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SUMMARY 

A cooperative project was conducted by the agricul
tural experiment stations of Iowa, Minnesota and Ohio 
and the U . S. Depa rtment of Agriculture to study the 
effects of weather, planting date and resistant hybrids 
as factors influencing populations of the European corn 
borer, Ostrinia nubilalis (Hubner) . Identical studies 
were carried out a t Ankeny, Iowa; Waseca, Minnesot a; 
and Wooster, Ohio, during a 10-year period, 1953-1962. 

The first 4 years of the study ( 1953-56) were re
ported by Everett et al. ( 1958). The work reported 
herein is a companion bulletin to the Everett et al. 
( 1958) publication and deals with the results of exper
iments conducted du1ing 1958-1962. 

The experimental design was a randomized block, 
split plot with five replications. The whole plot treat
ments were four hybrid-planting date combinations 
consisting of early- or late-planting dates and susceptible 
or resistant hybrids. The subplot treatments consisted 
of a factorial arrangement of a ll possible combinations 
of three levels of infestation ( zero, natural and natural 
+ 3 egg masses) by first brood and the same three 
levels of infestation by second-brood borers. T em
perature and rainfall records were kept at each of the 
three stations. Borer population and injury to the plant 
were recorded at the end of the first brood a nd in the 
fall. Yield data were collected. 

As expected, and reported by Everett et a l. ( 1958), 
weather patterns varied widely from year to year within 
locations and from location to location within years. 
Attempts to associate particular weather phenomenon 
with borer populations at all locations within years 
were fruitless. The data collected during the last half 
of the study could not be used to substantiate findings 
from the first half. 

Data collected on abundance of the corn borer in 
Boone County, Iowa, from 1950 through 1964 were as
sembled, and efforts to correlate these data with weath
er variables were made. Weather data were broken 
down into five 7-day periods during both first- and 
second-brood emergence, oviposition and developmental 
periods. The midseason population in Iowa was highly 
correlated with inches of rainfall between June 17-23 
and June 24-30 and with nights with wind over 8 mph 
at 10 p.m. between June 24-30. The June 17-23 rain
fall was beneficial to high borer survival, but the other 
two variables relating to precipitation gave negative 
correlations. Fall populations in Boone County were 
positively correla ted with nights with wind over 8 mph 
at 10 p.m., August 15-21 ; inches of rainfall, August 15-
21 ; and inches of rainfall, August 22-28. The same data 
for Minnesota and Ohio were not avai lable. 

Levels of infestations in the three states were not 
associated with each other. The level of larval establish
ment and survival from the natura l and artificial in
festations varied from state to sta te a nd year to year. 

Fewer first-brood larvae survived on the resistant 
hybrid than on tb.e susceptible hybrid at the time of 
midseason dissec tions. The percentage reduction cal 
culated as borers surviving per 100 plants at that time 
indicated that the resistance factors of the resistant 
hybrid exhibited their influence more strongly as the 
level of borer infestations increased. An average per
centage reduction in excess of 60 percent due to late 
planting was obtained over the 5-year period in Iowa 
and Ohio. The same late planting produced higher 
first-brood infes tations in Minneso ta. 

Pla nting dates had very little effect on the survival 
of second-brood borers in Minnesota, were sligh t ly more 
effective in Ohio and were highly effective in 4 of 5 
years in Iowa. The greatest advantage was gai ned by 
using resistant co rn in Ohio, while the combination of 
planting dates and hybrids was most effective in Iowa. 

When all years and locations were included, the 
variation in numbers of borers found in the different 
treatments at the time of second-brood dissections 
makes statements inadvisable concerning the effects of 
first-brood infestat ions on second-brood infestations. 

Data pertaining to yield losses during 1958-1962 
were combined over years and locations and analyzed. 
Significant differences in yields were determined for the 
influence of years, the influence of locations and the 
interaction of the two. 

The early-plan ted corn outproduced the la te
planted by an average of 6.8 bushels per acre. However, 
within the three locations, the difference ranged from 
5.4 bushels in Iowa to 6. 3 bushels in Minnesota and 
8.6 bushels in Ohio ( table A-9 ) .·* 

Averaged over all treatments and years, the suscep
tible hybrid outproduced the resistant hybrid by an av
erage of 11.6 bushels per acre in the early planting and 
by 9. 3 bushels per ac re in the late planting, for an av
erage of 10. 4 bushels per acre ( table A-9 ). The varia
tion in these da ta is indicated when it is noted that the 
susceptible hybrid outproduced the resistant hybrid by 
9.8, 15.6 and 6.0 bushels per acre in Iowa, Minnesota 
and Ohio, respectively. 

When sprayed vs. natural oviposition infesta tion 
pressures are considered, the data indicate that in
creases in yield of about 2 .5 bushels per acre can be 
expected by spraying for first-brood infestation, 2.8 
bushels by spraying for second brood and about 3.3 
bushels per acre by spraying for both broods. 

When we considered 5-year average lo ses in yield 
due to a first-b rood infesta tion compared with losses 
due to a second-brood infestation ( table 18 ) , the resist
ant hybrid showed its effects primarily against the first 
brood. R eduction in yield from a second brood was 
similar in the two hybrids. The resistant hybrid also 

*N umbers preceeded by A indicate tables found in Appendix A. 

69 



had more effect in reducing the number of larvae ( table 
A-7 ), cavities ( table A-14 ) and lesions ( tab le A- 11 ) 
under a first-brood infesta tion than under a second
brood infes ta tion . This phenomenon is not surpri sing 
because inbred lines or hybrids resistant to a first-brood 
infesta tion ( leaf feed ing) are not necessari ly resistant 
to a second-brood infesta tion. 

The susceptible hybrid ( WF9 x Ml 4) outyielded 
the resistant hybrid (Oh43 x Oh51A) in spite of a corn 
borer infesta tion . The yielding abili ty of WF9 x M 14 
is considerably greater than that of Oh43 x Oh51A . 
Therefore, a h igher level of first-brood infes tation than 
occurred in our plots wou ld be required to recommend 
p lanting Oh43 x Oh5 1A in preference to WF9 x Ml4. 
Oh43, in combination with other inbreds, has given 
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much higher yields than reported here. Penny and 
Dicke ( 1959) reported yield losses of usceptib le x 
susceptible, susceptible x resistant and resistant x resist
ant crosses under a heavy first-brood infesta tion. All 
resistant x resis1!a.nt crosses had a distinct advantage ;n 
yield compared with the susceptible x susceptible 
crosses. WF9 x N16 had yield loss of 30.4 bushels per 
acre; the susceptibility of WF9 appeared completely 
dominant to the resistance of N16. 

Effo rts were made with yield da ta from Iowa to 
establish loss in yield formul as tha t considered the num
bers of borers per sta lk found a t midseason and fall 
dissection time. The formu las were calculated by using 
both quadratic and logarithmic funct ions; however, 
neither proved satisfactory. 



Some Factors Influencing Populations of the European 
Corn Borer, Ostrinia nubilalis (Hiibner), 

in the North Central States: 
Resistance of Corn, Time of Planting and Weather Conditions 

Part II, 1958-1962 
by A. N. Sparks, H. C. Chiang, C. A. Triplehorn, 

W. D. Guthrie and T. A. Brindley 

R egional Project NC-20 entitled "F actors Influenc
ing Corn Borer Popula tions" was initiated in 1953. In
tensive fi eld plot studies were begun in Iowa, Minneso ta 
and Ohio in coopera tion with the Entomology R esearch 
Division, Agricul tural R esearch Service, U . S. Depa rt
ment of Agriculture to obtain information on bore r sur
vival and damage in rela tion to p lanting date and hy
brid as affected by weather conditions. A tremendous 
amount of data was collected. Basic information was 
obtained on the fluctuation of induced popu lations of 
both the first and second brood of the borer as affected 
by plan ting date, hybrid , geographical location and 
ecological habita ts. A comprehensive report of the first 
4 years of the project ( 1953-56 ) has been published 
(Everett et al. , 1958) . 

The basic design of the experiment was changed 
after the 195 7 growing eason. Tht: data reported here
in were ana lyzed by location for each year and by com
bining over years and locations. Because of the tech
nicali t ies involved with this type of statistica l analysis 
when cha nges in the basic experimental design a re in
volved, the 1957 da ta a re not included. This bullet in is 
a companion bulletin to the Everett et a l. ( 1958 ) pub
lication and covers work conducted during 1958-1962. 

Befo re the initiation of this study in 1953, consider
able work had been directed toward methods of eval
uating and reducing plan t damage clone by the borer. 
Most of the work had been concerned with either first
brood or second-brood damage. Everett et al. ( 1958) 
reported the effect of the corn borer on p lant height, 
types of feeding by the different la rval insta rs, type of 
damage clone by each brood and the genera l interrela 
tionships between the borer and the plant. They pub
lished several pictures showing types of damage to the 
p lants and to hybrid yields; hence, these subjects will be 
discussed to a lesser ex tent here. 

REVIEW OF LI TERATURE 
Vinal ( 1917 ) was the first to report the European 

corn borer, Ostrinia nubilalis ( Hi.ibner ), as a pes t in 
the Un ited States, having found this pest in sweet corn 
fields in M assachusetts. Smi th ( 1920 ) investigated pos
sible sources of entry into the United Sta tes and con 
cluded that broomcorn shipped from Hungary or Italy 
between 1909 and 1914 was the mos t probable source. 

At the time of its discovery in the United Sta tes, 
the borer was known as Pyrausta nubilalis (Hi.ibner ) . 
Volu minous li tera ture was published under tha t sci
entifi c name before M arion ( 195 7) p laced nubilalis in 
the genus Ostrinia, and in recent literatu re, it appears 
under that nam e. 

The borer is capable of using upward of 200 plant 
spec ies as hosts, and it arrived without natural enemies 
a nd was afforded millions of ac res of corn for a food 
supply. The stage was set for the biotic explosion that 
fo llowed . The potenti al seriousness of the pest was rec
ognized early, and in 1927 the U . S. Depa rtment of 
Agricul ture attempted an eradication program. The 
effo rt was doomed to failure, however, because a ll the 
corn and ma ny other host pl ants could not be de
st royed . Currently, the corn borer is .known to exist in 
at least one county of a ll states east of the Continental 
D ivide (fig. 1) except Florida and New M exico (U. S. 
Dept. Agr. , 1965). Estima tes of fin ancial losses caused 
by the European corn borer during the 10-year period 
1953-1962 ranged from 65,044,000 to 191 ,614,000 bush
els of co rn and rep resented a cash income loss averaging 
$127,702,700 per year. 

The literature pertaining to the ecological factors 
tha t affected European corn borer populations through 
1956 was reviewed and publi shed by Everett et al. 
(1958 ) . A review of significan t developments in Eu
ropean corn borer research was published by Brindley 
and Dicke ( 1963) . 

EXPERIMENTAL PROCEDURES 
The study was carried out in Iowa, at the Ankeny 

R esearch Farm; in Minnesota, at the Southern Agricul-
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Fig. I. Distribution of the European corn borer, January i9b5 . 
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tural Experiment Station, Waseca; and in Ohio, a t the 
Ohio Agricultural R esearch and Development Center, 
Wooster. 

At each of these stations, the sites of the experimen 
tal plots were different each of the 5 years. The plo ts 
were located in fields that h ad not been planted to corn 
the previous year and that, in the scheme of crop rota
tion, wou ld normally be planted to com. 

Agronomists in cooperating states assisted in select
ing two single-cross hybrids suited to growing condi
tions in each of the states and of similar maturity, one 
susceptible (WF9 x M14 ) and one resistant (Oh43 x 
Oh51A ) to leaf feeding by the European corn borer. 
The early planting was made in each state when corn 
was first being planted by farmers in the area. The late 
planting was made about 14 days later, near the end 
of the nonnal planting period. The seed was planted in 
hills spaced 40 inches apart. To insure a uniform stand, 
six kernels were placed in each hill. The stand was 
thinned to th ree plants per hi ll when the corn was 
about 10 inches tall. 

Commercial ferti lizer (200 pounds of 6-24-12 and 
200 pounds of ammonium nitrate per acre) was broad
cast and disked under in the sp ring. A side dressing of 
commercial fertilizer ( 5-20-10 ) was applied after ger
mination. 

The experimental design was a randomized block, 
split plot with five replications. The whole plot treat
ments were four hybrid-p lanting date combinations, 
early susceptible (ES ), early resistant (ER ), late sus
ceptible (LS ) and late resistant (LR ). The subplot 
treatments consisted of factorial arrangements of all 
possible combinations of three levels of infes ta tion 
( none, natural and natural + 3 egg masses) by first 
brood and three levels of infestation by second-brood 
borers. These treatments are given in table 1. 

The same basic field design (fig. 2 ) was used at all 
three locations. Each state was responsible for ran
domizing the subplot trea tments. A subplot, dia
grammed in fig. 3, was 6 hills wide and 7 hills long. 
The outside row surrounding the p lot served as a buf-

Table I. Treatments used in studying factors influencing corn 
borer populations, 1958-1962. 

Treatment 
No. First brood Seco nd brood 

I . . . . Spray' Spray" 

2 . . Spray' Natural 

3 . . . . . ... Spray' Natural 

4 . . .. Natural Spray" 

5 . ..... .. Natural Natural 

6. . . .... . Na tural Natural 

7 . . . Na tural + 3 egg masses Spra yb 

8. .. Na t ural + 3 egg masses Na tural 

9 . . Na tural + 3 egg masses Natural 

' Sprayed with 0.5 pound of actual EPN per ac re . 

b Sprayed with 1.0 po und of actual DDT per a cre. 

+ 3 egg masses 

+ 3 egg masses 

+ 3 egg masses 

NO. OF PATE I DATE 2 
HILLS 6 6 6 6 I 6 6 6 6 

7 $•SUSCEPTIBLE s s s s R R R R 
3 2 6 4 4 I 8 5 

7 s s s• 
5 7 I 

7 R R R 
I 6 3 

7 R R R 
2 4 7 

DATE 2 

s R R R 
8 2 7 6 

R s s s 
8 8 5 7 

R s s s 
5 2 I 3 

DATE I 

R 
3 

s 
4 

s 
6 

HYBRID 

R • RES I STANT 
HYBRID 

REPLICATE I 
28 X 49 H ILLS 

REPLICATE II 
28 X 49 HILLS 

REPLICATE AREA • 163.3' X 93 .3' 
EXPERIMENTAL AREA = 163.3' X 560' 

APPRO XI MATELY 2 .2 ACRES 

Fig. 2. Basic field desig n of plots , 1958-1962 . 
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Fig. 3. Dia'!jram of su bplot arrangement. 
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fer row for the rest of the plot. The 2 x 5 hill center 
por tion of each plot was used exclusively for yield 
measurements. The rows on eacb ide of the yield rows 
were used for observations on p lant development, egg 
mass coun ts, midsummer dissections and miscellaneous 
observations. Weather reco rds were obtained from the 
officia l weather sta tion located at each experiment sta
tion. 

Plants to be kept borer free were sprayed with a 
hand sprayer. Applica tions of EPN were made every 5 
days during first-brood oviposition. EPN was used be
cause of its short residua l effect since some of the plots 
kept free of first-b rood borer infestation received a 
second -brood infes ta tion. During the period of second
brood activity, DDT was ap plied at 10-day inte rva ls. 

N atura l ovip osition was determ ined by counting the 
number of egg masses on two p lants in trea tments 1, 
4 and 7 dur,ing the first generation and treatments 2, 5 
and 8 during the second generation. All plants used fo r 
ovipos it ion counts were marked with white garden 
stakes to insure checking the same p lan ts each time. 
Counts were made three times each week. 

Midseason dissections were m ade during the latter 
part of Jul y. Six plants were taken a t random in sub
plots receiving treatments 1, 4 and 7. The number of 
living forms per plant, their stage of development and 
number of caviti es were recorded. 

Fa ll dissections were made in la te O ctober or early 
November. One plant from each of the 10 yield hills 
was randomly selected and dissected . R ecords were 
kept of numbers of la rvae and cavities . Location of 
cavities was recorded under one of three categories
above or below the primary ear node and in the ear. 
All ears from the 2 x 5 hi ll center section of each sub
plot were ha rvested, iden tifi ed with the plan t by label 
and a llowed to dry. Yield was computed on the basis 
of 15.5-percent moisture. 

The data were a nalyzed by loca tion each year, then 
further ana lyzed by combining over years and location. 
The error variances for locations, even within years, 
however, indicates that these variances possess an a t
tribute common to ~nost biolog ica l da ta, heterogeneity. 
This attribute dicta tes that on ly data for differences 
within a given location and year can be tested with a 
given level of significance. Therefore, when we list ·,:·, 
significant at the 5-percent level, the exact level of 
significance of the test is unknown, but believed to be 
high . 

EXPERIMENTAL RESULTS 

Weather Conditions in Relation to Borer lnfes-tation 
Huber et a l. ( 1928 ) concluded tha t conditions fa

voring good com growth were a lso favorable for the 
Eu ropean corn bore r. L. M. Thompso n ( 1962) applied 
mu ltiple curvilinear regression ana lysis to separa te the 
effects of weather from the effects of technology on the 
trend of higher co rn yields in Illinois, Indiana, Missouri, 
Iowa and Ohio. H e concluded that the most significant 
weather va riables, in order of importance, for the states, 
included in this study were Iowa- June temperatures, 
July ra infall, July tempera ture and August tempera
ture; Ohio- July rainfall and August temperature. 
Minnesota was not included in Thompson's studies. 

