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the relative efffctivrrers cf ccntirurus intrteding

with selecticn ccrnrred to tunw~cycles cf recurrert selrctitn

fcr crrn maturity as reesurcd by silking date was studird in

pcrnleticns derivrd frcm twc dcuble-crcss hybrids end fcur

single-cross nytrids.

Direct comperiscn in the nursery brtween rec rrent

and inbred series wrs difficult due to inbreeding digrersicn

which THSkfd the effectiveness cf the brccding wrttcis. Qrcl'.

in fertility ard vi;cr end dole ed maturity were a cry the

general effects cf intreceing erd rre referred tr :'5 irtrcedi.
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Inbreeding deprassicn effected the intred series -rre

tten the rrcurrent selecticn series. In recnrrrrtselectirr

crly one plant in eecn rcw was SpleCth in crder to maintain

inbreeding prrssure at a minimun. With inbreeding énl selecti'

tdznrts were selecdxwi'withi: are ewmnag rcws.

To overcome the effects cf inbreedirg deprecsicr, it

was suggested tn't the recurrent selecticns shculd be intrei
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selecticn ;ressure fcr "eturit;) erd cc pered

tte inbrrd selecticrs.

nursery rvsnlts indie ted that bctn “ethcis ned beer

very effective in dividing tte criyirel F; xeterizl into two

naturity grcups and that fixation cf genes was rapid. fixnticn

wee ver; rapid in a pcpuleticn frcm an ear] -x-ecrly single

crcss (la.l$3 x W25) and less rapid in a penuleticr frcz an

szrly-x—lete single cross (MSENA x LFlT).
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In a corn breeding program, the ultirete objective

is to utilize inbred lines in hybrid conbination. Thus,

evaluation of lines for maturity in testcrcsses is inportant.

Cornering inbred and recurrent lines in testcrcsses is possibly

the best method to overcome the inbreeding depression effects

which masked the effectiveness of the breeding cethcds when

ccnpared in the nursery.

Testcross results indicated that tte early inbred

series were earlier than recurrent series in two of the tiree

cases, and the late inbred series were later t an the recurrent

series. However, the differences between the two series were

very small indicating that the two methods were ecually effec-

tive. Very rapid fixation of genes and equal effectiveness of

the two breeding methods indicated that few genes for maturity

were involved.

Lines that were both earlier and later in maturity

than the parental lines of the criginal crosses were obtained

in both recurrent and inbred series.

In all the testcross eXprrinents there was a wide

range for yield among the selections within a maturity group,

indicating that selection for combining ability could be

effective within the maturity groups.
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INIhLDLCTICh

In northern areas of the United States, pre-mature

killing frosts are a hazard to successful corn production.

Corn is considered mature when the moisture content of the

grain is about 35%. Losses in yield and ouality result when

frost occurs before maturity. The best way to avoid these

losses is to grow early-maturing hybrids that will consistently

nature ahead of frosts. Due to early frost in the North,

these hybrids will usually yield as well as or better than

late-maturing hybrids. Early-maturing hybrids are ready

for harvest earlier in the fall when weather is usually more

favorable for harvest aniharvest losses are lower. Mature

corn makes better ouality feed than immature corr. Lower

moisture content permits safer storage.

Developing inbred lines that transmit early maturity,

high combining ability, and lodging resistance in double-cross

hybrids is a major objective of corn breeding programs in

the northern areas of the United States. harly-maturing

inbred lines as a group generally possess a lower level of

conbining ability and lodging resistance than later-maturing

inbreds. Inbreeding and selection in heterozygous populations

of early X lete parents is an effective rethod to improve

combining ability and lodging resistance of early-maturing

inbreds.

Inbreeding with selection is necessary in corn irprove-

ment to fix desirable characteristics in a line, so thrt it
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will transmit these characteristics in hybrid combinations each

time seed is produced. hapid fixation of geres occurs with

inbreeding. This seriously restricts the effectiveness of

selection that can be practiced. hecurrent srlection is a

breeding schene that offers some Opportunity to minimize this

disadvantage. Plants from a heterozygous source are evaluated

for the desired attribute. Selfed seed of the small sample

exhibiting superior performance is then planted ezr-to-row.

All possible intercrosses are then made by hanc, or sore type

of bulk pollination may be used. The intercrossod population

serves as the source material for the next cycle of selection.

Opportunity is afforded for cumulative selection.

Four types of recurrent selection are recognired: (l)

recurrent selection for characteristics that can be evalurted

accurately phenotypically as described above without trstcrrsses

reouired for (2), (3), and (h); (2) recurrent selection for

general combining ability; (3) recurrent selection for srecific

coabining ability; and (H) reciprocal recurrent selection using

two heterozygous populations with reciprocal self-pollination and

testcrossing, A x B and B x A.

With corn, recurrent selection has been applied for oil

content, tryptoptan and lysine amino-acid contert in grain,

disease and insect resistance, popping expansion of popcorn,

and Specific combining ability (7, 18, 19, 20, 23). The method

has been applied to sweet clover (12, l3, 1%), to tirsfoot trefoil

(21) and cotton (6).

Silking date is a good criterion of corn maturity, is

easily determined, and can be evaluated phenotypically without

testcrosses in a recurrent selection scheme. Selected plants
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can be pcllinated the sane generation the characteristic is

measured.

The objective of this study was to determine the relative

effectiveness of continuous inbreeding with selection compared to

three cycles of recurrent selection for corn naturity, as

measured by silking drte. Theoretically, three generations

of selfing in a F2 porulation should reduce heterozygosity

to 6.25% while three cycles of recurrent selection should

leave 35% heterozygosity.

This value 35% is obtained in the following manrer:

The gametes produced by N monoecicus individuals unite

wholly at random. Therefore, the gametes have a chance l/N

of coming from the same individual and of h- l/h of coming

from different individuals. The loss in heterozygosity is

then l/EN or, since ten plants were used in this study, 1/20

per generation. After three cycles of recurrent selection,

it would be possible to continue a selection program.
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Early maturity in corn is frecuently dominant in crosses

between early and late inbred lines (5). The Fl hybrid was

earlier than either of the two parental inbred lines which

were approximately eoual in maturity (28). Jones (15) in-

vestigated the inheritance of corn maturity in six crosses

of early-k-late inbred lines. Either complete phenotypic

dominance or slight heterosis for earliness was indicated in

all crosses. Complete genie dominance for early silking,

partial-to-complete genie dominance for lower ear moisture

at a uniform time from planting, and variations from none to

complete genie dominance for lower ear moisture fifty days

after silking were indicated for the different crosses.

Jones (15) was not able to conclude whether gene action

was following either arithmetic or geometric scheme-. he

suggested that both types of gene action might be involved.

