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--
A DETERMINATION OF TBE 

COMBINING ABILITY OF CERTAIN INBRED 
LINES OF CORN, ZBA MAYS L. 

INTRODUCTION 

The breeding o£ new improved varieties of corn is 

particularly important in the Willamette valley because 

climatic conditions in this area are quite different .from 

those in most areas producing corn. 

The mean summer temperatures in the Willamette valley 

are somewhat low but the slow growth of the corn plant is 

due primarily to cool summer nighte. Also , the precipita

tion in the Willamette valley comes in the fall, winter, 

and spring with almost no precipitation during the summer 

growing season. 

Consequently,. under western Oregon •.a climatic condi

t i ons, the corn plant, unless irrigated, will ·generally 

not have adequate moisture for optimum growth during the 

growing season. Also, the corn will be harvested while 

the i'all rains are in progress, necessitating artificial 

drying . As a result of these unfavorable growing condi· 

tions, early settlers believed that it was impossible to 

grow corn in Oregon. 

An early survey (16, p .l7) conducted by Scudder de·· 

signed to determine the possibility of growing field corn 

in Oregon, indicated that Minnesota 13 and Minnesota 23, 

a white dent, were adapted to Oregon eonditions •. In 
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subsequent investigations Hyslop (4, p.2) found that 

strains of several open pollinate varieties were adapted 

to the state, namely: Golden Glow, t"lcKay' s Yellow Dent 

and Minnesota 13 in t-1estern Oregon and early strains of 

Reid ' s Yellow Dent and Silvermine in eastern Oregon . 

Where field corn can be grown in the state, it fills 

a definite need for a row crop on farms with rotations 

preponderantly grass and legume seed production. Also, 

corn provides high qu lity, economical feed grain for a 

l i vestock feeding prograu . 

The Oregon Agricultural Experiment Station , recog

nizing the need for adapted field corn hybrids to replace 

the old open pollinated varieties, initiated its corn 

breeding program in 1936. The initial program consisted 

of two phases: The testing of existing hybrid varieties 

from other sections of the United States to find adapted 

hybrid varieties for innnediate use in Oregon; and the de

velopment of more desirable inbred lines specifically 

adapted to Oregon conditions, for the production of future 

hybrid varieties. 

In the selection of inbreds for possible hybrid corn 

varieties, i t is important to know the agronomic advan

tages and weaknesses of the inbreds , as those characters 

will be transmitted to the resultant crosses. Also , it 
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is known that inbred corn lines vary in their ability to 

combine in high yielding crosses. Consequently. the co 

bining ability of an inbred must be ascertained before 

the value of that inbred as a parent , of a commercial 

hybrid variety. can be determined . 

Ten of the more vigorous and apparently uniform in

breda developed by the Oregon Agricultural Experiment 

Station were ready for a more thorough tasting by the 

spring of 1946. The objectives of this study were to de

termine the a gronomic characteristics for and the com

bining ability of these lines . 
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REVIEW OF LITERATURE 

The inception of commercial hybrid corn in the early 

1920 ' s resulted in concerted efforts by plant breeders to 

develop more productive hybrids and r.1ade necessary the 

testing of large numbers of inbred lines . The general 

method used by early workers, such as Richey (12, p.l6) 

was to cross a large number of inbreds and discard those 

lines yielding consistently lower than the mean yield of 

all the crosses and to make double crosses with the bet• 

ter lines . 

Jenkins {5, p . 689) calculated the correlation coef

ficients for 19 plant characters of 67 lines and their 

Fl crosses and found that the yield of the Fl cross was 

correlated significantly and positively with the follow

ing characters of the parent: date of tasseling , date of 

silking , plant height , number of nodes per plant , number 

of nodes below the ear, number of ears per plant , ear 

length, ear diameter and yield of the inbred parent lines . 

I n addition, he noted that high yielding crosses were not 

chance combinations but were produced by crossing certain 

outstanding parent lines . 

Jenkins and Brunson (7, pp.523-524) made single 

crosses among inbreds and top crosses between t he inbreds 

and an open pollinated variety . From the corr elation on 
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a number of .plant char~cters and on acre yields between 

the two methods, it was concluded (7, p .529) that top· 

crosses could be used successfully in the preliminary 

evaluation of inbred lines . 

The difference in the ability of inbreds to combine 

was studied by Sprague and Tatum (15 , p . 923) . They di 

vided combining ability into ~eneral and specific com

bining ability and offered. the foll owing definitions . 

"The term ' general combining ability' is used to desig

nate the average performance of a line in hybrid combina

tions . " "The ter1n 1 specific combining ability' is used 

to designate those eases in which certain combinations do 

relatively better or worse than would be expected on the 

basis of the average performance of the lines involved." 

They concluded (15, P· 931) that general combining ability 

was the result of additive genes while specific combining 

ability was due to the effect of dominance and epistatis . 

Therefore , an inbred in an early stage of inbreeding , 

could better be tested for general combining ability; 

while in the later stage of inbreeding where dominance 

and epistatis were more important , the inbred could better 

be tested for its specific combining ability . 

A program was suggested by Sprague a~d Tatum where

by the inbreds would be tested by a top cross to a highly 

\ 

\ 
\ 
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heterozygous tester in the early stages of inbreeding to 

eliminate the poorer lines and later in the breeding pro

gram single crosses could be made to determine the spec!

fie combining ability . 

In a l a ter paper , Sprague (13, p . llO) states that 

when the material being tested is from an open pollinated 

line, 90?b or more of the selections will be discarded on 

t he basis of visual selection in the first generation of 

inbreeding. Consequently, there is little value in 

testing the So lines. Selfing in advanced generations 

of single crosses or in synth~tics of previously selected 

lines would be less subject to this di.f.fi culty and, there

fore, tests in the So generation are justified. Jenkins 

(6, p .61} presented data which suggests that inbreds 

acquire individuality very early in the inbreeding pro• 

gram and remain relatively stable t hereafter • 
•

A method of inbred selection based upon positive 

correlation between p lant characteristics and yield was 

reported by Johnson and Hayes (8, P •479) . They present 

evidence which indicates that by keeping an accurate 

record of certain plant char•acters, inbreds with desirable 

agronomic characters and high combining ability could be 

produced . Si ngleton and Nelson (13, P •491) and Payne and 

Hayes (11, p .)87 ) present data which tend to i ndicate 

segregation -for combining ability occurs beyond the 
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second generation of inbreeding. 

