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Strains of Field Corn Resistant to the
Survival of the European Corn Borer'

By L, H. Patcn, associale cnlomologist, Division of Cereal and Forage Inseel In-
vestigalions, Bureaw of Intwmology and Plent Quaraniine; J. IL. IovLnenr,
formerly senior agronamist, Division of Cereal Crops and Diseases, Bureau of
Flant Indusiry; and R. L. Jvenny, junior enlowmologiel, Division of Cereal and
Forage insect fnvestigations, Direan of Fnlomolegy and Plant Quaraniine *
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INTRODUCTION

Wl
{E‘ 2 The problem of the control of the Kuropean cort borer (Pyrauste

wubilelis (Mbn,)) through the use of borer-resistant strains of corn
has been extcrtsively investigated by various workers. One of the
most. complete: studies of this problem has been made by Meyers
angd others” who have included in their report many references to
previous publigations on the subject. These workers tested large
nimbers of stanins under conditions of natural oviposition by first-
zeneration moﬁ?ls and found that plots of taller corn tended to re-

1 Reeeived for publopion May 14, 1941,

The anthors expresg thelr nppreciation to (e coopernting apetcivs and ndividuals who grew and sap-
piied by brids nnd Inbedd lines of core reperted en in Lhils buileting to Fuak Hros, Secd Co., Blopmingtoa,
NkrL F Johnsow, sssoclale professer io geneties, Gniverslly of 3linnesotn; 1, W, Lindstcom, professor of
vonelics, Town Stuie College: A. 1L, Alarston, researeh nssisuni, Miehisun Stute College; N. 17, Nenl, nssis-
Laot prafusser in peoctles, UnivessIly of Wisconsing O M. Woodworlh, pealessor by gonctios, University
af LHingis; aned Lo tho following workers of the Dorenn of Plant Industry: A, M. Hrunson, agronemist, sta-
Liooed at tho Konsas and later of Lie Indisng Aprienltoral Experitnent Stakion; 3, G, Eckburdt, nssistnot
agronguist, stationed st Lhe Town Aprieolturat Experinent Stalion; 2. W, Jugecheliser, associnle ngron-
oilsl, stalioned at the Tows and later nt the WKunsag Apricaltursl Experitnent Station; Q. F. Spraguc,
agroneinist, stutloned et 1he Missourt nnd Inder at the Towa Agriculiural Experiment Station; and Q. H.
Stringfield, agronomist, stalioned at the Chio Aprfeuliarpl Zlixi:crinwm: Stailpn,

Ackgowledgement §s inade of the wssistance tn the Aeld worls by menbers of e stall engoged in Eures
pean corn Lover rosearell. Thie transformallon tn doparithms in the analysis of the dara was supgested by
C. L Bliss. The {neepllon of the project was made ot the supgestion al WP, Fliot. chief enlowalogisi,
Nllngis Agriealturnl Experiment Siation,  The interest aned support of W, A, Baker, I, 3, Caffrey, W, TIL
Loerbner, ' N. Aunnnd, and O M. Packard, of e Burean of Enlomoloegy and Plant Quarantine, nnd
Moerle °0, Jenklns, of the Bureau of Plant Tudustey, have auele Lhis work possible,  The nddition to the
sttely of inbeod Hoes wos o valnable suggestion fromm W, A, Baker, oader whose general supervision the
work has heen condneted sinee 1932,

T M EvERs, Mawox T, HUkgR, L. I, Noawarnee, O K, Heoey, ¥, D, and Stmxerislo, G, .
EXTERIMENTS 0N NRKEDING COILK BESINTANT 7O THE RUBOIEAT CORS DORER, U 5. Depd. Agr, Tech, Bul,
SR3, 40 ., illps, 19470
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ceive more eggs than plots of shorter corn, and that smaller numbers
of borers resulted from a given number of eggs laid on strains that
would be in a relatively less advanced stage of growth at the time of
borer hatching. The population of borers to be cxpected In each
strain was predicted on the basis of the multiple regression of borer
population on strain height at the time of oviposttion and strain
silking date. The strains that consistently contained less than the
predicted number of borers were classed as inherently borer resistant.

Marston* mentioned the possible influence of strnin maturity on
resistance.  Ho interpreted his data on the basis of percentage of
plants infested and the number of borers per 100 plants,

Ficht * also indicated the possible importance of the maturity of
strains in eveluating their borer resistunce. He reported the num-
bers of full-grown Inrvae surviving on dilferent strains as a percentage
of the estimated number of cyus deposited naturally on a given
number of piants.

Thompson ¢ reported the performance of various strains of stand-
ard and hybrid corn under natural infesiation on the basis of the
average number of borers por 10 stalle,

It is the purpese of this bulletin to show the relative resistance to
corn herer survival contributed hy inbred lines of ficld corn to hyhrid
combinations. The measurement of the relative resistance is the
pereentage deviation of the observed population of borers from the
predicted population on the date of silking of the strain. The pro-
dicted valucs were obtained from the analysis of covariance.

PLANT MATIRTAT,

During the 10-year period from 1930 to 1939 tests of the material
available have been conducted for the purpose ol dizcovering inbred
lines of corn that would contribute resistance to corn borer establish-
ment and survival. During the carly vears of the work single-
cross, three-way cross, and a lew double-cross hybrids and open-
pollinated varieties wore ased, with inbreds TILA, T4, TiL.Hy,
TILE, INLA4S, 11190, and Ind TR predominating in the pedigrees
of the hybrids.  From 24 (o 36 strains were tested from 1930 Lo 1935,
inclusive, the number being limited by the fact that the tests wero
made at several levels of borer population induced by varying the
number of ege masses placed on the plants,?

Durning the early tests certain hybrids showed a decided vosistance
to survival of larvac of the corn borer, and other h¥brids showed a
marked susceptibility. These resistant and susceptible hivhrids were
used as standards for cvaluating the results ohtained  from later
experiments. in 1936 and 1937 the emphasis was placed on deter-
mining the relative borer survivals in these hvbrids as related to the
stage of plant development at the time of hatching of the eggs and
on determintng when and where the dilferentiation in horer sirvival

IMAHITON, A, I, RECENT PROGIESS IN DREELING LORER RESISTANT CORN. 3lich. Age. Expt. Sti’
Quurl. Bul, 15 261-368, s, 1933,

VEICHT, (. &, NELATIVE RESISTANCE OF SELECTEL STRAINS OF CORN TO EURDPEAN CORN DOKER. Jour,
Econ. Ent, 20; 0§7-041, 19016, ~

8 THOMPSON, 1L, W, NOTES ON CORK HORER KESISTANCE I 1LYBIID coux. Ontario Ent. Soo, Apn. Rpt,
(1037} £: 98-32, llus. 1045,

TPatol, L 1L, ST, LW Aee 15, AL and Crooks, C. A, COMPABATIVE INJURY BY THE EUROPEAN
CORN WORER TO UFEN-TQLLINATED ANXD NVEBRID FIELD CGRE, Jont. Axr. lHes, & 355365, lus, 1940,

Paten, L. 1L, S, G, Bonosners, M., nmi Borreen, (LT FACTURS DETERMINING THE REDUC-
TION I8 YIXLD OF FIELD CORN BY THE ECHOPEAN CURN BOUKEK.  |'T6 be submitied for pnbliention.)
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occurred with reference, respectively, to the age of the borers and
their loeation in the plants. The plant characters associated with
borer resistance were also considered.?

