index for open­
pf)llinaced. hd1rid .• :r :nbrl'~! ~int: PC':-fI1r:llance \\:1:- the numbe::r Qf larvae:: 
thac .~Ltr':i\ed whien wa.' :l~u.til: Jc:rc::-:uineJ ~\' Ji:-,e!~:ion !n late July or 
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.• " . 
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Fig. S.-Les:ons caused primarily by third and fourth instar larvae 
feeding in the sheath . 
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eariy .\ll~'!.-r. T:-t;- ilwrh"J :11\ "h"'d ,l ~rcac deai 'J! work for c=yaluat­
in~ .mh' ~l ~'t:,,\ h,:nl:rd ,::1cr;,:,. Huhcr I ~',) ~ I.I;-~J leaf feedin~ punc­
ture ,·c)!1l1t.'.1:" ~ln ~nJt::-: 1)( r~~i;-l.lnc,: cn nr"t in;-(:u !:If\'ae. Patch and 
En!rly I ~I+~) u.-ed mawrt: lar'::lc in (he fall .tnJ ;11;-t) 1t:;1f feeding 
ratin~:" ,: b~~ f) = ka:'L (I) 1 i} = hi'!ht>C tnfe~(a(i{ln ~en:l for e\·alll"Hin~ 
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Fig. 6.-lesions ccused primarily by third and fourth instar larvae I 
feeding in the midrib of the leef. 
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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 basLo; before pollination. This system preserves the resistant ' 

cultures fo'r 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 he 

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 rating5, 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 tht 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 a 

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 :\ppendix Tables 6-8 . . 

"Unpublished data. 
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EXPERIMENTAL RESULTS 

LARVAL ESTABLISKMENT 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 a 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 (-l) 
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 1953 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 j . 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- fot 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. 

Although the level of larval establishment and survival in 1955 was 

very low, a trend in inbred performance is obvious. B 14 (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, Oh5J..\, and 

M14 harbored similar populations of 3.5, 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 BI4 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. 

The low leaf feeding ratings, lesion 'counts, arid 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 ~Iaking Leaf Feeding 

Ratings and Lesion Counts in Resistance Investigations." . The follow­

ing discussion is based on the data recorqed 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 in.c;tar stage of development 
on the 3D-day dissection in terval. 

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 re:;ist­
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 irutars. 
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. 

:\295 was highly resistant to the first and second larval instars. 
The rate of larval mortality, however, was somewhat slower in ...\.295 
than it was in (W24 X B2)-2-38-1 and \V22R; i.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 iristars but 50me­
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. As is 
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. Oh43 had 2.8 burrows per plant 30 daY5 after egg hatch. 

OhS! A appears to be somewhat susceptible to the fir5t and second 
larval in.~tars but r~istant to the third and fourth instars. The rate of 
larv.al mortality was considerably slower than in the four previou!'ly dis­
cussed inbred'i. The larval population of 14.1 and 5.3 per plant five 
and ten days after egg hatch, respectively, is reflected in an intemlediate 
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, r~pectively, which b reflected in a low 
lesion count of 2.9 per plant. Oh51 A also had a low number of burrows 
(3.3 per plant). 

B 14 was highly susceptible to the first and 5econd larval in.~tars. 

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 B 14 harbored five and ten days after egg hatch, the lesion 
count of 5.5 per plant is rather low. It appears that this phenomenon 
is due to the fact that larval mortality in B 14 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, B 14- had 
almost as Iowa population 30 days after egg hatch as some of the more 
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resistant lines. B14- also had a relatively low number of burrows (3.0 
per plant) which indicates that this inbred is resistant to stalk invasion. 

M 14 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 B 14- and Oh5 L\, 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). 

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 1955 
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 com 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 codncients 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 com 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 
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Fig. 1.-Iegression 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 
hatch, .75; and leaf ratings per plant 20 days after egg hatch vs. lesion 
counts per plant 30 days after egg hatch, .72. 
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Fig.8._egression 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 com, 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. LafYae per plant 30 days or 
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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 inde."< 
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 B 14 because the larval popula­
tion is rather low at this time, and one would conclude that B 14- is 
resistant. However, B 14 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 ;i" 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 B 14 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 B 14-, it appears that 
only a detailed study of the larval survival pattern, leaf feeding rating, 
lesion count, and burrows would ~timate its true performance. 

