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Resistance of Dent Corn Inbred Lines to
Survival of First-Generation European
Corn Borer Larvae'
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SUMMARY

A graphic meshod of rating strains of dent corn as either resistant,
partially resistant, or susceptible to the survival of larvae of the firsé
generafion of the European corn borer is presented, using the mean
deta from groups of standard strains as measures for comparison.
The strains were infested by hand with ahout 120 eggs per plant.

On 2 numerieal seale from 0 to 19, the average rating of numerous
inbred lines tested from 1938 through 1941 as inbreds or in hybrid
combinabion on compion parenis is given. In 87 cases the strains were
tested Doth ns inbreds and as hybrids. The correlation between the
inbred and hybrid $ests was found to be highly significant.

In addition to lines previously reported, hines Ind. P8, Kan. K230,
Ta. L304A, and Mich. 285 in hybrid combination and lines Kan. K230,
Kan. K226, Mich. 285, and Ill. 408 in tests of lines as such were most
refiftant; lines Ind. 38-11, Ia, Os420, Kan. X228, and Ohio 40B in hy-
brid combination and lines Ohio 07, Mich. 898, Mich. 393, and Minn.
AZ4® in tosts of lines as such were pariially resistant; and lines Ia. BL-
35%nd Neb. 8R1756 in hybrid combination and hnes Ind. P87852,

LO Ind, 33-16, Wis. 4412, and Ill. 5675 in tests of lines as such were the
G Inost susceptible when rated on the basis of more than one test in each

—
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GENBRATION EUROPEAN CORN BORER LARVAE

In comparing inbreds of previously established resistance and sus-
ceptibility and bheir single-cross hybrids in adjacent hills when the
plants were infested by hand with about 120 eggs per plant, the relative
numbers of larvae in the inbred parents and their hybrids were
estimated 10 be, respechively, as follows: Ilesistant X resistant, 2.71
and 0.78; resisbant X partially resistant, 3.20 and 1.27; resistant X
susceptible, 3.69 and 1.83; partially resistant X susceptible, 4.18 and
2.40; and susceplible X susceptible, 4.67 and 2.96. The hybrids
avernged & nearvly constant difference of 1.86 fewer borers per plant
than the inbreds used to produce them, in spile of the Inct that the
hybrids averaged 7.1 days earlier in silking than their nbrods.

Six widely planted Corn Belt hybrids were compared during 3 years
with some of the most borev-susceptible aul resistant experimontal
bybrids. The group of commercinl hybrids was about hali as bover-
resisbant as the resistant group. :

INTRODUCTION

In & pr.ovious publication ® five inbred lines of field corn were re-
porbed as being resistanb, seven as partially vesistant, and four as
susceplible to the swrvival of larvae of the Eurvepean corn borer
(Pyrauste nubilelis (IThn)). The cumulative eficet of an unde-
termined number of factors in inbred lines in produciog borer resist-
ance in hybrids was indicated. When the number of poactinlly re-
sisbant and susceplible inbreds used o the pedigrees of donble-cross
hybrids was mereased, o Lleend from pronounced borer resistance to-
ward borer susceptibility was alse indicated. Additional inbred lines
hkove been tesbed tn 1938 thuough 1941, as lines or in hybrid combina-
tions, or both, and the results are reported herein.

Dats on the comparison of tests of single-cross hybrids with their
inhred parents plantied in the snme experiment are also presented.

During three seasons six commercial double-cross hybrids most
widely annted in the Corn Belb were included in the tests of hybrids.
The average bover populations in these are compared wibh the numbers
of borers in n group of the most borer-resistant single-cross hybrids and
a group of the most borer-susceptible hybrids.

TLESTS OF INBRIZD LINES

The resistance of inbred lines and their hybrids te survival of first-
gencration borers was delermined by infesting reoplicated plois by
hand with 4 egg masses, or about 120 cggs, per plant and dissceiing
samples totaling 24 plants about 5 wecls later to count the numbers
of mature berers that survived, Inch plant was tagged with the date
of sillking. The experhmental procedure and methods of analysis
differed from shose described in o previous publication ? in several
respects. Inbred lines of unknown reaction to borer survival were
tested agamst groups of standsrd inbreds of known resistance and
susceptibility, In hybrid tests ell the inbred lines, including the
standards, were crossed on common perents.