Using the formula for calculating gene number given to Burton

by Wright (1,2), the calculated number of genes was 5 to

19 for silking date, 2 to 11 for moisture content of ears

harvested at a uniform period from planting, and l to 5% for

moisture content of ears harvested fifty days after silking

depending on the particular cross involved. Yang (2E , in a

study of the nature of genes controlling hybrid vigor as

they affect silking time in corn, concluded that there were

probably 2 or 3 pairs of genes involved. These genes were

independently inherited with effects of comparable magnitude.



heritability values which denote additive genetic

Variance in per cent of the total V<riance are useful to

the plant breeder because they indicate the extent to which

desired characters are transmitted from superior plants to

their progenies. The additive genetic variance reflects the

degree to which the progeny are likely to resemble the parents.

Jones (l5) calculated heritability for silking date and

moisture content according to Wright's formula (27); which

includes both additive and non-additive v riance:

Variance F2 - Variance Fl

 

Variance F2

heritability values ranged from 11 to #1 per cent for silking

date, 36 to 58 per cent for moisture content of cars har-

vested at a uniform period from planting, and 22 to 83 per

cent for moisture content of ears harvested fifty days after

silking for the various crosses studied.

Warner (28) obtained a heritability value of 32 per cent

using the formula:

(i) D

Heritability-
'w'h 9 re

VFa
C

(i) D = the additive genetic component of variance of F2 and

VF2 2 total within variance of F2

and (a) D : 2(VF2) - (val / veg) where

V51 and VB2 are the total within variance of the backcrosses

of the F1 to the respective parents.
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The general procedure employed in recurrent selection,

which has been effective in improving agronomic characters

in corn, cotton and forage creps, was an outgrowth of the

suggestion made by Jenkins in 1935 (9) to select among

early generation inbreds on the basis of general combining

ability. The essential steps were outlined by him in lQMO

(10):

(l) the isolation of one generation selfed lines; (?)

testing of these lines in top crosses for yield ard other

characters to determine the relative endowments with

respect to genes affecting these characters; and (3)

intercrossing of the better endowed selfed lines to pro-

duce a synthetic variety; (H) repetition of the above

process at intervals after each synthetic varietyhas

had a generation or two of mixing, possibly with inclusion

of lines from unrelated sources.

Sprague and Brimhall (23) showed that one cycle of

recurrent selection for yielding ability resulted in a mean

increase of 7 bushels per acre relative to the tester.

Lonnquist (18) produced a high and low yield synthetic, using

51 lines from Krug yellow dent, an Open pollinated variety.

After two generations of random mating, 5 plants were selfed
o

and crossed to (Wf9 x Nlh) as the tester. The mean of the

testcrosses from the high yielding synthetic was 2.7 bushels

less than the tester and 6.H bushels more than the testcrosses

of the 31 lines used to form the synthetic. Testcrosses

from the low yielding synthetic averaged 1%.5 bushels less

than tester. Thus after one cycle, two distinct groups with

respect to combining ability had been separated from the

original Krug pogulation. McGill and Lonnouist (20) crossed
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80 plants from Krug and three synthetic varieties developed

from Krug by two cycles of recurrent selection to Ni? x Mlh

as a tester. They concluded that recurrent selection had

been effective in modifying combining ability and that the

high yielding synthetics were better sources of new lines

than Krug. In a more recent paper (19), they showed that

advanced generations of the synthetics maintained their

improved productivity through normal mass selection procedures.

Visual selection of better plarts from synthetic 2 to synthetic

h resulted in a slight improvement in yield; but the plants

were later in mrturity.

A modification of recurrent selection for octbining

ability was suggested by hull (7), who advanced reasons for

believing that genes conditioning corn yield exhibit over-

dominance. Under this assumption the heterozygcte is superior to

the best homozygote at loci at which ovrrdominance is Op‘rative.

Hull's method, called recurrent selection for specific

combining ability, involved the use of a stable inbred line

as the tester. Sprague (2“) reported that "unpublished data

indicate that in each of two open pollinated varieties,

using inbred hy as tester, yield increases of approxinately

5 bushels per acre were obtained vith a single cycle of

selection."

Comstock, Robinson, and Harvey (3) proposed a breeding

procedure to make maximum use of both general and specific

combining ability regardless of overdominance. They designated
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their method "reciprocal recurrent selection". Two unrelated

stocks are used as source material. so plants of a source

A are self—pollinated and crossed to plants of source B as

the tester. Selection is based upon experimental comparisons

of testcross progenies. Selected plants are intercrossed

the third year by use of selfed seed from S0 plants. An(ther

cycle of selfing and crossing is initiated the fourth year.

Plants from source B are tested against plants from source

A as the tester in the same way. From theoretical considera-

tions tiey concluded that ”reciprocal recurrent selection”

would be superior to selection for general combining ability

for loci where overdominance existed and was superior to

selection for specific combining ability for loci where

partial dominance existed.

Sprague and Brimhall (23) found that recurrent selection

for oil percentage in the corn kernel was 2.6 times more

efficient than selection luring inbreeding. Considerable

genetic variability remained in the recurrent series, while

genetic variability was exhausted after five generations of

inbreeding.

Frey et a1. (E) reported results from one cycle of

recurrent selection for low zein and high tryptophan in two

populations of intercrosses among F) progenies of hy x I l@8.

One set of F3 progenies had been selected for low ratio of

zein to total protein, and the second set had been selected

for high tryptophan content of the grain. No inprovement
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was realized in the population selected for low zein—protein

ratio. An increase of 12.75 of tre mean of the F; population

was obtained in the pOpulation selected for high tryptophan

percentage.

Jenkins et al. (11) reported on experiserts designed to

measure the efficiency of recurrent selection in concentrating

genes for resistance to leaf blight of corn caused by

helninthospcriun turcicu". hine single-crosses between

resistant and susceptible lines were used. The materials

used were two-generation-backorosses to the susceptible

parent. Three cycles of recurrent selection were completed

for each of the nine progeny groups, providing a tot l of

27 comparisons. In 2% of these comparisons the differences

between successive cycles were positive indicating an increase

in resistance; in 19 out of EM, these differences were sig-

nificant. In three cases the differences were negative,

indicating an increase in susceptibility. Jerkins concluded

that two cycles of recurrent selection would be warranted in

most of the groups studied. The effectiveness of the third

cycle appeared to be related to progress in the previous

cycles. If the gain has been substantial, little progress

wrs achieved.

henderson (6) found that recurrent selection in cotton

was effective for increasing the freouercy of superior gene

combinations for length and strength of fiber, weight of

seed, and weight of fiber per amount of surface area on the
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seed considerably above that found in the FE' After one

cycle the freouency of plants above the average was 23 per

cent. he remarked: “. . . the fifteen intercrosses differed

greatly in relative frequency, the lowest progeny hzving no

superior plants, while the highest intercross progeny had M3

per cent of plants above the parent average in all character-

istics."