The leaf feeding rating of Oh51.-\ 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 0h51 A 
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 Oh4-3 as the 
larvae surviving 30 days after egg hatch. 

These data further indicate that anyone 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, M14, 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 com 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 varieties. 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 mortalitv 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 4 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 3D-day dissection interval. However, 
temperature plays a part in how rapidly the larvae and com plants 
develop. In warmer areas these periods might be shortened somewhat. 

The results cf 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 eV3:luating the performance of 
inbred lines. II 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 fe.ding 
ratings, lesions, and burrows per plant of eight inbred lines of 

dent com (6 replications). Wooster, Ohio, 1955 and 1956 

Sourc. of 'lClriatfon 
Larva. 

1951 1956 

Inbreds •• •• 
Dissection interval I •• •• 

.lllbred X dissection interval •• .. 

La.f 
ratingl 

1955 1956 

.. •• 
ns •• 
ns 

• Significant at the 5 percent probability level. 

•• Significant at the I pertent probability level. 

Le.ions Burrows 

1951 1956 1955 1956 

ns •• • •• 
n. •• •• •• 
ns •• ns • • 

I 
I 
I 
I 
I 
I 
I 
I 

ns Nonsignificant. I 
I 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 

Lacrf Dill.etlo" Larva. ratin,. L •• ions Burrows Int.,.,...' 
19S5 1956 1955 1956 1955 1956 1955 1956 

S 4.5 13.6 

10 1.1 5.7 
20 0.9 4.S 1.4 3.9 0.6 2.9 0.4 0.9 
30 0.9 3.4 1.2 3.0 O.S 5.5 1.2 3.9 

LSD .05 0.77 1.16 ns •• ns •• .. •• 

S Days after egg hatch on which the plants were dissected. 
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TABLE 3.--Mean number of larvae, leaf feeding ratings, lesions, and 
burrows per plant by inbrecl line and dissection interval 

(6 replications). 

'"bred line 

(W24 x 821·2·38·1 

W22R 

A29S 

Oh43 

OhS1A 

814 

M14 

WF9 

Standard error .f 
dllforence b.twHn 

.5 

3.5 

1.4 

1.9 

2.3 

4.0 

12.3 

4.0 

6.9 

Any two means between 
dissection intervals for 
the sam. inbred 

Any two means between 
inbreds for the same 
dissection interval 

LSD .0.5 

Any two means between 
dissection intervals for 
the same inbred 

Any two means between 
inbreds for the same 
dissection interval 

Lanae 

10 20 

0.2 0.3 

0.7 0.7 

0.2 0.5 

0.9 0.8 

1.5 1.5 

1.3 0.9 

2.4 1.2 

1.9 1.4 

1.09 

1.06 

2.18 

2.11 

Wooster, Ohio, 19551 

Dluectf." j"tervcd
2 

Leaf Le.iOfts· 
ratings' 

30 20 30 20 30 

0.4 1.0 1.0 0.3 O.S 

1.0 1.1 1.0 0.7 0.6 

0.8 1.0 1.0 0.5 0.7 

0.4 1.0 1.0 0.4 0.8 

0.9 1.2 1.3 0.9 1.0 

0.7 2.0 1.3 0.3 0.7 

1.4 1.1 1.5 0.9 1.2 

1.3 2.5 1.7 0.5 0.9 

0.32 0.37 

0.37 0.40 . 

ns ns 

ns ns 

1 Planted in single row 26·foot plots on May 20. 

Burrows 

20 30 . 

0.1 0.4 

0.4 1.6 

0.2 1.2 

0.4 0.7 

1.0 1.4 

0.1 1.2 

0.6 1.6 

0.4 1.8 

0.41 

0.41 

ns 

ns 

1 Number of days plants were dissected after egg hatch (infested with 120 eggs per 
plantl. 

• The loaf ratings were made on a 9 dass basis (class 1 = least, class 9 = highest 
infestation levell. 

• Lasions refer to feeding damage on the midrib, sheath, and around the collar 
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TABLE 4.--Mean number of larvae, leaf f .. ding ratings, lesions, and 
burrows per plant by inbred line and dissection interval 

Wooster, Ohio, 19561 (6 replications). 