3 Paren, L. H,, HorsERT, J. R., and EVERLY, R. T, STAAINS CF PIRLD CORN REMSTANT TO THE AU~
¥IVAL OF Lhe SUROEEAN CoRN Bongs. U, B, Dept. Agr, Tech, Bul. 823, 22pp. 192,




FIRST-GENERATICN EURQPEAN CORN BORER LARVAE 3

Differences in the mean numbers of borers between. strains may be
explained in large part as follows: (1) The later silking strains con-
tained fewer borers because of a lower rate of survival in planis in a
less advanced stage of development at times of borer hatching, (2) the
mean number recorded showed variability because of sampling crrors,
and (3) the strains differed in their inherent resistance or suscepti-
bility te the borer. To awrive at a reliable evaluation of the third
variable it was necessary to talke into account the first two variables,

The steps teken were as follows: Firs$, three points on o graph
were obtained by plofting the menn number of borers per plant against
the mean date of silking for the groups of standard resistant, partially
resistont, and susceptible strains, respectively.

Second, a regression line of number of borers per plant on silking
date was passed through each of the three points.  The regression
coefficients necessary for determining the slopes of these lines were
calculated by multiplying the mean number of borers per plant in
each case by 0.043. This constant was caleulated by dividing the
mean regression of number of borers per plant on silking date (0.188)
of 13 experiments conducted in 8§ sensons by the mean number of
borers per plant (4.39) in all those experiments. Honce, on the basis
of a purely mathematical relationship, a reduction of 4.3 percent of
the borer pupulations for cach day later in silking would be expected
at all evels of borer population.

The validity of using the expected reduction of 4.3 percent was
determined by caleulating how much the regression of borers on silking
date actually changed with a change of 1 borer in the mean number of
borers per plant in sn experiment. The data {rom ecach of the 13
experiments are given in inble 1. Actually, the regression of borers
on silking ds%e increased or decrensed 0.0404-0.0053 borer {rom a
mean of 0.188 borer for ench increase or decrease of 1 borer per plant
in an experiment from the menn of 4.39 borers per plant in all the
experiments.  Sinee the yalue 0.040 is not significantly different {rom
i{){{l%(‘i, the expected value, the validity of the procedure was esteb-
ished.

Tarie 1.—Observed and expected regression .of mean number of European corn
borers per corn plant on date of sitking for experiments conducted at Sandusky
and Toledo, Okie, 1930 to 1841
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Third, distances were set off equally above end below each regres-
8inp line at two widely separated dates-of silking. A line was drawn
through the two points above and another line ‘through the two points
below the regression line to delimit a band or zone. The distances set
off were calculated io give zones that would on the average include
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Fieure I.—Zones which on the average would inelude 95 pereent of inbred lines
of dent corn as resistant (within short-dash breken lines), as partially resistant
{within unbroken lines), and as susceptible {within long-dash broken lines) to
survival of first-generation larvae of the Buropeun gorn borer as the average
of the standard inbred lines used for eomiparison at Toledo, Ohis, 1939, The
‘mesn number of borers per plant in each inbred line tested in the experiment
is ploftied apgainst the miean date of silking, but only standard borer-resistant
inbred lines {(Kan. K230, Wis. CC5, Mich. 285, In, Ld17, and Ohio §7), partially
resistant lines (Il Hy, Ind. Tv, Wis. CC1, and Ia. 1205), and borer-susceptible
times (Ill. 99, Ind. WFG, C.I 1872, and 1lI. A} are designated,

the plotted data of 95 percent of strains inherently as bhorer-resistent
or susceptible as the avernge of the stondards. Resistance volues of
such strains would not vary from the values read from the regression
{ine more than on the basis of the variability from plot-to-plot with-
in the strains, after removal of the variability due to the eflect of rep-

. lieations, This within-strain variability, however, was found to

incrense with an: increase in the mean number of borers in the strains.
The amount of increase varied from year to year. In 1939, as de-
scribed in a previous publication,* the inerease was proportional to

4 Ben footnote 3, . &
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the mean but in 1940 the increase was only healf as much for about the
stme borer populations, It was necessary, therefore, to determine
the relationship between the standard error of the mean and the mean
for eacli experiment. Xnowing this relationship, it was possible to
dgterm'me the limits above and below each regression line as described
above.