In 1938 tests were conducted with over 200 top-cross strains, in-
cluding an early group of segregating and advanced lines top crossed
with the Waugh variety, o later group of hnes top crossed with the
Krug variety, one lot of lines top crossed with the Western Plowman
variety, and another lot top crossed with Towa synthetic hybrid 8037.
Morc than 100 single-cross and top-cross strains were tested in 1939,
The performance of the strains tested during the 10-year period has
been used as o basis lor this bulletin,

Inbred lines were first tosted as such in 1935, and similar tests
were made each year thereafter. Lines that showed promise as in-
breds were Iater tested in single-cross combinations.

EXPERIMENTAL PROCEDURE AND METHODS OF ANALYSIS

The possibility of finding inadequate sumples ol borers resulting
from natural infestation and the necessity of counting the cges laid
naturally were obviated by placing on the plants by hand eggs pro-
duced by moths confined in laboratory cages. In appraismg the
borer vesistance of the strains, their stage of maturity ab time of
hatehing of the cggs and differences due to sampling errors were con-
sidered, and it is believed that the large numbers of eggs placed on
the plants by hand subordinated any possible effect of the differences
in natural svipesition among the strains.  Furthermore, the use of
check plots showed repeatedly thal the ranking of the strains based
on infestations indueed largely by hand was not materially different
from the ranking resulting from infestations produced wholly by the
maths in nature.

The strains were planted in several blocks, or replications. TEach
strain was assigned at random to oue plot within each bloek. The
corn was planted in hills 42 inches apart each way with six kernels to
the hill and thinned later o three plants. The number of hills per
piot and the number of replicaied plots varied among the experi-
ments.  All the plots within one or more blocks were planted on the
sanic day, and the plants were infested with egy masses on the same
dates as deseribed tn an earlier paper?  An endeavor was made cach
vear to complete the manual inlestations before the availability of
the tassel buds made them o lactor in borer survival, Each plant
was marked with o tag showing the date of silking and was later dis-
sected so that the mature or nearly mature borets present could be
vounted before the migration of some ol the full-fed borers away
[rom the plant.

The experiments of 1938 and 1939 are given as examples of the
procedure followed in testing large numbers of strains and for analyz-
g the data from them the methods here presented being those
finally adopted as the riost eflicient [or the purpose. The sirains
were planted in 2-hill plots of 6 plants each, randomized within cach
of 6 or 7 replication blocks pev planting. In 1938 the hybrids were

PATel, L D SURYIVAL, WEIGHT, AND LOPATION OF EVROPELN CURN NOHER LARYAFR FEEDRING ON LE-
SISTANT AND SUSCERTNGLE FIELD tonN, 10 he sulnaittr. o for publicsiion.]

1o, 1o Tl wmd PEIRCE, b L LABORATONY PRADUCTION OF CLUSTLES OF ECROMEAN CORN ROWER
EGGs FOIN VSE 13X ILAKD INFESTATION or vons.  Jour, Beon. Bol 260 106201 s, 100,

[T L
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_ hand-infested with 6 ege masses per plant, or ahout 180 eges, in ad-

dition to the natural infestation, which resulted in » mean of 1.6
mature borers per plant on the earlier planting made that year. In
1939 the hybnids and inbreds received 5 and 4 ege masses per plans,

respectively, or about 150 and 120 cges, in addition to the natura).

mfestation, which resulted in o total of 6.1 and 6.8 borers per plant,
respectively, from both sources of infestation. The mean number of
borers in the different strains of corn varied from these means for 4
reasons: (1} The later silking strains contained fewer borers because
of a lower rate of survival in plants in 2 less advanced stage of develop-
ment at time of borer hatching, (2) the moths lnid more cgEs on some
strains than on others because some strains were taller than others,
(8) the strains differed in their inherent resistance or susceptibility
to the borer, and (4} the niean number recorded showed variability
because of sampling crrors.

With reference to the fivst reason given, data from the 10 years
of study show that the rate of change in the borer population due to
differences in the stage of plant development depends on the level
of borer population, "When the horer population in all the strains
tested averaged 1.4 borers per plant, the number of borers in any one
strain decreased or inercased .06 borer from this average for each
day later or earlicr than the average in silking. The value 0.06 was
found to increasce by linear regression to 0.27 as the general average
increased from 1.4 {0 5.5 borers per plant.  To aliow for the corrolp.
tion between borers and stage of plant development, the number of
borers predicted for any strain was the average number expected for
its date of silking caleulated on the basis of the regression of theobserved
numbers of borers on silking dates.

With reference to the sceond reason, no count was made of the
number of eggs laid on the dillerent strains, but the mean height of
the strrins duving the oviposition period was measured. The half of
the hrybrid strains silking carliest in 1939 avernged 3.4 inches taller
ab the ttme of moth flight than the half silking Iatest. Since plots
of tall corn tend to reccive more cggs than plots of shorter corn,"
the earlier silking strains contained more borers beecause of the larger
mumbers of naturally laid eggs as well as because of their more mature
stage of development. While the regression of the observed num.
bers of borers on silling dates is not a dircet expresson of the function
of height, any possible offect of the number of eges Iaid is exeluded
from the deviations ol the observed numbers of borers from the
numbers predicted, owing to the relationship of height with stage of
development as measured by silking.

As a group, the hybrids contuining less than the number predicted
for them in 1939 averaged within one-half inch gs tall at the time of
moth flight as the hybrids containing more than the predieted num-
ber, It is not probable, thercfore, that the differences in heisht of
the strains and resulting difforences in the numbers of cegs laid were
factors entering into the question of inherent resistatice or suscephi-
bility of the hybrid strains in 1939, As a final test the deviations of
the observed from the predicted numbers of bhorers were compared
with the heights of the strains, resulting in the nonsignificant cor-
relation coeflicient {r} of —(0.0874+ .08771.

W Patci, L, 1T, HEIGUT OF CORK A8 4 FACTOR 1N EAG LAYING KY THE EUPOTPEAN CORN RORER MOTH 1K
THE ONE-GENERATION AREL, Jour. Agr, Hea, (4 (0): 503-515, illus. 142,
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Substantially the same results and the samc conclusions were
arrived at with the inbreds tested in 1939. A nonsignificant cor-
relation coefficient () of 40.10724.09062 between the deviations
of the obsarved from the predicted numbers of berers and the heights
of the strains was obtained.

To determine whether the strains differed among themselves in
inherent susceptibility to the borer, the third reason for variance,
tho resnlts were statistically analyzed with special attention to tests
of significance. As o first step in the analysis, the mean number of
borers per plant in each plot was transformed to its logarithm, The
condition premising such a trans{ormation was the relationship exist-
ing between the variance and the mean. Such & relationship would
invalidate the F test. The standard deviation among soven plots of
six plants cach of the hybrids in 1939 was calculated to be 1.90 bovers
for strains averaging 6.1 borers per plant. Thoe standard deviation
increased or decreased 0.314+.0212 borer for cach increase or de-
crease of 1 borer in the mean. On this basis the hybrids with mini-
mum borer populations in 1939 had 3.24:.99 borers per plant per
plot compared with 9.6+3.00 bovers in the strains with the most
borers.  The standard deviation is seen to be nearly proportional to

its mean. By transforming the figures to their logarithims the plot .

variability of the strains was put on & common basis, malking it pos-
sible to treat the data from all the strains as onc set.! Moreover,
the relationship between borers and silking date was curvilinear in
two experiments, The transiormation to logarithms resulted in &
linear relationship between the two varintes in the different strain
groups and permitied the use of tho mothod of covariance witk the
data.