Inbred lin. 

(W2~ x 82)-2·38-1 

W22R 

A295 

Oh43 

Oh51A 

814 

M14 

WF9· 

Standa,d e"or of 
dlff.r.nco betw_n 

5 

4.5 

4.6 

7.7 

9.7 

14.1 

21.7 

13.9 

32.5 

Any two means between 
dissection intervals for 
the some inbred 

Any two means between 
inbreds for the some 
dissection intervol 

LSD .05 

Any two moons between 
dissection intervals for 
the same inbred 

Any two meons between 
inbreds for tho sam. 
dissection interval 

Larva. 

10 20 

2.7 1.6 

2.3 3.0 

3.9 2.2 

3.5 3.9 

5.3 3.7 

8.8 5.8 

5.9 6.3 

12.9 9.8 

1.66 

1.74 

3.29 

3.47 

DlnectJ- Int.rvcd2 

&..of Lesion.· 
rating,' 

30 20 30 20 30 

1.0 1.6 1.3 1.9 2.4 

2.4 1.7 1.1 2.9 4.5 

1.9 2.4 1.4 1.9 4.2 

2.4 1.8 1.1 3.6 5.6 

2.0 3.8 1.4 2.3 2.9 

3.1 7.0 5.7 2.8 5.S 

5.2 5.5 4.5 4.3 8.3 

8.9 7.5 7.6 3.6 10.4 

0.43 0.89 

0.33 1.10 

0.86 1.80 

0.68 2.23 

BunoWi 

20 30 

0.2 0.8 

0.4 2.5 

0.6 2.8 

0.9 2.8 

0.9 3.3 

0.6 3.0 

1.8 6.9 

1.5 8.6 

0.45 

0.58 

0.92 

1.19 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

lPlanted in single row 26-foot plots on June 7. I 
I Number of days plants were dissected after egg hatch !infested with 100 eggs per 

plant). 
I The leaf ratings were made on a 9 doss basis (doss 1 = least, doss 9 = highest 

infestation levell. 
• 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 com at 

intervals of 5, 10, 20, and 30 days after egg hatch 
(6 replications'. Wooster, Ohio, 1955 and 1956 

Day, after ... hatch' 

Inbred line 5 10 20 30 

1955 1956 1955 1956 1955 1956 1955 1956 

IW24 X 82)·2·38·1 3.0 ".5 0.2 2.7 0.3 1.6 0.3 1.0 

W22i 1.2 4.6 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 

Oh51A 3.5 14.1 1.2 5.3 1.3 3.7 0.7 2.0 
· 814 7.8 21.7 1.1 8.8 0.8 5.8 0.5 3.1 

M14 3.4 13.9 1.8 5.9 1.0 6.3 1.1 S.2 

WF9 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 Euro~an com borer larval survival pattern of eight inbred 
lines of dent corn, (W24 X B2)-2-38-1, W22R, A295, Oh43, Oh5L\, 
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. 
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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 ins tars but resistant to the third and 
fourth ins tars. B 14 was highly susceptible to the first and second 
inst~rs, but appeared to be resistant to the third and fourth instars. 
B 14 also possessed resistance to stalk.· invasion. WF9 and M 14 were 
highly susceptible to all types of feeding. 

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

The results of these investigati~ns 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 hat«.:h, 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 com 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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TABLE 6.-Analysis of variance of the data for larvae reported in 
Tables 2 and 3, 1955 and in Tables 2 and 4, 1956 

Source of variation 

Whol. plot 

Replications 
Inbreds 
Error (AI 

Split p'ot 

Dissection interval 
Inbred X D. I. 
Error {SI 

d.f. 

5 
7 

35 

3 
21 

120 

Total 191 

1955 

Mean 
square 

5.9488 
26.9931 

2.6697 

152.5246 
18.2022 
3.6259 

F 

2.23 ns 
10.11· • 

42.06'· 
5.02* • 

• ·Significant at the percent probability level. 
ns Nonsignificant. 