Johnson reported results of one cycle (I?) and two

cycles (13) of recurrent selection for general conbining

ability in sweet clover. In both the first and second cycles

of the population means slightly exceeded the neans of the

10 plants whose 81 progenies were used to produce the next

cycle. The open pollinated progeny test mean of the 10

selected Madrid plants was 116% of Madrid and the first—cycle

population was 121% of Madrid. The mean of the 10 plants

chosen from the first cycle as parental lines for the second

cycle was lh6% and the second-cycle population mean was 152%

of Madrid. Four successive cycles of phenotypic recurrent

selection of biennial sweet clover for first year growth were

effective in improving uniformity of growth type and plant

vigor according to Johnson and El Banna (1%) who measured the

change per cycle in terms of variance and pepulation means.

The changes were smaller for a plant characteristic with low

heritability value such as plant weight than for a plant

characteristic with high heritability value such as growth

habit. The mean plant yield in the highest vigor group was
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increased 88% over the original population by repeatedly

choosing and recombining ten plants in the upper portion of

the Syn. l pepulation.

Peacock and Wilsie (El) reported that one cycle of

recurrent selection for shattering resistance reduced seed

pod dehiscence of birdsfoot trefoil 17 per cent. The

variability among the synthetics produced appeared to be

great enough to allow further progress in shattering resistance

through additional cycles of recurrent selection.



MAQBRIALS AND MLTHCLS

F2 pOpulations of 500 plants each for two double-cross

hybrids and four single-cross hybrids were planted in 195%.

The two double-crosses were Michigan 518 (HQ x N13) (la 153

x W25) and Michigan 20D.(Oh 51A x Mlh) (Oh MOB x WlO). The

four parental lines for Michigan 518 were classified as

relatively early-maturing lines. The parental inbreds Ch 51A

and Elk for Michigan 20D are ckssified as medium in maturity

while Ch ROB and W10 are classified as relatively late in

maturity. The single-cross hybrids were: one single-cross

of two early inbreds (Ia 153 x W25) and three early X late

single-crosses, (RS3 x 38-11), (MSQHA x 38-11), and (RSQHA

x L317).

The 20 earliest silking plants were selected in each of

the six pOpulations. Ten of these were chosen at random and

self-pollinated for the inbreeding series. Equal amounts

of pollen from the other ten were bulked and used to pcllinate

these plants for the recurrent selection series.

The 20 latest silking plants of each pOpulaticn were

selected and divided into two groups of ten plants each.

One group of 10 was self—pollinated for the late-maturing

inbreeding series. The other group of 10 plants was inter-

crossed by bulking ecual amounts of pollen and constituted

the late-maturing recurrent selection series.
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For each pOpulation in 1955, 50 seeds of each selected

e'r were planted ear—to-row, making a recurrent selected and

an inbred series of twenty rows each. In the inbreeding

series, the ten earliest silking plants and the ten latest

silking plants were again self-pollinated. The selected

plants in five of the populations were crossed to the single

cross (Ch H3 x A158) as a tester for combining ability. In

the recurrent selected block the earliest plant or two in

each row was selected and the pollen of ten of these plants

was bulked and applied to the silks of these ten plants. The

same procedure was followed for the late silking selections.

Due to heterotic effects, the recurrent selected series

would be expected to be earlier than the inbred series. To

compare inbreeding more effectively with recurrent selection,

10 of the early silking plants and 10 of the late silking

plants were selfed in each recurrent selected block. All

plants of the recurrent selection series were crossed to the

tester (Oh #3 X A158).

The same procedures were followed in 1956 to provide 9

breeding groups as illustrated below for each pepulaticn.

 PS“; 3 - - - - 1956
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(PS)1 3 Pecurrent selected one cycle

(RS)2 = hecurrent selected two cycles

(HS)3 = hecurrent selected three cycles

(8)1 = Inbred with selection one generation

(8)2 = Inbred with selection two generations

(8)3 2 Inbred with selection three generations

ES-l = hecurrent selected one cycle, then inbred

with selection one generation

HS-l-l = Recurrent selected one cycle, then inbred

with selection two generations

(hS)2-l t Recurrent selected two cycles, then inbred

with selection one generation

These nine breeding groups for each of the six pepu-

lations were evaluated for maturity in 1957 in an experiment

with two replications of 15 plants for each ear-to-rcw. In

each population, the early and late maturity groups were

planted in separate blocks. Within each maturity group, each

of the nine breeding groups consisted of 10 ear-to-rcws of

15 plants in each replication. Some poor stands were ob-

tained in the late maturity groups of the (la 153 x N25)

pOpulation.

Silking date and moisture content of ears at harvest

were determined for each plant in two populatiors, Michigan

518 and (B53 x 38-11). For the other four populations, only

silking date for each plant was recorded. Silking date was

0
.
)

recorded when the silk was exposed about i inch. Aver ge

days from planting to silking, percentage of moisture content,

variance and covariance were calculated for each row.
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Analyses of variance for each population were made for

each maturity block. Degrees of freedom for each block were as

 

  

follows:

Source of Variation Degrees of Freedom

Total 179

Eeplications 1

Strains 69

Groups 8

Within 9

Interaction 72

Error 89

 

 

Degrees of freedom for each breeding group:

 

 

 

Source of Variation Degrees of Freedom

Total 299

Between 9

Within (estimated from row 290

variance)

Parents n
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The ultimate objective in a corn breeding progrrm is

to put inbred lines into hybrid combinations. Therefore it

is necessary to evaluate the lines for yield and maturity as.

testcrosses. 81 and RSI selections of four poyulations were

testcrossed to (Ohh3 x A158). These testcrosses were evaluated

for yield and maturity in four experiments in 1955 as follows:

Table l. hxperiment number, population, and design of the

1955 testcross experi ents.

 

 
 

preriment Number Population Design

55-902 (HS2HA x 35-11) 6 X 6 simple lattice

k replicates

55-903 (R53 x 38-11) 6 x 7 rectangular

lattice, h replicates

55-90% (MsahA x L317) 5 x 6 rectangular

lattice, H replicates

55-905 (Michigan 20D) 5 x 5 simple lattice

H replicates

 

 

The date when about half the plants had silked in each

plot was recorded.

529 RS; and 88-1 selections of 5 pOpulations were

evaluated in testcrosses to (Ohh3 x A158) in 1956 as follows:
» .

Tatle 2. Experinent number, population, and design of the

1956 testcross experiments.

 

 
 

hxperiment Number FOpulation Design

56-901 Michigan 518 E x 8 simple lattice

h replicates

56-902 Michigan 20D 7 x 7 simple lattice

h replicates

56-903 H53 x 38-11) 8 x 8 simple lattice

h replicates



Table 2. Continued

Experiment Lumber
 

56-90%

56-905

Popplation
 

(hSQHA x L317)

(RSQHA x 38-11)

17

7 x 7 simple lrttice

h rellicates

E x ‘ sirple lattice

h replicates

 

S3, 883, RS-l-l and 582-1 selections from the third

cycle of breeding were evaluated as testcrosses with {the} x

A158) in three experiments in 1957 (Table 3). Silking date

was recorded for each plant.