When the mean square between strains (the variability among
strains) was divided by the mesn square within strains (the varia-
bility from plot to plot within the strains) the ratios obtained for 235
liybrids subject to the first-gencration borers on the May 20 planting
of 1938, for 62 hybrids on the May 26 planting of 1938, for 128 hy-
brids on the May 11 planting of 1939, and for 119 inbreds planted
May 18, 1939 werc 2,42, 2.84, 450, and 5.17, respectively. The
corresponding F values for odds of 99 to 1 were 1.26, 1.54, 1.37, and
1.39. It is, therefore, concluded that the strgins differed among
themselves m inlierent susceptibiliby to the hover.

Tinally, the difference obtained by subtracting algebraically the
predicted number of borvers per plant from the abserved number in
each strain, expressed as a pereentage of the predicted number, was
desired. Hybrids or inbreds that averaged a relatively large per-
centage more than the predicted borer population in several tests or
compavisons were considered s being borer susceptible, whereas
those that averaged a relatively large percentage less than the pre
dicted number of borers were considered as being borver resistant.
Strains whose borer populations fluetuated around the predicted
ponulations during the period of testing were considered as inter-
mediate in susceptibility or partially resistant to the corn borer.
Since numbers ol borers were converted to logarithms, the difference
obtained by subtracting the logarithm of the predicted number of
borers from the logarithm of the observed number was used to cal-

H SNEDI’.CD“, GEQROE W, STATISTICAL METHQRS A FELIED TO EXPERIMENTY IN AGRCULTURE AND BIOLOOY.
Rev. ed., 368 pp., fllus.  Amnes, Iowa, 1938, (See secl. LO-16.)
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culate the desired percentage. The predicted value corresponded to
100 percent. The logarithm of 100 is 2. When the logarithmic
deviabion is added to or subtracted from 2, depending on the sign
before the deviation, the antilog of the sum or remainder, after con~
version, will then be the observed number of borers expressed as a
pereentege of the predieted number.  After subtracting 100 percent
from this percentage, the remainder will be the percentage deviation
of the observed from the predicted with its appropriate sign.

In this study groups olsingle- or top-cross hyhrids determined to
be susceptible to the corn borer hecause of bover susceptibility trans-
mitted to them by susceptible inbreds averaged 16, 24, 27, and 33
percent mors than the predicted borer populations according to the
inbreds involved. Groups of single- or top-cross liybrids determined
to be partially resistant to the corn bover averaged 12, 6, and 5 per-
cent less and 1 and 3 percent more than the predicted populations
according to the inbrods mvolved. Groups of single- or top-cross
hybrids determined o be resistant to the corn borer averaged 36, 34,
25, 14, aund 12 percent less than the predicted populations according
to the inbreds involved. The eriteria upon whiclh the delermina-
tions were based dilfered according to cireunstances and the strains
of corn available in the tests, and arc given Tor each inbred.

BORER POPULATIONS IN OPEN-POLLINATED VARIETIES

The experiments of 6 seasons included 15 tests of 10 open-pollinated
varielies. The average performance on all the plantings made in one
season is considered as w single fest.  The borer populations in these
tests ranged from 7 Lo 98 percent morve, and averaged 25 pereent more,
than the predicted populations. A group of singlo-cross and top-cross
hybrids discussed loker, having the same inbred for once of their par-
ents, averaged & wnamimum of 27 percent more than the predicted
number of bovers. The open-pollinated variclies as o group were
therefore nearly as susceptible to the corn borer as any strains of corn
studicd. The dato are presented in table 1.

Tasre 1. —Deviation of the observed from the predicled population of the Burepean
eorn borer in open-poltinated varielies of fleld corn, Sandusky and Tolede, Ohio,
1n cerlain years Jrom 1980 1o 1988

Daviatbon, by yenrs
Variety

[RTH] il Wi 34 1t 1838

Pereent | Pereert | Peroemt | Percen? | Pereent
Tongletlow Flint .. ... ...
Roeb Cob ensiiago
Giolddten Wny
Krog.. ...
Dovhet.
Cunterbiry Yellow 1eut.
Smoky Pento .o ...
DI veame auniamnmas
Jobmson Counky Wihite. ..., ... . 1, ...
Woodbur .. el e meae e - .
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RESISTANCE TO BORER SURVIVAL CONTRIBUTED BY
INBREDS ILL.R4, JLL.L, AND ILL.HY RELATIVE TO INBRED
ILL.A

Tests of inbreds HL.R4, 114, and IIl.Hy or IIL.L;, cach crossed with
the same inbred er vmu,t,y‘, were made in snwla -crpss or top-cross
combination duting & period of § years asshown in the first two sections
of table 2. Other tests of inbreds IILI4 and 1L A, cach crossed with
the snume inbmd, were made also.  Theresulting hybrids’ made possible
a compatisonn of the relative resistance against corn bover survival
conlributed by thoese inbreds. In addilion, tests of inbreds gs such
were made of inbreds HLR4, DLy, and ULA in each of tho years 1935,
1936, and 1939. The results fromn the tesis of single or top crosses are
riven in table 2, and the dala [rom Lests of the inbreds are presented
i table 3.

Lanne 2—Devietion of the observed from the predicted populalion of the European
corn borer i single-cross or lop-cross Aybrid strains of fietd corn produced by cross-
ing an fabred or variety with cuch of 8 inbruds to be contrasted for their resistunce
ie borer survivel, Sandusky and Toledo, Olie, in cerfain years from 1930 io 1938

} i Tyevintlon of Lthe observed frotn Lhe
' . i prredicled nopber of borets per
fnbipesd or varlely erassed with inbreds o thio boxes v opghl it af Lhe lobreds eonpmred—

Yeur i Lo peonluen shupbo-oress or Bopeoross plls
I, 14 {IRESY m.a
i Pereent Frroent Pereeid
1930 ; 105 . e imes e cmmmaee o e i am eeaaes =40 —13 —+38
i‘.).i]-' 110 M e e e e e e e a es - —14 =30
g | i PR, L e e e . -7 -7 +18
1434 1 Varisty ‘ixru;. — 1| -+ +40
1937 LTI B -+ +25 +55
1935 Vamely Kog .. - 1] —&
! Avemge .. ... . . R, — 6 4 -+
{ Toure | mn | ma
180 P e e e e -8 —o2 -5
bl ' . . . —2f =14 +29
UL -4 -1 =439
el e .. . L .. .- —i5 —g +i5
Wi TR - e e - —43 -7 -3
i AVERHEE s L or e o e —36 —& 434
| R ] ]
| 1L Bt ma

93 NLAGS — 18 +24

932 § L. L. — 1 B i)

i\m )iy - +9

1943 | ind iR e et e e ien . - —14 +20

1‘13.;11!1!3, e e e e P, Ed B I P +2)
i |

: Average ofatl eompaiksons . L L L0 ... L =25 Joueiniania +27

As an average of 6 comparisons, lable 2 shows thal 16 pereent less
than the predicted number of borers were found in TH. R4 crosses,
1 percent more in HLELY crosses, and 23 percent more in TH.A crosses.
As an average of 5 comparisons, 36 percent less than the predicted
number of borers were found in TLR4 crosses, 6 percent less in IILL
crosses, aud 34 percent more in ULA crosses. The dala in table 2
offer 16 comparisons bevween IL.R4 crosses and IILA crosses. The
TIL.R4 crosses avernged 25 pereent less and the IILA crosses 27 per-
cent more than the predicted numbers of borers,

R
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TanrE 3.—Deviation of the observed from the predicled population of the Buropean
corn borer in inbred lines of jield corn, Tolede, Ohio, 1935—39

Deviation of ihe observed number of borers per
plant from the predicted numboer in tost year—
Inbred llne

1825 1838 1937 1938 103g

Pereent | Percent | FPereent | Percent | Pereent
pan m——— 88 +57 434

Inbreds IN.R4, I1.Hy, and IL.A were in the tests of inbreds in
1835, 1936, and 1939 (table 3). They averaged 28 percent less, 1
pereent more, and 19 percent more, respectively, than the predicted
numbers of borers. As an average of all 5 tests given inbred IlL.R4
and of 4 tests given inbred 1L Hy, 34 percent less and 4 percent more,
respectively, than the predicted numbers of borers were found in the
two lines.