1956 

Mewa 
square 

61.32 
481.57 

11.69 

1026.55 
74.71 

8.28 

F 

5.25' • 
41.20" 

123.98* • 
9.02'· 

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

Leaf ratings Lesions Burrows 

Source of variation Mean Mean Mean 
d. f. square F square F squ-. F 

Who'. plot 

Replications 5 0.5542 1.08ns 1.0356 1.97ns 1.2631 2.65· 
Inbreds 7 1.7827 3.48" 0.5316 LOins 1.2950 2.72· 
Error (AI 35 0.5120 0.5262 0.4759 

Split plot 

Dissection interval 0.4174 1.39n5 1.0817 2.57ns 15.9740 31.41 •• 

Inbred x D. I. 7 0.4905 1.63n5 0.0668 0.16ns - 0.541S 1.06 ns 
Error {SI 40 0.3005 0.4209 0.5086 

Total 9S 

• Significant at the 5 percent probability level. 
•• Significant at the 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 

Leaf rati"t' lesio,,' lurntW1l 

Sourc. .f variati." ~ M_ M_ 

eL •• square F square F square F 

Who/. plot 

Replications 5 1.1417 1.44"' 19.0178 3.91-- 4.0174 2.79· 

Inbreds 7 73.31 S9 92.45·· 35.4223 7.28·· 28.2924 19.68"-

Err~t .IAI 3S 0.7930 4.8645 1.4374 

Split plot 

Olssection interval 19.8471 36.33· • 54.2294 64.55-· 215.5203 349.93·· 

Inbred lC D. I. 7 1.6776 3.07- 12.8787 5.39·· 13.1810 21.40·· 

Error (81 40 0.5463 2.3892 0.6159 

Total 95 

• Significant at the 5 percent probability level . 

•• Significant at the 1 percent probability level. 

ns Nonsignificant. 
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EAR CHARACTERISTICS AND MECHANISMS 
OF RESISTANCE AMONG SELECTED CORNS 

TO CORN EARWORMI.:03 

B. R. WISEMAN, N. W. WIDSTROM,AND W. W. McMILLIAN 

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

ABSTltACT 

Some of the ear characteristics of selected corns resistant and suscept­
ible to the com earworm, Heliothis zea (Boddie), are described. Some corns, 
previously described as tolerant, had long, fairly tight silk channels, 
andlor 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 mec~ism of resistance is other than tol­
erance, and com earworm larvae did Dot 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 Donpref­
erence, antibiosis. or tolerance (Painter 1968), and a few have attempted to 
delineate factors associated with the mechanisms of resistanCt!. For es- · 
ample, Wiseman et ai reported (1972, 1974a) that certain "resistant" corn 
lines were as much infested with com earworm. Heliothis zea (Boddie), as 
certain susceptible com 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 com earworm, and illustrates 
their respective ear damage. . 

METHODS ."-No MATERIALS 

Selected corns were planted in plots consisting of six 2O-ft rows. 3 ft 
apart and arranged in a randomized complete block design with 5 replica- . 
tions. 'Dixie 18' and 4iI-U6 X 81-1 were selected as resistant (tolerant),' 
409 X 20 as intermediate. and 'Asgrow 204B', 'Ioana', and 'Stowell's Ever­
creen' as susceptible. 'Zapalote Chico' was selected because of unpublished 
reports that it possessed "lethal silks'· and because it bad the tightest husks, 

When all the ears were in full silk (3 days past initial silk) 1 row oC 
each plot was infested (Wiseman et at 1974b) with 30 com earworm egpl 

'Lepidoptera; Noc:tuidae. 
'ID cooperation with the Univenity of Geol'lia CoUep of ApicuJtun Eaperimellt Sta- · 

tio-. Coucal Plain Stacioll. TiItoa. GA. Accepted for public:acioG 25 FlO. 1977. 
'MeaDon of • proprietary product ill tbia papw d_ DOC c:ocuciane aD eador.meGc by the 

USDA. 
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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 hart 
vested that same day (O-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 O-day were discarded. Silk channels 
were measured in em lengths for each sampling period. The silks. as sepa­
rated, were weighed. oven-dried at 41°C for 24 h. and the perc.ntage 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-day 
sampling periods along with marginal means are shown. On the 20th day. 
com 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. 

REsULTS AND DISCUSSION 

Analyses of variance for data on 'com earworm damage revealed that 
significant differences existed among lines (Table 1). Zapalote Chico and 
471-U6 X 81-1 were the least damaged. Owe 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 tighe 
husks. 