Table 3. theriment number, population, and design of the

1957 testcross experiments.

 

Experiment Number

57-911

57-912

57-913

Population

(h53 x 38-11)

hichigan 518

(xseuA x L317)

Desi n

10 x 10 triple lattice

3 replicates

10 x 10 triple lattice

3 replicates

9 x 9 triple lattice

3 replicates
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LSCLTS

NLhSLFY hLSULTS

Days from Planting to Silking

General Considerations
 

The first cycle of breeding by either method was effective

in dividing the original F2 material into two maturity groups

(Table h). Although some strains from the early maturity

groups were as late as some strains from the late maturity

groups, no early-maturity breeding group mean was greater

than any late maturity breeding group mean. The F2 value

for each population was intermediate between early and late

maturity series.

The greatest progress towards early and late maturity

seemed to have been made with the first cycle of breeding as

stown in figures 1, 2, 3, h, 5, 6, Appendix, where values for

parental lines F1, F2, and breeding groups have been graphed.

Differences among breeding groups are highly significant

in all cases (Table 5) indicating a difference in progress

from the different breeding methods. No significant difference

within value means indicated that genetic variance was exhausted

after three cycles of breeding.

Comparison between breeding groups in the early maturity series

The mean values of each breeding group are ranked in

Table 6. Values within a bracket are not significartly dif-

ferent according to Duncan's multiple range test (u).

Since the objective was to compare the effectiveness of

continuous inbreeding (selfing) with selection and the
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effectiveness of recurrent selection, breeding groups within

a cycle can be compared (Table 6a).

In 9 of 18 cases, recurrent selected breeding groups were

earlier than the inbred groups. After three cycles of breeding,

in 2 of 6 cases, the recurrent selected groups were earlier

than the inbred groups. however, the differences between the

recurrent selected and inbred groups were small. These results

indicate that there is very little difference betwren the two

breeding methods.

Table 6A. Comparison for early maturity between intred and

recurrent selected groups within a breeding cycle.

 

    

 

Population First Cycle Second Cycle Third Cycle

yichigan 51B [‘ 8‘) BS 82 > BS; 1 83 BSj

E 63.8 60.u 62.7 60.6 :63.0 60.2

Michigan 200 i s > as ’ s? = Reg 53 =es3

. 73.6 70.3 . 71.u 69.6 70.3 67.2

BS3 x 39-11 ' s = as 82 7 as; 53 =as3

68.2 66.6 67.3 6H.l 65.2 63.5

msauA x 38-11 N s : as 82:? BS2 53 =as3

72.2 73.0 I 71.1 66.3 70 2 60.:

12.153 x W25 2 s > as s; as2 s3\>as3

' 6h.5 62.8 an.7 62.3 ( eu.7 61.2

1:321”. 1: L317 s = as * 52 <RS2 s3 =as3

} 75.0 73.0 71.7 76.2 i 70.5 6“,?

l

> later than

not later thanN
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One of the theoretical advantages of recurrent selec-

tion over selfing with selection is the slower decrease in

heterozygosity from one cycle to the next. A study of the loss

of variability with each cycle and of expected and actual gains is

important. The form of analysis of variance for each breeding

group is given in Table 7. The within variance was estimated

from the average row variance which was obtained according to

the following formula:

r.

C 2
{1151 Xenooooooonlo SlO

 

N-lO

where n and 52 are respectively the number of plants and the

variance of the row, N the number of plants in the 10 rows.

Table 7. Form of analysis of variance for each breeding group

within each maturity group.

 

  

Source D.F. prected mean square

Total 299

Among 9

Within (estimated from L

row variance) 290 (3'2 -I- Qwithin

Parents n (1’

 

—=
 

The expected gains were calculated after Lerner (16).

Selection differentials were expressed in standard deviations

(i) and in absolute units of measurements (1). Expected gains,

A8, from a generation of selection can be computed. The gains

are equal to the product of heritability (hg) and the selection

differential expressed in actual units (1). The heritability



h
)

\
D

values were calculated in the following manner:

The coefficient of heritability for the F2 population

was calculated according to the following formula:

Variance F - Variance F

- 2 l

1‘12-
1

 

Variance F2

which includes the non-additive portion of the genetic

variance.

The coefficients of heritability for the various

breeding groups were calculated from separate analyses of

variance (Table 7).

z
6" within

 

6" + 6'; within

In the three early—x-late crosses (LS2HA x 38-11),

(hS2MA x L317), and (B53 x 38-11) (Table 7B) the variances

for the late maturing parents were greater than the variances

for the early maturing parents. This indicates that the late

inbred lines were influenced more by the environment than

early inbred lines. Thus, the variance of the early inbred

parents was taken as an estimate of environmental variance in

the early-maturing groups. Likewise, the variance of the late

inbred parent was taken as an estimate of the environmental

variance in the late maturing groups. In the cases of the

other crosses, Michigan 518, Michigan 20D, and la. 153 x w25,

the average variance for the parental lines was used as an

estimation of the environmental variance.
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Table 7B. Average row variance of the inbred and rrcurrent

series from the early and late maturing groups.

MSZhA x 39-11
 

 

 

 

1a.1§3¢<1;5
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Genetical variability was exhausted after one or

two cycles of breeding. This conclusion was reached from

the following:

(1) The within variance representing the variability

between plants did not decrease (Table 78) from one cycle to

the next as expected, had genetical variability been present.

(2) The F ratios between within and among variances

(Table 7A) were not significant. There was less variability

among strains than within rows.

(3) The variances of the early-maturing groups

(Table 78) were close to the values of the earliest parents.

(h) The F2 heritability values (Table 8A) were high

and expected gains were realized. The heritability values

were much reduced after the first cycle of breeding, and

progress, if any, was much less.

In Table 9 actual gains were considered null if the

differences between cycles were non-significant. to progress

toward early silking date was made after the first breeding

cycle in either the recurrent series or inbred series of the

double cross Michigan 51B, the early single cross (18.153 x

W25), and the double cross Michigan POD where the parental

lines are similar in maturity. On the contrary, sore progress

toward early silking was made after the first breeding cycle

in the recurrent series of the three early-x-late single crosses

(MS2‘+A x 38-11), (RS3 x 38-11), and (M52411 x L3.7), and in the

inbred series of the single cross (M324A x L317).
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Table 9. Expected and actual gains in the early-maturing series

of six populations.