The hybrid and inbred tests show rather definitely that inbred
TILR4 resisted the survival of the corn borer as an inbred, and aliso
transmitted its resistance chavagter to the sinele and top crosses.
Inbred IILA, on the other hand, showed a lack of resistance as an
inbred relative to inbreds ILR4 and ILHy, and the single-cross
hybrids containing it in their pedigrees showed as much susceptibility
as any group tested. Inbreds ILHy and INL tested in single-cross
combination were found to he parlially borer resislant relative to
inbred TI}LA.

BORER RESISTANCE CONTRIBUTED BY INBREDS IA.1.317,
WI8.CC5, MICH.77, AND MICH.106

‘The consistency with which the use of inbred IILA in single-cross
hybrids resulted in considerable borer suscepbibility when crossed with
certain inbreds and also the consistency with which inbred 11.R4
contributed considerable borer resistance to hybrids when crossed
with the same inbreds led Lo the use of these two inbreds, whenever
possible, to evaluaic the borer resistance or susceplibility contributed
by other inbreds. A point that was not fully appreciated at first was
the desirability of using for the common parent in the single crosses
an inbred that was partially resistant to the borer. As is shown from
the data in table 2 and from date presented Iater in this paper, four
of the five inbreds listed in the second column of table 2 are partially
borer resistant. Inbred 1B, the other inbred, is probably also
partially borer resistant, but data arc not available to prove this poing,

Inbred Ta.T317 was compured in top-cross combination with
inbreds JILR4 and 1ILA in 1934, cach inbred Leing crossed with the
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Krug variety. In 1939 each inbred was crossed with each of six other
inbreds. As an average of the seven comparisons tho 11L.R4 hybrids
coninined 3 percent less, the Ia.1.317 hybrids 12 percent less, and the
IIL.A hybrids 37 percent more than the predicted numbers of borers.

In four tests given inbred Ia.Li317 as such (table 3) the observed
Eumbers averaged 21 percend less than the predicted numbers of

orers.

The inbred and hybrid tesis show that inbred Ia.l.317 was borer
resistant as an inbred and fransmitted factors for borer resistance o
the single and top crosses.

A group of 4 inbreds, tested as such with 20 other inbreds in 1938,
gvernged 26 percent less than the predicted numbers of borers. ‘The
4 inbreds are second-cyele lines recovered from & single-cross hybrid.
They ware produced by backerossing once or twice followed by 5 to 7
generations of inbreeding.  In backerossing onto onc of the parents
1 the single eross the recurvent line was inbred Ja Ldg, n sister stroin
of Tn.1317 sepurated al the fourth generation of inbreeding.

Next to the above group of four inbreds in resistance to the borer in
1938 were two inbreds recovered from another single-cross hybrid.
They were produced by using inbred OSF as the recurrent lise in the
process of backerossing.

Sced of seven single crosses involving recovered inbred In.Ldg and

three crosses involving recovered inbred OSY was nvailable in 1939,

Of the seven hybrids involving mbred (1a.Ldg, ail bul one contained
less than the predicted numbers of bovers, five avernging 27 percent
less than the predicted numbers.  The three hybrids involving inbred
QST wversged 6 percent more than the predicled numbers. 1t ap-
pears that the resulis from the hybrids involving inbred Inldg give
additional evidence that inbred Ia.L317 and sister lines fransmit
borer resistance to single-cross hybrids.

The first test given inbred Wis, CC5 was in lop-cross combination in
1938, Wis.CCs X Waugh varicly averaged 46 percent less than the
predicted numbers of borers on the two planlings made thal year,
compared with 581 percent less and 38 percent more, respectively, than
the predicted numbers in borer-resisiant hybrid 111 R4 X IH. Hy and
borer-susceptible ILA X Ind TR, Wis.CC5 was compared in
single-cross combination in 1939 with inbreds Wis.CCt and an Ohio
segregale out of 38 X 6168, bolh of which indicatled borer resistance
i the 1938 experitment.  [four comparisons were made with Olhio
inbreds 02, 28, 33, and 408 as the common parents {table 4}, The
Wis.QC5 hybrids averaged 31 percent less than the predicted numbers
of borers compared with 12 percent less than the predicted numbers in
the Wis.OC1 bybrids und 5 pereent less in the hybrids having the
Ohio segregatle in commoen,

Tested in the 1639 planting of inbreds, the number of borers in
Wis.CCh was 44 pereent less than the predicled nwuber.

The inhred and hybrid tests imdieale that inbred Wis. CC5 was borer
resistanl gs an ivhred and transmilied faclors for borer resistance to
the single erosses,

In three tests given mbred Mieh.77 ns such (table 3) the observed
-nunibers averaged 51 percent less than the predicled numbers of
barers in the same experiments in which inbreds 11LR4 and 1a L3Y7
gveraged 40 and 23 pereent less, respestively.

444065—12—2
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Tanve 4—Deviation of the observed from the predicied population of the Burapean
corn borer in singli-cross hybrid fietd corn in a comparison of 3 fnbred lines crossed
with each of 4 carly inbred lines to produee the single crasses, Taleds, Ohto, 1989

Bevintion of populatinn of the Inbreds compnred—

Eariy inbred lines below crossed with Inbreds shewis N “-i_ T
11 boxes on right Qhie sepre-

Wis, CCE | Wi, OC1 [ yade onl of Aoan

56 2 GlE

Obio b2 Prrcrn.‘m Perceni Prreent , Frreen|
o0l ... . . — —34 —3 —~
Ohlo 2, ... = ——!’: -5
Chload ,. ... I . -2 ] —1z

Ohlo 00y ... . . . R . =11 —4 -+

Mean oLl e -

Inbred Mich, 77 was compared with inbreds TH. R4 and [a.L317
single-cross combinalion in 1939, Three comparisons woere made
using inbreds [n., 1224, In. L289, and 1a.MCUGL as the common parerts,
respeetively.  The data presented in Lable 5 indicate that Mich
contributed borer resistance to the hybrids.

Tantw SoBeviation of the observed from the predicted poputation of the FBurndsan
corn borer (n single-cross hpbrid ficld vorn showing the comparisans with respelt la
borer resisfance anong & inbeed {ines, cavh of whiel wos erossed with fabredd Ta.
1224, 10 0289, and Lo, NIC401 as rommon parenis, Toledo, Ohiv, 1939

!_ Taoviud bon dn popuintian fo nbireds below efossesd
witl Tnliemis i first column o produee Flinele-
cross liybrids

Inbreds canpared . e
lod2 | fo, L

U bereent
Mich,37 L i —i ] — 13
Miel 0% . 1 [} 4
IR . : 4 -1
Ly ! -t | 19,
In, 1405 . : E LU 7
Aean . i -3 . — 1 E
| .