Lonnquist (9, p . 504) demonstrated that it was pos

sible to improve or reduce conmining ability among indi

vidual high and low combining lines. The mean of the di

vergent selections in both low and high combining groups 

remained relatively constant. Agronomic characters 

studied continued to segregate indicating that selection 

for combining abi lity did not tend to produce homozygosity 

among the l nbreds . Lonnquist concludes from these results 

(9, P -504) that where selection is practiced without top 

crossing, the combining ability of s ome lines would be im

proved and others would decline. However, for the ma

jority of the lines, selection would have little effect 

on combining ability . Also , he doubts (9, p . 508 ) that the 

better combining segregates within families c an be identi• 

fied consistently without proper aids to selection. Well• 

hausen and Wort man (18 , p . 88) indicate that it is impos

sible to improve high c ombining Sl lines by visual selec

tion and conclude that combining ability should be tested 

by top-crossing if superior combining inbreds are to be 

obtained . 

The data of Green (3 , p .60), Cowan (1 , p . 292) and 

J ohnson and Hayes (8, PP•482-483 ) indicate that combining 

ability is an inherited character. They indicate that 
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when inbreds of known combining ability are combined as 

high x high, high x low, and low x low combinations, the 

high x high and high x low are s i gnificantly higher 

yielding than low x low. Lonnquist (10, P •540) states 

that a proportionately greater number of high yielding 

crosses were found among high x high combinations as com• 

pared to high x low. 

Wu {19, p ,l37), Cowan {1 , p . 292) and Johnson and 

Hayes (8, PP •482- 483) concluded fr01u somewhat similar 

experiments that inbreds from diverse parentage produce 

the highest percentage of high yielding single crosses. 

In each case, t he inbreds were selections from double 

cross hybrids. Three groups of crosses were made; 

crosses between inbreds with both parents in common, 

crosses with one parent in common, crosses with no parent 

in common. Single crosses with both parents in eo~~on 

yielded significantly less than where no parents were in 

common. 
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MATERIAL AND bmTHODS 

The hybrid field corn breeding program of Oregon was 

established in 1936 under the direction of Dr . R. E. Fore . 

Commercial hybrids from the midwest were introduced and 

grown in yield trials to determine the most productive 

ones under Oregon conditions . Inbred seed of the better 

hybrids was acquired and t he midwestern hybrids were re

produced as the first Oregon Hybrids. 

Simultaneous to the testing of already proved mid

western hybrid corn varieties . a program was initiated to 

produce new inbreds from vi gorous open- pollinated varieties 

and hybri ds . Several i nbreds selected in the early years 

of the program have been judged relativel y pure and have 

received preliminary tests for combining ability . 

Ten Oregon developed i nbr ds were furnished to the 

author in the spring of 1946 to be tested for their 

ability to combine i n hybrid oombinatione . Insufficient 

seed of any on.e inbred line made 1 t necessary to use the 

seed of two very closely related lines as one . The origin 

of the twenty lines and the number of generations inbred 

is presented in Table I . 

A 100 hill plot of each i nbred was planted on May 2, 

1946 . A second planting of the same size was made two 

weeks later to s pread the pollination season and to 



10 

TABLE I 

INBR~~S USED , SHOWING PARENTAGE AND 
YEATtS INBREED JG 

Inbreda 

P2-5-4-l 
P2- 5- 4-2 
P3-3-3- l 
P3-3- 3-2 
P3- 5-5-l 
P3-5-5-2 
Pl0-12- 2·1 
Pl0-12-2-2 

P15- 7-l- l 
Pl5- 7-2-2 

P22-2-1... 1 
P22-2-2-2 

P29- 5-3-l 
P29- 5-3-2 

P43-l-4-l 
P43-l-4-2 

P53- l - l 
P53-l-2 

P66-2- l 
P66-3-2 

Years of' 
Inbreedil;lg 

10 
10 
10 
10 
10 
10 
10 
10 

9 
9 

10 
10 

10 
10 

9 
9 

9 
9 

9 
9 

Parent 

Golden Glow 
Golden Glow 
Golden Glow 
Golden Glow 
Golden Glow 
Golden Glow 
Golden Glow 
Golden Glow 

Illinois Low Ear 
Illinois Low Ear 

McKay's Yellow Dent 
McKay 's Yellow Dent 

Martin's Yellow Dent 
Martin ' s Yellow Dent 

McKay 's Yellow Dent 
McKay's Yellow Dent 

Wis . 25 Open Pollinated 
Wis . 25 Open Pollinated 

Illinois Low Ea r 
Illinois Low Ear 
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increase chances of obtaining all desired crosses. The 

corn was hand planted in check rows 42" apart with three 

seeds per hill . 

The seed bed was prepar·ed accordi ng to usual pr,ac

tices for corn i n western Oregon and was cultivated when 

necessary to control weeds . The field was irrigated with 

a sprinkler type irrigation system. 

Corn is naturally cross pollinated; therefore , when 

a specific cross is des i red, it is necessary to control 

pollination. The following procedure was practiced to 

control pollination in this experi ment . Short ly before 

the silks appeared, shoots were eut back to one inch from 

the ear and covered with a vegetable parchment bag. 

After the silks had grown approximately two inches and 

when the tassels were in the proper stage of development 

on the inbred to be used as the male parent , tassels were 

enclosed in heavy paper bags to catch pollen . The follow

ing day the tassel bags were removed , the cross number 

written upon them, the shoot bags removed and replaced 

by tassel bags and the enclosed pollen dusted over the 

silks. The tassel bags were fastened in place over the 

shoot by means of a paper clip and left until harvest . 

Self pol l inations were also made in each inbred line to 

provide seed for continuing the line. 
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All possible single cross combinations were made <45 
in all) and each inbred was top-crossed to the open.. 

pollinated Minnesota No. 13. 

After poll l ne.tion was completed, the number of the 

cross was transferred from the tassel bag to a tag which 

was fastened to the stalk just above t t e pollinated ear. 

The tag safeguarded against los s of identification before 

harvest and served as a means of i dentification after 

harvest . 

During the growing season, the following agronomic 

notes were taken on the inbred lines: plant height, 

days to silk , days to tassel,. vigor, a nd uniformity be• 

tween sister lines in order that their des i rability as 

parents for hybrids might be determined. 

The corn ears were husked at hal'vest , tagged 1~i tb 

identification tags, bagged , and artificially dried at a 

temperature of 1000 F until the corn was below 15 per 

cent moisture . 

Agronomic notes were taken,following drying, on ear 

length, ear diameter, and kernel texture of the inbred 

corn lines. The inbreds and crosses were then shelled, 

treated with Semesan Jr. and stored for planting. 