Weather data obtained from officia l weather sta
tions located at each of the experimenta l farms in each 
state were used to compare with the accepted normal 
obtained from the W eather Bureau for that location. 
These data a re presented in table 2, a.long with the 
mean infestation of a rtifi cia lly infes ted p lots ( treat
men ts 7 and 3) measured a t midsummer and fall dis
sec tions, respectively. 

IOWA 

According to L . M. Thompson ( 1962 ), the best 

Table 2 . Pre cipitation and mean temperature in May , Jun e, July a nd August for Iowa , Minnesota and Ohio. 1958-1962 . 

Av . b o rers/ I 00 plants 
Prec ipi tat ion (in ches) Mean temperature ( ° F ) on man uall y infested 

Total plots 

June- May- First Second 

Item May Ju ne Ju ly Aug. Aug. May June July Aug . Au g . brood brood 

Iow a 
1958 ... .... 3.18 3 .07 9 .90 0.94 13 .91 62 66 70 73 69 233 4 7 

1959 . 6 .54 3.55 1.57 1.57 6.69 62 7 1 72 77 73 34 189 

19 60 .... 6.21 4.56 3 .34 7 .54 15.44 6 1 68 72 73 7 1 64 357 
196 1 . 1.32 3.90 5 .94 1.99 I 1.83 58 69 73 72 71 85 207 
1962 . 5.22 2.55 3 .05 2.30 7 .90 68 70 73 73 72 9 1 328 

N o rmal ..... 3.63 5.05 2.96 3 .83 11.84 62 72 77 75 74 

M innesota 
1958 .. 1.20 2 .64 2.45 3.56 8 .65 61 63 69 7 1 66 140 31 
1959 .. 5 .06 3.66 2.60 4.79 16 .11 61 70 7 1 75 69 77 244 
1960 ...... 7.03 5.09 2.26 2.59 9.94 58 65 77 72 67 131 117 
1961 .. 5.87 0 .98 6.73 5.65 13.36 56 68 70 7 1 66 53 113 
1962 .... 3.56 3.49 5.11 8 .53 17 . 13 62 66 68 69 66 100 33 

N orma l ...... 3.62 4.50 3.18 3 .47 11.15 59 68 73 71 68 

Ohio 
1958 . 3 .02 3 .87 11.02 5 .00 19.89 59 63 72 69 68 292 147 
1959 ... 2.28 2.72 3 .85 3.55 10.12 63 67 70 73 70 186 39 1 
1960 ..... 3.70 3.83 3 .70 7 .48 15.01 56 67 67 71 68 209 424 
1961 ... 2.13 5 .37 6.57 3.54 15.48 53 64 69 70 68 261 I 18 
1962 ... 2.65 2 .46 3.56 1.12 7 . 14 64 67 68 67 67 151 364 

N ormal .......... 3.89 4.21 3.73 3.65 11.59 59 69 73 7 1 71 
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weather conditions (i.e., good corn borer weather (Hu
ber et a l. , 1928 ) ) for Iowa include: ( 1) less than av
erage rainfall and higher than average temperature in 
June, (2 ) higher th an average rainfall and lower than 
average temperature in July and (3) high er than av
erage rainfall and lower than average temperature in 
August. 

A sta tement often repeated aro und the European 
Corn Borer R esearch Laboratory a t Ankeny, Iowa, was 
that a cool, dry June severely reduced first-brood pop
ulations of the corn borer. T able 2, however, indicates 
that the heaviest first -brood oviposition and infestation 
occurred in 1958, the year with the lowest mean June 
temperatures and the second most deficient in rainfall. 
On the other hand, in 1959 no rainfall was recorded 
for the first 26 days of June, a nd consequently a very 
low population of borers was found at midseason dis
section time. 

The survival of second-brood borers in Iowa va ries 
according to low mean temperature of August and the 
total seasonal, as well as the average rainfall in August 
(Everett et a l. , 1958). The year producing the high est 
survival of second-brood borers, 1960, had the highe,t 
seasonal and August rainfall, but had near-normal 
mean August temperature. Second-brood borer surviva l 
in Iowa compares favorably with observations of Ev
erett et al. ( 1958 ) . Fig. 4 summarizes temperature-rain
fall da ta for a ll 5 years in Iowa. 

MINNESOTA 

Weathe r data for Minnesota are shown in table 2 
and fig. 5. T emperatures varied much the same as in 
Iowa. Seasonal rainfall was greater than the long-term 
average for 3 of the 5 years and only sligh ' ly below 
normal the other 2 years. Sligh t ly less than 1 inch of 
rain fell in June 196 1, the year of the lowest survival 
of first-brood borers in Minnesota. The la rgest second
brood population was found in 1959 when higher than 
average rainfall and temperatures occurred in Minne
sota. 

OHIO 

R ainfall at Wooster during the growing season was 
above normal for 3 of the 5 years reported in thi s study. 
The rainfall and temperature data for Ohio are shown 
in table 2 and fig. 6. L. M. Thompson ( 1962 ) con 
cluded that corn production in Ohio was favorab'y 
affected by higher than normal temperatures in June 
and July and that Jul y rainfall was a major fac tor for 
growing corn in Ohio. Again, looking a t the suggestion 
of Huber et al. ( 1928 ) tha t weather conditions favor
able for corn growth are favorab le for corn borers, one 
cannot integrate the two conclusions and reach a logical 
answer. The year with the lowest average June tem
perature produced the highest first-brood corn borer 
infestation. Everett et a l. ( 1958) found that first
brood infestation varied with the mean rainfall in M ay 
and June. Our da ta tend to verify their findings; how
ever, their findin gs that second-brood infes tations vary 

inversely with total prec1p1ta tion for August and tota l 
seasona l precipi tation could not be substantia ted . 

Summary of Weaj-her Effeds 

Chiang and H odson ( 1959 ) state that the fluctua
tions in European corn borer populations recorded from 
1948- 1957 a t W aseca, Minneso ta, conform with the 
views of W. R. Thompson ( 1956 ), Cole (1954) and 
Schwe,-dtfeger ( 1958). These au thors encompassed the 
role of the clement of chance in the control of insect 
populations and concluded that, in nature, all factors 
conducive to population changes are interacting in 
complex ways, bringing random components into the 
system through the vagaries of weather. 

In a discussion of populations of European corn 
borers in fi eld corn, Chiang et al. ( 1961 ) concluded 
tha t weather conditions greatly influence borer popula
tions, both favorabl y and unfavorably. They concluded 
that a cool, windy June caused a decrease in spring
to-summer population in 1955 in Boone County, Iowa. 
Favorable weather cond itions in 1956, however, caused 
a n increase in spring-to-summer populations. Similar 
sta tements were made con cerning popula tions and 
weather cond itions in other locali ties of their study. 

At the European Corn Borer R esearch L aboratory 
in Ankeny, Iowa, some 15 years' data on borer pop
ula tion fluctuations from early spring through post
ha rvest were avail able for stud y. These surveys were 
taken in conjunction with the over-all NC-20 program. 
W eather data were collected from the official weather 
station at Boone, Iowa, and a ll parameters of weather 
were correlated with parameters of corn borer popula
tions, both first and second brood . Correlations of mid
season populations, egg masses per 100 plants and pred
a tor forms per 100 plants with early spring populations, 
oat acreages in Boone County and several weather par
ameters were made. Five weather pa ramenters were 
broken down into five 7-day periods. The parameters 

Table 3. Correlations among midseason data pertaining to first
brood borer populations and o'rher parameters, es 
pecially weather, known to affect populations. Boone 
County, Iowa, 1950-1964. 

Variables co rrelated 

Midseason po pu lati o n wi t h: 

Acres of oats in Boone County 

In ches of rainfall , June 17-23 

In ches of rainfall , June 24-30 

r value 

+o.6285 

+ o .5163 
-0.5716 

Number of rainy days , June 24-30 -0 .7937 

Ni g hts with wind over 8 mph , June 24-30 -0.5139 

Predator forms with : 

In ches of rainfall , July 1-7 

Eg g masses/ I 00 plants , first brood with : 
In ches of rainfall , June 17 -23 

Early sprin g population 

* Signifi cant a t 5-pe rce nt level 

** Si g nifi c ant at I-percent level 

+o .5974 

+o,.7605 

+0 .5827 

Signifi
cance 

** 

* 

** 
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were: accumulated borer-degree days, number of days 
in which the min imum temperature fell below 58°F, 
inches of rainfall, number of rainy days and n umber of 
nights in which wind velocity averaged over 8 mph a t 
1U p.m. The 7-day periods were June 10-16, 17-23, 

24-30, J uly 1-7 and 8-14. W ith 15 years' data from 
Boone County ( 1950- 1964), a complete matrix was cal
cu lated in which r values were obtained for a ll listed 
variables. T able 3 suows only those r values that tested 
significant. 
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A highly significant correlation exists between m id
season popula tion and acres of oats in Boone County. 
T his was expected because most of the surviving over
winte1ing popu lations are in oat fields planted to corn 

in the previous yea r. D eep plowing is very detrimental 
to overwintering corn borer s. 

The first-b rood season was divided into five 7-day 
intervals to determine the c rit ical a reas of weather p ar-
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correla ted positively with inches of rainfall June 17-23 
and the early pring population. Evidently rainfall be
tween June 17-23 is beneficial to the corn borer in Iowa 
for two reasons, oviposition and surviva l. 

The data pertaining to second-brood infestations 
were correlated with midseason infestations, egg masses 
per 100 plants, predator forms per 100 plants and the 
five weather para.meters. The active second-brood 
development period was divided into five 7-day inter
vals as before. Those intervals we re July 25-31 and 
August 1-7, 8-1 4, 15-21 and 22-28. The variables tha t 
were significantly correlated and meaningful are li sted 
in table 4. 

The fall populations of borers in Boone County, 
Iowa, were highly correlated with egg masses per 100 
plants, inches of rainfall during the periods August 
15-21 and 22-28, and surprisingly, with number of 
nights in which wind speed was over 8 mph at 10 p .m. 
during August 15-2 1. Egg masses per 100 plants are 
highly correlated with both rainfall and nights with 
wind speed over 8 mph at 10 p.m. during August 15-21 
and 22-28. 

These data indicate that wind speed over 8 mph 
is advantageous to fa ll borer popula tions during the 
latter part of August. The reason behind these signif
icant positive correlations of fall borer populations and 
night wind speeds in excess of 8 mph at 10 p.m. can 
only be surmised . It could be that these wind speeds 
( calculated for the 3-foot h eight ) are benefi cial in that 
they are forceful enough to cause a slight breeze in the 
ta ll corn. This light wind movement may be helpful in 
disseminating a sex attractant, enabling the moths to 
locate and mate. On the other hand, the wind speed 
at night during these two periods is correlated with 
rainfall. 

P redator forms per 100 plants are correlated pos i
tively with accumulative borer-degree days during 
August 8-14 and correlated negatively with nights in 
which the minimum temperature dips below 58°F dur
ing the same period. These data indicate that higher 
temperatures during the second week of August in
crease predator populations. 

With 15 years of corn borer population data for 
Boone County and access to pertinent weather data, 
it was anticipated that, by taking several of the most 
highly correlated variables, one could fit the data to a 
multiple-regression prediction equation and be able to 
predict corn borer populations for any given time of 
the year. It was further anticipated that, if the Boone 
County populations could be estimated in such a man
ner, then probably the midwestern populations could 
be predicted by ex tending the process. This type of 
arithmetic processing could not be used on th e data. 

Infestation Fluctuations 

When the first 4 years' work on this proj ect was 
published, Everett et al. ( 1958 ) stated that the bivol
tine behavior of the population was predominant in the 
area studied. Since that time, Beck and Apple ( 1961 ) 

Table 4. Corre la tio ns among fall data pertaining to second
brood borer populations and other parameters, es
pecia lly weather, known to affect fall population size . 
Boone County, Iowa , 1950- 1964. 

Variables co rre lated • 

Fall population with: 

Egg masses/ I 00 plants, second brood 
Nights with wind over 8 mph, Aug. 15-21 
Inches of ra infall, Aug. 15-21 

Inches of rainfall , Aug. 22-28 

Predator form s/ I 00 plants with: 

Accumulative bo rer deg ree da ys, 
Aug. 8-14 

Ni ghts with min. t emp less t han 
58 ° F, Aug. 8-14 . . 

Egg masses/ JOO plants, seco nd brood with : 
Inc hes of rain fa ll, Aug . 15-2 I 

In ches of rainfall , Aug. 22-28 

Ni ghts with wind ove r 8 mph , 
10 p.m . Au g . 15-21 . . 

Nig hts with wind over 8 mph, 
10 p.m. Au g . 22-28 .. 

* Significa nt at 5-pe rce nt leve l 

** Si gn ifica nt at I-pe rce nt level 

Signifi-
r va lu e ca nee 

+0.9331 ** 
+o .8676 ** 

+o.6790 ** 

+0.7895 ** 

+o.8326 ** 

-0.7659 ** 

+0.8068 ** 

+0.9236 ** 

+o.9617 ** 

+o .5856 * 

and Sparks et al. ( 1966a, b ) have published results of 
experiments indicating that geog raphical populations of 
corn borers may be separa ted into biotypes based on 
their diapause characteristics. Evidence was presented 
to show that diapause in the European corn borer is 
determined genetically in addition to other factors 
demonstrated to cause the condition. However, to 
develop a more orderly discussion, fluctuations of corn 
borers will be treated under ti tles of first- and second
brood infestat ions. The first brood develops from the 
overwi ntering larvae, and the second brood develops 
from the midseason (first-brood ) population. 

FIRST-BROOD INFESTATION 

The infestation levels considered in this portion of 
the experiment were developed from three sources. The 
three levels and their mech anism of development are: 
(1) "Zero" level (treatment 1) resulted from treatment 
of plots with ¼ pound EPN per acre, (2 ) "N atural" 
level was developed from natu ral oviposition and (3) 
"Natural + 3 egg masses" was developed from natural 
oviposition and manual infestation of ea.ch corn plant 
with 3 egg masses. 

Oviposition 

Thompson and Parker ( 1928 ) pointed out that a 
la rge proportion of young European corn borer larvae 
die even under the best of conditions. Chiang and Hod
son ( 1959) reported a mortality of a t least 10-15 per
cent among eggs of European corn borer throughout a 
10-year study in southern Minnesota and sugges t that 
the two factors- death of young larvae and mortality 
of eggs- combined to produce an intrinsic weakness 
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of the species. Many workers have found this excessive 
mortality following egg hatch and have also noted fail
ures of egg masses to hatch. 

The amount of natural oviposition varied from 
year to year and even moreso from location to location. 
Natural oviposition was insufficient in Ohio to warrant 
the time to collect the information. 

Oviposition data for Iowa and Minnesota are pre
sented in table 5. First-brood oviposition was greater in 
Iowa for 4 of the 5 years . In 1960, however, Minnesota 
recorded 20.8 egg masses per 100 plants while Iowa 
recorded 3.3. An examination of the weather data 
( table 2) gives no satisfactory explanation for this re
versal; therefore, it is suggested that the initial popula
tion of first-brood moths must be responsible for this 
difference. 

Mid summe r Population 

The midsummer or first -brood borer population was 
measured by dissecting six p lants in each of three treat
ments. Treatments 1, 4 and 7 were dissected to show 
the effect of three levels of infestation- zero, natural 
oviposition and natural oviposition + 3 egg masses. 
The data for all 5 years in the three states are given in 
table 6. 

One-half pound of EPN at 5-day intervals through
out the oviposition period kept the plots relatively free 
of corn borers. Natural oviposition in the plots exhib
ited its influence quite strongly at midseason dissection 
time. Iowa p lots received more natural oviposition and 
had more borers at rnidseason. Although reports from 

Table 5. Egg masses pe r 100 pla nts from a natura l first-brood 
infesta ti on . 

1958. 

1959 . 

1960 . 

196 1. 

1962 . 

Iowa 

. 45 .7 

. 28 .3 

3.3 

.. . 35 .0 

. . . . . . . . . . . . . 23.3 

Minnesota 

1.0 

.0 

20.8 

5.0 

12.2 

Ta ble 6. First-brood bore rs pe r I 00 pl a nts at t he time of mid 
summ er dissection, avera g e d o ve r dates and hyb ri ds. 

Iowa Minnesota Ohio 

Treatme nt Treatment Treatment 

4 7 4 7 4 7 

Yr. Spray Na t . Nat.+3 .Spray Na t . Nat.+3 Spray Nat. Nat.+ 3 

1958 . . 4 .8 84.0 233.0 .0 6.6 140.0 23 ' 34 292 

1959 . . 0.8 8.0 34.0 3.3 6.6 76.6 0 7 186 

1960 . .0.8 4.2 64.2 1.9 5.0 131 .2 0 27 209 

1961 . .0 11.6 85.0 4.9 3.4 52.9 4 11 261 

1962 .. 2.9 13.3 90.8 1.7 11 .5 99 .8 3 151 

Ave r-
age .. . 1.9 24.2 101.4 2.9 6.6 100.1 6 17 220 

• No insecticide app lied to Ohio first-brood plots in 1958. 
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Ohio indicated negligible amounts of first-brood ovi
position, midseason dissections revealed higher numbers 
of borers per 100 p lants in Ohio than in Minnesota. 