In those fests (1935, 193G, and 1937) of inbreds as sueh in which
inbreds Mich. 77, HLRL, and Ta. L3 17 averaged 31, 40, and 23 pereent
less than the predicted numbers of barers, nbred Mich.106 avernged
23 percent less than the predieted number ((able 3).

In the same manner in which Mich 77 was contrasted with inbreds
LR and 1a.L317 in tabte 5, Mich.106 avernged 12 pereent less than
the predieted numbers of borers when lested i single-eross combinn-
tiotr, compared with 13 and 12 pereent less than the predieted num-
bers in the TILEA and Tn. L3117 hebrids,

Since the inbred and hybrid tests of Mich. 106 ave both comparable
with the results from inbreds HLR4 and 1a. 1317, it appears thatl inbred
Mich.106 may be considered as transmitling faclors for borer resist-
ance to single-cross combinations,

Taken ns a class, inbreds TILR4, Ta L3 17, Wis. (3, Mich.77, nnd
Mich 106 averazed 32 pereent less than the predieted number ol
bovers and in hybrid combinations were elassed as Lransmitling bover
resistunce.

L
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PARTIAL RESISTANCLE CONTRIBUTED BY INBREDS IND.T'R,
U.8.540, TA.1205, WIS.CCl, AND ILL.A48

In uddition to inbreds UiEly and 1LY, previously discussed, five
other inbreds, it is helioved, may be ranked as definitely transmibting
fnetovs for partial resistance (o the borer in hybrid combinations.

Lnbred Y'nd TR may be compared in hybrid combination with in-
Brods TILRY and LA, 1n 1982, 1984, and 1937 each of these wnbreds
was crossed with inbred YL L, the Krug variety, and inbred 111LFly,
respectively.  As an average of Lhe three Lests, the HLR4 hybrids
contained 18 pereent less, the Ind. TR hybrids 7 peveent more, and the
LA hybrids 25 pereent nrore than the predicted numbers of borers.
Tubred Lud TR was compared in single-cross combination with inbreds
LA and T 1317 when inbreds TILHy and OLR4 woere the pavents
cotimen Lo the crosses in 19349, Table 6 shows that the Tn. 1317 hy-
brids averaged 31 percent less, the Ind. TR hybrids 4 percent less, and
the TH.A hybrids 41 pereent more than the predieted numbers of borers.

Tanne G- Dedation of the absereed from the predicted populaiion of the Buropean
corn borer in single-cross hybrid ficld corn showing the comparisons wilh vespect to
borer resistance auiong & fubred tines each of which was crossed with tnbreds I Hy

und HHLRS as the conumon parents, Totedo, Ohia, 1959

. |

i Iyevinbion ip pomdation fnin- l Deviation in popelation in in-

Lrerls below crossed swilh in- brods below erossed with in-

1 breds B the trst eelinun 1o ! breds i Lhie Arst coluinn to
Yubieds eont pared ‘ produce sipgle-cress vleids 5D Lnbreds rompared produce single-eross bybrids

1 N
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Three tests given to inbred Ind/TR as sueh (lable 3) showed an
avernge of 2 pereent less than the predieted numbers ol borers, and
these and bybrid tests showed that inbred Ind. TR was partially borer
resistunt ns an inbred and tennsmitted factors for partial borer re-
sistnnee Lo the single and Lop erosses.

Tnd TR was used during the period of the study in 7 single-cross,
Lop-cross, oF 3-way cross hybrids in which known resistant or sus-
ceplible inbreds were not involved. Tnd/TR was used also in 9
double erosses, 8 of which contained either resistant I1LR4 or resistant
1a.L317 in their pedierces, but other inbreds known to be resistant
or suseeptible were not involved.  As an average of 21 tests, the ve-
sults of which nre shown in (able 7, 7 pereent move than the predicted
numbers of havers were found, indieating parctial resistance to the corn
borer.  As data considered fnter will shiow, hybrids invoiving sus-
ceptible inbreds Tnd W19 and TH.80 were grouped with the ssme re-
sbrictions used in grouping the hybrids mvelving inbred Ind. TR.
These groups contained, respectively, an average of 21 and 23 pereent
morve Lthan the predicted numbers ol borers. It appears, therelore,
that the partiel resistanee of the group of hybrids invelviug inbred
Ind. TR was in general due to the absenee of susceptible inbreds in the
pedigrees and to the partially vesistant character of Ind. TR and the
move or less resistant characler of the other inbreds involved with it.



http:prt'<iie1.cd

oor -

12 TECENTICAL BULLETIN 823, U. S, DEPT. OF AGRICULTURE

TaRLE 7.—Deviation of the observed from the predicied population of the European
corn berer in cerlain double-cross hybrid field corns and other hybrids contarning
inbred Ind. TR in their pedigree. Sandusky and Toledo, Ohio, 1232-37 and 1939

Pedigrea of hykrids 1932 1033 1034 1935 1035 1937 1939
. Percent| Percent) Percent| Percent| Percent| Pereent] Percent
OLL X In TR oo v
Ind. TR X ©2

Ind. (TR % 6} ¥ ILL._.
Ind TR X In{BL345 X BL3
IndTH » ICrn%.
NLHy X ind TR._._.....
BILCHA o ELy) ¢ Tnd {06 X TRy ...
I]I.ER! X K) X Ind.(60 X TR __
HIRS IR i1 s? ¥ (1o PIL 3 Ingl"PRY. ...
(L)L R4 X Chig20) X (Ohlo sl ¥ Ind/IRY ...
(ILHy x U‘S.M[Jg = E[n.LSl? X Ind T ...

HLRA % Ind 'R X {U.8.4-8 3 In.Ladg).. ..
bt IV L 4 LB i
{Ind.T'R . LT X (In,1105 X 111.5120)

% In.
(Ind.T'R X In.L:ll?g ¥ oIS X PR
Ind (TR X 00) X 1nd (481 % V.Py. ...

Inbreds U.8.540 and 1T E.701 arc sister lines and no differences in
their reaction to the survivel of the corn bover have been noted. The
designation U.8.540 used in this bulletin refers to cither one of the
inbreds, U.8.540 being used in some fests and IT.I2.701 in others.

U.5.540 was compnred in top-cross combination with inbreds T1LR4
and 11L.A in 1934 and 1938, cach inbred being crossed with the Krug
varicty, It was compared in single-cross combination with inbreds
LA and Ia.L317 when inbreds ILHy and T1L.R4 were the parents
common to the crosses in 1939 (fable 8). As an average of the lour

-comparisens, the 1.R4 or 101317 Liybrids contained 26 percent less,

The U,8.540 Lybrids 4 percent more, and the I1L.A hybrids 20 percent
more than the predicted numbers of borers,

In three tesls given inbred U.S.640 as such (table 8) the observed
numbers averaged 9 pereent less than the predicted numbers of borors.

The mmbred and hybrid tests show that wbred U.8.540 was pactially
borer resistant as an inbred and transmitted fnctors for partial borer
rosistance to the single and top crosses.

Inbred Ind205 was tested in four plantings of inbreds made since
1934 and in single-cross combination in 1939. In the inbred tests
inbred In.1205 averaged 24 percent less than the predicted numbers of
borers (table 3). Ia.J205 was compared in 1039 with inbreds Ill.A
and Ja.L317 when inbreds IILHy and 1H.B4 were the parents common
to the single crosses (table 6).  As an average of the two comparisons,
the Ia.L317 hybrids contained 31 percent less, the 1a.I205 hybrids 5
percent less, and the TILA hybrids 41 percent more than the predicted
numbers of borers.