The original plan of the experiment for 1947 was to 

continue studying the agronomic characters of the inbreds 
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and to conduct a yield trial consisting of all possible 

single crosses and the top crosses with Minnesota 13. 

The yield trial was to be a randomized block of five 

replications of each single and top cross with Oregon 100 

planted as a check every tenth plot . A plot for the 

check and cross entries was to have consisted of two ten

bill rows with 42- inch spacings bet11een hills and rows . 

Five seeds were planted per hill. 

Oregon 100 was used as the check because it was one 

of the standard hybrid varieties . It was hoped that the 

inbreds being tested could be used to improve or replace 

this hybrid variety . 

The failure to obtain enough seed from several of 

the crosses made it necess ry to alter the design of the 

experiment . 

As conducted , J.~ l crosses followed the 'lriginal plan 

and were planted in one block. The 14 crosses with in

sufficient seed were planted in two additional blocks ; 

nine of the crosses were planted in a block with one row 

plots and five replications , and five of the crosses in a 

block with one row plots and three replications . Oregon 

100 was planted in each of the three blocks . 

The yield trial was hand planted May 13, 1947 · 

Normal cultural practices were followed in conduc ting the 

yield trial . 
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Agronomic notes were taken on the single and top 

crosses during the growing season on stand, lodging, 

plant height , silking date, vigor, and Nigrospora stalk 

and cob rot infection. 

At harvest, the corn was husked and field weights 

for each row were recorded . Moisture and shelling per

centage determination for the 41 hybrids were de on one 

row of the first, third and fifth replications and on the 

check plots which fell within those replications. For t he 

smaller blocks, the first r eplication and the check plots 

which fell within that replication were used . 

The samples saved for moisture and shelling dete r 

minations were bagged in onion bags and dried to below 15 
per cent moisture . The samples were reweighed to calcu~ 

late the amount of moisture lost during drying and the 

remaining moisture determined with a Tag-Heppenstall 

moisture meter. 

The shelling percentage was obtained by dividing the 

she lled weight by the ear weight. App roximately 10 pounds 

of ear corn were used in making these determinations. 

Yield is expressed in bushels of shelled corn per 

acre at 15 per cent moisture. The following formula was 

used in calculating yield : 
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Dry Wt. x Part of Acre
Yield in Bu . Per Acre = . 8~ x 56 

Shelled corn weight per bushel was used in this ex

periment in preference to ear weight because all of the 

shelling percentages were close to 85 per cent, whereas 

the 70 pound per bushel calcul a tion of ear weight is de

termi ned on the basis of 80 per cent shelling . 

The stand counts of t he s ingle and inbred-vai•iety 

crosses were quite variable. An analysis of covariance 

indicated tha t the yield of the crosses ..:as significantly 

influenced by stand . 

To c ompensate for the stand v riable , yields were 

corrected by the following formula from Snedecor (16, P• 

110): 

Corr ected yields =y - b(x - i) 
Where y ~ mean yield of the variety in bu. per 

aere 

b =regression coefficient of yield on 

stand 

x • mean stand per variety 
--x = mean stand for all var ieties 

Definitions of terminology in describi ng the agronom

ic characters used in this t hesis: 

Lodging: The mean percentage of stalks broken or 

lying on the ground expressed in increments 

of 10 per cent • 

• 
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Days to silk: An inbred or cross was considered 

"ail ed" when 75 per cent of the plants were 

ready for pollination . 

Days to tassel: An inbred or cross was c onsidered 

"tasseled" when 75 per cent of the plants \v ere 

shedding pollen. 

Plant height: The mean height of the plants in the 

plot a t ma turity expressed in one-fourth foot 

incre'Uents. 

Nigrospora stalk and cob rot: Expres sed as t he per

centage of ears or t he nbreds exhibitinG symp 

toms of Nigrospora oryzae t harvest . 

Ear length: The mean length of the ear expressed 

in one-tenth inch increments. 

Ear diameter! The mean diameter of the ears at the 

point of gre atest diameter expressed in one

tenth inch increments . 

In describing ~gronomic characters such a s vigor and 

uniformity , the character i s divided into three elassest 

good, medium and poor . 

Du ring the 1947 season, a disease was observed in 

t he corn pl ant i ngs . The di sease was identified by Dr . 

Owens of the Department of Botany and Plant P·athology a t 

Oregon State 0C'Illege as Basisporium gallarum Moll . 

Dickson (2 , p . 84) refers to the di s ease as Nigrospora cob 
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and stalk rot caused by Nigrospora oryzae (Berk. and Br . ) 

Petch with Basisporium sallarum Moll . and Coniosporium 

gaveci Bubak. listed as synonyms . 

The disease develops under conditions of slow or 

checke j growth of the corn ~lant . It is not generally ob• 

served until harvest . At that time , the thin• walled cells 

of the stalk and cob have rotted away , leaving the vascu

lar and s clerenchyma t issue . The cob rot i s the most 

important manif estation of the disease . The kernels are 

chaffy and the cob is shredded and easily broken. The 

stalks break over at any point below the ear . The diseas e 

is not one of the major diseases of corn but causes 

moderate local damage . 

Experimental Results 

Agronomic Characteri stics . of the Inbreds 

The data obtained from the agronomic study of the in

breda are presented in Table II. In order to present a 

clearer p icture of the characteristics of them, a 

descriptive summary of each inbred follows . 

p 2 

This inbred is a selection from Golden Glow variety . 

The inbred is midseason in maturity, and is characterized 
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AGRONOMIC CH.ABACTERISTICS OF THE INBREDS 

.. 

P2-5-4-l 
P2-5-4•2 

Parent 

Golden Clow 
Golden Glow 

~ 

e 

Days to 
Silk 
1~46 

96 
96 

Days to 
Tassel 
1946 

95 
97 

Mean 
Plant Bt. 