A graphic illustration of the resistant, portially resistant, and
susceptible zones for the tests of inbred lines as such in 1639 is given
in figure 1. The mean number of borers per plant in each inbred line
is plotted agninst the mean date of silking, The designotion of the
inbred lines is given only lor those used for standards. The regres-
sion lines have been omilted in figure 1.

Tests of inbred lines were conducted slse in 1940 and 1941.  Tests
of inbred lines crossed on common parents were conductad from 1938
ibrough 1941, In 1938 and 1939 the commeon parents weore varieties
and in 1940 each mbred ling was erossed on inbreds I1L A, 111 Iy, and
T R4. The mean numbers of borers per plant in the A, My, and
R4 hybrids in 1940 were 7.28, 5.85, aud 4.20, respectively, showing
that partinlly resistant inbred Kue Hy had about half the effect of
resistant inbred line R4 in reducing the lovel of borers under the level
in the borer-susceptible inbred A hybrids, The A hybrids sitked 1.4
days eariier than the Ily and R4 bybrids. In 1941 cach inbred line
was Lested on nbred lines 111 Iy and 10 R4 as the common parents.
In an esperiment where each inbred line was tested on more than one
common parcat, the dala from the bybrids were averaged and con-
sidered as one test of the inbred ling,

Zones were constructed and the data were plotied for each experi-
mens.  The strains were rated numerically from 0 to 16. Strains
plotted below the resistant zones were rated 0 and those above the
stuscepbible zone were rated 10, The sbraine in the lower third,
middle third, and top third of the resistant zone were rated 1, 2, and
3, respectively.  Similarly, the strains in the partizily resistant zone
were rated 4, 5, and 6, and those in the suscepiible zone, 7, 8, and 9.
In the case of overlapping zones the rating taken in one zone was
avernged with the rafing Laken in the overlapping zone to obtain an
estimate of the rating for the test. I'or example, if the lower third
of the partially resistant zone corrying & roting of 4 overlapped the
upper third of the resistant zope carrying s rating of 3, all strains
wikhin this area would be rated 3.5, the mean value of 4 and 3. The
inbred lines are listed in table 2 with the average rating in the tests
as inbred lines and the average rating in the tests as hybrids, in case
more than one test was given.

In table 2 there are 37 inbred lines tested both as inbreds and as
hybrids on common parents. Their aversgs rating as inbreds is 4.64
and in hybrids is 4.35. The correlation of 0.588, ealculated from the
37 pairs of data, is larger than 0.418, the value required for high
significance. In general, in these comparisons the reaction of the in-
bred lines in hybrids on common parents agreed, within the limits of
errors of sampling, with their behavior when tested as inbred lines.
In addition to lines previously reported, lines Ind, P8, Ean. K230,
Ta. 1304 A, end Mich. 285 in hybrid combination and lines Kan. K230,
Kan. K226, Mich. 285, and Ill. 408 in tests of lines as such were most
resistant; lines Ind. 38-11, Ia. 0s420, Kan, K228 and Ohio 40B
in hybrid combination and lines Ohio 07, Mich. 898, Mich. 393, and
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Minn. A342 in tests of lines as such were partinily resistant; and lines
Ia. BL851 and Neb. BR1756 in hybrid combination and fines Ind. PS-
7852, Ind. §3-16, Wis. 4412, ond Y. 5675 in tests of lines as such
were the most susceptible when rated on the basis of more than 1 test
in enchcase.