TABLE 1. Coa.'Il EARWORM DAMAGE AND HUSK TIGHTNESS RATINGS FOR 

SELECTED CORNS GROWN IN 1973 AND 1974. 

Entry 

Dixie 18 
Asgrow204B 
Zapalote Chico 
loana 
Stowell's Evergreen 
409 x 20 
471-U6 x 81-1 

Husk tightness-

2.2 
1.4 
3.3 
1.0 
1.4 
1.6 
1.6 

Earworm damage·· 

3.8 c 
4:3 be 
1.6d 
5.6 a 
5.2 ab 
3.8 c 
1.8 d 

• Aveta,. buak tichUl- ratiDp shOWll from owr esperimGltL Ratinp __ bued on 
a Yilual teale of 0-5, -be,.. 0 - 1_ busks with tal viable aDd 5 - very ticht bulb that .,.. coup 
aDd diIftcIIlt to shuck. ·-W_ (oUo-eei by the same letter .,.. noc lipiticaocJy dif!'erwot at P-O.05. Euwunn 
d.am.ap ratiDc _ •• (0110 .. : 0 - no iDjlUY, l-Iilk (eediA .. 2 - iDjury to 1 em beyond or tip. 
aDd 3 ••..•. 0- additional peoetration into the tan iD l-cm iDcrwmeaca. 

The average lengths of the silk channel for each entry for each of 3 
sampling periods are shown in Table 2. Analyses of varianc. revealed :5ig­
nificant differences for silk channel lengths among entries at the various 
sampling periods. Asgrow 204B and loana had the shortest silk channels; 
Stowell's EvefF"n was nut. and the resistant entries DUie 18, Zapaloce 
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TABLE 2. AVERAGE LENCTH OF SILK CHANNEL (CM)· AT FULL SILl: (0-
DAY) AND AT 10 DAYS AND 15 DAYS AFTER roLL SIU or SE­
LECTED CORNS CROWN IN 1973 AND 1974. 

Average length (em) at indicated 
Days after (Ull silk 

Entry 0 10 .' 15 Mean 

Dixie 18 9.5 a 6.6 a 7.7 a 7.i a 
Asgrow204B 9.3 a 4.2 b 3.9 b 5.8 d 
Zapalote Chico 9.4 a 7.2 a 6.8 a 7.5 a 
loana 6.0 b 4.0 b 4.4 b 4.3 e 
Stowell's Evergreen 9.9 a 6.1 a 5.0 b 6.7 c 
409 x 20 8.2 ab 7.9 a 7.0 a 7.8 a 
471-U6 x 81-1 10.2 a .6.4 a 5.5 ab 7.1 b 

Mean 8.9 a 6.1 b 5.8 c 

• Av .... silk dwlnel leap at uy aampl_ period or IIW1iDaJ ~ CoUowed by the 
__ letter an not sipiticutly ditfereta' P-O.05. 

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

The average weight of exposed si1b (that portion beyond the silk chan­
nel) and nonexposed silks of aU 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 loana, the entries 
previously classified as tolerant and as susceptible differed only slightly 
among themselves through 15 days. Generally. loana 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 loana at .n 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 nonexpceed silks of each 
entry at each sampling period is shown in Table 4. Moisture contents were 
pnerally above 90% at O-day except (or the exposed and none%posed silks 
of Zapalote Chico. which had 82% and 87$ moisture, respectively. Per­
cental" for Zapalote Chico were low at aU sampling periods. but this 
was not true for Owe 18 and 471-U6 X 81·1. which had a much bieber mois­
ture content in their silks. Overall means showed that their O-day silks were 
about 90% moisture for both exposed and nonel:poeed silks and then dropped 
steadily in moisture content through the 20th day . 