1946 194'1 
ft. t • 

3.50 4.25 
5.75 

Stalk 

Sturdy
Sturdy 

10 
40 

5 
5 

Good 
Good 

n. 
1.50 
1.45 

(1) Vigor
Text. 194.6 1947 

l. Good Poor 
l Good Poor 

Uniformity
:Setw.Llnes 
1946 1947 

Good Med. 

uo~or 

Dk Gr 
Dk Gr 

P3-3-3-l 
P3-3-3-2 

Golden Glow 
Golden Glow 

98 
95 

94 
92 

' &.oo 
5.50 

3.50 Ked. (s)
Med. 

4.0 
30 

0 
25 

Good 
Good 

5.4 
6.3 

1.35 
1.73 

2 
2 

Good 
Good 

Poor 
Poor 

Good Med. Dk Gr 
Dk Gr 

P3-5·5·1 
P3·5-5·2 

Golden Glow 
Golden Glow 

91 
92 

90 
90 

6.00 
5.50 

4.50 Weak 
Vleak 

70 
30 

40 
11 · 

Good 
Oood 

o.e 
4.6 

1.71 
1.66 

2 
2 

Good 
Good 

Poor 
Poor 

Ked. Poor Dk Gr 
Ked Gr 

Pl0-12•2•1 
Pl0-12·2•2 

Golden Glow .,

Golden Glow 
98 
92 

96 
94 

5.00 
4.50 

4.50 Sturdy
Sturdy 

40 
lG 

20 
56 

Oood 
Good 

5.9 
5.7 

1.62 
1.56 

4 
4 1 

Ked. 
lied. 

Jled. 
Med. 

Good Good Lt Gr 
Lt Gr 

Pl5-7·1-l 
Pl5-7-2-2 

P22-2-l•l 
P22-2-2-2 

P29-5•3•l 
P29-5-3·2 

P43•l·4-l 
P43-l-4-2 

P53-l-l 
P53-l-2 

P66-2-l 
P66-3•2 

Illinois Low Ear 
Illinois Low Ear 

McKay's ~ Yellow Dent 
MoKay's Yellow Dent 

Martin's Yellow Dent 
Martin~s Yellow Dent 

MoXay•s Yellow Dent 
KeKayts Yellow Dent 

Wis. 25 ' 
. 

' ~ 't 

Wis. 25 . 

Illinois Low Ear 
Illinois Low Ear 

I 

98 
98 

93 
94 

94 
92 

92 
94 

93 
93 

93 
89 

. 

96 
96 

95 
96 

97 
90 

go 
93 

91 
91 

91 
91 

6.00 
6.00 

4.50 
5.50 

6.50 
5.50 

5.oo, 
5.00 

4.00 
4.00 

4.00 
6.00 

5.25 

5.00 

5.25 

5.25 

5.00 

4.00 
6.00 

Sturdy 10 
sturdy 20 

sturdy 40 
sturdy 50 

Weak 60 
Weak 50 

Med. (s) 80 
Ked. 50 

Sturdy 50 
Sturdy 50 

Weak ( ) 0 
stu.rdy s 10 

56 
29 

6'1 
80 

0 
50 

43 
0 

29 
0 

17 
0 

Ked. 
Med. 

Poor 
Poor 

Poor 
Poor 

Ked. 
Med. 

Qood 
Good 

Poor 
Good 

4.7 
4.7 

4.9 
5.0 

6.1 
6.5 

5.9 
6.1 

4.7 
4.6 

6.0 
(s) 

1.59 
1.55 

1.51 
1.54 

1.60 
1.70 

.1.82 
1.77 

1.72 
1.64 

1.66 
(s) 

3 
3 

2 
2 

2 
2 

1 
1 

3 
3 . 

3 
1 

Good 
Good 

Med. 
Med. 

Mad. 
Med. 

!led. 
Med. 

Poor 
Poor 

Poor 
Good 

Good 
Good 

Jled. 
Ked. 

lied. 
Med. 

Good 
Good 

Good 
Good 

Jled. 
(s) 

Good 

lled. 

Med. 

14ed. 

Good 

Very
Poor 

Ked. 

Poor 

Poor 

Poor 

Good 

Very
Poor 

Lt Gr 
Lt Gr 

Med Gr 
Med Gr 

Med Gr 
Ked Gr 

Ked Gr 
(s) 

Lt Gr 
Lt Gr 

Lt Gr 
(s) 

(s) Segregating tor character indicated 

(1) Kernel Texture 
l - Well dented 
2 - Dented 
3 - Slightly dented 
4 - Slightly flinty 

Peroentace of ears infected with Nigrospora ear and stalk rot(2) 
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by medium to good vi or, heavy, bushy, vigorous tassel; 

sturdy stalk, dark green leaves, apparent low suscepti

bility to lodging and Ni g rospora stalk and cob rot, and 

the ears have well dented kernels in straight rows. The 

inbred is qu ite uniform within and between sister lines. 

p 3-3 

This is an inbred selection from Golden Glow vari

ety. The s i ster lines vary from mid-season to l a te in 

maturity but appear fairly uniform in other respects. 

The i nbred is characterized by: medium to ood vigor , 

heavy, bushy, vigorous tassel; for stalk type as 

generally average in sturdiness, dark green leaves and 

average susceptibility to lodging and Ni grospora stalk 

and cob rot. The ear i s smaller than average in diameter, 

and has well dented kernels in straight rows. 

p 3-5 
This is an inbred selection from t he variety Golden 

Glow. The inbred i s early ~aturing and is character

ized by: a weak stalk of average height , a bushy, 

vigorous tassel; medium to dark green leaves, suscepti

. bility to lodging , average resistance to Nigrospora stalk 

and cob rot. The ears vary in length and have well 

dented kernels in m1even rows. The inbred appeared 

vigorous in 1946 and lacking in vigor in 1947. There is 
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l ittle unifo~~ty within or between sister l ines . 

p 10 

Th is is an i nbred selection from the Golden Glow 

variety. he lines vary f rom early to l a te in maturity 

and are ch aracterized by: short height, medium to good 

vigor , bushy, vi gorous tassel; light green leaves, better 

than average res i stance to lodging , average resistance to 

Nigrospora sta l k nd cob rot, average sized ears with 

slightly---flint y kernels in straight rows . There is poor 

uniformity within lines and only average uniformity be• 

tween lines. 

p 15 
This is an inbred s election from t he variety Il

l i nois Low Ear. The i nbred is l ate mat uring and is 

characterized by: t a l l sta l ks, tas sels of medi~~ vigor 

with up right rigid branches, a sturdy stalk, light 

colored leaves, good lodging res i stance, below average 

res i stance to Ni grospora stalk and cob rot. The ear s are 

uniformly short in length and of averabe diameter. The 

kernels are slightly dented and in str a ight r ows. P 15 
is one of t he most uniform i nbreds compared. 

p 22 

This is an inbred selection of McKay's Yellow Dent. 
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The inbred is characterized by: medium height , sturdy 

stalk, e. spindly tassel lacking in vigor, and medium 

green leaves . 'l'he ears are uniform and of average ize; 

the kernels are d ented and in straight rows . This in

bred is variable within and between sister lines and is 

diffi cult to ma :l. ntain because of low pollen production . 

p 29 

This inbred i s a selection from Martin's Yellow 

Dent . The inbred is characterized by: average height , 

weak stalks, a long spindly tassel with few branches; 

medium green leaves, less than average resistance to 

lodging, and variable resistance to Ni grospora stalk and 

cob rot. The ears are large and uniform with dented 

kernels in straight rows . The inbred is lacking in uni 

formity both within and between sister lines. The tas

seling date varied seven days between lines whereas three 

days is the greatest variation between other lines . 

p 4.3 

This inbred is a selection of McKay ' s Yellow Dent . 