Tavre 2.—Rating of inbred lines of dont corn for inherent resistance, 0-8; partial
resistonce, 46, and susceplibilily, 7-10, lo the survival of larvae of the first
generction of the Kuropean corn borer, Toledo, Olido, 1988-41

TThe letters T and C after tho nurmber of tesls indicato that {he inbred Vne was tested as such or in hrbrid
contbination ¢ cammon pareats, respeetively.]
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TapLe 2.—-Rating of inbred lines of dent corn for inhereni resistance, 0-8; parial
resistance, 4—6; and suseoptibility, 7-10, to the survival of larvae of the firal
generation of the BEuropean corn borer, Toledo, Ohio, 1958-41—Continued
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NUMBERS OF BORERS SURVIVING IN INBRED LINES
AND IN THEIR SINGLE-CROSS HYBRIDS

Four borerresistant inbred lines, one partially resistant hine, and
four lines known #0 be susceptible to the survival of the corn borer
were tested as inbred lines and in different single-cross combinations
in an experiment conducted in 1941, Triplieated plots, 2- by 3-hills
in size, isolated by unplanted rows, were planted on May 13. Three
different lings occopied the three hilis on one side of each plot and all
possible single-cross combinations among them occcupied hills on the
other side of each plot. All plants were Infested by hand on July 8
with 6 egg masses, or about 120 eggs per plant. Natural infestation
was ab such a low level that it was not considered to be a factor. The

lant height on July 11, the date of silking, and the nminber of mature
gorers were recorded on a tag attached to ench plant.

The regression of number of borers por plant on silking date was
calculated {or the inbred lines as o group. For each day later or earlier
in silking than the mean date of silkking of all lines, the number of
borers per plant was redvced or increased 0.158 borer. The mesn
number of borers per plant in each lins was ecorrected for the difference
in sitking on this basis. In a siznilar manner corrections were made for
the hybrids using the data from them es & basis. The mean numbers
of borers per plant for ench singls eross and their inbred parents are
given in table 3,
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Groups 1, 2, and 3 as shown in table 3, have resistant inbreds
designated as the second parent, whereas resistant, partially resistant,
and susceptible inbreds, rospectively, are designated as the first parent.
Groups, 3, 4, and § have susceptible inbrods designated as the first
paerent, whereas resistant, partially resistant, and susceptible inbreds,
respectively, ere designated as the second parent. Averages of the
number of borers per plant in the inbred parents and the single crosses
produced from them of groups 1 and 3, of groups 2 and 4, and of groups
8 and § will, therefore, give the relative eflect of resistant, pariially
resistant, and suscepfiblo inbreds on borer survival. These three
averages are 2.17, 2.85, and 3.28 borars per plant, respectively. If
the partially resistant inbreds had had half the effect of the susceptible
inbreds in raising the borer population ahove that in groups 1 and 3,
the expected average for groups 2 and 4 would be 2.73 borers per plant,
wiiel is nearly equal to 2.85, the actual number,

Tanus 8.—Effect of single-cross hybrid dent corn on survival of larsne of the Furo-
pean corn borer when produced frowm different combinations of fabreds of knoun
reststance (i), parlial resistance (), and susceptibility (S, Toledo, Okio, 1941
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‘On the basis of these results the corrected mean numbers of borers in
each pair of inbreds and in their kykrids were plotted against the num-
ber of the group in whick they occurred and regression lines were



http:hybri.ds

FIRST-GENERATION EUROPEAN CORN BOEER LARVAE 9

fitted te the two sets of plotted data. The regression lines were nearly
-parallel, indicating a nearly constant difference in borer population

etween the 1breds and their hybrids. On the basis of the regression
coefficients, which were more than four times their standard error, or
highly significant in each case, and of accompanying averages of the
dependent and independent variables, estimates were made of the
mean number of borers in the inbreds and their hybrids in eack group.
The estimstes of the mean number of borers per plent in the inbred
parents and in their hybrids, respectively, are as follows: Resistand
X resistant, 2.71 and 0.70; resistant X partially resistent, 3.20 and
1.27; resistant X susceptible, 8.69 and 1.83; partially resistant X
pusceptible, 4.18 and 2.40; and susceptible X susceptible, 4.67 and
2.96. 'The hybrids averaged 1.86 fewer borers per plant than the
inbreds involved. This difference ranged from 2.01 borers, when two
resistant Inbreds were used, to 1.71 borers per plant, when two
susceptible inbreds were used; but these differences are not signifi-
cantly different from the average of 1.86 horers.