The inbred and hybrid tests indicate that inbred Ia.I205 was at
least partially borer resistant as an inbred and transmitted factors for
partial borer resistance to the single crosses in which it was tested.

The first test given inbred Wis.CC1 was in top-cross combination in
1038. Wis.OC1 X the Waugh varicty averaged 52 percent less than
the predicted numbers of borers in the two plantings made that year,
compared with 51 pereent less and 38 percent more, respectively, than
the predieted numbers in borer-vesistant Lybrid JILR4 X Iil.Hy and
borer-susceptible INL.A X Ind. TR. Wis.CC1 was compared in single-
cross combination in 1939 with inbreds Wis.CC5 and an Ohio segregate
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out of 56 X 616B. Four comparnisons were made with Ohie inbreds
02, 28, 33, and 40B as the perents common to the crosses (table 4).
The Wis.CC1 hybrids averaged 12 percent less than the predicted
numbers of borers compared with 31 percent less and 5 percent less,
respectively, than the predieted numbers in the Wis.QC5 hybrids and
the hybrids having the Ohio segregate in commou.

Tested in the 1939 planting of inbreds, the number of borers in
Wis.CCL was 7 percent less than the predicted number.

The inbred and hybrid tests indicate that Wis.CCl was partinlly
borer resistant as an inbred and transmicted factors for partiul borer
resistance to the single crosses.

Data are not available to compare I11L.A48 in hybrid combination
with inbreds JILR4 and LiLA. The tests given I11LA48 as an inbred
averaged 3.5 percent more than the predicted numbers of borers {table
3), indicating a possibility that INL.A48 is at least partially borer
resistang.

Tests of single crosses and double crosses made in 1931, 1935, and

- 19386 also indicate that I1l.A48 is at least partially bover resistant.

T11.A48 was used in six single-cross hybrids in which known resistant
or susceptible inbreds were not involved. IL.A48 was used also in
two double crosses which contained either resistant IIL.R4 or resistant
Ta.L317 in ther pedigrees, but other inbreds kmown to be resistant
or susceptible were not involved. Light tests given to these cight
hybrids showed an average of 20 percent less than the predicted
numbers of borers. The data are presented in table 8.

TaBLE 8.—Deviation of the olserved from the predicled population of the European
corn borer {n doubls-cross hybrid field corn and other hybrids confaining inbred
TU. A4S In their pedigree, Sandusky and Poledo, Ohio, 1931, 1985, and 1936

' Year

Pedigreo of hybrids
16831 1935 Hia

Pereent Fereent Pereent
—-17

LI ALE M ABS0. e i irieot . merciuaaoanissiieaasacaimasaaaas (mm e eas
LTy % UL8.540) 3 (In 31V 3 TILAME) . ~16
TS0 XK LA e emnen g —d5

TLASS X Kan IS8l - 420 1.
TH.A4S X 5L.22 .. N -. )

Palken as a class, mbreds 1Ly, Ind. TR, U.8.540, Ia.1205, Wis.CC1,
I11.A48, and IILI, showed an average of 8 percent less in the observed
number of borers as compared with the predicted number and were
considered as transmitting partial resistance to hybrids into iwhich
they entered.

BORER SUSCEPTIBLLITY CONTRIBUTED BY INBREDS
IND.WT9, ILL.90, AND 10.8.187-2

In addition to inbred ILA it is belioved that data from three other
inbreds are. extensive enough to rank them as definitely transmitting
qualities for borer suceptibility to hybrid combinations.

Inbred Ind WF9 was compared in single-cross and top-cross com-
binations with inbreds IlIL.R4 and I1lLA, Xach of these three mbreds



http:1II.A.48

14 TECEHNICAL BULLRTRY 823, U. $. DEPT. OF AGRICULIURE
was crossed with the Krug variety in 1934, with mbred 1IH.Hy in
1637, and with the Krug variety again in 1938. Ind . WF9 was com-
pared with inbreds Ta.L317 and IILA in two single-cross comparisons
in 1939 (table 8}. As an average of the five comparisons, the T11.R4
hybrids and the 1a.L317 hybrids contained 24 percent less, the Ind.-
WF9 hybrids 16 percent more, and the I1LA hybrids 22 percent more
than the predieted mumbers of borers.

In two tests given to Tad 'WE9 as an inbred (table 3) the observed
numbers averaged 15 percent more than the predicled numbers of
borers.

The inbred and bybrid tests show that Ind. WS was susceptibie I

to the borer as an inbred and transmitted this quality to the single and
top crosses.

Ind. W9 was used during the period of the study in a top-cross
hybrid and in a singie-cross hybrid not involvine a resislant ov
another susceptible inbred. Ind . WH9 was used also in 1t double
arosses, 4 of which contained either resistant 10.R4 or resistant
la.L317 in their pedigrees, bat other inbreds known to he resistant
or susceptible were not involved.  As an average of 16 (ests, the
results of which are shown in table 9, 21 percent more than the
predicted numbers of borers was found, indicating susceptibility 1o
the corn horer, as a result, probably, of the susceptible quality of
inbred Trnd Wi,

Tasre 9.—Deviation of the absersed from the predicted populution of the Furapeen
corn borer in double-cross hybrid field vorn ond other hybrids containing inbred
Fud 3WFO in their pedigree, Tolodo, Ohio, (935 -39
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Inbred IIL90 was compared in top-cross combination will inbreds
IILR4 and LA i 1934, and with inbreds Ja:L317 and LA in two
single-cross comparisons made in the 1939 experiment (table 6).  As
an averyge of the three comparisons the TLR4 hybrids and the In. 1317
hybrids contained 25 percent less, the inhred 11180 hybrids 24 percent
more, and the LA hybrds 30 pereent more (han the predieted
numbers of borers, respeetively.

In three tests given 1190 as an inhred the observed numbers averaged
17 percent more than the predicted numbers of horers (table 3).

The inbred and hybrid tests show that inbred I11.90 was-susceptible
to the borer as an inbred and transmitted this quality to the single
amd top crosses.
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.90 was used durving the period of the study in four single-cross
or top-cross hybrids in whieh known resistant or othier susceptible
inbreds were not involved., J1.90 was used also in three double
crosses, two of which contained either resistant IIER4 or resistant
I2.L317 in their pedigrees, but othier inbreds known to be resistant
or suseeplible were not involved.,  As wn average of cight tests, the
resitlbs of which are shown in table 10, 23 pereent more than the pre-
dicted numbers of borers was found, indicating susceptibility to the
corn bover, as a result, probably, of the suscvptlblc quality of inbred

Ill.90.

Tanue 10.—Desiation of the observed from the predicied poptiation of the Fwropenn
corn borer in double-cross hybreid field corn end other hybrids containing inbred
190 <a their pedigree, Sandusiy and Toledn, Ohio, for 1934, 1934, 1885, and
1988

Toeur
Fudtigree of by brlds B T
i 131 l 3l ' 1 1 Jsti]
1 | |
Percent | Pereent E Hercent i Percent
HiLG0 ¥ Lan . L, b [V i
ULYD x R3 . b 1 S
NLE0 X Krug . . . ot +f '
1. [DOXIIY}X(IIII!'I‘I{XI-\!Jl:] IO I ’
(Lo N 11 o0 IO 2 ad 0PI 3¢ iy . } e
{lml'l{i’)(l]ll]'ﬂ)}({lll Itl}xinllf.]l . I S |
LB X Hy . . S v e e

Tnbred T7.8.187-2 was compared in fop-cross combinalion with
mbreds L3R4 and HLA 0 1938, Top cross UL R4 M Krug, T7.8,187-
¥ Krug, and [HLAMKrug contained 31 percent less, 95 percent
more, and @ percent less than the predicled numbers ol borers, re-
specLively.