The sister lines were segregating for stalk type , leaf 

oolor, and resistance to lodging . The ears are long and 

had the greatest diameter of any of the inbl"eds compared . 

The kernels are well dented and in uneven rows . 
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p 53 

The ·inbred is a selection of the variety Wisconsin 

25. The inbred is characterized by: medium height , 

sturdy stalk, a bushy , vigorous tassel, and light green 

leaf . The ears are s hor test in length of any of the in

breda but above average in diameter . The kernels are 

only slightly dented and in straight rows on the ear . 

The inbred is uniform within and between lines. p 5.3 was 

judged low in vigor in 1946 and high in 194 7 • 

.... 
p 66 

This inbred is a selection of the variety Illinois 

Low Ear. One of the s i ster lines is very low in vigor 

and the other l i ne appeared vigor'ous . The single crosses 

were made with the vigorous line before it was realized 

that this line had obviously obtained its vigor from out

crossing . Consequently , t;he results obtained are not 

from an inbl'ed and will receive no f urther consideration 

in this thesis . 

There was a wide discrepancy in data obtained for 

plant height between 1946 and 1947 • P3-3 was one of the 

tallest inbreds in 1946 and was the shortest in 1947• 

Nigrospora cob and stalk rot was not observed in 1946 but 

was present in 1947 • The l ine s varied markedly in 

susceptibi lity to the disease . The variat ion was wi thin 
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sister lines as well as between the inbreds . 

The vigor ratings of t he inbreds indicated that P 2,, 

P 3-3, P 3-.5 exhibited good vigor in 1946 and poor vigor 

in 1947• P 53 was rated low in vigor in 1946 and high in 

vigor in 1947. 

The sister lines appeared to be much more uni.form in 

1946 than in 1947• 

On the basis of the 1947 data, there is some ques

tion whether the sister lines of P 3-5, P 22 , P 29 and 

P 43 should have been considered similar enough to be 

composited into one line. 

P 22, in addition to its variation between sister 

lines, possessed a very weak tassel. Of t he 14 single 

and top crosses o.f which there was insufficient seed for 

the yield trial, six crosses bad P 22 as a parent . In 

other words , six of the ten crosses entered by P 22 were 

low in seed production. It would appear that this in

bred was too nearly sterile to be considered a possible 

parent for a commercial hybrid. {See Appendix Table 1) 

Combining Ability of the Inbred Lines 

As previously mentioned, there was not enough seed 

to plant all of the single and top crosses in one block 

with two row plots and with five replications. Conse

quently, three blocks were used with Oregon 100 occurring 



in each block. This arrangement precluded direct com

parison between crosses and made analysis of variance 

impossible. 

Yields were converted to per cent of Oregon 100 at 

76.2 bushels per acre (the mean of the Oregon 100 yields) 

in order that comparisons might be made between crosses 

1n the three blocks. 

Subseq~ent corn yield trials on the same or adjacent 

sites resulted in an average Least Significant Di fference 

for five replications of 7.32 bushels per acre. If it 

can be assumed that the Least Significant Di fference of 

7.32 bushels is applicable to this trial, then when the 

yields are expressed in percentage of Oregon 100, it 

would require that a cros s exceed 108.7 per cent to be 

significantly higher yielding than the check, Oregon 100, 

or 8.7 per cent higher than the mean of the crosses be

fore a real yield difference occurred. This value will 

be referred to as the estimated Least Significant Dif

ference. It should be understood that the value is an 

arbitrary value and not determined from the data in this 

report. 

Top-crosses between the inbred lines and Minnesota. 
13 are used as a measure of general combining ability of 

the inbreds. The yield and agronomic data obtained from 

the top crosses are presented in Table III. A mean for 



TABLE III 

YI LD ArJD AGRONOI-H 0 DATA FOR TO P CROSSES BETWEEN 
NINE I NBRED LINES OF CORN AND MINNESOTA 13 

Si le Crosses 

! '
Yield in" 

Percentage 
Ore~on 100 

Total 
Mois'ture 

% 
Shelling 

~ 

Day s 
to 

Silk 

Mean 
Plant 
Height

Ft. 

Mean 
Lod ing Relative 

Vi or 

P2 x Minn . 13 109 . 6 43 . 3 84 · 4 81 6.;50 30 2 

P3-3 x Minn . 13 122 . 3 1+1 -2 84 . 7 82 7 ·50 40 3 

PJ-5 X Minn . 13 110 . 5 44 ·4 83 . 5 79 7· 50 30 3 

PlO x Minn. 13 101.8 43 · 5 84 . 6 79 7. 50 35 2 

p 15 x Mlnn . 13 121 . 3 43 -7 8) . 2 84 8 . 75 35 3 
p 22 x Mi n 13 107 -4 37 . 8 86 . 5 77 7-50 so 3 
p 29 X Minn. 13 100 . 6 38 . 5 m~ · 7 81 7 . 00 so 2 

P 43 X Minn . 13 82.0 43 . 6 81 . 6 82 7 . 25 so 1 

P 53 X Minn . 13 113 . 5 41 . 2 83 . 7 81 7 -25 35 3 

Grand Me an 107.6 
Est. L.S .D. 8.7 

~.. 
1\)Yield Expressed i n Per Cent of Ore g on 100 Yield of 76 . 2 Bu . Per Acre . \J1. 
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all crosses of 107.6 per cent of Oregon 100 was obtained . 

Top-crosses with P 3-3 and P 15 exceeded the mean 

plus the estimated Least Significant Di fference with 

yields of 122.3 per cent and 121.3 per cent respectively. 

This indicates higher general combining ability. Crosses 

involving P 3-3 and P 15 were vigorous , above average in 

plant height , and late maturity as indicated by silking 

date. P 15 was high in total moisture of grain , low in 

shelling percentage and average in lodging resistance. 

P 3-3 was low in total moisture of grain , high in shell• 

ing percentage and below average in lodging resistance. 

P 43 , P 22, P 29 and P 10 top-crossed to Minnesota 

13 yielded less t han the mean of all crosses ; however, 

only P 43 exceeded t he estimated Least Significant Dif

ference with a yield of 82.0 per cent of Oregon 100. 