 

 

 

 

 

 
 

Groups Expected Actual Expected Actual

bains gains Gains Gains

Kichigan 518 13.153 x WEE

1:2 705 606 200 6‘02

Eu 0.H 0.1 0.0 0.0

582 2.3 0.0 0.0 0.0

F2 7.5 3.2 2.0 “.5

3 0.0 0.0 0.0 0.0-

3) 0.0 V.w 0.0 0.0

hichigan 200 553 x 38-11

F2 3.9 1.7 2.8 7.4

B3 0.0 0.0 0.9 2.4

RS2 0.0 0.0 1.7 0.0

F9 309 “1.6 2.8 508

S' 0.0 0.0 0.0 2.1

82 0.0 0.0 0.0 0.0

Js2uA x L3lZ_ rseun x 33-11

Fa 9.8 8.0 8.8 M.O

as 0.1 0.0 0.4 u.7

H82 C.# 6.h 0.8 0.0

a? 9.8 6.0 8.8 the

S 1.6 3.3 0.0 0.0

82 1.0 1.2 0.0 J.0

 

 

It is concluded that fixation of genes for early silking

date was very rapid. Very little improvement can be made after

the first cycle of breeding. Progress seemed to be greater

with more diverse crosses of early-x-late lines such as

MS2NA x L317.
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COMFAEISON BETWEEN BREEDING GEOUPS 1N

THE LATE MATURITY SERIES

The mean values of each breeding group are ranked

in Table 10. Values within a bracket are not significantly

different according to Duncan's multiple range test (h).

Breeding grOUps within a cycle can be compared (Table 10A).

Table 10A. Comparison between inbred and recurrent selected

groups within a breeding cycle for late maturity.

 

Pogulation First cycle Second cycle Third cycle

Michigan 518 s = as 89 as; s ‘> 663

70.6 66.5 76.2 68.9 61 5 71.1

Michigan 20D S RS S RS

66.6> 76.2 65.3> 8020 93.2 >RS85.0

R53 I 38-11 S = RS ESQ S =

76.2 79.2 63. 3>77. 8 61.6 6036

MS2uA x 38-11 s - as s; 632 s? = RS3

80.9 82.2 86. 6 81. 5 81.1 86.4

Ia. 153 x w25 s = as So = h82 Sq - hS3

72.1 71.6 7fi. 0 76.8 76.0 75.1

MS2HA X L317 S 3 RS 8 3 882 S3 = 83

85.6 79.2 8 .9 82.3 92.2 8%. 5

\> later than

- equal in maturity

 

Though the results differed somewhat for each pOpula-

tion, the inbred series tended to be later than the recurrent

series. However, after three cycles of breeding, the differ-

ences between the recurrent and the inbred series were small

and non-significant.
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Observation in the field led to believe that inbreeding de-

pression affected the inbred series more than the recurrent

series, making the comparison very difficult.

Table 78 indicates that variances for the late maturity

groups were close to the late maturity inbred parent variance

and those variances did not decrease from one cycle to the

next except in the inbred series from the cross (MSZHA x L317)

and Michigan 200. This indicates that the genetic variability

uas usually exhausted after the first breeding cycle.

In Table 11A actual gains were considered null if the

differences between cycles were non-significant. Gains could

have been expected in the recurrent series in only three crosses,

Hichigan SIB, (M826A x L317), and (MSZHA x 38-11). In general,

there was considerable gain when none was expected. These

gains must be interpreted as effects of inbreeding depression.

These results indicate that fixation of late maturity

genes was very rapid by either breeding method.
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Table 11A. prected and actual gains in the late-maturing

series of six pepulations.

 

  

 
 

 

 

Grcups Expected Actual Expected Actual

Gains Gains Gains Gains

Michigan 518 18.153 x W25

F2 “’05 " 105 705 201+

Rd 2.9 0.0 0.0 0.0

ESQ 1.9 0.0 0.0 0.0

F2 “OS 000 705 201

S 0.0 6.0 0.0 0.0

S2 0.0 {+09 000 000

Michigan 20D 853 x 35-11

F 8.5 6.2 2.7 5.2

RE 0.0 0.0 0.0 0.0

RS; 0.0 13.0 0.0 0.0

F2 8.5 10.6 2.7 “.2

S 0.0 6.7 0.0 6.1

82 0.0 3.9 0.0 0.0

uszhA x L312 MszuA x 38-11

F2 10.8 - 1.8 506 502

RS Ml 0.0 2.9 0.0

882 h.O 0.0 0.0 M.9

F2 1008 0.0 506 309

S 8.5 0.0 0.0 5.7

S2 6.6 0.0 0.0 0.0

 

 



HS

ELISTCRE CUNTENT AT EAEVLST

As ancther measure of maturity, moisture content of

ears at harvest was determined for each plant in two popula-

tions, Michigan 518 and (R53 x 38-11), harvested September 22

and October 5 respectively. Some plants of the Michigan 518

pOpulation silked as late as the first week of September, and

some of the (R53 x 38-11) population silked as late as the

second week of September. Thus, many ears were immature.

Results of moisture content measurements at harvest

were similar to those measurements from planting date to

silking.

Fixation of genes for low and high moisture content

was very rapid. The greatest progress towards early and late

maturity seemed to have been made with the first cycle of

breeding, as shown in figures 7 and 8, where values for

parental lines, F1, F2 and breeding group means have been

graphed. Though a few strains from the early-maturing (Table 12)

were as high in moisture content as some strains from tre late-

maturing series, none of the breeding group means from the

early-maturing series was greater than any breeding group mean

from the late-maturing series.

Analyses of variance (Table 13) indicated that there

were differences among early breeding groups of the two crosses

and among the late breeding groups of the Michigan 518 cross.
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V’sLY MATbthY SLEIES

The mean values of each breeding group are ranked

in Table 1%. Values within a bracket are not significantly

different according to Duncan's multiple range test (A).

Breeding groups within a cycle can be Cemparej, Table 1kg,

Table 1%. Ranked means for ear moisture content at hBFV2St

 

 

of nine brrcdin; groups from two crosses, hicrigan

518 and 853 X 35-11.

853 X 38—11

532-1 RS3 ESE 83 Pa-l 2-1-1 82 63 8 F2

30.8 32.2 32.3 33.M 33.3 35.3 35.8 37.6 38.7 k7.h

 

 

 

Eichigan 518

RS3 H3 H3 HS-l-l 53 BSg-l 651 8 S2 F2
2

3h.3 37.0 35.5 35.5 36.7 39.3 h0.1 M2.h h2.9 uh.0

 

 

 

 

Table lhA. Comparison between inbred and recurrent selected

series within a breeding cycle for early maturity.

 

 
 

 

FOpulation First cygle Second cgcle Third ggcle

RS3 x 38-11 S 2 RS 52 : R82 83 = {83

39.7 37.6 35.8 32.4 33.h 32.2

Michigan SIB S 3 RS 52 8 RS2 S3 = R33

32.5 37.9 62.9 38.5 38.7 33.3

 

 



50

The recurrent series tended to be lower in moisture

content than the inbred series but the differences between

them were non-significant. These results agreed with those

obtained from days to silking where the differences were also

small.

Row variance for the nine early breeding groups

(Table 15) gives an indication of the variability in the

series. Variability in the early recurrent series of the cross

(H53 x 38-11) was similar to the variance of the early inbred

parent, RS3, indicating that genetic variability was about

exhausted. Variability in the early inbred series of the

(RS3 x 38-11) cross decreased when compared with the RS3 value,

indicating that after three cycles of selfing very little

variability existed for moisture content.