An unexpected element of this geographical study 
is noted when one ;xamines the borers surviving from 
natural + 3 egg mass infestations for the three areas. 
Since Iowa plots received the most natural oviposition 
and had the highest number of borers per 100 plants 
surviving on the natural oviposition plots, it would fol
low that the Iowa plots should have the highest survival 
on the natural oviposition + 3 egg mass plots. This 
was not the case. Indeed, the 5-year average in the 
natural + 3 plots shows 101.4, 100.1 and 220.0 sur
viving borers per 100 plants for Iowa, Minnesota and 
Ohio, respectively. When these figures are corrected 
for natural oviposition survival, they read 77.2, 93.5 
and 203.0, respectively. These data add some evidence 
to the suggestion by Everett et a!. ( 1958) tha t a den
sity-dependent factor was adversely affecting larval 
survival when the addition of 6 egg m asses to the 
natural infestation did not a lways give substantial in
creases in the number of larvae at midsummer com
pared with the addition of only 3 egg masses. 

SECOND-BROOD IN FESTATION AND OVIPOSITIO N 

Second-brood natural oviposition is given in table 
7. The da ta were obtained by examining two plants in 
each of treatments 2, 5 and 8 three times each week. 
No data were collected for Ohio plots. Natural oviposi
tion during the second-brood period was higher in 
Iowa than Minnesota for 4 of the 5 years. The natural 
second-brood oviposition counts in Iowa in 1959 were 
the lowest of the 10-year study. This could possibly be 
accounted for by observing rainfall data for July and 
August of that year. A large percentage of second
brood oviposition occurred during late July and 
throughout August when only 1.57 inches of rain fell 
during each of those months in 1959. Minnesota 's sec
ond-brood oviposition varied considerably; however, no 
reasons a re surmised for any year being more or less 
suitable for oviposition . 

IN FESTATION AT FALL DI SSECTI ON 

R ecords of fall larval infestations for all nine treat
ments were obtained by randomly selecting and dissect
ing one of the 3 plants in each of 10 yield hills of corn 
per plot. The results of fall dissections for all three 

Ta bl e 7. Egg masses per 100 pla nts from a natura l second -b rood 
infestati on . 

Year Iowa 

1958 . . .. .. .. .... .. 4 1.7 

1959 . .... .. . .. . . .. 15.8 

1960 . 

1961 . 

. . .. ... .... . 4 1.7 

. .. .. .... . ... 7 1.7 

1962 ....... .... . .. . . .. . . 74.2 

Minnesota 

9.9 

26.9 

25.0 

7.6 

20.5 



sta tes a re summarized in table 8. These data do not 
show effects due to planting date or hybrid of corn . 

T reatment 1 should be relatively free of borers 
since these plots were sprayed with ½ pound EPN a t 
5-day intervals th roughout first-brood oviposition and 
with 1 pound of DDT at 10-day intervals throughout 
the second-brood oviposition period. T reatments 4 and 
7 should indicate the numbers of la rvae from a natural 
and an ex tra heavy fi rs t-brood infes ta tion that entered 
diapause each year. In some years, there a re only 
slight differences in numbers of borers per 100 plants 
that enter diapause, even though the rela tionship in 
egg masses per 100 plants was quite different. These 
data indicate that more fi rs t-brood borers enter dia 
pause in Ohio than in Iowa or Minnesota. 

Compa risons between numbers of second-brood 
borers per WO plants surviving due to natural infesta
tion and natural infesta tion + 3 egg masses per plant 
can be observed in treatments 2 and 3, respectively. 
In a ll years and a t all locations, more second-b rood 
borers survived in plots where plants received three 
ext ra egg masses per plant . 

Comparisons among larvae surviving per 100 plants 
due to natural infesta tion both broods, natural first
and heavy second-brood infestat ions, heavy first- and 
natural second-brood infesta tions, and heavy infesta tion 
both broods may be observed in treatments 5, 6, 8 a nd 
9, respectively. Differences in numbers of borers sur
viving per 100 plants between treatments 6 and 9 were 
not significant, indicating that naturally infested first
brood plots receiving three extra egg masses per plan t 
du ring the second-b rood oviposition period p roduced 
about as many borers in the fall as plots receiving 
natural oviposition + 3 egg masses per plant during the 
oviposition periods of both broods. 

Effect of Resistance in Single-Cross Hybrid Corn on 
Populations 

All facets of resistance, as defined by Painter 
( 1951), have been implicated in the complex interrela
tionship between corn and the European corn borer. 
The corn borer adult shows preference in selecting a 
site to oviposit. This p reference was determined by 
earl ier workers to be due to phys ical height of the com . 
In oviposition, however, the adult responds preferen
tially to an array of corn lines, which indicates that 
fac tors other than plant height are involved. 

Antibiosis as the mechan ism of resistance of corn 
to the first -brood infesta tion has been the subject of 
extensive work. R esearch investigations indicati ng that 
chemical fac tors were pa rt ially responsible fo r the dif
fe rential numbers of la rvae that survive when placed 
on susceptible and resistant inbred lines and hybrids of 
corn accelerated when Bec-k and Stauffer ( 195 7) dis
closed the presence of three chemical inhibitors of corn 
borer growth in corn tissues, one of which was 6-
methoxybenzoxazolinone (6MBOA). Some 9 years 
la ter, Klun and Brindley ( 1966 ) published results of 
extensive studies indicating that 6MBOA is of little 

Table 8. Larvae per 100 plants at fall dissection averaged over 
both plantings and hybrids. 

Treatment• 

State Year 2. 3 4 5 6 7 8 9 

Iowa 

1958 . 36 40 47 103 90 93 182 172 153 
1959 . . < I 19 189 2 29 195 2 23 146 
1960 . . 7 100 357 13 99 405 10 81 334 
196 1 .. 7 108 207 4 84 247 9 73 240 
1962 .. 6 188 328 6 188 4 13 5 128 274 

Minnesota 

1958 . . 6 12 31 3 II 41 12 20 41 
1959 . . < I 43 244 47 23 2 30 13 
1960 . II 36 117 6 36 92 13 38 11 4 
196 1. 17 37 11 3 23 43 II 0 39 57 12 7 
1962 . 6 II 33 10 15 45 17 22 63 

Ohio 

1958 . . 42 40 147 43 51 158 126 126 21 7 
1959 . . 30 108 39 1 26 100 390 42 94 338 
1960 . 64 174 424 67 166 482 130 21 3 470 
196 1. 18 44 11 8 27 52 128 60 100 196 
1962 . 8 47 364 15 60 460 60 11 8 394 

' See tab le I for description of treatments. 

consequence in the corn borer resistance phenomenon 
but that precursors of 6MBOA may play an active role. 

T olerance, in this case referring to standing and 
ear-holding qualities, h as been studied by various work 
ers. A comprehensive review of important developments 
in European corn borer resista nce studies was published 
by Brindley and Dicke ( 1963) . 

The importance of the development of the corn 
plant affecting the degree of infesta tion of European 
corn borer was examined in detail by Everett et a l. 
( 1958 ). They compa red the p rogressive development of 
WF9 x M14 (susceptible) with Oh43 x Oh51A (resist
ant ) for 4 years a t th ree locations and concluded that 
certain persistent differences in plant development 
ex isted between locations within years and among years 
within a single location. A summary of their findings 
follows. 

The early planting was more advanced in its devel
opment until near the end of the season when the la te 
planting in some cases exceeded the early plan ting in 
height. The resistant hybrid developed more rapidly 
after an ex tended leaf height of 30 to 40 inches was 
obtained . The resistant hybrid , regardless of pla nting 
date, year or location, tasseled and silked from 1 to 4 
days earlier than did the susceptible hybrid. The post
pollina tion ripening period was more prolonged in the 
resistant than in the susceptible hybrid, resulting in 
earlier maturation of the susceptible hybrid, a lthough 
the resistant hybrid was pollina ted first. 

The same type of data were taken all years in Iowa, 
2 years in Minnesota, but not in Ohio. The general con
clusions drawn by Everett et a l. ( 1958 ) fit the Iowa 
data quite accurately; therefore, discussion of rela tive 
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Table 9. Egg ma sses per 100 pla nts deposited by first- a nd 
second-brood moths on resistant and susceptible corn 
hybrids planted on diffe re nt dates. 

Year Hybrid 

19 58 ES' 

ER 

LS 

LR 

1959 ES 

ER 

LS 

LR 

1960 ES 

196 1 

1962 

ER 

LS 

LR 

ES 

ER 

LS 

LR 

ES 

ER 

LS 

LR 

First 
brood 

80.0 

100.0 

3.0 

0 

46.7 

63 .3 

3.3 

0 

10.0 

3 .3 

13 .3 

0 

33 .3 

60.0 

16.7 

30.0 

46.6 

33 .3 

10.0 

3.3 

Iowa 

Second 
brood 

10.0 

0 

30.0 

120.0 

16.7 

3 .3 

30.0 

13.3 

30.0 

33.3 

63 .3 

33.3 

40.0 

50.0 

66.7 

130.0 

46.6 

19.9 

106 .6 

123.2 

First 
brood 

1.0 

0 

0 

0 

0 

0 

0 

0 

49.5 

33.3 

0 

0 

3 .3 

9.9 

0 

0 

20.0 

13.0 

6.0 

10.0 

Minnesota 

Second 
brood 

3.3 

3.3 

20.0 

13.3 

39.6 

13 .2 

23 .1 

29.7 

19.8 

29.7 

39.6 

9.9 

6.6 

3.3 

3.3 

13.2 

0 

16 .0 

23.0 

43.0 

' ES= early-planted susceptible hybrid , ER= early-planted re
sistant hy brid , LS= late-planted susceptible hybrid, LR= late
planted resistant hybrid . 

development of the two hybrids of corn used m the 
experiment is limited to Iowa. 

FIRST-B RO O D NATURA L OVIPOS ITIO N 

As shown by Everett et a l. ( 1958), fi rst-brood moths 
had no consistent preference for oviposition on either 
of the hybrids used in this experiment. The oviposition 
data for both first and second broods are given in table 
9. D ata for the Ohio location were not taken . F irst 
brood ovipos ition was very ligh t in 3 of the 5 years at 
the Minnesota location . In I owa, higher first-brood 
oviposition rates were observed on the early-planted 
resistan t hybrid than on early-planted susceptible hy
brid in 3 of the 5 years. 

First-brood moths 
planted to la te-planted 
inconsistent in showing 
resi tant h ybrids. 

consistentl y preferred early
corn for oviposition, but were 
a preference for susceptible or 

SECON D-BROO D NATURAL OV IPOSITION 

Oviposition data for Ohio were not taken. The 
la te-resistant hybrid was preferred for oviposition by 
second-brood moths in 3 of the 5 years in Iowa and 2 
of 5 years in Minnesota ( table 9). In all years a t both 
locations, except Minnesota in 1960, the la te-p lanted 
corn received more oviposition than the early-p lanted. 

These da ta indicate tha t, a lthough some oviposition 
preference for resistant and susceptible corn 1s exhib
ited, thi s preference is not clear-cut for either brood in 
either early- or late-plan ted com . In general, first-brood 
moths prefer early-planted corn and second-b rood 
moths prefer la te-planted co rn. 

Table 10. First-brood European corn bore r larva e per 100 pla nts at midsummer dissection in trea tments I, 4 and 7. 

Iowa Minnesota Ohio 
Treatment Treatment Treatment 

4 7 4 7 4 7 
Year Hybrid Sp ray Nat. Nat.+3 Spray Nat. Nat.+3 Spray Nat. Nat.+3 

1958 ES' . . . . . . . . . . 3 2 13 400 0 7 243 40 40 400 
ER 13 103 180 0 3 60 33 53 287 
LS .. . .. .. .. . . ... . 0 13 290 0 7 187 17 27 3 17 
LR 3 6 63 0 10 70 3 10 163 

1959 ES . . . . . . . . . . . . . . . . 17 67 2 13 10 0 12 0 13 280 
ER 17 63 130 0 3 47 0 10 117 
LS 7 20 107 0 83 93 0 3 260 
LR . . . . .. . . . 0 10 20 3 13 57 0 0 87 

1960 ES 0 7 83 4 4 79 0 33 270 
ER . . . . . . . . . . . 0 10 30 0 4 42 0 40 180 
LS 3 0 93 3 7 32 0 27 297 
LR 0 0 50 0 6 25 0 7 90 

196 1 ES 0 20 I 30 0 3 97 0 20 450 
ER 0 0 27 7 0 30 7 20 287 
LS . . .. . . ... . . 0 23 147 7 10 80 7 3 243 
LR 0 3 37 0 0 3 0 0 63 

1962 ES . · • ..... . .. . . .. 7 37 223 3 23 172 0 7 260 
ER 0 10 37 3 10 so 0 3 I I 3 
LS 3 0 87 0 10 139 3 3 187 
LR . . .. . . ... 0 7 17 0 3 40 0 0 43 

5-yea r 
Av. ES 5 69 21 0 4 7 142 8 23 332 

ER 6 37 81 2 4 46 8 25 197 
LS 3 11 145 < 1 23 106 5 13 26 1 
LR ... . ......... . .. < I 5 37 < 1 6 39 < 1 3 89 

' ES = eady-planted susceptible 
tan+ hybri d . 

hybrid, ER= early-planted resistant hy brid , LS = late-planted susce ptible hybrid, LR= late-planted resis-

82 



RES ISTANCE TO FIRST-BROOD LARVAL SURVIVAL 

First-brood borer infestations were sampled in the 
la tter part of July when most of the larvae were in the 
fifth instar and pupation had just begun. T able 10 
shows la rval counts from three levels of in festation for 
the three locations by years. Treatments 1, 4 a nd 7 
represent zero, na tural and na tural + 3 egg masses per 
plant levels of infesta tion, respectively. Plots receiving 
treatment 1 were sprayed, treatment 4 was the result of 
na tu ral oviposition, and treatment 7 was accomplished 
by adding three egg masses per pl ant to the na tural 
oviposition in that plot. 

The da ta were analyzed by location each year. A 
summa ry of analyses of variance is given in table A-1. 
Differences referred to wi ll be significant (5-percer.t 
level ) or highly significant ( 1-percent level); i. e., dif
ferences termed significant will be a t the 5-percent level 
as a minimum. 

In the early years of thi s experiment, a treatment 
of na tura l infestation + 6 egg masses per p lant was 
used (Everett et a l. , 1958) . These resea rchers con
cluded th at three egg masses per plant approached the 
optimum number for m aximum la rval survival in most 
cases and that additiona l egg masses decreased survival 
to the point that infestations resulting from six egg 
masses per p lant were equal to or only slightly greater 
than infesta tions resulting from three egg masses per 
plant. Therefore, we dropped the six egg masses per 
p lant treatment and used the zero level of infesta tion 
for comparisons. 

P lanting dates showed highly sign ificant differences 
in 1958, 1959 a nd 1962 in Iowa and in 1958 and 1961 
in Ohio ( table A-1) . Also, significant differences in 
planting da tes were found in Ohio in 1959 and 1960. 
Planting dates in Minnesota produced nonsignificant 
differences in miclseason larval survival. When the data 
were combined and analyzed over years and locations 
( table A-2), highly significant differences are indicated. 
T hese data simply imply that, over the years in Iowa, 
Minnesota and Ohio, early-pla nted corn will h ave more 
first-brood borers than la te-planted com. The mag
nitude of this difference is hown in table A-6. 

Highly significant differences in borers surviving 
a t midseason due to hybrids ( susceptible vs. resista nt ) 
were shown in 1958, 1961 and 1962 for Iowa and 
Min nesota and in 1958, 1959 and 1962 for Ohio. In ad
dition, significant differences were indicated for 1959 in 
Iowa, 1960 in Minnesota, and 1960 and 1961 in Ohio 
( table A-1) . When analyzed over locations a nd years, 
the data indicate that a high ly sign ificant la rger num
ber of first-brood borers survive on the susceptible com
pared with the resistant hybrid ( table A-6 ) . 

Only two planting da te x hybrid in.teractions oc
curred at the three locations in 5 years. The significant 
interactions were found in Iowa in 1962 a nd in Minne
sota in 1961. These interactions indicate the fail ure of 
the hybrds to act the same in both planting ela tes to a 
first-b rood infes tation . The p lanting date x hybrid in-

teraction tested nonsignificant when the data were com
bined over years and locations. 

High ly significant differences were found in num
bers of la rvae at i'nidseason ( first brood ) due to treat
ments for a ll three locations and all 5 years (tab le 10 ). 
Treatment 1 was sprayed at 5-day intervals with EPN 
and would natura ll y have very few surviving borers. 
The na tural oviposition + 3 egg mass plots h ad larger 
numbers of surviving borers per 100 p lants than the 
natura lly infested p lots. Generally, higher numbers of 
borers survived in natu rally infested plots in Iowa, fo l
lowed by Ohio and Minnesota. H owever, in the natural 
infes ta tion + 3 egg masses per plant p lots, greater 
numbers of borers per 100 plants survived in Ohio, 
fo llowed by Iowa and Minneso,ta. These differences 
in numbers of borers surviving in the various treat
ments at the different locations show their effect in 
the analyses of va riance under the treatment x ela te 
and treatment x hybrid interactions in the 5-year sum
maries of analyse of variance (table A-1) . 

A significant treatment x hybrid interaction in

dicates that the two hybrids reacted differently to the 
three levels of infes ta tion. T able 11 shows da ta for 
com parison of borer survival rates in the two hybrids 
a t the locations and in the years that significant treat
ment x hybrid interactions occurred. The primary rea
son for a ll the interactions was the disproportionate 
change in rate of survival of larvae on the two hybrids 

Ta ble 11. Fi rst-brood bo rers pe r 100 plants on hybrids Oh43 x 
Oh5 1A (resist a nt ) a nd WF9 x Ml4 (susc e ptible ) in years 

whe n a t reatmen t x hybrid interaction occurre d. 