The yields of all possible single crosses, t he 

mean of the crosses entered by each inbred and t he lT.t.ean 

of all crosses are presented in Table IV. A mean of all 

crosses of 103.7 par cent of Oregon 100 was obtained. 

The most common method of evalua ting the specific 

combining ability of an inbred is to compare it to the 

mean of all crosses. If the mean of the crosses i n

volving an inbred exceeds the mean of all crosses by the 

Least Significant Difference, i t is considered to have a 

s ignific antly higher specific combining ability than the 



TABLE IV 

TWO WAY TABLE SHOWI NG SINGLE CROSS YIBLDS EXPRESSED IN 
PERCENTAGE OF OREGON 100 YIELD OF 76.2 BUSHELS PER ACRE 

p 2 p 3-3 p 3-5 p 10 p 15 p 22 p 29 p 43 p 53 Mean 

p 2 107 -9 94·4 103.0 109 -4 95 ·9 111.8 103·9 119.0~=- 105.6 

p 3-3 107 . 9 90 . 7 98 . 8 107.9 98.7 100 .7 96 .2 106.2 100 .9 

p 3- 5 94 · 4 90 .7 94 . 2 103-4 105.1 98 . o 
~!·

116.9 111.4 101 .7 

p 10 103 . 0 98. 8 94 .2 117. 3";;. 134 . 3"~ 116 . 0~} 10.5 .2 86 .7 106.9 

p 15 109 · 4 107 . 9 103·4 
~~ 

117.3" 121.0·:} 109.2 108 . 0 103.5 109·9 

p 22 95 . 9 98 .7 
I 

105 .1 134·3·" 
·=~ 

121.0 89 -4 82 .9 105.2 104 -0 

p 29 111 . 8 100.7 98 .0 116.0 
~.. 

109.2 89-4 98 .2 82. 9 100.7 

p 43 103.9 96 .2 116 . 9* 105 .2 108 . 0 82 . 9 98 .2 110.4 102.7 
~-

p 53 119 .o 106 .2 111.4 86 .7 103.5 105 .2 82 .9 110 . 4 103 .1 

Mean 
Est . 

of all crosses 
L. S. D. @ 5% 

103.7 
8.7 

~} 
Exceed the estimated L. s . D. @ 5%. 

1\) 
-.J 
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inbred lines with which it is being compared. None of 

the inbreds compared exhibited superior s pecific com

bining ability. 

The highest specific single cross yields were P 22 

x 10 and P 22 x 15 with yields of 134 . 3 and 121.0 per 

cent of Oregon 100 respectively. When comparing the 

specific crosses that exceeded the estimated Least Sig

nificant Di fference, it will be observed t h at P 3- 3 was 

the only inbred which did not produce a single eross 

yield greater than the estimated Least Significant Dif

ference . P 10 was a parent of three superior single 

cross combinations; P 15 and P 22 we r e parents of two 

superior crosses . 

P 15 had the highest mean yield when all crosses are 

considered. However , when only cros ses of diverse gene• 

tic origin {Table V) are averaged , then P 10 has the 

highest mean yield . 

A summary of the results from the top- cross and 

single cross data , i ndic ating by r ank the placement of the 

inbreds when compared by general and specific combining 

ability, are p resented in Table VI . Specific combining 

ability is broken down to i ndicate the rank when all pos

sible crosses are used as compared to inbreds of only 

diverse origin. 



TABLE V 

TWO WAY TABLE SHOWING SIHGLE CROSSES OF DIVERSE ORIGIN AND THE MEANS OF 
THOSE CROSSES EXPRESSED IN PERCEN'I'AGE OF OMGON 100 YIELD OF 76 .. 2 BU . PER ACRE 

p 2 p 3-3 p 3- 5 p 10 p 15 p 22 p 29 p 43 p 53 Mean 

p 2 109 . 4 95 ·9 111.8 103.9 1 19.0
~

~ 
t. 

108.0 

p 3-3 1 07.9 98 ·7 100 .7 96.2 106 . 2 101.9 

p 3-5 103-4 10!).1 98 . 0 116.9* 111.4 106 .9 

p 10 117.. 3~~ 134 .3~~· 116.0~~ 105.2 86 .7 111.9 
~~-p 15 109•4 107 . 9 103 · 4 117 . 3" 121. o·~~ 109 .2 108 . 0 103 -5 109·9 

p 22 95 . 9 98 .7 105 .1 134 . 3* 121 . 0~· 89.4 10,5.2 107.1 

P 29 111 .·8 100 . 7 98 . 0 116 . 0~:- 109•2 89 -4 98 . 2 82 .9 100 . 8 

p 43 103 . 9 96 .·2 116 .9 105 . 2 108 . 0 98 . 2 110. 4 105.5 
/ ' ' ..•!., 

p 53 119 .o·· 106 . 2 111 . 4 86 .7 103 . 5 105 .2 82 . 9 110 . 4 10).1 

Mean of All Cros ses 106.1 
Est . L. S . D. @ 5?& 8 .7 

-'.:· Exceed the estimated L . S . D. @ 5% . 

~ 
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2 

TABLE VI 

COMPARI SON OF I NBREDS BY RANK AS 
DETERMINED BY C -,MBINING ABILITY 

Specific 
~lean of Diverse 

Inbred General All Crosseo Lines Only 

p 5 3 .3 

p 3- 3 1 8 8 

p 3-5 4 7 5 
p 10 7 2 1 

p 15 2 1 2 

p 22 6 4 4 
p 29 8 9 9 

p 43 9 6 6 

p 53 3 5 7 

Although the mean percentage yields were affected 

by omitting those single crosses of common ancestry, the 

rank of those inbreds in refe r ence to specific combining 

ability was only slightly affected, in this experiment. 