The variances of Ia.lS3 and W25 were considerably

greater than the variances of M13 and WQ and should be taken

as an estimate of the environment. The variances of the

early series tended to increase, but not to the extent of the

latest parental line value, WQS. It is safe to assume that the

variability in these series was exhausted.



51

Table 15. Average row variance for the inbred and recurrent

series of the early and late Nichigan 515 and

H53 x 38-11 maturity groups.

 
 

 
 

553 x 38-11 Nichigan_5lB

Early Late Early Late

RS 30.2 67.# NE.2 36.H

832 3.6 91.5 57.9 50.0

H83 65.6 81.3 86.2 81.h

S 99.1 125.0 38.7 81.6

82 79.2 75.3 90.9 95.6

33 51.5 86.7 7H.8 72,5

853 50.6 Ia.l53 66.0

38-11 79.0 W25 99.0

hl3 15.H

F1 “6.8 W9 8.2

F2 115.0 1.11 501+

F2 32.9

 

 

Table 16. Ranked means for ear moisture content at harvest

for the nine breeding groups from two crosses.

R53 x 38-11

F2 R32 hS H33 8 S3 RSg-l 82 hS-l hS-l-l

h9.# 53.3 56.7 58.0 58.3 62.2 63.5 65.0 6h.9 60.h

 

Michigan 518

F2 as Bag 8 RS3 hS-l hSQ-l hS-l-l 52

HH.O h7.8 50.8 52.2 54.“ 55.5 58.1 62.7 62.9

U
)

L
»

\
J “
v

A
:

 

 

 

 

 



\
n

t
o

COI~2PAhISCI§ Bifl’tv'iubl‘.‘ BhEnDIh‘G URCUPS 11V Thh’

LATE MATURITY SEEIES

The mean values of each breeding group are ranked in

Table 16. Values within a bracket were not significantly dif-

ferent according to Duncan's multiple range test (Q). There

were no significant differences among the breeding groups of

the R53 x 38-11 population. however, the inbred series in the

Michigan 518 population were very high in moisture content

when compared to the recurrent series, Table 16A. These in-

creases in moisture content in the inbred series should be

attributed to inbreeding depression since, referring to Table

15, the variance in the late inbred groups did not decrease

from one cycle to the next, and was inferior to the latest

parental line, W25. This indicates that very little genetical

variability remained after the first cycle of breeding.

Table 16A. Comparison between inbred and recurrent series

in the double cross Michigan 518.

   

First cycle Second cycle Third cycle

as < 8 R52 < 52 R83 < 33

h7.8 52.2 50.8 62.9 5H.H 70.3

 



TEST CROSS LXPLEIMERT kthLTS

General Considerations

The objective of the yield trials was to measure the

differences in maturity between breeding groups when the lines

were in hybrid combinations.

Results show that the most important differences were

between early and late maturity groups. Differences between

recurrent selected and inbred groups were very small, and when

significant did not indicate any trend. Cycle gains were very

small, indicating that genetical variability was exhausted

after three cycles of breeding.

There were significant differences among the selections

for days to silking in all the experiments, Table 17, except

55-90% and 55-905 which tested the pOpulations of the single-

cross (MS2MA x L317) and the double cross Michigan 200. There

were significant differences among the selections for ear

moisture content in all the experiments.

The correlation coefficients for silking date with

moisture content were all positively significant (Table 18),

indicating that the early-silking selections were lower in

moisture content than the late silking selections. In general

there were no positive correlations between yield and moisture

content in the 1955 testcross experiments (Table 18). In H of

5 experiments in 1956 the high yielding selections were the late-

maturing selections. In 1957 the high-yielding selections from

two early-x-late single crosses, (MS2HA x L317) and (353 x 38-11)

were the early-maturing selections which had time to ripen
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55

before killing frost on September 20. The parental lines of

the double-cross Michigan 518 are considered early-maturing

lines, and all the selections from this double-cross popula-

tion had time to ripen before killing frost.

Table 18. Correlation coefficients between days to silking

and ear moisture content at harvest, and between

moisture content and yield in the 1955, 1956 and

1957 testcross experiments.

  

 

Experiment Silking date Moisture

Eopulation Number x Moisture: x Yield

(NS2HA x 38-11) 55-902 0.757H 0.150

(MS2HA x 35-11) 56-905 0,5t3.. 0.h68**

Michigan 20D 55-905 0.355** -0.l50

Michigan 20D 56-902 0.556" 0.563“

Michigan 518 56-901 0.828" 0.671**

Michigan 513 57-912 o.975** 0.79ut:

(853 x 38-11) 55-903 0.680" 0.653**

(R53 x 38-11) 56-903 0.738H 0-7O7*‘

(R53 x 38-11 57-911 0.892*‘ -0.l96

(n32uA x L317) 55-90% 0.777H 0.200

(nsaui x L317) 56-904 O.659** 0.5a3**

(MS2MA x L317) 57-913 0.720H -O.268

 

** Significant at the l per cent level.

 

 



Differences between breeding groups.

The means of RS3, S3, BS? and 82 breeding groups for

days to silking and ear moisture content have been ranked in

Table 19. Values within a bracket were not significant accord-

ing to the following test:

X1 - X2

 

 

sp/

\, l/n (N1 / “2)

I

where x1 and x2 are the means of the breeding groups, Sp the

scuare root of the error mean souare given in the analysis of

variance, N1 and N2 the number of selections in each breeding

group, and n the number of replicates.

In one pepulation (R53 x 38-11) there were no differ-

ences in date of silking or moisture content between the 83

and RS3 breeding groups in either the early or the late maturing

groups. Similar results were obtained by both breeding methods.

In the other two pepulations the early inbred selections were

earlier in maturity than the recurrent selections, and in the

Michigan 51B pepulation the late inbred selections were later

in maturity than the recurrent selections. The differences

between those breeding groups were very small.

In Table 20 actual gain cycles were considered null if

the differences between cycles were non-significant. Actual

gains though small seemed to have been made for early silking



\ ‘
5

date in all the crosses and for lower moisture content in the

hichigan 515 and KS2HA x L317 crosses. Very small gain seemed

to have been made for late maturity in the hichigan 51B and

hS2hA x L317 crosses.

Table 19. Days to silking and ear moisture content of 831 ES},

82 and RS breeding groups in three 1957 testcross’

experinen s.