Two segregates out of UF8187T 2 LE23 crossed with the Krug
variety resulted in Lwo lop erosses averaging 20 pereeal morve than
the predieted numbers of borers on Lweo plantings in 1938, Five
Sogregales ont of LTA187 2% LIE23 erossed wilh Lhe Krug varviely
rosulled n five tup crosses averaging 41 pereent more than the pre-
iicted numbers of borvers on tie first planting in 1938,

Inbred UBUI87 2 was compared i single-cross combination with
HELA and 1317 in 1930 wien inbreds Ly and THR4 were the
parents common {0 the erosses (table GY. The la 317 hybrids
averaged 31 pereent less, the UUS.187 2 hybrids 24 pereenl more,
and the LA livhrids 41 percent more thun the predieted numbers of
borers,

In 1939 single-cross 1750187 2321205 and US.187 2% Olio07
hnd 45 and 12 pereent, u'sp(-(llu-i_\', more Lhan the predicted num-
bers of borers, A segregate oul of hyvbeid UA187 23 L1823 crossed
with inbred ULy resulted tn a single cross with 61 pereent more
than the predicted number of borers.  Two secregates out of T.9.187-
2 LE23 croasedl with inbhred Ohio07 resulted in two single crosses
avergging 14 pereent nore than the predieted numbers ol borvers,
and two segreaates out of 78,187 23 LIRS crossed with inbreed Ohio
1A resulied in two single crosses averaging 12 pereent more than
the predicted numbers of borers.
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In three tests given U.S.187-2 as an inbred (table 3) the observed
lﬁumbers averaged 62 percent more then the predicted numbers of

orers,

The inbred and hybrid tests show that inbred U.S.187-2 was sus-
ceptible to the borers as an inbred and transmitted this quality to
the single crosses and top crosses.

The above inbreds, together with IILA, had in tests of inbreds an
average of 33 percenf, more bérvers than the number predicted, and
these were found to transmit their susceptibility to borer survival to
hybrid combinations,

RELATIVE BORER RESISTANCE OF SISTER STRAINS

Among the 233 top crosses tosted in 1938 there were 39 pairs of
hybrids involving sister inbred lines. The “sisters” were sepavated
ab the second, third, fourth, or fifth generation of inhreeding.  Dif-
Terences occur between sister strains due to errors in sampling, but
if the differences actually found are nob much larger than the differ-
ences fouiud bebween the members of pairs of similar-sized samples
of the same strains, inherent differences between sisters in borer re-
sistanee would not be indiented, and there would be no advanlage
n_testing sister strains individually in future experiments. On the
other hand, if the differences between sisters are found to be nearly
as large as those between the members of random pairs of unrelated
strains and o unknown reaction to the borer, continued segrogation
for borer resistance among the sisters would be indicated.,

With (his thought in mind (he relative borer rvesistance of sistor
strains was studied.  The difference between the observed borer popu-~
lations of sisterswas determined for cach pair of sisters on the firsk
plenting made in 1938, Tor example, if one sister contained 8 per-
cenl more than the number of horers predicted for it and the other
sister 6 pereent less than the predicted number, the difference was
laken as 14 percent. The mean difference between the 39 pairs of
sislers was found to be 25.64-3.93 pereent.

For studying the difference botween samples of the same strains,
the data from 62 strains tested with fArst-zeneration Borers on both
plantings of 1938 were available.  The 2 plantings were so similar in
level of horers and stage of plant development that they could be
used safely for this purpose. Also, the strains appeared to react
similarly o the borer on both plantings, as is shown by the highly
significant correlation coeflicient of 4-0.5346 between the deviations
of the observed from the predicled borer population on 1 planting
and the devialions on the other planting.  With 1 sample of each
strain coming from the first planting and the other sample coming
from the second planting, the mean difference between the 2 samples
of the 62 pairs was found Lo be 23.94:2.55 pereent.

For studying the difference between samples from unrelated strains,
daia from 07 pairs of strains, drawn at random from the first plant-
ing, were utilized, the difference being caleulated between each odid
number drawn and the succeeding even number. As an. average of
the 97 pairs of strains. the difference was found to be 32.8-£2.91 per-
cent.

Although the mean difference between sisters of pairs of sisters
may not be considered as significantly different from either the mean

. 3
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difference botween samples of the same strains or the mean difference
between members of paire of unrelated strains, the result from sisters
‘is much closer to the result from samples of the same strains. The
difference in the latter comparison is 1.7 percent compared with 7.2
perceni in the other. It appears that sisters of pairs of sisters did
not differ much in inherent qualities for borer resistance in this ex-
peritnent and that there would be little advantage in testing sister
strains in future experiments.

DISCUSSION

In the preceding presentation of data whenever possible the borer
resistance or borer susceptibility contributed to single-cross or top-
cross hybrids by an inbred was tested In comparison with the known
borer resistance of inbred IILR4 or Ia.L317 and the known borer
susceptibility of inbred TILA. To make the test, inbreds IILR4 or
Ta L317 and IILA and the inbred under lest were all crossed with
another inbred common to the crosses.

A group of inbreds was tested as single crosses in 14 comparisons
with IILR4 or Ja.L.317 hybrids. The hybrids involving the inbreds
under test averaged 20 percent less than the predicted numbers of
borers, as compared with 11 percent less than the predicted in the
I1L.R4 or Ta.L317 hybrids. The mbreds under test were classed as
borer resistant.

The borer-resistant inbreds when tested in plantings of breds
had an average of 32 percent less than the predicted numbers of borers
in 11 fests. The inbred and hybrid tests showed that the inbreds
were not only materially borer-resistant as inbreds but that they
transmitted factors for borer resistance to the hybrid combinations.

Another group of inbreds when tested as single crosses or top
crosses in 22 comparisons with inbreds IILR4 or Ta.L:317 and inbred
TILA resulted in an average borer population equal to the mean num-
ber of borers predicted. “The 11LI4 or In. 1317 hybrids averaged 25
percent less and the LA hybrids contained 28 percent more Lhan
the predicted numbers of borers. The inbreds under test were
classed as partially resistant.

These partially resistant inbreds when tested in plantings of in-
breds averaged 8 percent less than the predicted numbers of borers
m 14 tests. The inbred and hybrid tests showed that the inbreds
were nob only partially borer resistant as mbreds but that they trans-
mitted factors for partial resistance to the hybrid combinations.

Eleven comparisons were made of inbreds that resulted -in borer
populations averaging 27 percent more than the mean number of
borers predicted on the basis of the regression of borers on silking
date. Tho IIl.LR4 or 12.1317 hybrids averaged 26 percent less, and
the HLA hybrids contained 25 percent more than the predicted
numbers of borers. The inbreds under test were classed as borer
susceptible.