Table VII presents the mean yield and mean agronomic 

characteristics of the inbreds obtained from all pos s ible 

single crosses. It was not the purpose of this experi

ment to demonstrate correlation between the results for 

an agronomic char acter obtained from the top cross and 



TABLE VII 

MEAN PERFOP~ANCE OF I NBRED LINES FOR S~VERAL AGRONOMI C CHARACTERISTIC S 
AS DETERMINED FROM ALL POS c. I BLE SINGLE CROSSES BETWEEN HE I NBREDS 

Mean 
Yield in Total Days Plant Mean fl)Percentage Moisture Shelling to He i ght Lod~ing Re1at ve 

Inbred Ore gon 100 %> % Silk :£1't" Vigor 

p 2 105 . 6 44 · 7 84 .6 81 . 0 7 . 8 49 ·2 2.4 

p 3-3 100 . 9 45 -0 84 . 1 81 . 0 7 · 7 41 . 2 2 . 5 

p 3-5 101 .7 43 -1 84 . 3 78 .6 1· 5 39 . 1 2 . 1 

p 10 106 . 9 41-5 84 . 4 79-4 7-7 34 · 3 2. 5 
p 15 109 -7 39 -0 8).6 80 . 7 8 . 0 35.0 2.4 

p 22 104 . 0 42 . 4 85 . 9 78 . 8 7 · 4 44 · 7 2.0 

p 29 100 . 7 40 . 8 85.-9 79 -4 7 · 4 24 · 7 2 . 4 

p 43 102 . 7 41 . 2 83 . 7 78 . 4 7 · 5 44 -8 2 .3 

p 53 103 -3 42 . 6 84 ·4 78.6 7.2 35 . 8 2.8 

!4ean of 
A.ll Crosses: 

10) .7 

(1) 3 • Go od Vigor; 2 • Medium Vi gor; 1 • Fair Vigor 
w 
~ 
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the mean of that character as determined from single 

cross data. However, since n1any plant characters are 

apparently associated with yield and the des i rability of 

the hybrids , it is of interest to observe how they com

pared in this experiment . 

Comparing the results obtained in Table III with 

Table VII, it can be observed that when comparing days to 

silk, plant heieht and lodging percentage that with only 

minor exceptions t he inbreds performed in the same rela

tive manner i n both the top· crosses and single crosses . 

When total moisture percentage , shelling percentage and 

vigor were compared, t here was little relat ions hip be

t ween the results obtained . 

Plant vigor and yield were closely associated in top 

crosses but were not as sociated in single crosses . 

Yield and agronomic data for each sin£ le cross are 

presented in Appendix Tabl e 1 . 



33 

DISCUSSION 

Vigor is used as the principal visual ai~ in the se

lection of the more promising inbred corn lines . It is a 

relative term and can be expected to vary with year and 

perhaps between groups of inbred lines . However , it is 

apparent from the results obtained from the vigor r atings 

of the inbred lines d~ring 1946 and 1947 , that if vigor 

is to be used as a criterion of selection, the inbred& 

being compared should be grown under uniform conditions . 

P 2, P 3-3 and PJ- 5 were considered to be high in vigor in 

1946 e.nd low in vigor in 1947 . P 53 was considered low in 

vigo r in 1946 and high in 1947 • From observation, the 

di screpancy was obviously soil variation . 

An interesting side l ight of variation in fertility 

level is shown in the comparison of uniformity between 

lines . Sister lines judged similar under high levels of 

soil fertility . Variability here , is a manifes tation of 

further segregation on the basi s of a changed environrr1ent 

and substantiates the fact that inbred l ines of corn 

should be developed in the environment for which the c om

mercial hybrid is to be used . 

P 2 , P 3- 3. P 3-5 and P 10 are inbred selections of 

Golden Glow and , consequently , of the same parentage . 
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The means of all possible crosses of these four lines 

were compared with the means from crosses of diverse 

lines only, and the results indicate that in three of 

the four lines, mean yields increased when only diverse 

lines ~1ere considered.. This fact tends to substantiate 

t he findings of Wu (19, p .l)? ), Cowan (1, p .292) , and 

Johnson and Hayes (8, pp .482-483) where they state that 

inbreds of ·diverse genetic ancestry resulted in the 

highest yielding single crosses. 



35 

CONCLUSIONS 

The agronomic notes taken on P 22 indicate that it 

would not be suitable for a parent of a commercial hybrid 

because of its weak tassel and apparent low pollen pro

duction. gronom1c notes taken in 1947 indicated that 

there were marked agronomic differences between the sis

ter lines of P 3-5, P 22, P 29 and P 43. These differ

ences were apparently created by soil variation within 

the plot site. 

Results from the top crosses indicate that P 3-3 and 

P 15 exhibited superior general combining ability. P 43, 
P 22, P 29 and P 10 yielded less than the mean of Oregon 

100; however, only P 43 exceeded the estimated Least Sig

nificant Difference. 

Single cross data indicated that no inbred possessed 

superior specific combining ability. P 15 had the high

est mean yield when calculated from the all possible erose 

data; however , tihen crosses between inbrods of diverse 

origin only were considered, P 10 slightly exceeded the 

yield of P 15. The mean yields of P 2 x P 22 were also 

materially increased when calculated from crosses of di

verse parentage . P 22 x P 10 and P 22 x P 15 resulted 1n 

the highest single cross yields. With the exception of 

t hese two crosses, P 22 exhibited definitely low specific 
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combining ability . 

Considering agronomic characte r istics and general 

and specific combining ability ; P 15 was the ou tstanding 

i nbr ed tested . It exhibited uniformi ty, good vigor and 

hi gh general and specific c~mbining potentialities . 

P 3· 3, while low in specif ic combining ability with the 

inbreds compared , possessed high general combining 

ability and is worthy of further testing . P 10 , on the 

basis of high specific combining ability, merits con

tinued s t udy . 

P 2 and P 53 , while possessing acceptable agronomi c 

characters , were not outstanding in relation to combining 

ability but probabl y merit further testing . 

P 3-5 , P 22 , P 29 and P 43 were not stabilized with 

regard to agronomic characte r s and did not possess ade• 

quate genera~ or specific combining ability to merit 

continued study . 
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SUMMARY 

The combining ability of 10 inbred lines, each com• 

posed of two sister lines, developed by the Oregon Agri• 

cultural Experiment Station, was determined. Several 

plant characters of the inbreds and crosses were measured 

and discussed. 

One inbred, P 66, was recognized to be an outcroas 

after single and top crosses were made and, consequently, 

t he results of this inbred were discarded. 

Results from the study of the agronomic character

istics of the inbreds indicated that P 22 possessed a 

very weak tassel. This weakness should pr~clude its use 

as a pare~t of a commercial hybrid because of the diffi

culty of maintaining s e ed. Four of the inbreds, P 3-5, 
P 22, P 29 and P 43 varied sufficiently between sister 

lines to create doubt as to whether they should have been 

composited into one line. 

Top crosses with Minnesota 13 indicated that P 3-3 

and P 15 possessed superior general combining ability. 

P 43, P 22, P 29 and P 10 yielded less than the mean of 

Oregon 100; however, only P 43 exceeded the estimated 

Least Significant Difference. 

None of the inbreds possessed superior specific com ... 

bining ability; however, P 15 was the high yielding 
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inbred when evaluated from all pos s ible single crosses . 