Treatment 

4 7 

State Year Hybrid Spray Na tura l Nat.+3 

Iowa 1958. .. Susceptible 216 690 

Resistant 16 I 09 243 

1959 . ... Susceptible 24 87 320 

Resistant 17 73 150 

1961 ... . Susceptible 0 43 177 

Res istant 0 3 64 

1962. ... Susceptible 10 37 3 I 0 

Resistant 0 17 54 

Minnesota 1961 ... . Susceptible 7 13 187 

Resistant 7 0 33 

1962 . ... Susceptible 33 3 1 I 

Res istant 3 13 90 

Ohio 1959. . Susceptible 0 16 540 

Resistant 0 10 204 

1960 . . Susceptibl e 0 60 567 

Resistant 0 47 270 

1961. . Susce ptible 7 23 693 

Resistant 7 20 350 

1962 . ... Su sce ptible 3 10 447 

Resistant 0 3 156 
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after they had been artificia ll y infes ted with three egg 
masses per plant. 

As th e level of infesta tion increased, the red uction 
due to the resistant hybrid increased also. These data 
lend supporting evidence to the sugges tion by Everett 
et a l. ( 1958) that the adv a n tag of growing resistant 
corn is greater during outbreaks than when low levels 
of borer popula tions exist. 

The over-all effect of hybrid re~istance and date of 
p lanting on first -brood com borer infestations are 
shown in table 12. T hese da ta were compiled by av
eraging the number of borers per 100 plants found at 
midseason over the 5-year period . The percentage re
duction attributed to the resistant hybrid and late 
pla nting was calcula ted from these averages. 

I n plots where infestations developed from natural 
oviposition, late planting was more detrimental to the 

Table 13 . Rela ti ve maturi t y of f irst-b rood bo re rs in t he mid -
summ er population exp ressed as perce nta ge matu re 
borers o r pupae. 

Ye,ar Hybrid Iowa Minnesota O hio 

1958 . . . ES' 94 64 73 
ER 87 47 68 
LS 90 53 69 
LR 73 25 59 

1959 . . .. ' . ES 91 59 69 
ER 89 47 6 7 
LS 50 93 76 
LR 50 45 69 

1960 .. . ES 100 74 65 
ER 70 77 42 
LS 80 74 51 
LR 73 49 38 

196 1 . . . ES 91 59 50 
ER 60 36 40 
LS 84 51 34 
LR 80 23 5 

1962 . ES 93 20 53 
ER 82 8 59 
LS 96 9 81 
LR 7 1 5 79 

• ES= e arly -p lanted susceptible hy brid , ER= early-planted re
si stan t hy b ri d , LS= late -planted susceptibl e hybrid , LR= la te
planted resistant hybrid . 

borers than the resistance factors in both Iowa a nd 
Ohio. Infestations developing from natural ovipositicn 
on late-p lanted corn in Minnesota were greater than 
those developing Oil early-planted corn ; however, these 
Minnesota infestations were 1·ela tively sma ll on both 
early- and late-p lanted corn. The individual a nalyses 
for Minnesota miclseason dissections show nonsignif
ican t differences in borer survival at midseason due to 
planting dates ( table A-1). 

When percentage reduction a re considered in borer 
surviva l from plots with higher borer infestations ( nat
ural + 3 egg masses ), these data indicate tha t the 
factors of resistance reduced the surviva l of first-brood 
borers at a ll three locations more than did late planting. 
The magnitude of the difference between p lanting elate 
and between hybrids is shown in tables A-6 a nd A-7. 
From these data, as well as those presented by Everett 
et a l. ( 1958 ), it is evident that the level of infesta tion 
is important when discussing the rela tive effect iveness 
of la te planting and resistant hybrids to reduce borer 
survival. The percentage reduction of borers due to 
resistance increased as the borer popula tion increased; 
the reduction of popu la tions of borers clue to late p lant
ing in Iowa and Ohio, however, decreased as infesta
tions increased. 

The percentage of mature borers or pupae found at 
midseason is listed in table 13 by yea.rs for ea.ch loca
tion. These data serve as an index to the physiological 
effect of the resistant hybrid on the development of the 
borer and, as pointed out by Everett et a l. ( 1958), can 
only be compared within a given location and year. 
Comparisons between years a nd locations in this in
stance are not legitimate because of the many factors 
that have been proved to affect borer development, 
primari ly temperature, photoperiod and nutnt10n. 
These data d o indicate tha t, without exception, a high
er percentage of first-brood borers reaches maturity at 
midseason on susceptible than on resistant corn. In four 
of the possible 15 individual comparison (Iowa 1961, 
Minnesota 1959, Ohio 1959 and l 962) , the late plant
ing produced higher percentages of mature borers by 

Tabl e 12. First-b roo d bo rer inf estation and perce nta ge reduction in infest a ti o n by resista nce in Oh43 x Oh5 1A vs. WF9 x Ml4 and 
by la te vs . ea rly pl a nting . ( Fi ve-yea r avera g es. } 

Iowa M inn esota Ohi o 

Tre a t me nt Trea t me nt Treatme nt 

4 7 4 7 4 7 

Ite m Hybrid Spray Nat. Nat .+3 Spray Na i . Nat.+3 Spra y Na t. Nat.+3 

Bo rers/ Su sceptibl e 9.0 28.0 92. 8 0 .1 I 5.4 124.2 6. 7 17.6 296 .4 

I 00 plants Res ista n t 5.8 I 5.6 36.9 1.3 5.3 42.2 4.3 14.3 143.0 

% redu ct ion 
by resistant 
hybrids 35.6 44.3 60.2 36.0 66.0 66.0 35.9 18.8 51 .8 

Bo rers/ Earl y 6.6 31.0 76.3 2.7 5.8 93 .8 8.0 23 .9 264.4 

100 plants Late 8.2 12 . 1 52.3 0.7 14.9 73.6 3 .0 8.0 175 .0 

% reduction 
by late 
planting - 19.5 6 1.0 3 I .5 76.0 -15 .6 22. 7 62 .5 66.5 33.8 
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rnidseason than the early planting. For the most part, 
these data agree with the conclusion by Everett et a l. 
( 1958) that resistant hybrids and late planting retard 
the development of first-brood borers. 

RESISTANCE TO SECOND-BROOD LARVAL SURVIVAL 

European corn borer infestations in the fall were 
quite variable because of the design of the experiment. 
As outlined under "Experimental Procedures," three 
levels of first-brood borer infesta tions were imposed on 
three plots each. For second-brood larval-survival tests, 
three levels of borer infestations ( spray, natural and 
natura l + 3 egg masses) were superimposed on each 
of the three levels of first-brood borer infestations. 

Plots receiving treatments 1, 4 and 7 showed rela
tively low levels of borer infestations because they were 
sprayed with 1 pound of DDT per acre at 10-day inter
vals throughout the second-brood oviposition period. 
Infestations in plots receiving treatments 2, 5 and 8 
represent natura l second-brood infestations fo llowing 
the zero, natural and natural + 3 egg mass levels of 
first-brood infesta tions, respectively. Infestations in 
treatments 3, 6 and 9 represent the heaviest second
brood infestations following the three levels of first
brood infestation. 

Table 14. Larvae per 100 plants in plots at fall dissection. 

State Yr. Hybrid 

Iowa 
1958 ESb 

ER 
LS 
LR 

I 959 ES 
ER 
LS 
LR 

1960 ES 
ER 
LS 
LR 

1961 ES 
ER 
LS 
LR 

1962 ES 
ER 
LS 
LR 

Minnesota 
1958 ES 

ER 
LS 
LR 

1959 ES 
ER 
LS 
LR 

2 

32 72 188 
18 74 158 
52 138 242 
42 130 142 

0 20 250 
0 12 144 
2 26 242 
0 18 120 

2 72 424 
4 76 360 
16 146 326 
6 106 320 

4 76 202 
6 so 200 

12 164 208 
6 142 218 

10 118 3 12 
0 108 288 

10 266 370 
2 260 340 

4 
0 
8 
0 

2 
6 

14 
12 

6 24 
6 12 

12 44 
10 26 

38 268 
48 274 
52 238 
32 196 

1960 ES .. . 15 28 I 17 
ER 5 
LS 20 
LR 5 

36 64 
54 200 
17 85 

Treatment' 

4 5 6 

20 68 154 
38 80 178 
66 88 180 
36 122 176 

2 16 234 
2 18 186 
2 so 252 
0 30 I 08 

16 66 386 
2 72 452 

24 132 412 
10 12 6 372 

0 90 260 
2 30 266 

IO 130 238 
6 88 226 

8 I 14 450 
0 74 3 12 

12 374 498 
4 190 390 

2 
2 
4 
2 

12 50 
6 16 
4 40 

10 28 

0 38 302 
18 I 12 284 
20 60 208 
14 34 272 

7 42 145 
5 32 64 

12 42 127 
0 28 30 

7 8 

44 78 
38 78 
40 108 
64 108 

0 20 
2 20 
2 22 
2 30 

10 50 
4 48 

18 11 0 
10 118 

6 
6 

14 
10 

60 
62 
82 
90 

9 

132 
130 
164 
194 

216 
140 
164 
142 

400 
386 
284 
268 

294 
218 
226 
222 

4 82 222 
4 50 I 06 
8 264 368 
2 116 398 

10 20 
8 22 

16 24 
2 8 

22 
20 
38 
10 

12 
5 

28 
7 

22 
14 
34 
50 

33 
35 
48 
35 

48 
36 
42 
24 

220 
196 
200 
178 

95 
97 

170 
93 

Second-brood larval survival data are shown m 
table 14 for each of the 5 years at each location. 
Skeleton analyses of variance are shown by location and 
year in table A-1. The results of the analyses after 
combining the dat"a over years and locations a re shown 
in table A-2. 

The discussion of topics as related to resistance to 
second-brood larval survival wi ll fo llow the sources of 
variation listed in the skeleton analyses of variance in 
table A-1. The discussion of the effects of planting dates 
will be fo llowed by a discussion of the effect of hybrids 
and other variates. 

Data analyzed by year and location indica te highly 
significant differences in planting dates for 4 of 5 years 
in Iowa and highly significant differences in 2 of 5 
years in Ohio. T he Minnesota location showed non
significant differences in planting da tes with regard to 
second-brood larval su rvival for a ll 5 years. In a ll 
ana lyses tha t indicated significant differences due to 
p lanting dates, the late-planting date produced more 
borers. 

Significant differences in larval survival due to hy
brids were indicated in 10 of the 15 analyses. Highly 
significant d ifferences were noted for Minnesota m 
1958, 1960 and 1961 ; Ohio in 1959-1 962; and Iowa 

Table 14. (continued) 

State Yr. Hybrid 

196 1 ES 
ER 
LS 
LR 

1962 ES 

Ohio 

ER 
LS 
LR 

1958 ES 
ER 
LS 
LR 

1959 ES 
ER 
LS 
LR 

1960 ES 
ER 
LS 
LR 

1961 ES 
ER 
LS 
LR 

1962 ES 
ER 
LS 
LR 

2 

22 22 132 
8 42 11 4 

24 52 I 36 
12 30 170 

6 4 44 
0 10 14 
8 14 56 
8 14 16 

44 16 188 
50 42 132 
42 74 132 
34 30 136 

46 68 452 
IO 68 342 
34 188 458 
28 110 3 12 

82 156 396 
42 126 350 
82 228 628 
52 186 324 

16 56 148 
22 36 80 
24 46 160 
10 38 84 

2 8 386 
6 26 260 

12 108 530 
10 46 282 

Treatment' 

4 5 6 8 

26 52 168 62 60 
18 32 82 16 48 
28 so 132 52 82 
20 38 58 36 36 

14 16 60 24 16 
6 18 36 8 12 
8 14 56 16 30 

12 12 26 18 28 

28 36 170 136 184 
64 44 172 120 104 
48 68 140 170 142 
32 56 148 78 72 

18 76 502 
16 90 350· 
44 112 422 
26 122 286 

48 124 
32 60 
54 106 
36 88 

9 

132 
94 

174 
108 

58 
50 
64 
40 

258 
214 
254 
142 

366 
356 
404 
224 

74 136 438 158 254 536 
60 138 570 86 170 460 
50 212 556 174 246 550 
84 176 364 100 182 336 

26 52 166 104 148 254 
26 52 I 14 36 126 208 
38 64 152 64 70 186 
18 38 78 36 54 136 

32 52 494 
4 18 346 

16 122 7 12 
8 so 286 

11 2 130 
40 58 
64 202 
22 84 

496 
298 
486 
298 

• Se, table I fo r descripti on of t reatments. 
b ES= early-planted susceptible hybrid , ER= early-planted re

si stant hybrid , LS= la te-planted susce ptible hybrid , LR= late
planted resistan t hybrid. 
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m 1959 and 1962. A significant difference was noted 
in Iowa in 1960. In all ana lyses indicating significant 
differences due to hybrids, the susceptible (WF9 x M14 ) 
supported more borers than the resistant (Oh43 x 
Oh51A ). 

O nly one significant hybrid x date of p lanting inter
action occurred ( Minnesota 1959 ) . T his interaction 
was the resul t of the early-p lanted resistant hybrid pro
ducing more larvae than the early-planted susceptible 
hybrid. 

In the combined analys is ( table A-2 ), da tes of 
planting show nonsignificant differences in second
brood larval survival. However, the effect of hybrids 
is indicated to be highly significant, with the suscep
tible hybrid producing more larvae. The magnitude of 
the difference between hybrids is recorded in tables A-7 
and A-8. The significant hybrid x date of planting in
teraction found in the combined analysis was because 
differences of the same magnitude were not obtained 
from the hybrids on each of the planting dates. 

The level of natural second-brood infes tation 1s in 

dicated under treatment 2 in table 14. The p lots receiv
ing treatment 2 were sprayed with ½ poui:id o_f _EPN at 
5-day intervals throughout first-brood ov1pos1t10n and 
used for natural oviposition plots during second brood. 
The second-brood infestation va ried considerably from 
one location to another within years and also from year 
to year within locations. T he grea test variation within 
one year occurred in 1962 when the average nu:11ber 
of borers per 100 plants was 11 , 47 a nd 188 for Mmne
so ta, O hio and Iowa, respect ively ( table 15 ). The 
extremes in numbers of second-brood borers per 100 
p la nts for each location during thr· 5-y~ar period were: 
Iowa 19-188, Minnesota 9-43 and Oh10 41 -1 74 (table 

15 ). 
The effect of the three levels of first-brood infesta-

tion on a second-brood infes tation was determined by 
comparing treatments 2, 5 and 8 ( table 15) . These 
plots were sprayed, received natural and natural + 3 

Table 15. Mea n numbe r of la rvae pe r 100 plants in trea tme nts 
2 5 and 8 at fall dissectio ns. Averaged over plant
i~g dates and hybrids . 

State 

Iowa 

Min nesota 

First brood 
Second brood 

1958 
1959 
1960 
1961 
1962 

1958 
1959 
1960 
196 1 
1962 

Ohio .. .. .. .. .. 1958 
1959 
1960 
1961 
1962 

86 

2 
Spray 

Natural 

103 
19 

100 
108 
188 

9 
43 
34 
37 
11 

41 
109 
174 
44 
47 

Treatment 

5 8 
Natural Nat.+3 
Natural Natura l 

90 93 
29 23 
99 82 
85 74 

188 128 

8 19 
61 30 
36 38 
43 57 
15 22 

51 126 
100 95 
166 213 
52 100 
61 119 

egg masses, respectively, du ring first-brood, but all were 
used as natural oviposition plots during second brood. 
Everett et al. ( 1958) state that plots heavily infested 
by first-brood borers a re generally less susceptible to 
second-brood boi·er attack. T his was not necessarily the 
case throughout the last 5 years of the study. Numbers 
of larvae p resent in treatments 2 and 5 closely approx
imate each other when a ll years and locations are con
sidered . When treatments 5 a nd 8 are compared, how
ever, treatment 8 had sligh tly fewer borers than treat
ment 5 in 4 of the 5 years in Iowa; treatment 8 had 
more borers than treatment 5 in 3 years and less in 1 
year and treatments 5 and 8 approximate each other 
1 year in Minnesota; in Ohio, treatment 8 had more 
borers than treatment 5 in 4 of the 5 years. 

T h ese data, plus significant trea tment x date of 
planting and treatment x hybrid ir.teractions shown in 
table A-1, as well as significant treatment x da te of 
planting, t reatment x hybrid, treatment x year, and 
treatment x location interactions shown in table A-2, 
all indica te that genera l statements concerning the ef
fect of first-brood infestations on second-brood infesta
tions are not advisable. 

In summary, p lanting dates had very little effect 
on the survival of second-brood borers in Minnesota, 
were slightly more effective in Ohio and were highl y 
effective in 4 of 5 years in Iowa. The greatest advan
tage was gained by using resistant corn in O hio, but 
the combination of p lanting dates and hybrids was most 
effective in Iowa. When a ll years and locations are 
included, the varia tion in numbers of borers found in 
the different treatments at the time of second-brood 
di ssections makes sta tements inadvisable concerning 
the effects of first-brood infesta tions on second-brood 
infesta tions. 