Barber (1941) reported on behavioral oheervationa of newly hatched 
corn ea.rworm larvae. He observed that by the time com earworm eas becin 
to hatch and the silks to wilt, the larvae have penetrated iDto the still­
moist silks since they prefer to teed under the protection of a moist IIlvirGn-
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TABLE 3. AVERAGE WEIGIITS- (G) OF EXPOSED (E) AND NON EXPOSED (N) SILKS OF SELECTED CORNS AT FUI.L SILK (O·DU), 

10 DA Y8 AND 15 DA YS AFTER .,'UI.L SILK. 1973-74. 

Avg weight (g) at indicated 
Days after (ullsilk 

0 10 15 Mean 
-----

~!!t;!y __ .~ __ E N E N E N E N 
.. __ ._------

Dixie 18 36.4 a 41.9 a 14.4 abc 28.8 a 8.4 a 27.2 a 18.1 ah 31.0 ab 

ABp'ow2048 28.2 a 43.7 a 16.1 ab 19.0 be 11.1 a 13.0 d 16.H b 25.3 c 

ZapaloLe Chico 9.9b 14.7 c 2.5d 1.6 d 2.0 e 6.0 e 4.6e 8.7 e 

loana 34.1 a 29.2b 9.6 bed 15.1 e 5.5 be 13.3 d 16.2 c 16.9 d 

Stowe"'. Evergreen 32.7 a 48.3 a 11.5 abc 28.5 a 6.9bc 19.ge 17.1 b 3O.0b 

409 X 20 25.2 a 27.6b 7.5 cd 24.6 ab 5.1 be 21.0 be 1O.8d 24.2 c 

471-U6 x 81-1 31.7 a 47.9 a 19.0 a 29.9 a 10.9 a 25.1 ab 18.7 a 32.8 a 

Mean 28.4 a 36.2 a l1.5b 21.9 b 7.2 e 17.9 c 

---_. ----

.Silk wel,bl •• re an aver.,e of IIl1ilka,lI replicaliona, and 2 ye.,. rur •• "h .. mille day. Marlin.1 me.n. or .Vllr .... within • linn umpl. lleriocl r"u"w." 
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mente Thus. when earworm moths oviposit on silks of com. the silks would 
then normally possess moisture in excess of 90%. and since eggs usually 
hatch in ca. 2 days. most com would still have a silk moisture content of 
~ or above. The exception would be com 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 succesaful establishment of com earworm larvae and also 
an adequate diet of silk for development (Wiseman et a1. 1976). However. 
the larvae stop and mitiate 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 com earworm larvae on 2 susceptible sweet corns: 
the susceptible com, with the longer silk channel. had limited early ear 
feeding. 

Wiseman et a1. (1976) found that when com earwonn 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 OWe 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, bad the least amount of earwonn 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 ofsilk mass. however. 
(Table 3) and moisture content of silk (Table 41. 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 com 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 
o( insect development. Therefore, as seen in the field. the resistance mech· 
anism of Zapalote Chico, and of Dixie 18 and 4i1·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 impro\'ed pasture of which ca. 200.000 acres are grown for hay. Such 
insect pests as the striped grass looper • .'dods lalipes (Guenee). and faU 
armyworm. Spodoplera {rugiperda (J. E. Smith), are capable of severely 
damaging improved pasture and hay fields (Kelsheimer, E. G .• O. W. Jones. 
and E. M. Hodges. 1953. All'. Exp. Sta. Cir. S-64). The economic literature 
of the striped grass looper as a major pest of pasturegrass has been reviewed 
by J. A. Reinert (1975; Ann. Ent. Soc. Am. 68:201-4). and E. O. Qgunwolu 
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 effecth'eness of several new insecticides and fonnulations applied by 
air for control of lepidopt~.rous larvae in pasture. 

Three insecticides were evaluated for pasture caterpillar control in 
~tember 19i6. These insecticides were permethrin(Ambush"), carbaryl 
(sevin 4 Oil"), and carbaryl (Sevin 80S.). All materials were applied by 
air on 31 Aug. 1916 with a Cessna AG truck (188 series) aircraft equipped 
with a Transland spray system. The carbaryl-oil formulation was diluted 
1:1 in fuel oil and applied with 30 03 nozzles at 1.0 Ib All acre. The 
carbaryl WP fonnulation and permethrin were applied in 3 gal of water 
per acre at 1.0 and 0.2 lb All acre, respectively. with 60 06 nozzles. Three 
experimental plots were established in a 20 acre coastal bermuda, CY1&Q' 
~n dactylon (L.). pasture near Newberry. Fla. as 3 swaths, 60 ft. wide run­
IIDlC ~ length of the pasture. 