When evaluated from genetically diverse crosses , P 10 

and P 15 were t he higher yielding inbreds . 

The results of the experiment indicate P 15 was the 

best of the inbreds compared and that P 15 , P 10 , and pos

sibly P 3-3 are worthy of further study . P 2 and P 53 

were acceptable with regard to agronomic characteristics 

but cannot be considered high in either general or speci

fic combining ability . P 3-5, P 22 , P 29 and P 43 were 

segregating within or between sister lines for agronomic 

characters and proved to be not desirable from t~e stand

point of combining ability and , consequently, not worthy 

ot further testing . 
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TABLE 1 

YIELD AND AGRONOMIC DATA FOR ALL POSSIBL E SI NGLE CROS~ES 
BETWEEN NINE INBRED LUTES OF CORN 

Corrected Yield in Total Days Plant ean 
Yield Percentage Moisture Shelling to Height Lod~ing Relativ e 

Single Cross Bu ./Acre Oregon 100 ~· % Silk Ft . Vigor 

1~o Rows Five Replications 

P 2 X p 3- 5 
P 2 X P 10 
p 3- 3 X p 2 
p 3-3 X p J - 5 
p 3- J X p 10 
p 3- 3 X p 15 
P 3-J X p 43 
p 3- J X p 53 
p 3- 5 X p 10 
p J- 5 X p 15 
p 15 X p 2 
P 15 X P 10 
P 22 X P 2 
p 22 X p 43 
P29xP2 
p 29 X p 3-3 
p 29 X p 15 
P 29 X P 22 
P 29 X p 53 
p 43 X p 2 
p 43 X p 10 
p 43 X p 15 

71 . 9 
78 . 5 
82 . 2 
69 . 1 
75 ·.3 
82 .• 2 
73 -3 
80 . 9 
71 . 8 
78 . 8 
83 . 4 
89 . 4 
73 . 1 
63 . 2 
85 . 2 
76 · 7 · 
83 .2 
68 . 1 
63 . 2 
79 -2 
80 . 2 
82_.3 

94 -4 . 
103 . 0 
107 · 9 

90-7 
98 . 8 

107 . 9 
96 . 2 

106.2 
94 . 2 

103 -4 
109 · 4 
117 . 3 
95 . 9 
82 . 9 

111 . 8 
100 . 7 
109 . 2 

89 . 4 
82 . 9 

103 . 9 
105 . 2 
108 . 0 

45 · 4 
43 · 9 
47 · 0 
46 . 1 
43 · 7 
38 . 3 
46 . 3 
43 · 5 
42.6 
42-4 
45 . 0 
)8 . 8 
46 . 7 
42 . 0 
43 . 6 
42 . 1 
38 . 4 
40.0 
43 · 3 
41 . 6 
41  7 
40 . 3 

84 .. 3 
84 . 7 
83 . 3 
84 -7 
83 . 8 
82 . 4 
83 . 6 
83 . 5 
84 -5 
83 . 0 
84 . 6 
8).8
85 . 7 
85 . 5 
86 . 6 
85 . 4 
85 . 0 
86 . 5 
85 . 6 
82 . 6 
83 . 5 
82 . 5 

78 

~i 
84 
79 
82 
Bo 
82 
79 
79 
85 
80 
79 
78 
85 
81 
80 
78' 
77 
79 
78 
79 

7 . 50 
? . 50 
7 -50 
7· 75
a . 5o 
8 . 00 
7-50 
6. 75 
7.00 
8 . 50 
9.00 
8 . 50 
1-75 
7-25
B. oo 
7-50 
7 -50 
7.50 
7 . 00 
1·50 
7·50
B. oo 

60 
20 
65 
50 
50
50 
5o 
30 
45 
40 
35 
25 
40 
40 
25 
15 
20 
35 
15 
80 
25 
40 

Mediwn 
Good 
Good 
!-1edium 
Good 
Me d ium 
Medium 

edium 
Poor 
Medium 
Good 
Good 
Poo r 
1-iedium 
Medium 
Good 
Medium 
Poor 
Good 
Medium 
Good 
Medium 

+::"" 
...... 



TABLE 1 (Continued) 

Corrected Yield in Total Days Plant Mean 
Yield Percentage Moisture Shelling to Height Lod~ing Re l ative 

Single Cross Bu ./Acre Oregon 100 % ~ Silk Ft . ,., Vigor 

Two Rows Five Replications 

p 43 X p 29 
p 53 X P 2 
p 53 X p 3-5 
p 5.3 X p 10 
Oregon 100 

74.8 
qo .? 
84.9 
66.1 
?6.2 

98 .2 
119 .0 
111~4 
86 .? 

100.0 

41 ~2 
44 -2 
49 -0 
41 ~5 
44 -1 

84 .9 
84 .5 
83 .7 
82 .9 
84 .7 

79 
80 
78 
78 
78 

7~50 
?.25 
7-50
?.25 
7.5o 

35 
60 
35 
5 

65 

Medium 
Good 
Good 
Medium 
Medium 

One Row Five Replic a tions 

p 22 X p 3-5 
p 22 X p 53 
p 29 X p 3-5 
p 29 X p 10 
p 43 X p 3-5 
p 43 X p 53 
p 53 X p 15 
Oregon 100 

80 . 1 
80 .2 
1~·1
8 ·4 
89 . 1 
8~ .·1 
7 ·9 
79.6 

105.1 
10~.2 
98 .o 

116.0 
116.9 
110~4 
103.~ 
100.0 

42 -9 
42-9 
38 .2 
39 .9 
38 .0 
38 .5 
37 ~7 
40 .6 

85.6 
88 .9 
85.2 
88.7 
83 . 6 
83.5 
'83 .1 
84 .6 

77 
77 
11 
78 
77 
77
Bo 
79 

7.2$ 
7-00 
7-25 
7.25 
7.50 
?.00 
?.5o 
7-50 

30 
35 
30 
10 
30 
55 
25
65 

Medium 
Good 
Good 
Go{)d 
Medium 
Good 
Good 
Medium 

One Row ~hree Replications 

p 22 X p 3-3 
P 22 X P 10 
P 22 X p 15 
Oregon 100 

75.'2 
102 .3 

92 .2 
65.7 

98.7 
134·3 
121.0 
100.0 

52.7 
40 .2 
31 .7 
42-0 

85 .8 
84.8 
84.6 
84 .2 

79 
82 
81 
Bo 

?.50 
8. oo 
1.00 
7-25 

.so 
80 
50 
15 

Good 
Medium 
Medium 
Medium 

,J;:
1'\) 