T he combined analys is ( table A-2) indicates signif
icant differences in treatments. As expected, p lots re
ceiving infestations of natural oviposition + 3 egg 
masses per p lant ( treatment 8) had higher fa ll popula
tions of borers than the na tural oviposition p lots ( treat
ment 5). The natural oviposition plots had higher borer 
populations than the sprayed plots ( treatment 1) . The 
facts of primary importance in the combined analysis 
a re the highly significant interactions noted for location 
x year, hybrid x date of p la nting, treatment x hybrid, 
treatment x date of planting, treatment x year and treat
ment x location. All these interactions demonstrate a 
fai lure of factor (A ) to act the same way for a ll levels 
of factor (B). 

An example is the hybrid x date of p lanting interac
tion. Averaged over all years and locations, the resist
ant hybrid appreciably reduced the borer populations; 
however, the magnitude of the reduction was greater 
for first -brood borers than for second-brood borers. At 
the high infestation level (natural oviposition + 3 egg 
masses ), the resistant hybrid reduced the first -brood 
borer popula tion by 59.1 percent, and the second-brood 
popula tion by 25.9 percent ( table A-7) . Inbred lines or 
hybrids that are resistant to a first -brood infes tation 



(initia l establishment in the whorl by first- and second
instar la rvae) are not necessarily resistan t to a second
brood infes ta tion ( initia l establishment primarily on 
pollen accumulated a round the collar and behind the 
sheath, by first- and second-instar la rvae) . For exam
ple, inbred Oh43 is highly resistant to a first-brood 
infesta tion but susceptible to a second-brood infes ta tion. 
Oh51 A is intermedia te in resista nce to a first-brood 
infesta tion, but intermedia te to susceptible to a second
brood infes ta tion . Inbreds WF9 and M1 4 are suscep
tible to both first- and second- brood borers (Guth rie 
et a l. , 1960; Pesho et a l. , 1965). 

Damage by European Corn Borer 

As mentioned earlier, Everett et al. ( 1958) ad
equately described the damage of the borer to the 
leaves, sta lk and fruiting body of the corn p lant. This 
discussion will be concerned primari ly with the effects 
of the various levels of first- and second-brood infes ta 
tion on yield of the corn plant. 

L osses in yield because of the corn borer a re clue 
to several fac tors. U nder severe firs t-brood infestations, 
several leaves may be a lmost completely gird led a round 
the colla r ; this injury plus leaf blade lesions, caused by 
larvae feeding in the whorl of the plant, reduce surface 
area needed for carbohydra te production necessary for 
high yields. Cavi ties interfere with translocation of 
phytosynthetic p roducts throughout the plant and offer 
sites of entry for stalk rot and other diseases of the 
corn plant. Cavities also increase lodging of whole 
plants as well as dropping of ears. The last-mentioned 
characteristic of cavities is probably the most serio us 
la te-season damage caused by the corn borer, especially 
since the advent of mechanical harvesters. 

E stimates of yield for each of the nine treatmen ts 
are averaged over the 5-year period and shown ac
cording to planting date and hybrid in table 16. These 
yield estimates do not take in to account the number 

of ears tha t normally would have been lost if ha rvested 
by a mechanical harvester. All ea rs produced on the 
plots were harvested a nd included in the estimates of 
yield, adjusted to 15.5-percent moisture. 

As sta ted by E~erett et al. ( 1958 ), one objective of 
the experiment was to test the yielding ability of the 
two hybrids in spite of corn borer infes tations. The 
most useful method fo r compa rison was to determine 
the percentage reduction in yield due to corn borer 
infes ta tions. In table 16, one column shows the av
erage yield of plots receiving treatments 2 through 9. 
This average was compared with the average yield of 
plots receiving treatment 1 (sp rayed both broods), and 
a percentage reduction in yield was calcula ted . This 
reduction in yield is a ttributed to the borer. 

Within planting dates, the loss in yield due to the 
corn borer was a lways greater in the susceptible hybrid 
plots tha n in the resistant hybrid plots, except at the 
Ohio location when a reversal occurred in the early 
planting. At a ll three locations, the late-planted suscep
tible hybrid was more vulnerable to a reduction in 
yield by the borer than the la te-planted resista nt hy
brid. Average losses in the late-planted susceptible p lots 
were 4.2, 4.8 and 6.1 percent of the yield for Iowa, 
Minneso ta and Ohio, respectively ( table 16 ). Transla t
ing the percentage loss to bushels per acre, the figures 
read 4.5, 5. 1 a nd 5.3 for Iowa, Minnesota and Ohio. 

A yearly breakdown of yields fo r Iowa, Minnesota 
and Ohio is shown in tables A-3, A-4 and A-5. These 
tables show estimates of yields by location, year, plant
ing date-hybrid combina tion and treatment. A skeleton 
analysis of varia nces of yields is shown by year and 
location in table A-1, a nd table A-2 shows the skeleton 
analysis of the yield da ta combined over years a nd 
location. 

Figs . 7, 8 and 9 depict effec ts by va rious levels of 
corn borer infesta tions on yields of the fou r planting 
date-hybrid combinations in Iowa, Minnesota and 

Ta ble 16. Yie ld in bushels pe r ac re a t 15.5 perce nt moist ure an d percenta g e red uctio n d ue to infestation by both broods of 
Europea n corn borer. (Average of 5-yea rs' da ta.) 

Av. 
Treatment' yield % 

State Hyb rid 2 3 4 5 6 7 8 9 2-9 red uction 

Iowa 
ESb . 11 4.3 11 6.4 114.0 114.4 114 .0 I I I . I 104.0 104.4 101.6 11 0 .0 3.8 
ER . 102.5 100.4 99.7 10 1.0 101.7 99.2 99.4 98.8 97.4 99.7 2.7 
LS . I 08.4 109. 1 104.4 11 0 .8 110.5 I 04.9 100.3 97.5 93 .5 103.9 4 .2 
LR 98.7 98 .5 93.6 99. 1 95.6 92.8 95.9 93.6 89 .6 94.8 4 .0 

Minnesota 

ES . I 12.7 106 .5 107.6 110.9 110.5 104.8 103 .1 101.6 98.2 105.4 6.5 
ER 94.5 96.6 89.9 94.8 92.3 90.9 90.5 90.3 84.9 91.3 3.4 
LS .. I 05.4 I 05.4 100.4 105.5 I 02.9 97.0 98.8 97.7 95.0 I 00.3 4.8 
LR 85 .8 85.7 80.8 87.6 85.2 84. 1 84.2 82.6 83.5 84.2 1.9 

Ohio 

ES 99.2 101.0 97.6 95.5 96.5 90 .6 90.3 90.4 84.7 93.3 5.9 
ER 89.4 88 . 1 86.2 85.0 86.1 82.5 80.8 8 1.0 79.3 83 .7 6.4 
LS 86 .4 85.2 82 .7 85 . I 85 .2 79.9 77.9 79.5 73.0 8 1. 1 6 .1 
LR 8 1.5 82.2 78.0 79.4 81.9 77.3 79.5 78.9 75. 1 79.0 3 .1 

• See tab le I for descripti o n of treatm e nts. 

b ES= early-planted susceptible hybrid, ER= early-planted resistant hybrid , LS= late-plan ted susceptible hybrid, LR = late-p lanted re -
sistant hybrid. 
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Ohio. For example, in the lower left-hand co rner of fig . 
7, the effects of three levels of first-brood borer infesta 
tion on the late-planted, resistant hybrid are shown by 
years. The da rkly shaded areas represent the average 
yield for the 5 years. First-brood effects a re derived by 

comparing treatments 1, 4 and 7 representing sprayed, 
natural oviposition and natural oviposition + 3 egg 
masses per plant levels of infesta tion . 

Second-brood effects are derived by comparing 
treatments 1, 2 "and 3. Plots receiving treatmen t 1 were 
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kept borer-free by spraying. Treatment 2 included a 
spray for first brood and allowed natural oviposition 
throughout second brood . Treatment 3 involved elim
inating the first brood by spraying and supplemen t-

ing the natu ral second brood infesta tion with 3 egg 
masses. 
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treatments represent yields from p lots tha t were 
sprayed both broods ( t11ea trnent 1), were allowed na t
ural oviposition populations both broods ( treatrnen t 5 ) 
and were infested with natu ral oviposition + 3 egg 
masses per p lant during each brnod ( treatment 9). 

These compar isons summarize the effects of zero, na t
ural and heavy infesta t ions of borers th roughout the 
entire season. 

The effect of a heavy first-brood infesta tion on 
yield is detected t'ather easil y a t a ll locations. The 5-
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year average yields (heavily shaded areas) were con
sistently lower in the heavily infes ted plots than those 
obtained from the plots infested by natu ral oviposition. 
Ohio was the only location to show consisten tly tha t a 
firs t-brood infes tation developed from natura l oviposi
tion will reduce yields from those obtained from 
sp rayed plots . The 5-yea r average yield figures for 
comparing sprayed vs . natu ral oviposition plot yields 
in Iowa a nd Minnesota indicate that the na tu rally in
fested p lots yield equa l to, a nd in some cases better 
than, the plots that were sprayed with ½ pound EPN 
a t 5-day intervals throughout the first-brood oviposi
tion period . 

The center column in fi gs. 7, 8 and 9 show effects 
of the th ree levels of second-b rood infestation . Ohio 
was the only location to show consistently lower 5-year 
average yields in the heavily infested plots compared 
with the p lots that were natu rally infes ted . L ower :i 
year ave rage yields in the heavily infested p lots were 
shown for a ll p lanting da te-hybrid combinations except 
the ea rly suscepti b!e in Minnesota and the ea rl y res ist 
ant in Iowa. 

When the 5-year average yields of the sp rayed vs. 
na tura l oviposition second-b rood plots are compared, 
there a re no noticeable differences in Iowa, and the 
advantage gained by sp raying fluctua tes in Ohi? and 
Minnesota. These data indicate tha t the p ractice of 
sp raying fi eld corn for second-brood borer infesta tions 
to incc ase yields du ring this 5-year period was debat
able in Iowa and helpful only on early-planted suscep
t ible hybrid in Minneso ta a nd on late-plan ted, suscep
tible hybrid in Ohio. All ears produced were ha r
vested ; losses in q ua li ty, as well as losses customa rily 
associa ted with mechanica l harvesting, were not rec
orded . 

Th e columns nea r the righ t margin of fi gs. 7, 8 
and 9 show yea r ly a nd 5-year average yields from plots 
receiv ing trea tments 1, 5 and 9. T he three trea tments 
represent th ree levels of infes ta tion ( zero, natu ral a nd 
heavy) d uring each of the two broods. T he effects of 
the heavy level of infestation du ring both broods c,n 
yield was very eviden t. T able 17 summarizes these 5-
year average losses due to the heavy infes ta tions during 
both brood s ( treatment 9 ) as cc,mpared with na tural 
oviposition infestations during both broods ( trea tment 
5). These data reemphasize that the resistant hybrid 
shows its effect more on the heavier infes ta tions of 
corn borer tha n on the lighter. 

T able 18 summarizes 5-year average losses du e to 
a fi rs t-brood infestation compared with losses due to a 
second-b rood infesta tion . The resistant hybrid showed 
its effect primarily against the first brood . R eduction 
in yield from a second brood was sim ila r in the two 
hybrids. As sta ted previously, the resistance of Oh43 x 
Oh51 A is against a fi rst-brood infes tation. WF9 x M 14 
and Oh43 x Oh5 1A were a lmost similar in performance 
(susceptible ) against a second-brood infesta tion . 

The analysis of variance resu lting from combining 
the data for yield over years and location ( t able A-2) 

is a good index of what actuall y occu, red in thi s exper
iment over the years. 

The firs t section of the ana lysis indicates significant 
differences in yield. fo r the influence of years, locations 
and locations x year interactions. The significance of 
these differences on yield is u nquestionable and has 
been shown in many studies, reviewed and a lso reported 
by L. M . Thompson (1962 ) . Also noted is tha t these 
same three variables a re significant for the combined 
a nalysis for bore rs and cavities in the fall. It is not sur
prising to the student of ecology to rediscover tha t fac
to rs affecting the envi ronment in which an organism 
lives also affect the organism. 

The second portion of the ana lysis indicates signif
icant differences for the effects of planting da tes and 
planting date x location interaction on yield. Individual 
a nalyses indicate higher yields for ea rly p lanted corn 
in Minnesota and Ohio and 2 out of 5 years in Iowa. 
Within the Emits of this experiment, the early-p lanted 
corn out produced the late-planted corn by an average 
of 6.8 bushels per acre. Wi thin the three locations, 
however, the magnitude of this average difference 
ranged thusly: 5.4 bushels in Iowa, 6. 3 bushels in 
Minnesota and 8.6 bushels in Ohio ( t able A-9). The 
last figures a re the reason for the significant planting 
da te x location interaction. 

The third portion of the analysis d ea ls with the ef
fec t of hyb rids and their interactions on yields. Aver
aged over locations du ring this 5 years ?f the studf, the 
suscep tible h ybrid outproduced the resistant hybnd by 

Ta ble 17 . Losses in bushels per acre fro m four pl a nting date-h y
b rid combination s due to the a dditio n of 3 egg ma sses 
p er pla nt d uring each b roo d as compa red wit h na tura l 
infestati ons ea ch b rood ( Five-year a ve ra g e ) . 

Sta t e 

Iowa 

Min nesota 

Ohi o 

Ta bl e 18. 

Sta t e 

Pl a nt ing da te -hybrid combina t io n 

Ea rly 
susceptibl e 

12.4 

12 .3 
. .. 11.8 

Ea rl y La te 
res ista nt susce pt ib le 

4.3 
7.4 

7 .1 

17.0 

7.9 

12.2 

Late 
re sistan t 

6.0 

1.7 

6 .8 

Losses in b ush e ls pe r a c re fro m a fir st-brood infesta
ti o n (treatme nt I minus trea tme nt 7) compared with 
a second-broo d infest a t ion ( treatm e nt I minus treat
me nt 3) .' Summa ry of trea tme nts I , 3 a nd 7 from 
t able 16 ( Five-yea r ave rag e ). 

Pla ntin g d ate -hybrid comb ination 

Ea rl y Earl y Late Late 
su scepti ble resista nt susce ptibl e res istan t 

Sec- Sec- Sec- Sec-
Firs t on d First o nd First o nd First o nd 
b rood b rood brood b rood brood brood b rood brood 

Iowa . . 10.0 0.3 3. 1 2.8 8. 1 4.0 2.8 5. 1 
Min nesota 9.6 5.1 4.0 4.6 6 .6 5 .0 1.6 5.0 
Ohio 8 .9 1.6 8.6 3.2 8.5 3.7 2.0 3.5 
Average . . 9.5 2.3 5.2 3.5 7.7 4.2 2.1 4 .5 

' Tre at me nt I = In sect ic id e t reated for both broo d s. 
Treatme nt 3 = Na t ura l ovipos iti o n + 3 ·second -brood masse s; in
sectic id e treated for first- brood co nt ro l. 
Treat men t 7 = Natural ov iposition + 3 fi rst- b rood ma sses ; in 
secti ci·d e treate d fo r seco nd-brood co ntrol . 
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L0.4 bushels per acre ( table A-9 ). That significant 
hybrid x planting date, hybrid x year and hybrid x 
location interactions exist cannot be overlooked. The 
hybrid x planting date interaction indicates that the 
hybrids did not reac t identica lly with respect to the 
two planting dates. The susceptible outproduced the 
resistant hybrid by 11.6 bushels per acre in the early 
planting and by 9.3. bushels per acre in the late plant
ing ( table A-9 ). The yielding ability of WF9 x M 14 is 
greater than that of Oh43 x Oh51A. Many combina
tions of resistant x resistant crosses have outyielded 
susceptible x susceptible crosses ( Penny and Dicke, 
1959). The hybrid x year interaction occurred because 
of irregularity of difference in production of the two 
hybrids. During the 5 years, those differences in yield 
between the susceptible and resistant hybrid ranged 
from 6.0 to ] 5.6, but averaged 10.4 bushels per acre 
( table A-9) . The hybrid x location interac tion is be
cause the susceptible outproduced the resistant hybrid 
by 9.8, 15.6 and 6.0 bushels in Iowa, Minnesota and 
Ohio ( table A-9). Again , this interaction was signif
icant because of the magnitude of differences at the 
three locations. The fourth and final portion of the 
analyses deals with the effect of the levels of borer 
infestation and their interactions with date of planting, 
hybrid, location and years on yield. 

The number of significant interactions, as shown 
by individual year-location analyses in table A-1 , leads 
us to believe that almost every factor interacts with 
the borer to affect yield. When the location and year 
effects a re withdrawn as individual components in the 
combined analysis, however, most of the interactions 
of borer infestation with the other variables were non
significant. 

Treatments in the combined analysis are averaged 
over years, locations, planting dates and hybrids . Table 
19 shows the average yields of various combinations 
of treatments chosen to indicate the over-all effects of 
three levels of first brood, second brood and both 
broods on yield of corn. These data indicate that, un
der natural oviposition infesta tion pressures, one can 
expect increases of about 2.5 bushels per acre by sp ray
ing for first-brood infestation, 2. 7 bushels per acre by 
spraying for second brood and 3.3 bushels per acre by 
spraying for both broods. As expected, the greatest 

increases were obtained by spraying when the infesta
tion pressure was high. Compared with the sprayed 
plots, natural oviposition + 3 egg masses per plant de
creased the yield 8.2 bushels per acre for the first 
brood, 5.5 bushds per acre for the second brood and 
12.3 bushels per acre for plots infested with both 
broods. Before these decreases in average yield com
putations are taken too seriously, two things should be 
pointed out. First, natural oviposition counts have rare
ly exceeded 100 egg masses per 100 plants since the 
early 1950's, and when a natural oviposition + 3 egg 
masses per plant is encountered, the egg masses per 100 
plant count approach 325 -375 for each brood. Second, 
the yield figures quoted include ea rs of corn that drop
ped because of lodged stalks or broken shanks, which 
would have been lost with a mechanical harvester. 