In addition, these susceptible mibreds were tested in plantings of
inbreds. They had on an average 33 percent more than the pre-
dicted numbers of borers on the basis of 8§ tests. The bybrid and
inbred tests showed that the reaction of the inbreds to borer survival
in single-eross or top-cross combinations was about the same as when
tested as inbreds.
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Anticipating tho final ranking given to the inbreds, 36 single crosses
involving different combinations of resistans, partially resistant, and
susceptible inbreds were tested in the 1939 experiment.  Tour single-
cross hybrids each mvolving 2 resistant inbreds averaged 39 percent
less than the predicted numbers of borers; 10 hybrids involving 1
resistant inbred and 1 partially resistans inbred averaged 15 percent
less than the predicted number; 4 hybrids involving 2 pactially resist-
ant inbreds averaged 2 percent morve than the predicted number; 8
hybrids involving 1 resistant and 1 susceptible inbred avernged 8
percent more than the predicted number; 7 hybrids involving 1 par-
tinlly resistant and § suscoplible inbred averaged 32 percent more
than the predicted; and 3 hybrids involving 2 susceptible inbreds
averaged 58 percent more than the predicted numbers of borers.
The detailed data arve presented in lable 11,

Tavre 11.—Deviction of the observed from the predicled population of the Buropean
corn. borer #n singlo-cross hybrid fiold corn whose pedigrees consisted of various
combinations of inbred tines shawn to huve transmilted borer resistosice, pariial
resistance, or susceplibitity (o hybrid combinations, Toledo, Ghio, 1939
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Tasok 11 —Deviation of the observed from the predicted population of the European
corn borer in single-cross hybrid field corn whose pedigrees consisled af various
combinations of inbred lines shown to have fransmitled Lorer resistance, partial
resisfance, or susceptibilily to hybrid combinations, Toiede, Ohio. [9839—Conld.

i
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The double-cross hybrids Lesled during 6 seasons were also grouped
according o dilferent combinations of the inbreds. Hybrid Iil
(R4 x Hy) X (ULR4 X Ta. 1317y, involving 3 resistant and 1 par-
tially resistant parent, averaged 42 percent less than the predicted
numbers of horers in 2 tests; 13 tests of hybrids wilh 2 resistant and
2 partially resistant or 1 resistant and 3 partially resistant inbreds
in their pedigrees gave an aversge of 19 percent fess than the pre-
dieted; 7 tests of hvbrids with 2 resistant, 1 partindly vesistant, and
1 susceplible inbred in their pedigrees gave an average of 4 per-
cent more than the predicted; and 14 tests of hyhrids wilh 1 resistant,
2 partinlly resistant, and | susceptible inbred or 1 resistang, 1 partinliy
vesistani, and 2 susceptible inbreds n their pedigrees gave an aver-
aue of & pereent more than the predicled numbers of borers.  While
the numbers of tesls for some of (he groups are small, and data for
some of the possible groupings are not available, especially separate
eroupings involving 2, 3, and 4 susceptible inbreds, nevertheless a
trend of deereasing borer resistance with inereasing nwmbers of par-
tially resistant and susceptible inbreds in the pedigrees is suggested.
The detailed data are preseuted in inble 12,

Tt has been shown that the different inbred lines of field corn vary
inn their inherent resistanee to survival of the corn borer, nnd that the
fictors responsible for this vesistance are transmitted to the hyvbrids
inlo which these inbreds enter us parents.  From present knowledge it
appents that resistance is the result of an undoetermined number of
multiple lnctors, and that strains showing the greatest deavee of vesist-
anee contain the largest number of these lactors, whether dominant
or recessive, and, conversely, the inbreds showing susceptibility or the
least degree of resistanee to the borer contain the smallest number of
these factors, nud between these two extremes there s a wide range of
inbreds exhibiting varions degrees of resistance,
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“TABLE 12.—Deviation of the observed from the predicted population of the European
cern borer in double-cross hybrid field cors whoge pedigrees connisied of various
combinaions of inbred lines shown to have tranamiue_cf borer resistance, pertial

re.g.'stance, or susceplibility to hybrid combinations, Toledo, Ohio, 1933-37 and

1839
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SUMMARY

The problem of the control of the European corn borer through
the use of Lorer-resistant strains of corn was investigated by the
authors from 1930 to 1939,

T'rom 24 to 36 strains were tested each year in the caclier years,
each strain being tested eb several lovels of borer population.  Cer-
tain hybrids showed o decided resistance to borer survival, whereas
others cexhibited a marled susceptibility to the borer. These were
later used as standards for comparison. Over 200 top-cross strains
were tested in 1938 and more than 100 single and top crosses in 1939.

The test plots contained 6 plants each which were manually in-
fested with from 120 to 18¢ eges per plant.  The numbers of eges
placed on the planis by hand were far in excess of any possible dif-
ferences between the ‘strains in the numbers of eggs laid by {ree
moths, and henee it is belicved that a reliable comparison among the
strains of the number of borers surviving wns assured.
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The inbreds under test were compared with the inbreds of known
borer resistance and susceptibility after allowing for the regression of
the number of borers per piant on stage of plant development as
measured by silking date. The number of borers predicted for any
strain was the average number expecled for its date of silking cal-
culated on the basis of the vegression of the observed number of
borers on silking dates.

‘Ten open-pollinated varieties were tested ¢uring six scasons with
borer populations ranging from 7 to 98 pereent, and averaging 25
percent; more than the predicted number.

Three of the inbred strains were pronounced enough in their in-
fluenee in crosses to serve as examples of three closses—I1 R4 as an
outstanding resistant inbred, IILHy as o partially resistant, and 1ILA
as o decidedly susceptible inbred.

Inbreds 11l.R4, Tn.L:317, Wis.CC35, Mich.77, and Mich. 106 averaged
32 percent less than the predicted numbers of borers, and on the
basis of tests in liybrid combinations were classed as transmitting
borer resistance to the hybrids.

Inbreds 1iLEy, Ind. TR, 11.8.540, 1a.1205, Wis.CCl, Tll.A48, and
HLL averaged 8 pereent less than the predicted numbers of borers,
and on the basis of tests in hybrid combination were classed as trans-
mitiing partial borer resistance to the hybrids.

Inbreds ULA, JH.90, Ind ' WIF9, and U.S.187-2 averaged 38 percent
more than the predieled numbers of borers in plantings of inbreds
and on the basis of tests in hybrid combinations were classed as being
borer susceplible.

A comparison of sister inbred lines, separated at the second to the
fifth gencration of inbreeding, showed that the difference helween
sisters ol pairs of sisters in transmitting borer resistance to hybrids
averaged not much larger than the dillerence found betwoeen the mem-
bers of pairs of samples of the sume hybrids, indicating little advant-
age n tesling sister strains in future experiments.

In the 1939 experinient single-cross hybrids involving two resistant
inbreds averaged 39 percent less than the predieted numbers of
borers.  Hybruds involving one resistant and onc parlially resistant
inbred averaged 15 pereent less than the predicled numbers. Hy-
Brids invelving Lwe partially resistant inbreds and one resistant and
one susceplible inbred averaged 2 percent more and 8 percent more,
respeclively, than the predicted numbers.  Uybrids involving one
partially resistant and onc susceptible inbred avevaged 32 pereent
more than the predicled numbers. Iybrids involving two suscep-
Lible inbreds averaged 58 pereent more than the predicted numbers
of horers,

Double-cross hyhrids tested during six seasons also showed o trend
[rom pronounced borer resislance townard borer suseeplibility, when
the number of partinlly resistant and susceplible inbreds used in the
pedirrers was increased.

The cumulative eficet of an undetermined number of multiple
factors in inbred lines in producing horer resistance in hybrids is
clearly indicated.
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