The smaller numbers of borers in the hybrids than in the inbreds
used to produce them occurred in spite of the fact that the hybrids
averaged 7.1 days earlier in silking than their inbreds. The hybrids,
also, averaged 16.1 inches taller than their inbred parents on July 11,
As indicated in the discussion of table 1, within lots of inbreds and
wvithin lots of hybrids the earlier silking strains on the average have
bad the most borars, The larger number of borers in the inbreds,
which as a group silked later than their hybrids, indicates that this
relationship does not apply when comparison is mode of inbreds with
their hybrids (table 3).  Omn the basis of only 1 year’s work a discussion
as to the possible factors involved is not warranted.

DEGREL OF BORER RESISTANCE IN COMMERCIAL
HYBRIDS

Six commerecial double-cross hybrids were included in the tests of
bybrids in 1940, 1941, and 1942, with the purpose of determining the
degree of resistance to survival of the first-generation borers possessed
by some of the most widely planted Corn Belt hybrids compared with
that of some of the most borer-resistant and susceptible single-cross
experimental hybrids. Hybrids Ind. 6130 and Tod. 425 were meluded
as two of the most widely grown hybrids in Indiana in 1939, Ia. 939
and U.8. 44 as two hybrids grown in Ohio, and U.8. 13 and Wis, 696
were incuded as representing Ilinois and Wisconsin, respectively.
As standards for comparison, resistant inbred lines Kan, K230, Mich,
285, Ia. 1317, Ohio 07, and Wis. CCS5, crossed on resislant inbred
Iime 1. R4, were included each year. At the other extreme seven
susceptible inbred lines crossed on susceptible 1ll. A were used in 1940
and three single c¢rosses involving inbred lines I1L. A, I11. 90, C.I. 187-2,
and Ind. WID were tested in 1641 and 1942,

The mean number of beorers per plant in exch hybrid and the mean
of each hybrid group arc given in table 4. The rating of the hybrids
given in table 4 were obtained from fable 2 by averaging the ratings
of their component inbreds when tested as inbreds. In five cases, in
the ebsence of tests of inbreds as such, it was necessary to use the
rating of the inbred when used in hybrid combination,
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As may be noted from table 4, the group mean number of borers per
plant of the resistant hybrids is 1,97, as compared with 4.13 and & 45
In the commercial and susceptible hybrids, respectively. Since the
difference in silking between the groups was only 1 dey, a cotrection
of these means for stage of plant maturity was not deemod necessary.,
Thus there was sbout half as much borer resisbance in the commercinl
as in the resistant hybrids. From table 4 the average ratings for
borer resistance of the resistant, commercial, and susceptible hybrid
groups are 3.3, 5.6, and 8.4, respectively. The group of commercial
bybrids, therefore, both actually and from prediction, was about half
bs borer-resistant as the resistant group.

TABLE 4—Comparison of numbers of mature larvge of the Buropean corn borer
resulling from given numbers of firsl-generalion eggs in commercigl hybrid dent
corn wilh the numbers in groups of hybrids of known resistance and susceplibility
to borer survivel, Toledo, Ohio, 1940 and 1941, and Lafayetie, Ind., 1948

Rating Borers per plont
for
bererre-
sistanca] 1040 4L 1842

Pedigrea

Hesislant gproup; Mratiber] Nuomber| Nuwber
XKan, K230 % Ill, R4 L a7 175 0.7
Mich. 285 % N, R4 1.88 Q.50
To, LAIT 3 14, R4, L is
Ohio 07 X 111 R4 .
Wis, 008 X Li. Rd

Mean

2y

£ | b nsan
[ IO Orad
ol =0

e

-
€n

N R bdala
S N mramMo
e | morpepomps
gga-m.h-m

L 1]

1
€

Meng.

Buscentible group: !
Ind, 33-16 ¥ 1. A
TL 8675 > 1. A
Ind. 7852 X 1)L A
Wis. 4480 XTI A
Wis, 444 ¥ I A
Wis, 345 X I, AL
Wis, 11412 X [, A_
O LIBT3 M 1L A
o0 X A__.....
G, 1. 187-2 % Iod, WEB.

Mean

418
2
4.00

3.37 5,46

npmmmammen
[ £ b3 LA 00 G =1 2 B Xy

L

1 As nn nvernpo of the 3 yenrs tbe resistant, commereln), and suseeptibla groups siiked 25.6, 24.6, and 24,6
days, respectively, alter June 30
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