The resistant hybrid reduced the first-brood infesta
tion. However, the susceptible hybrid (WF9 x M14 ) 
outyielded the resistant hybrid ( Oh43 x Oh51A ) in 
spite of a corn-borer infestation. The yielding ability of 
WF9 x Ml 4 is considerably g reater than that of Oh43 x 
Oh51A. Therefore, a higher level of first-brood infesta
tion than occurred in our plots would be required to 
rewmmend planting Oh43 x Oh51A in preference to 
WF9 x M14. Oh43 in combination with other inbreds 
has given much higher yields than reported herein. 
Penny and Dicke ( 1959 ) reported yield losses of suscep
tible x susceptible, susceptible x resistant and resistant 
x resistant crosses under a heavy first -brood infestation. 
All the resistant x resistant crosses had a distinct advan
tage in yield compared with the susceptible x suscep
tible crosses. WF9 x N 16 had a yield loss of 30.4 bushels 
per acre under a first-brood infestation ; the suscep
tibility of WF9 appeared completely dominant to the 
resistance of N 16. 

In the past, several methods have been used to 
evaluate European corn -borer damage on yields. Patch 
et al. ( 1938) used the number of larvae per plant as 
an index to yield loss with the univoltine strain of 
borer. L ater, Patch et a l. ( 1942 ) were responsible for 
what became known as a standard index for reduction 
in yield due to the borer. They estimated a 3-percent 
loss per borer per plant, based on numbers of larvae in 
the fall. Everett et al. ( 1958) demonstrated an inverse 
relationship between leaf lesions resulting from first -

Table 19. Yie ld in b ushels p e r a cre a s a ffected by vario us le vels of European corn borer infestatio ns. Da ta avera ged ove r years, locati o ns, 
plan tin g d a tes an d hy brid s. 

Treatment or 

compari son° 

First brood 

Second brood 

S vs . N . .. 

S vs . N+3 
N vs. N+3 

• S = sp rayed 

N = natura l 

s 
s 

99.8 
+2 .s 

. + 8.2 

N+3 = natural + 3 egg masses 

92 

Firs t brood 

4 

N 
s 

97.3 

+s .7 

Second brood 
Treatments 

7 2 

N+3 s s 
s s N 

9 I .6 99.8 97.1 

+v 
+s.s 

+2 .8 

Both broods 

3 5 9 

s s N N+3 
N+ 3 s N N+3 

94.3 99 .8 96 .6 87.6 

+ 3.3 
+12.3 

+ 9.0 



brood infesta tion and yield, but concluded that the best 
index of yield loss was the number of cavities or la rvae 
per p lant a t the time of midseason dissections. E verett 
et al. ( 1958) and la ter K wolek and Brindley ( 1959) 
showed that the number of cavities in the sta lk was a 
more reliable index of yield loss than the number of 
larvae. 

Using data from the 1958-59 NC-20 plots, J arvis 
et al. ( 1961 ) fo und that, when yield losses occur red, 
the reductions were due to either infesta tion by first
or second-brood larvae, or a summation of the two, 

without an additional effect due to an interaction of 
infestation by both broods. They also found tha t first
brood infesta tion resulted in greater yield losses than 
did infestation by the second brood, tha t greater re
d uctions per uni t ~f dam age occurred in la te rather 
than in early p lanti ng, and that cavities a nd leaf lesions 
were a better index of damage than la rvae. J arvis et al. 
( 1961 ) sta te tha t the "3-percent loss per borer per 
plant," based on the number of la rvae found in the 
fall, is not an accurate measu re of borer damage be
cause fi rst-brood larvae do the greatest damage, bu t 

Table 20. Number of leaf lesion s per 100 plants in plants at midsummer dissection (first brood). 

Iowa Minnesota Oh io 

Treatment Treatment Treatment 

4 7 4 7 4 7 --
Yea r Hybrid Spray Nat. Nat.+3 Spray Nat. Nat.+3 Spray Nat. Nat.+3 

1958 ES• 43 5 10 883 0 40 1330 23 43 250 
ER 63 313 473 0 0 116 33 33 130 
LS 20 23 700 0 23 700 13 10 200 
LR 6 30 117 0 7 126 7 13 87 

1959 ES 17 67 213 0 20 1300 3 40 2 13 
ER 17 63 130 10 20 330 13 57 117 
LS . .. ...... 7 20 107 120 130 1580 0 0 293 
LR 0 10 20 10 30 3 10 3 6 140 

1960 ES 3 50 227 235 155 1600 13 107 220 
ER . . . . . . ... 0 47 110 42 32 4 12 23 70 197 
LS 0 7 223 22 184 2810 7 I 3 260 
LR . .. ...... 3 0 87 0 43 462 7 3 57 

196 1 ES 7 123 62 1 0 77 1087 7 20 250 
ER 20 137 247 40 0 177 0 30 147 
LS 3 40 813 7 I 13 7 10 0 3 11 3 
LR 7 23 213 17 20 77 3 0 30 

1962 ES 50 120 646 6 30 156 7 20 143 
ER 53 11 0 250 23 13 I I 3 10 3 60 
LS 10 10 446 0 13 16 10 17 3 13 
LR 37 54 246 0 10 70 13 13 90 

• ES = early-planted susceptible hybr id , ER= early-pla nted resistant hybrid , LS = late-p lanted susceptib le hybrid, LR= late-planted re-
sistan t hybrid. 

Tabl e 21. Cavities per 100 pla nts in the stalks at midsummer dis section ( first brood) . 

Iowa Minnesota Ohio 

Treatm e nt Treatment Treatment 

4 7 4 7 4 7 
Year Hybrid Spray Nat. Nat.+3 Spray Nat. Nat.+3 Sp ray Nat. Nat.+3 

1958 ES' 3 320 583 0 13 3 10 54 93 437 
ER 16 173 257 0 0 138 67 57 3 17 
LS 3 13 330 0 7 193 23 40 310 
LR 3 0 63 0 10 80 7 17 123 

1959 ES 0 33 200 17 3 150 3 67 460 
ER 3 30 70 0 17 70 7 60 243 
LS 0 0 27 0 20 197 3 3 327 
LR 0 0 17 3 13 97 0 0 I 30 

1960 ES 0 60 147 42 45 340 0 93 377 
ER 0 37 163 32 25 187 3 63 220 
LS 7 3 270 12 54 368 0 27 25 7 
LR 0 0 103 15 33 15 7 0 3 90 

196 1 ES• 3 70 490 3 20 207 0 57 527 
ER 3 70 180 10 0 53 10 30 273 
LS 10 43 430 10 10 157 3 0 147 
LR 0 3 160 3 0 20 0 0 47 

1962 ES 23 123 593 3 43 177 3 27 350 
ER 20 83 223 10 3 100 0 20 163 
LS 3 10 260 0 13 143 7 10 267 
LR 0 53 11 7 0 10 37 0 0 60 

'ES= early-planted susceptibl e hybrid, ER= early-planted resistant hybrid, LS= late-planted susceptible hybrid, LR= late-planted re -
sistant hybrid. 
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Table 22. Cavities per 100 plants in the stalks at fall dissection 
(first and second brood) . 

Treatm ent' 

State Yr. Hybrid 2 4 5 6 8 9 

Iowa 
1958 ESb 

ER 
LS 
LR 

1959 ES 
ER 
LS 
LR 

1960 ES 
ER 
LS 
LR 

1961 ES 
ER 
LS 
LR 

1962 ES 
ER 
LS 
LR 

Minnesota 

1958 ES 
ER 
LS 
LR 

1959 ES 
ER 
LS 
LR 

1960 ES 
ER 
LS 
LR 

1961 ES 
ER 
LS 
LR 

1962 ES 
ER 
LS 
LR 

Ohio 

1958 ES 
ER 
LS 
LR 

1959 ES 
ER 
LS 
LR 

1960 ES 
ER 
LS 
LR 

1961 ES 
ER 
LS 
LR 

1962 ES 
ER 
LS 
LR 

130 236 546 322 426 624 
52 220 446 188 260 350 

. .... 152 354 628 184 334 564 
76 340 436 72 358 470 

544 
244 
368 
184 

8 
4 
6 
2 

50 742 
42 460 
94 658 
94 392 

34 188 942 
12 196 826 
42 344 720 
68 123 738 
14 244 618 
10 192 392 
34 434 696 
16 326 530 

38 
80 

8 
2 

124 
40 
84 
40 
70 
52 
40 
30 

142 740 
98 576 

13 2 688 
68 466 

242 804 
272 980 
346 838 
326 810 

206 
92 
60 
18 

270 
102 
250 
140 

336 678 374 
180 686 106 
414 728 274 
270 536 122 

36 
6 

12 
6 

352 836 I 18 428 1076 528 
228 684 106 252 610 164 
558 I 068 38 756 I 086 258 
496 744 20 400 718 I 16 

538 686 
334 598 
578 682 
300 492 
334 808 
114 546 
140 612 
96 476 

440 998 
224 848 
464 812 
374 740 
448 876 
286 658 
516 662 
314 600 
700 1046 
296 652 
840 1000 
374 820 

29 22 150 24 
24 32 84 14 
32 30 13 8 12 
4 46 I 00 12 

40 154 364 262 258 
40 98 86 124 204 
40 132 174 222 264 
40 96 76 68 198 

7 28 22 7 10 
5 45 219 19 

15 44 175 18 

41 259 IOI 
28 244 51 
46 175 87 
44 208 34 11 31 166 10 

93 12 0 368 53 
32 116 264 33 
64 144 468 28 
15 67 250 23 

145 403 200 
116 286 125 
140 380 216 
93 196 100 

. 120 . 106 416 128 
38 108 312 78 
92 184 476 11 0 
52 72 262 58 

154 460 318 
124 184 13 8 
156 416 196 
I 12 300 I 08 

34 26 170 74 
4 36 142 24 

88 256 246 
88 252 I 14 
78 222 158 
62 222 84 

28 56 254 32 
18 50 154 48 

.. ... 160 124 430 
. . . I 08 I 08 302 

. I 08 152 294 
..... I 02 78 240 

.. I 02 I 70 IO I 6 
34 154 864 
96 536 1180 
60 346 896 

. . 148 268 79 2 
82 214 534 

.. 122 430 972 
88 284 556 

64 136 318 
20 108 188 
44 104 400 
20 100 208 

16 26 772 
8 50 534 

12 252 966 
10 100 506 

176 146 450 528 
132 124 352 374 
84 162 322 536 
68 114 282 224 
96 264 I 188 438 
74 314 944 284 

I 18 342 1092 344 
68 372 866 212 

200 334 880 562 
144 264 832 266 
84 388 968 546 

I 14 3 I 8 666 262 

98 152 390 518 
50 13 8 240 252 
82 146 394 238 
38 74 192 112 
58 144 994 356 
6 54 624 174 

22 228 1206 490 
16 11 6 496 178 

117 266 
36 191 

100 204 
72 174 

270 388 
120 400 
264 638 
140 270 

300 662 
164 298 
358 514 
126 342 

244 274 
94 188 

194 430 
138 266 

608 778 
4 10 542 
508 612 
236 342 

592 I 136 
296 1026 
566 1096 
368 830 
6621 106 
370 780 
670 1102 
370 602 

494 792 
384 480 
298 566 
166 294 

422 10 14 
174 586 
490 1022 
I 78 542 

'See table I for description of treatments . 
b ES= early-planted susceptible hybrid , ER= early-planted re-
sistant hyb rid , LS= late-planted susceptible hybr id , LR= la te
planted resistant hybrid. 

94 

very few first -brood la rvae are found in the fall. Their 
data indicated that, regardless -of the criterion used, 
the damage index is subject to change from year to 
year and probably from location to location. 

Numbers of leaf lesions found on plants a t the time 
of midseason or first-brood dissec tions are shown m 
table 20. At the high level of infestation ( natural ovi
position + 3 egg m asses) and averaged over a ll years, 
both planting elates a nd a ll locations, the susceptible 
hybrid h ad significantly more lesions tha n the resistant 
hybrid (614.1 vs. 171.4 p er 100 plants) ( table A-11 ) . 
The early and late plantings had a bout the same num
ber of lesions (tables A-10 and A-11 ) . 

C avities p roduced by the first-brood borers, as 
measured in treatments 1, 4 and 7, are shown in table 
21 , and cavities at the time of fall dissections are given 
in table 22. The data from these two tables support 
work previousl y reported by many researchers. There 
are definite differences in the numbers of cavities found 
in the susceptible and resistant hybrids. The results of 
individual year-location analyses of variance of cavities 
a t midsummer and in the fall are shown in table A-1. 
These d ata indicate that a general index of yield losses 
based on cavities would encounter a multiplicity of 
problems. Note tha t, within years, a trem endous 
amount of variation in cavities is found and that years 
within the same locality produce equally-much varia
tion. These facts a re further complicated by the num
bers of significant in teractions at the three locations. 

The data for cavities found a t midseason and m 
the fall were combined over years and locations for 
analyses ( table A-2 ). The significan t location x year 
interaction in the midseason cavities analysis indicates 
a fai lure of the borers a t each of the locations to affect 
the corn in the same relationship to each other year 
after year. In other words, the ranking of b cations by 
numbers of cavities might read Iowa, Minnesota and 
Ohio in one year and then read Minnesota, Ohio and 
Iowa in the following year. Averaged over years and 
locations, the early-planted corn had significantly more 
cavities a t midseason than did the la te-planted ( 111.9 
vs. 61.0 per 100 pla nts) (table A-12 ) , and the suscep
tible h ybrid h ad more cavities than the resistant hybrid 
(117.6 vs. 55.3) ( table A-12 ) . As expected, the natural 
+ 3 egg masses per plant infestation produced more 
cavities ( 301 .0 per 100 plants for the su sceptible hybrid 
vs. 131.9 on the resistant hybrid ) ( table A-14 ) than 
the untreated natural infestation which produced more 
than the sprayed plots. However, interactions of treat
ment x hybrid and treatment x plan ting date are in
dicated . 

In the combined analysis for cavities m the fall, 
significant differences due to location , year and a loca
tion x year interaction are shown ( table A-1 ). The 
year x location interaction exists because Minnesota 
had as many cavities as Iowa in 1959 and more than 
Ohio in 1961. M eans for cavities per location over the 
5-year period were approxima tely equal for Iowa and 
Ohio and both had significantly more cavities than 



Minnesota. M ore cav ities were foun d in 1961 than in 
other years . 

Nonsignificant d ifferences were determined for cav
ities found in the fall due to planting dates and their 
interactions with years and locations. The susceptible 
hybrid had significan tly more cavities in the fall than 
the resistant hybrid (358.1 vs. 2,;9.4 per 100 p lants) 
( table A-1 3). 

The combined analysis for cavities in the fall in
dicates significant d ifferences clue to trea tments and all 
two-factor interac tions involving treatments. These 
data indicate that treatments p roduce unequal numbers 
of caviti es and tha t the magnitude of these inequalities 
depends upon hybrids, p lanting dates, year and loca
tion of the study. 

Simple correlation coefficients for borers, cavities 
or lesions with yield are shown for the Iowa miclseason 

dissection data in table 23. The correlation coefficients 
were computed with data taken from plots receiving 
treatments 1, 4 and 7. The same type of computations 
were made on the Iowa fa ll data using all treatments. 
These simple correl;tion coefficients are shown in table 
24. 

The correlations for the Iowa midseason data are 
erratic. More significant correlations were found in 
the susceptible hybrid than with any of the remaining 
variables, regardless of planting el ate. The same state
ment is applicable to the correlation coefficients com
puted by using the fall data, except that the late resist
ant planting date-hybrid combination shows highly 
significant correlation coefficients for both larvae and 
yield, and cavities and yield for the years 1959, 1960 
and 1961. 