 

DAYS TO SILKIXG NtISTUPE CCTTENT

Early Maturity Late Maturity Early haturity Late Maturity
 

Michigan 51B

 

 

 

  
 

59.1 60.5 ' 6H.7 68.1 1 27.5 29.8 g 38.5 52.1

52 as2 , asg s2 ; 52 a32 f as2 32

61.0 61.h ? an. '. .u 2. i .\ _wmn__m_A/ , 3 67 3 [‘32 3 9/, 37 1 Mo 0

553 x 38-11

S3 RS3 r as3 33 I 53 as3 as3 33

63.1 63.5 f 73.6 73.u § 33.9 35.% uu.5 nu.6

L_--. _--....._J I L..- . i . _j _‘ L---“ . _-..__1 \__..__- . . _/

82 RS2 ; 882 82 g 82 R82 PS2 82

65.1 65.7 1 72.5 73.5 g 35.5 33.5 54.9 u5.9

us2uA x L317

83 BS3 ! as3 53 g S3 RS3 1 as3 s3

66.u 65.5 § 72.9 73.2 E 35.0 37.1 ' u2.3 93.6
1 \«~_._i. _-"im_-_.s/ 4 \__._.- . _J

52 R82 1 H82 S2 ' S2 H32 ES2 82

63.1 69.8 [ 71.u 73.1 i 37.0 3a.1; 41.9 u2.o
I Lm_.
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Table 20. Cycle gains in days to silhing and ezr percent

moisture content in three populations tested

 

  

 

in 1957.

51115 11115112 131s hhpthTY

Population Davs hoisture Days Roisture

Michigan 518 Inbred 1.9 5.0 0.0 2.1

Hecur. 1.0 2.2 0.0 1.%

E53 x 38-11 Inbred 2.0 0.0 0.0 0.0

Becur. 1.3 0.0 0.0 0.0

NS2MA x L317 Inbred 1.7 2.0 0.0 1.6

Recur. 1.3 1.0 1.5 0.5

 

 

These results indicate that recurrent selection was no

more effective than continuous inbreeding with selection.

This conclusion is important. First, inbred lines are

used to transmit early or lat maturity in hybrid combinations;

second, inbreeding depression in the nursery made very difficult

a direct comparison between inbred and recurrent selected lines.

Therefore, testcrossing lines for maturity may be the only way

to measure the relative effectiveness of the two breeding methods.

One important point was demonstrated in experiment 57-91].

It was possible to obtain earlier and later lines than the

parental lines from an early-x-late cross, Table 21. The

parental lines 553 and 38-11 testcrossed to (ohh3 x A158)

were included. One line of the recurrent selected series

(hSL3-RSLlO5-ESL110) and one line of the inbred series (121-2-2)

were later in date of silking and higher moisture content than



the parental line, 38-11. Two lines of the 82 breeding groups

were higher in moisture content than the parental line 39-11.

One of these lines (121-2) gave rise to two lines which were

higher in moisture content than the parental line 38-11. One

line of the recurrent selected series (RSL20-hSEl-RSLH) and

one line of the inbred series (E2-2-h) were earlier in date

of silking than the early parental line R53.
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YIbLD RESULTS

Selection was directed toward maturity and not com-

bining ability. hence variability for yield should be ex-

pected within maturity groups. The only trend that could be

expected was that late-maturing selections should yieln more

than early-maturing selections in a year with a long growing

season.

In two 1955 test cross experiments (Table 22) evalua-

ting selected F2's of the MSQHA x 36-11 and MSQHA x L317

populations, the yield ranges within maturity groups were

greater than the L.S.D. indicating high and low yielding

selections within the groups. Though the differences between

early and late selections were significant, the yield ranges

overlapped indicating that some early selections yielded as

much as some late selections. The same conclusions can be

drawn from the 1956 testcross experiments (Table 23). Less

variability for yield seemed to exist within maturity groups

of the 1957 testcross experiments(Table 2%), since the yield

ranges were smaller in many cases than the L.S.D. and when

they were greater the differences were small. Selections

within a maturity group tended to be similar in nature. however,

since there was a very great overlapping for yield among the

maturity groups, it would be possible to select for combining

ability in early and late-maturing lines.

In the R53 x 38-11 pOpulation, the parental lines



R53 and 30-11 were included. Four lines from the early-

maturity groups yielder more than the early-parental line

853. No late maturing line yielded more than 3E—ll.
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DISCUSSIUR

The objective was to study the effectiveness of

continuous inbreeding (selfing) with selection compared

to three cycles of recurrent selection. Direct comparison

in the nursery between recurrent series and inbred series

was difficult due to inbreeding depression which masked the

effectiveness of the breeding methods.

Results with testcrosses indicated that recurrent

selection was no more effective than continuous inbreeding

with selection. These results were not in agreement with

those obtained by others to improve yield, oil content,

and leaf blight resistance in corn. Recurrent selection

was more effective than continuous inbreeding with selection.

Self-fertilization leads to a rapid increase in

homozygosity: 72, 50%; 81, 75%; 82, 87.5%; 53, 93.7%.

Rapid fixation of genes occurs with such a method. Any

breeding scheme which involves a rapid fixation of genes

imposes very definite restrictions upon the effectiveness

of any selection which may be practiced (22). These limita-

tions are: (1) large number of genes, (2) masking effects

of environment, (3) complicated system of gene interaction,

(a) inadequate methods of isolating and evaluating lines.

Recurrent selection is a breeding scheme that offers

some Opportunity to minimize the rapid increase in homozygosity

which is led by self-fertilization. The basis of recurrent
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selection is to intercross selected plants, or bulked pollen

from the selected plants is used to pollinate them, and the

intercrossed pepulations serve as a source of material for

the next cycle of selection. Theoretically, genes for the

desired characteristic should be more concentrated in the

recurrent selected p0pulation.

The following reasons are proposed to explain why

recurrent selection was not more effective than inbretding

with selection to improve maturity, taking the silking date

as a criterion.

Selection in the recurrent selected series was at

a disadvantage compared to continuous inbreeding because of

the necessity for the ten earliest and ten latest maturing

plants to flower at the same time in order to effect the

intercross. In the recurrent selection program only one

plant in each row was selected to maintain inbreeding pressure

at a minimum. Therefore, a few of the earliest plants in a

particular row shed pollen at a time when there were no plants

in other rows with receptive silks. These early plants were

lost from the population. In the continuous inbreeding pro-

gram, such plants were saved. Recurrent selection for late

maturity presented a similar problem. Bulking pollen of the

ten latest plants required that there be ten plants in flower

at the same time. Therefore, slightly earlier plants were

chosen in the recurrent selection series than in the inhreed-

ing series.
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Rapid fixation of genes and equal effectiveness of

the two breeding methods tend to indicate that few genes for

maturity were involved. Jones (15) using the formula for

calculating gene number given to Burton by Wright (2) found

that the gene number for silking date ranged from 5 to 19.

hohamed* in a recent article estimated the number of genes

for the same characteristic at three. Such few genes could

be isolated very rapidly with any breeding scheme.

Decline in fertility and vigor and delay in maturity

are among the general effects of inbreeding and are referred

to as inbreeding depression.

In the recurrent selection program only one plant

in each row was selected in order to maintain inbreeding

pressure at a minimum. Therefore, inbreeding depression would

be expected to affect the recurrent series less than the

inbred series and render their comparison very difficult.