Ta bl e 23 . C orrela t ions of vario us mi d season ind ices of borer infestatio ns with yie ld s. Iowa, 1958- 1962 . 

r va lu e and siqnifirance 

Pia nti ng Variable, correlated df 1958 1959 1960 1961 1962 

Ear:y plantin g leaf lesions and yield 28 -0.13 6 -0.007 -0.018 -0.340 -0 .234 
larvae and yield 28 -0.088 -0 .145 - 0.0 19 -0. 184 -0.071 
cavities and yield 28 -0 .123 -0 .059 -0.129 -0 .294 -0.224 

Earl y susceptible leaf les ions and yiel d 13 -0.734** -0.442 -0 .530* -0.779** -0.64 I*' 
la rvae and yield 13 -0.886** -0.482 -0.384 -0.791 ** -0.639 
cavities and yield 13 -0.836** -0 .600* -0.413 -0 .829* * -0 .648** 

Early resistant leaf lesions and yield 13 -0.43 1 -0.1 23 -0 .453 - 0.43 1 -0.238 
larvae and yield 13 -0.462 -0.149 -0.579* -0 .5 78* -0.323 
cav ities and yield 13 -0.445 -0·.089 -0.547* -0.361 -0.457 

Late planting leaf lesions and yield 28 -0.245 -0 .1 02 -0 .048 -0 .652** -0.488** 
larvae and yield 28 - 0 .257 -0.449* 0.007 -0 .482** -0.295 
cavities and yie ld 28 -0.233 -0.187 0.038 -0.518** -0.4 13 * 

La te susceptible leaf lesions and yield 13 -0 .864** -0.345 -0.486 -0.757** -0.703 ** 
larvae and yield 13 -0.874** -0 .481 -0.406 -0.567* -0 .662** 
cavities and yield 13 -0.869** -0.434 -0.534* -0 .660** -0.717* * 

Late resistant leaf lesions and yield I 3 -0. 161 -0.089 -0.426 - 0.524* -0.235 
larvae and yield 13 -0 .1 48 -0.3 25 -0.485 -0 .194 --0.005 
cavities and yield 13 -0 .1 0 1 -0.2 82 -0 .500 -0.3 15 -0.25 1 

All plots leaf lesions and yield 58 0.0 12 -0.496** - 0.364** 
larvae and yield 58 -0 .0 16 -0.273* -0.1 71 
cavities and yield 58 -0.033 - 0.402 ** -0.331 ** 

* Si gn ificant at 5-percent leve l 
** Si gnif icant ~t I-percent leve l 

Ta bl e 24. C orre lat ions of bo rers and cavit ies with y ie ld ; d ata taken duri ng f a ll dissectio n. Iowa, 1958- 1962 . 

r value and sign ificance 

Pia nti ng Variables correlated df 1958 1959 1960 1961 1962 

Early planting larvae and yiel d 88 0.0 13 -0.161 -0.156 -0.053 -0. 186 
ca vities and yield 88 0 .087 -0 .214* -0.1 47 -0.072 -0.123 

Ear ly susceptible larvae and yield 43 -0 .088 -0.4 13 '* -0 .339** -0.164 -0.223 
cavities and yield 43 -0 .509** -0 .592 '* -0.546** -0.393** -0.227 

Early resistant larvae and yield 43 -0.168 -0.129 -0.564** - 0.2 30 -0. 147 
cavities and yield 43 -0.303* -0.246 -0.594** -0.295* -0.016 

Late planting larvae and yield 88 -0 .134 -0.281 * -0.142 -0.251 * -0.053 
cavities and yield 88 -0 .1 84 -0 .360'* -0.191 -0.399** 0.029 

Late susceptible larvae and yield 43 -0.252 -0.556** -0.327* -0.094 -0.013 
cavities and yield 43 -0.6 18** -0.682** - 0.546** -0.421 ** 0 .206 

Lat e resistant larvae and yield 43 -0 .0 18 -0 .558'* -0.460** -0.5 18** 0 .091 
cavities and yield 43 -0.0 12 -0.586*' -0 .595** -0.578** 0.077 

All p lots larvae and yield 178 -0. 146 -0.128 -0.134 
cavities and yield 178 --0 .1 67 - 0.204** -0 .055 

* Significant at 5-pe rcent level 
** Sign ificant at I -percent level 
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Tables 25 and 26 show the results of pooling over 
years and locations and computing correlation coeffi
cients for several variables from data collected at mid
season and in the fall. Correlation coefficients for the 
midseason indexes of borer infestations and yield in
dicate that borers and yield were highly and signif
icantly correlated for a ll planting date-hybrid combina
tions . The data also indicate that cavities and yield 
are better correlated in the early than in the late plant
ings . Borers and cavities, as shown many times before, 
are highly correlated. Correlation coefficients were 
computed and found highly significant for cavities 
found in midseason with borers found in the fall. 

The combined correlation coefficient data for fall 
dissections ( table 26 ) reemphasize the high correlation 
between borers and cavities. These two variables were 
the only ones highly correlated for all planting date
hybrid combinations. Borers and yield, as well as cav
ities and yield, were highly correlated with respect to 
the susceptible hybrid only. With the data averaged over 
years and location, correlation coefficients for borers 
and yield and cavities and yield were not significant 

Table 25. C orrelations of va rio us indices of bore r infestations a nd 
yield. Data col lected at midseason from al l locations. 
1958-1962. 

r value 
Planting Variables correlated' df and significance 

Early planting borers and yield 448 -0.181 ** 
cavities and yie ld 448 -0. 128 ** 
bore rs and cavities 448 0.85 1 ** 
cavities ( m) and 

bo rers ( f) 448 0.384 ** 

Early susceptible borers and yie ld 223 -0.3 12 ** 
cavities and yie ld 223 -0.245 ** 
borers and cavities 223 0.873 ** 
cavities ( m) and 

borers ( f) 223 0.356 •• 
Early resistant borers and yield 223 -0.301 •• 

cavities and yield 223 -0.253 •• 
bornrs and cavities 223 0.763 ** 
cavities ( m) and 

borers ( f ) 223 0.4 10 ** 

Late planting borers and yield 448 -0. 158 •• 
cavities and yie ld 448 --0.040 
borers and cavities 448 0.753 ** 
cavities (m) and 

borers (f) 448 0.273 •• 
Late susceptibl e borers and yield 223 -0.296 ** 

cavities and yield 223 -0. 164 * 
borers and cavities 22 3 0.744 •• 
c avities (m) and 

borers ( f) 223 0.272 ** 

Late resi stant borers and yield 223 -0. 189 •• 
cavities and yie ld 223 -0.066 
borers and cavities 223 0.694 •• 
cavities (m) and 

borers ( f) 223 0. 139 * 

All plots borers and yield 898 -0.1 47 ** 
cavities and yield 898 -0.056 
borers and cavities 898 0.820 ** 
cav ities (m) and 

borers (f) 898 0.320 ** 

• ( m ) = midseason, (f) = fall 
* Significant at 5-percent level 

** Significant at I-percent level 
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when early or late planting, the resistant hybrid or a ll 
plots were involved. 

Guthrie et al. (1960 ) found that leaf feeding rat
ings, as an inpex to the degree of damage caused by 
first- and second-instar larvae and lesion counts, as an 
index to the degree of damage caused by third- and 
fourth-instar larvae, are good criteria for de termining 
the degree of resistance of most inbred lines to a first
brood infestation. L eaf feeding ratings were not taken 
in this experiment. H owever, the magnitude of the 
difference between the susceptible and resistant hybrids 
was much greater in the lesion data than in the larval 
da ta (tables A-7 and A-11). 

Pesho et al. ( 1965) used the degree of stalk and 
ear-shank damage (cavities ) as criteria for evaluating 
resistance or susceptibility of inb red lines to a second
brood infestation. 

Plant damage as an index of relative resistance in 
inbred lines or hybrids to a first- or second-brood in
festation is used in resistance investigations in pref
erence to insect counts because many factors, including 
insect diseases, predation and parasitism, can result in 
the absence of viable insect forms at the time of exam
ination even though extensive plant damage is present 
( Guthrie et al. , 1960; Pesho et al. , 1965) . 

The NC-20 plots at the Iowa location were used 
in an effort to determine the percentage loss due to 
both first- and second-brood borer infestations. Yields 
for 1959-1962 were converted to percentage loss by 
using treatment 1 ( sprayed both b roods) as the base 
so that the equations give an estimate of percentage 
loss in yield per borer using both first- and second
brood borers. The general equation for computing per
centage loss was of the form: 

Tab le 26. Correlations among borers, cavities, and yield . Data 
collected du ring fa ll at all locations. 1958-1962 . 

r value 
Planting varia bles corre lated df and significance 

Early p lanting borers and yield 1348 -0.064 * 
cavitie, and yield I 348 - 0.032 
borers and cavities 1348 0.870 •• 

Early susceptible borers and yield 673 -0.134 ** 
cavities and yield 673 -0. 154 ** 
borers and cavities 673 0.853 ** 

Early resistant borers and yield 673 -0.07 1 
cavities and yield 673 -0.096 * 
bore rs and cavities 673 0.903 ** 

Late planting borers and yield 1348 - 0.049 
cavit ies an.d yield I 348 -0.020 
borers and cavities I 348 0.886 ** 

Late suscepti ble borers and yi e ld 673 -0.154 ** 
cavities and yield 673 -0. 158 ** 
borers and cavities 673 0.873 ** 

Late resistant bore rs and yield 673 0.008 
cavities and yield 673 0.038 
borers and cavities 673 0.908 ** 

All Pl0ts borers and yie ld 2698 -0.063 
cavities and yield 2698 -0.022 
borers and cavities 2698 0.876 ** 

* Significant at 5-percent leve l 

** Significant at I-percent level 



100 - 100 
(Yield from plots other than treatment 1) 

(Yield from treatment 1 plots ) 

Nonlinearity of response was assumed ; therefore, a 
quadratic of the following form was used : 

A 2 2 

y = a + /31X 1 + /J2X1 + /3sX2 + /3.X2 + € 

A 

where y = predicted percentage loss in yield 

X1 ,= average number of borers at rnidseason 

X 2 = average number of borers in the fall 

a and /3 = parameters to be estimated 

€ is N (0,a ) 

A total of five regression equations were computed, 
one for each planting date-hybrid classification and one 
for the combined data. These equations are listed: 

Early susceptible: 

A 2 

y = - 1.9995 + 1.6158 X 1 - 0.04638 X 1 + 0.02077 X2 
2 

- 0.00003709 X 2 

R 2 = 0.4511 

Early resistant: 

A 2 

y = - 0.5614 + 1.3206 X 1 + 0.1077 X 1 + 0.003029 
2 

X 2 + 0.00002370 X 2 

R 2 = 0.1833 

Late susceptible: 

A 2 

y = 0 .1301 + 2.0071 X 1 - 0.05737 X1 + 0.02075 X 2 
2 

- 0.00002959 X2 

R 2 = 0.3693 

L ate resistant: 

A 2 

y = - 0.3610 + 2.4531 X 1 - 0.4830 X1 + 0.03908 X 2 
2 

- 0.00007416 X 2 

R 2 = 0.1147 

Da ta combined: 

A 2 

y = - 0. 7276 + 1.5982 X 1 - 0.04863 X 1 + 0.02323 X 2 

2 

- 0.00003453 X 2 

R 2 = 0.2721 

These equations are not very satisfactory for two 
reasons: ( 1) The R 2 

( coefficient of determination) 
values are low and ( 2 ) there arc reversals in signs for 
the early resistant quadratic equation. 

After due deliberation, a bias due to the large num
ber of zeros in the data was suggested. With this in 
mind, the data were transformed thusly, X' = log (X + 
0.5 ) . Since logs are curvilinear functions, the new equa-

A 

tions should have been linear; i.e., y •= a + /31 log 
(X 1 = 0.5) + /32 log (X 2 + 0.5 ). The regressions were 
rerun; however, the results were not improved. 
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APPENDIX A 

Ap pe nd ix A- 1. Summary of ind ividual analyses of varia nce by years and locations. 

Borers midseason C avities midseason Bore rs fal l C avities fall Yiel d 
Year Source Iowa Minn . Ohio Iowa Mi nn. Ohio Iowa Minn . Ohio Iowa Minn . Ohio Iowa Minn. O hi o 

1958 Dates ** ** ** ** ** ** ** * ** 
Hyb rids ** ** ** ** ** ** ** ** ** ** ** ** ** 
DH ** * 
Treatments ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 
TD ** ** * * ** ** ** 
TH ** ** *·* * ** ** ** * ** ** 
TDH * ** ' .... . . . . 

1959 Dates ** * ** ** * ** * ** ** ** 
Hybrids * ** * ** ** ** ** ** ** ** 
DH * * 
Treatments •·* ** ** ** '** ** ** ** ** *-X· ** ** ** * ** 
TD * ** ** ** ** ** ** * 

TH * ** * ** ** ** .+_~* * 

TDH * ** 

1960 Dates * ** ** * ** 
Hybrids * * * ** * ** ** ** ** -~ * ** ** ** 
DH ** ** 
Treatm ents ➔:-* ** ** *·* ** ** ** ** ** ** ** ** ** ** ** 

TD ** ** *·* ** ** * * 

TH ** * ** * * ** ** ** ** ** 
TDH ** ** * 

1961 Dates ** ** ** ** ** * * ** 

Hybrids ** ** * ** ** ** *·* ·** ** ** ** ** ** 

DH * ** * 
Trea tments ** ·** *·* ** ** ** ** ** ** ** ** ** ** ** ** 
TD ** * ** ** * ** ** 
TH ** ** ** ** ** ** ** ** ** ** 

TDH * 
1962 Dates ** ** ** * ** * * ** ** 

Hybrids ** ** ** ** ** ** ** ** ** ** ** ** ** * 
DH ** ** 
Treatments ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 
TD ** * * ** ** ** ** ** ·* 

TH ** ** ** ** ** ** * ** ** ** ** ** 
TD H * * 

* Significant at 5-percent level 

** Signifi cant at I -percent leve l 
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Appendix A-2. Summary of analyses of variance for five variables. 
Data combined over years and locations. Iowa , 
Mi nnesota and Ohio , 1958- 1962 . 

Midseason Fall 
Source df Borers Cavities Borers Cavities Yield . 

Locations 2 NS NS * * * 
Years 4 * NS * • • Appendix A-4. Yield in bushels per acre at 15.5 percent mois-
LY 8 NS •• •• •• •• ture, Minnesota . . . 

Dates •• ** NS NS • • 
DY 4 NS NS NS NS NS Treatment 

DL 2 NS NS NS • Year Hybrid 2 3 4 5 6 7 8 9 

DYL 8 NS NS NS NS NS 1958 ES 93.2 89 .1 95.3 95.7 91.4 85 .0 85 .8 86.8 78.8 
Hybrid •• ** •• .. • • ER 8 1.9 82 .6 77.7 8 1.7 81.5 79 .2 73.5 78.7 74.7 
HD NS NS •• NS • LS 84.3 88.2 79.3 88 .2 80.9 80.3 80.4 79.3 77.7 

HY 4 NS NS NS NS •• LR 74.0 75.2 69.4 75.1 73.7 71.5 73.0 72.7 70.7 

HL 2 NS NS NS NS •• 1959 ES .. 105 .8 100.4 I 03 .4 10 1.5 I 03.7 96.6 I 05.3 103.2 98 . I 
ER 92.8 91.0 9 1.7 94.9 92.2 90.9 93 .0 87 .0 90.4 

HDY 4 NS NS NS NS NS LS .. 98.0 94.0 96.3 95.8 94.7 92.9 94.5 94.3 88. I 
HDL 2 • NS NS • NS LR . . 83 .2 82.5 82.5 9 1.6 86 .7 84. 1 84.2 8 1.3 85.5 
HYL 8 NS NS NS NS NS 1960 ES .. 126 .2 I 16.3 I 18.2 125 .5 123 .3 11 6.7 11 6.0 I 06.4 109.0 
HDYL 8 NS NS NS NS NS ER .. 94.4 99.0 87 .3 95.3 91.0 93.4 89.3 88.5 78 .9 

T re•atments 8 (2) ' •• •• •• •• • • LS .. 121 .9 11 8.6 112 .4 124.9 11 7.1 106.8 105.6 111 .9 101.5 
LR . . 93.9 89 .4 8 1.1 91.2 87.0 90.2 86.6 84.3 86.5 

TH 8 (2) •• •• •• •• ** 1961 ES . 121 .7 11 8.1 114.4 121.0 12 5. 1 11 7.1 I 05 .5 106.8 104.0 
TD 8 (2 ) • ** •• ** NS ER . 101.7 105.3 96.3 IOI .I 98.3 95.4 98.3 98.7 90.3 
TY .. 32 (8) NS NS •• •• NS LS .. 11 7.9 121.8 112.7 117.5 11 7.4 109 .4 107.5 107 .8 112.3 
TL . 16 (4) •• NS •• •• NS LR 89 .9 93.4 87.4 90.7 91.3 88 .6 90.7 88 .9 90.3 

THD 8 (2) NS NS NS NS NS 1962 ES . . 11 6.4 108 .6 106.5 110.9 109 .2 108 .7 I 02.9 104.7 100.9 

THY .3 2 (8) NS NS NS NS NS ER . . 101.7 I 05.3 96.3 IOI .I 98.3 95.4 98.3 98.7 90.3 
LS .. 105. 1 104.3 10 1.5 10 1.0 104.6 95.7 106.0 95 .2 95.3 

THL .. . .. . . 16 (4) NS NS NS NS NS LR . . 87 .8 88 .2 83 .6 89.6 87.5 86. 1 86 .7 85.7 84.5 
TDY .... 32 (8) NS NS NS NS NS 
TDL ... 16 (4) NS • •• .. * 
TYL . . .. 64 ( I 6) NS NS •• •• NS 

THDY . . . 32 (8) NS NS NS NS NS 

TH DL . .. . 16 (4) NS NS NS NS NS 

TH YL . 64 ( 16) NS NS NS NS NS 

TDYL . 64 ( 16) NS NS NS NS NS 

TH DYL .. 64 ( 16) NS NS NS NS NS Appendix A-5 . Yield in bushels per acre at 15.5 perce nt mois-
tu re, Oh io. 

• Sign ifi cant a t 5-percent level 
. . Treatment . . 

•• Si gn ifi cant at I-percent leve l 
Year Hybrid 2 3 4 5 6 7 8 9 

NS nonsignificant 
' For midseason analysis 1958 ES 93.0 90.0 90.4 94.9 95.5 89.7 8 1.6 77 .8 8 1.6 

ER 83.6 8 1.6 80.0 79.7 78 .4 73 .3 73.5 74.8 74.7 
LS 82 .6 8 1.5 83 .4 80.3 82.3 82.5 74.1 76.4 73 .7 

Ap pen dix A-3. Yield in bush e ls pe r acre at 15.5 percent mois- LR 72.6 79.3 72.9 72.3 74.2 76.8 73.7 77.6 71.3 
ture , Iowa . 1959 ES 98.1 105.5 97.5 92.9 94.7 87 .9 93.0 94.5 87.0 

Treatment 
ER 93.4 92 .0 90.6 90.4 87.9 86.7 85.3 84.4 83.3 
LS 94.0 89.7 84.1 88 .7 94.9 77.8 83.2 78.3 72.5 

Year Hybr id 2 3 4 5 6 7 8 9 LR 91.4 86.2 85 .8 87.4 86.8 83 .0 82.9 82 .9 81.4 
1960 ES .. 121 .7 121.3 I 17.8 11 4.9 116.5 I I 3 .8 I 15.4 I 15.7 107.5 

1958 ES .. 128.6 128.4 12 6.8 123.2 122 .3 121.2 11 0.9 11 4.0 111 .8 ER .. 104.8 99.9 I 02 .4 98.8 I 00.7 95.4 96.0 95.6 95.2 
ER .. 103.5 100.1 IO I .3 101.7 102.0 99.3 97.9 99.7 98 .5 LS . . 101.3 95.4 93.3 99.9 10 1.9 94.8 92 . I 92.3 86.3 
LS . 120.6 11 1.8 107 .0 117.0 117.6 111.6 104.1 99 .7 95. 7 LR 94.1 9 1.5 90.0 93.2 94.5 88 .4 90.6 89.3 86.4 
LR .. 99.7 101 .9 100.6 I 03 .0 100.5 I 02.9 10 1.4 100.0 I 00.2 

196 1 ES 84.4 89 .2 87.7 86.5 84.2 78.5 76.2 75.3 71.2 
1959 ES .. II 0.6 107.9 I 08.2 112.7 107.7 10 1.8 I 06.6 I 01.9 100.7 ER 78.2 8 1.5 72.7 70. 1 77.3 73.0 70.2 64.8 62.7 

ER . . 99 .8 100.1 98.3 98 .4 98 .1 99. 1 98.8 98.8 96.4 LS 72.9 79.4 73.4 7 1.5 66.2 68 .0 65.3 69 .3 64.8 
LS . . 107 .6 108. 1 100.9 I 09.3 108.4 101.8 103.5 102.8 93.9 LR 67.5 73 .2 69.9 69.5 76.6 65.7 68. 1 63.4 66.8 
LR . . 96.3 96.5 92.6 97 .5 94.1 87.8 95.8 93 .3 85.5 

1962 ES 98 .9 104.0 94.6 88.2 '11.5 83.3 85 .4 88.7 76.0 
1960 ES . . 11 3.2 11 4.9 108.2 109.9 109. 1 108.7 I 04.8 103.8 99.9 ER 87.1 85.6 85.2 86.2 87.8 83.9 79.2 85.6 80.4 

ER .. 11 7.2 11 1.4 I 07.3 113.2 112 .2 108.0 109.1 101.0 99.0 LS 8 1.1 80.0 79.3 84.9 80.9 76.3 74.9 8 1.2 67.7 
LS . . 93 .2 93.5 90.0 93.6 9 1.8 87.7 90.0 90.6 87 .5 LR 82.0 81 .0 7 1.4 74.7 77.3 72.4 82.0 8 1.1 69.4 
LR . . 91.2 89.8 84.4 93.5 88.4 86.6 89.0 87.2 80.5 

1961 ES .. 105.9 108.0 107.8 107.3 108.6 I 04.3 95.0 97.3 90.5 
ER .. 91.4 87.9 89.2 92.6 9 1.5 88 .8 87.4 87 .1 87 .8 
LS . . 103.8 102.6 100.5 108.5 104.3 98. I 92.2 88 .4 90.2 
LR .. 10 1.4 95.1 94.6 10 1.2 97. 1 92.4 96.3 92.2 90.2 

1962 ES . . I 13.2 122 .7 119.0 11 8.7 122.1 119.5 102.8 104.8 104.9 
ER .. 100.8 102.5 102.4 99.2 104.9 10 1.0 104.0 107.4 105.5 
LS .. 117.0 129.5 123.7 125.8 130.2 12 5. 1 111.9 105 .8 I 00.3 
LR . . 104.9 109.4 95.6 100.4 98.0 94.5 97 .0 95.3 91.7 
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Appendix A-6. Numbe r of f irst-brood Europea n co rn borer lar
va e per I 00 p lants by planting date, hybrid and 
location (summary of data from t abl e I 0, mid
summe r di ssection) 1958- 1962. 

Item Iowa Minn esota Ohio 
Average ove r 

locations 

Early planting ' .. .. 68.0 30 .5 98 .8 65 .8 

Late p la nting 33.6 29.6 62.0 4 1 .7 
Difference . . 34.4 0.9 36.8 24 .1 

WF9 x M l46 73.8 43.8 106.9 74.8 

Oh43 x Oh5 1A ...... 27 .9 16.3 53.9 3 7.7 

Difference ......... 45.9 27.5 53.0 37 . 1 

Early susceptible' . 94.7 43 .8 120.9 86.4 
Early resis1-a nt 41.3 17.3 76.7 45.1 
Difference ... .. .. . 53.4 26 .5 44.2 41 .3 
Late susce ptible .... 52 .9 43 .9 92.9 63 .2 
Late resis tant . . .... 14.4 15 .3 3 I. I 20.3 
Difference ..... . .... 38.5 28 .6 61 .8 42 .9 

' Ave raged over bot h hybrids , al l tre a t ments , and 5 yea rs. 
6 Averaged over both planting da te·s, al l trea tments, and 5 years. 
' Averaged over all treatme nts, and 5 yea rs . 

A ppe nd ix A-8. 

Item 

Early planting ' 

Number of la rva e pe r 100 p lan ts by planting date, 
hyb ridf and location (summary of da ta from table 
14, fall d issection , fi rst a nd second brood) 1958-
1962 . 

Iowa Minnesota Ohio 
average over 

locatio ns 

...... I 08.7 50.3 152 .2 I 03.8 

Late planting ....... 134.1 51.6 155.7 I 13 .8 
Difference 25.4 1.3 3.5 10.0 

WF9 X M 146 ... 13 1.6 58 .4 18 1.6 123 .9 

Oh43 X Oh51A I 11 .2 43.6 126.3 93.7 

Difference 20.4 14.8 55.3 30.2 

Early su scepti ble' .. . 117 .4 55.6 170.5 114.5 
Early resi stant ... 100.0 45 . 1 133 .9 93 .0 
Differe,nce 17.4 10 .5 36.6 21.5 

La te susceptib le . 145.8 61.2 192.8 13 3.3 
Late re sistant ...... 122.4 42.0 I 18.7 94.4 
Difference ... . 23.4 19 .2 74. 1 38.9 

' Averaged over both hybrids, a ll treatme nts, and 5 years. 
6 Averaged ove r both p lan ting da tes, all treatments, and 5 years. 
' Averaged ove r al l treatments , a nd 5 years. 

Appendix A -7. Number of larvae per I 00 plants from an infesta +io n by a natural + 3 first-brood egg masses vs. a natural + 3 
second-brood egg ma sse s (by planting date, hy b rid and location; summary of data for trea tme nt 7 from table 10 
a nd treatm e nt 3 from ta ble 14) 1958- 1962. 

Averag e d over 
Iowa Minneso ta Ohio location 

7 3 7 3 7 3 7 3 
Nat. + Na t. + Nat. + 3 Nat. + 3 

First Second Fi rst Secon d First Seco nd First Seco nd 
Item brood brood brood brood brood brood brood brood 

Early planting' . . . .... . .. .. . . . . . ... 145 .5 252.6 94.0 I 06.3 264.5 273.4 252.0 210.8 

Late p lanting 91.0 252.8 72.5 116.7 175.0 304.6 169 .3 224.7 

Difference . . . .. . . . .. ... . . . . ... 54.5 0.2 21 .5 10.4 89.5 3 1.2 87.7 13 .9 
WF9 x M l46 .. . 177.5 276.4 124.0 125.9 296.5 347.8 199.3 250 .0 
Oh43 X Oh5 1A 59 .0 229.0 42.5 97. 1 143.0 230 .2 8 1.5 185.4 
Difference . . . 11 8.5 47.4 81.5 28.8 153.5 117.6 117.8 64.6 
Percentag e reduction du e to resistant hybrid 59.1 25 .9 
Early susceptible' .......... . 2 10,.0 275.2 142.0 11 7.0 332.0 3 14.0 228.0 235.4 
Early resistan t 8 1.0 230.0 46.0 95 .6 197 .0 232.8 I 08 .0 186 . 1 
Differen ce .... . . . . .. .. . . . . . . . ... . . 129.0 45 .2 96.0 21.4 35.0 8 1.2 120 .0 49.3 
La te susceptible .. .. 145 .0 277.6 106 .0 134.8 261.0 38 1 .6 170.7 264.7 
Late resistant ....... ..... .. . .. .. . . 37.0 228.0 39.0 98.6 89.0 227 .6 55.0 184.7 
Diffe rence ... 108.0 49 .6 67 .0 36.2 172.0 154.0 I 15.7 80.0 

' Averaged over both hybrid s and 5 years. 
6 Averaged ove r both plan t in g dates and 5 years. 

' Ave ra g ed ove r 5 years. 
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Append ix A-9. Averag e yie ld in bushels pe r acre compared by 
pla nti ng date , hybrid an d location {summa ry of 
da ta from table 16) 1958- 1962. 

Average over 
Item Iowa Minnesota Ohio locations 

Ear ly plant ing ' . 105.2 98.9 89. 1 97 .8 

Late p lanting 99 .8 92.6 80.5 9 1.0 

Difference 5.4 6.3 8.6 6.8 

W F9xM l46 . ... . .. . 107.4 I 03.6 87.8 99.6 
Oh43 X Oh5 1A 97.6 88.0 8 1.8 89.2 

Difference . . 9.8 15.6 6.0 10.4 

Early susceptible" . 110.5 106.2 94.0 103 .6 

Early resistant . . 100.0 9 1.6 84.3 92.0 
Difference 10.5 14.6 9.7 11.6 

Late susceptible .... I 04.4 100.9 8 1.7 95.6 

Late resistant 95.3 84.4 79.3 86.3 
Difference . . . .. . 9. 1 16.5 2.4 9.3 

' Averaged ove r both hybrids, a ll treatments , and 5 years. 
6 Averaged over both planting d ates , all treatments , and 5 years. 

' Averaged over all treatments and 5 years. 

Appendix A- 11 . Number of lesions pe r 100 plants from an infesta 
tion by a natural + 3 fi rst- brood egg masses ( by 
planting date, hybrid and location; summary of 
data for treatment 7 from table 20) . 1958-62. 

Ave raged over 
Item Iowa Minnesota Ohio locations 

Early p lanting ' ... 380.0 662 .I 172.7 404.9 

Late p lanting .... .. 297.2 686.1 158.3 380.5 
Difference .. 82.8 24.0 14.4 24.4 

W F9 x M 146 • . . . . . . . 488 .0 11 28.9 225.5 6 14. 1 
Oh43 X Oh5 1A . 189.3 2 19.3 105.5 17 1.4 
Difference . 298.7 909.6 120.0 442 .7 

Early susceptible' . 5 18.0 1094.6 2 15.2 609.3 
Ea rly resistant ... ... 242 .0 229.6 130.2 200.6 
Difference . ........ 276.0 865.0 85 .0 408.7 

Late suscepti b le .457.8 1163 .2 235.8 6 18.9 
Late resistant .. . .... 136 .6 209.0 80.8 142. I 
Difference .. ... .... . 32 1.2 954.2 155 .0 476.8 

' Averaged over both hybrids a nd 5 years . 
6 Averaged over both planting dates and 5 years. 

' Averaged over 5 years. 
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Ap pend ix A- 10. Average numbe r of lesions per 100 pla nts by 
pla nti ng date , hyb ri d an d location . {Summary of 
data from ta b le 20 ; midsumm er d issection , first 
brood) . 1958-1962. 

Average over 
Item Iowa Minnesota Ohio locations 

Early planting• ... . 187. 1 245.5 76. 1 169 .5 

Late p lanting .. .. . 109.4 253.7 57 .5 140.2 

Difference .. 77.7 8.2 18.6 29.3 

W F9 x M l46 • . . .. . . . 200.3 4 15.5 87.0 234.3 

Oh43 X Oh5 1A 96.2 83.7 46.5 75.4 

Difference .. . .... . 104.1 331 .8 40.5 158.9 

Early susceptible' . 238.7 402.4 90.6 243 .9 

Early resistan t ... 135.5 88.5 6 1 .5 95 .2 

Difference ... . I 03.2 3 13.9 29 . 1 148 .7 

Late susceptible . ... 16 1.9 428 .5 83.5 224.6 

Late resistant .. . 56.9 78 .8 3 1.5 55.7 

Diffe rence .. . .... I 05.0 349.7 52.0 168 .9 

' Averaged over both hybrid s, all treatment. , and 5 years . 
6 Averaged over both p lanting dates, all treatments , and 5 years. 

' Averaged over al l treatments and 5 years . 

Appe ndix A- 12 . Number of cavities per I 00 plants by planting 
date , hybrid and location . {Summary of data from 
table 21, midsumm er dissection , fi rst brood.) 
1958- 1962. 

Ave rage over 
Item Iowa Minnesota Ohio locations 

Ear ly planting ' . ... . . 132.5 67.3 136 .0 I 11.9 

Late p lanting . .. 64.3 55.4 63.4 6 1.0 

Difference 68.2 11.9 72.6 50.9 

W F9 x Ml46 . . . 135.2 85.2 132.4 117.6 

Oh43 X Oh5 1A 6 1.6 37.4 67.0 55.3 

Difference . . . . . . . . . . 73.6 47.8 65.4 62.3 

Early susceptib le' . . . 176.5 9 1.5 169.9 146.0 

Ear ly resistant 88.5 43.0 102 .2 77.9 

Difference .... . 88.0 48 .5 67 .7 68. 1 

Late susceptible 93.9 78.9 94.9 89.3 

Late resistant 34.6 3 1.9 3 1.8 32.8 
Difference 59.3 47.0 63. 1 56.5 

' Averaged over both hybrids, all treatments , and 5 years. 
6 Averaged over both planting dates , all treatments , and 5 years. 

' Averaged over all treatments and 5 years. 



Appendix A- 13 . 

Item 

Early planting ' 

Number of cavities per 100 plants by 
0
planting 

date, hybrid and location . (Summary of data from 
table 22, fall dissection, first and second brood). 
1958-1962. 

Average ove r 
Iowa Minn esota Ohio locations 

... 374.5 154.4 379. 1 302.7 

Late planting ..... .. 374.4 146.9 363.3 294.9 

Difference 0.1 7,5 I 5.8 7.8 

WF9 x Ml4b . 438.8 185.3 450.1 358. 1 

Oh43 X Oh51A ... 310.0 116.0 292.3 239.4 

Difference . ....... . . 128 .8 69.3 157.8 118.7 

Early susceptiblec . 443. 1 188.3 447.1 359 .5 

Early resistant ... 305.9 120.5 31 1.1 245.8 

Difference '' . . . ... 137 .2 67.8 136.0 I 13.7 

Late susceptib le ... 434.6 182.3 453.1 356.7 

La te resistant ... 3 14.2 111 .5 273.6 233.1 

Differen ce .. 120.4 70.8 179.5 123.6 

' Averaged over both hybrid s, all treatments , and 5 years. 

b Averaged ove r both planting dates, a ll treatments , and 5 years. 
c Averaged over all treatments and 5 years. 

Appendix A - 14. Number of cavities per 100 plants from an infestation by a natural + 3 fi rst-brood eg g masses vs . a natural + 3 second
brood egg masses (by planting date, hybrid and loca! ion ; summary of data for treatment 7 from table 21 and treatment 
3 from table 22) 1958-62. 

Averaged over 
Iowa Min nesota Ohio location s 

7 3 7 3 7 3 7 3 

Nat. + 3 Nat. + 3 Nat. + 3 Nat. + 3 
First Second First Second First Secon d First Second 

Item brood b rood b rood brood brood brood brood brood 

Early plant ing ' . 290.6 649 .2 173.2 235.2 336.7 575 .0 266.8 486.5 

Late p lanting ... 177.7 66 1.0 144.9 244.3 175.8 621 .8 166. 1 509.0 

Diffe re nce .... 112.9 11.8 28 .3 9.1 160.9 46 .8 100.7 22.5 
WF9 x Ml 4b ................ ... 333.0 745.4 224.2 284.2 345.9 7 14.0 30 1.0 581.2 

Oh43 X Oh5 1A ... I 3 5.3 564.8 93.9 195.3 166.6 482.8 13 1.9 4 14.3 

Difference ... 197.7 180.6 130.3 88.9 179.3 231.2 169. 1 166.9 

Early su sceptible' . .... 402.6 736.8 236 .8 266.2 430.2 665.6 356.5 556 .2 

Early resistant .... 178 .6 561 .6 109.6 204.2 243 .2 484.4 177. 1 4 16.7 

Difference . 224.0 175.2 12 7.2 62 .0 187.0 18 1.2 179.4 139.5 
La te susceptiblec .... 263 .4 754.0 211 .6 302 .2 26 1 .6 762.4 245.5 606.2 

Late resis tant ' .' 92.0 568.0 78.2 186.4 90.0 481 .2 86.7 411 .9 

Differe nce . ... . ..... 17 1.4 186 .0 133.4 115.8 17 1.6 28 1.2 158 .8 194.3 

• Averaged ove r both hybrids and 5 years . 

b Averaged ove r both planting dates and 5 yea rs. 

c Ave ra ged over 5 years. 
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