This was confirmed by visual observation in the field.

One method to overcome the effects of inbreeding

depression would have been to inbreed the recurrent selections

(without any selection pressure for maturity) and compare them

with the inbred selections (figure A).

This would have reouired self-pollinating the RS

selections once, the R82 selections twice, the R83 selections

three times, and then comparing the RS-l, RSg-l-l and the

* Mohamed, Ali. Inheritance of ouantitative characters in

Zea Rays. 1. Estimation of the number of genes controlling

the time of maturity. Genetics. 713-725, 1959.



RS3-l-l-l groups with the 81, S; and S3 breeding groups.

This selfing of the recurrent selected groups could have been

done in winter in the greenhouse or in Florida since no selec-

tion was involved.

Figure A. Breeding diagram that should have been used to

compare recurrent selected and inbred series.
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In this study, selection pressure and inbreeding

pressure (selfing) were applied at the same time, (figure B)

and their effects could not be separated.

Figure B. Breeding diagram that was used to compare recurrent

selected and inbred series. This was the procedure

that was used.

hS3(—-——- H829“ HS‘__.__F2

I>\\< --------First cycle of selection
\.

\
36-1 ---------First cycle of selfing

  \\<---L----- Second cycle of selection

h3-3-1:\82----Second cycle of selfing

------- Third cycle of selection

\

S3----Third cycle of selfing



Comparing inbred and recurrent lines in testcross is

possibly the best nethod to overcome the effects of inbreedirg

depression. Furthermcre, since the ultimate objective is to

utilize inbred lines in hybrid combinations, their evalua1icn

for maturity is of primary importance.

Study of ear-to-row variance for days to silking

(Table 7B) and for ear moisture content at harvest (table 15)

indicated that gene frequency was at equilibrium after one

or two cycles of breedirf. Such an eouilibrium occurs in

the two following situations;

(1) When the homozygote has an advantage over the

heterozygote as in the case of selection for late-maturity,

the only stable eouilibrium is at the point of fixation of

the preferred allele. Thus, if the expression for the rate

of change in allelic freouency per generation

sq (l-q)2

q : is set equal to zero, it can
 

1 - S (1—0)2

readily be seen that for values of 5 other than zero, the

only roots of q are zero or 1.

(2) tn the contrary, when the heterozygote is pre-

ferred over either homozygote, as possibly in the case of

early recurrent series, the eouilibrium value of q is deter-

mined in the following manner (16):
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Box 1. Gene frequencies when heterozygote is favored over

both homozygotes.

Genotype AA Aa aa Total

Initial q

frecuency q‘ 20(l-q) l-q2 l

Selective

value l-SA 1 1-58

Parents

selected q2(l-SA) 2q(1-q) (1-q2)(1_sa) 1-3 q22

-S€1( “(1)

 

The change in q in successive generations is then

q(1-q) Sa(l-o) - SA q

 

l‘SA Q2 - 53 (l-q)2

When this expression is equated to zero, the ecuili—

brium value of the frenuency of A is

S.
-I

LA

 

 

QA -

SA / Se

and that of a is

SA

Ga =

SA / 5a

If there is only slight heterosis, variability

would decrease slowly and some pregress would be expected,

Figure C.
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Figure C. Decrease in variability when honozygrtes,

heterozygotes are favored.
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No progress for early silking date (Table 9) was

made after the first breeding cycle in either the recurrent

series or inbred series from the double-cross Fichigan Slb.

Row variance in the early recurrent series (Table 7b) attained

an eouilibrium at a higher value than that for the inbred

series or than that of the parental lines. It might be

assumed that progress for early maturity in this population

ceased, not because of lack of variability, but because the

heterozygotes were favored. The only way to overcome heterctic

effects would be to resort to testcrossing.

In the other populations, row variance in the early

breeding groups eouated the variance of the early parental

lines (Table 7B), indicating that variability was exhausted.

In the late-maturity groups the recessive homozygote

was favored regardless of heterosis. After three cycles of

selfing, no variability would remain unless natural selection

played a role in removing the unfit honozygote from the

population (Figure D).
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Variability of the late inbred series as affected

 

Figure D. g

by natural selection which removes the unfit

homozygotes.
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{atural selection played such a role in the la.lf3“

‘
7

x W25 population. Progress toward late-maturity ceased.

iany plants died or did not reproduce. These degenerative

aspects of inbreeding also affected late populations of the

early-x-late crosses. Lethal factors which may have teen

present in the original population or caused by mutation

were brought to the recessive condition by selection for

late maturity.
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The relative effectiveness of continuous inbreeding

with selection compared to three cycles of recurrent selec-

tion for corn maturity as measured by silking date was

studied in pOpulations derived from two double-cross hybrids

and four single-cross hybrids.

Direct comparison in the nursery between recurrent

and inbred series was difficult due to inbreeding depression

which masked the effectiveness of the breeding methods.

Decline in fertility and vigor and flayed maturity were

among tie general effects of inbreeding and are referred to

as inbreeding depression.

Inbreeding depression affected the inbred series

more than the recurrent selection series. In recu‘rent

selection only one plant in each row was selected in order

to maintain inbreeding pressure at a minimum. With inbreeding

and selection, plants were selected within and among rows.

To overcome the effects of inbreeding depression, it

was suggested that the recurrent selections should be inbred

(without selection pressure for maturity) and compared with

the inbred selections.

Nursery results indicated that both methods had been

very effective in dividing the original F2 material into two

maturity groups and that fixation of genes was rapid. Fixation

of genes was very rapid in a population from an early-x-early
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single cross (la.l§3 x We. .pid in a poyulation

from an early-x-late single cross (hSEHA x L317).

In a corn breeding program, the ultimate objective is

to utilize inbred lines in hybrid combination. Thus, evaluation

of lines for maturity in testcrosses is important. Comparing

inbred and recurrent lines in testcrosses is possibly the

best method to overcome the inbreeding depression effects

which masked the effectiveness of the breeding methods when

compared in the nursery.

Testcross results indicated that the early inbred

series were earlier than recurrent series in two of the

three cases, and the late inbred series were later than the

recurrent series in one of the three cases. however, the

differences between the two series were very small, indicating

that the two methods were equally effective. Very rapid

fixation of genes and ecual effectiveness of the two breeding

methods indicated that few genes for maturity were involved.

Lines that were both earlier and later in maturity

than the parental lines of the original crosses were obtained

in both recurrent and inbred series.

In all the testcross experiments there was a wide

range for yield among the selections within a maturity group,

indicating that selection for combining ability could be

effective within the maturity groups.
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Figure 2. Nean days to silking for the two

F1, F2 and inbred and recurrent selection

groups in the early and the late maturity

from (H53 x 3E-11).
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Figure 5. Mean days to silking for the two parental lines, F1,

F2 and the nine inbred and recurrent selecticn breed-

ing groups in the early andlate maturity series frcm

(Ia.153 x W25).
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