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INTRODUGTION

Selection in populations of bulk hybrid mat;}ial is a technique
used in the breeding of hard red winter wheat. The bulk method
consists of growing material in a bulk plot, usually‘from the Fo
to approximately the Fg generation and then méﬁing head or plant
selections at this point. By the Fg generation, a high percentage
of the plants will bq»approaching homozygosity for ﬁost observable
chgractersg It is assumed that natural selection will have an eli-
ninating effect of some of the weaker typgs, This method affords
ease in carrying a greater number ofbplants.during segregating genera-
tions, but may require seiection of more plants in the Fg generation
for testing in plant rows. |

Evidence has sugggsted»that high yield is not always related to
the aggressiveness gf individual genotypes in the bulk population.
Also it has been found that thé aggréssi&ene;s of certain genotypes
can respond-differentiy to different environments at different loca-
fionén N |

In this study 4 varieties of winter wheat were grown in a compo=~
site to simulate the interaction' of different genotypes approaching

homozygosity in a bulk population. Each of the varileties possesses



phenotypic characterlstlcs dlstlnctly dlfferent to enable
separatlon w1th1n the comp031teo It should then be poss1ble
te determine the separate effects of each genotypeo

| The ebjectives of this regearch are aS’follows; (1) to
determiﬁe the genotype of varietal "shift" in the comeeeiteé
(2) bfo observe location effecte as an indication»of diffefent

env1ronmental effect, (3) to observe varlety effect as an 1n-
dlcatlon of the behavior of genotypes in a bulk populatlon, and

(4) to determlne the accuracy of spike counts in estlmatlng

yield.
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REVIEW OF LITERATURE

Characteristics such as yield in hard red winter wheats are
for the most part considered quantltatlve in 1nher1tance :One;
technlque for the 1mprovement of quantltatlve characterskls the
bulk hybrld method of breedlnge Thls method con51sts of growlng
bulked hybrldized materlal from the F2 to the Fg- generatlon be-

: fore making head selectlons It would be assumed that the super-
1or 1nd1v1dualé from thls genetlcally potentlal materlal would be
retalned in the Fé bulk populatlon

Investlgatlons have been conducted for the purpose of under—‘
,estandlng interactions of genotypic~and phenotyplc expre851ons lnb
“order to determine the qulckest and most effective way of selecting

1nd1v1duals which would exh1b1t quantltatlve 1mprovement when* grown
in a pure_stand. | | | |

Different genotypes when grown in competition as in a bulk
population are found to behave differently than‘when'grOWn‘by“them-

selveso Montgomery (7) Zl found by studylng competltlon in cereals

that one variety yielding best alone will not always be the one.
surviving under cor_npetitlonu Suneson (15) has clearly shown this

with 4 simular adapted barley varieties grown in a mixture for 16

A; Figures in parenthesis refer to literature cited, page;A,
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years. Two of the varieties were almost eliminated, one of which
had significantly higher yield and leaf disease resistance than
any of the others when grown in pure stands. The variety which
ultimately dominated the mixture had the poorest leaf disease re-
cord and a mean yield below the median for the component varieties.
In other cereal studies, Klages (5) observed exceptionally large
increases in the durum components of durum~hard red spring wheat
mixtures.

Laude and Swanson (6) observed the cumulative changes which
took place from year to year in a winter wheat vérietal population
when Kanred was mixed with Harvest Queen and with Currell. The
rate of change from equal proportions Qf the 2 paired varieties
to nearly pure stands of Kanred occurred in less than 9 years.

Harlan and Martini (2) investigated the reaction of 11 varie-
tiss of barley in a mixture grown at 10 locations. They found that
the variety that would eventumlly dominate varied with the location
of the station énd e variety dominant at one station was near eli«
mination at another.

Suneson and Stevens (14) studying bulked hybrid populations of
barley also concluded that genetic characters, like varieties, do
not survive equally in mixtures nor similarly at different locations.
Taylor and Atkins (15), in agreement with Suneson and Stevens, suggest
that since severe seasons and location of tests effect selection
pressure, that the evaluation of yield of crosses in early generation
bulk trials are more accurate if tests are conducted at several loca-

tions and for more than 1 season.



Suneson and Stevens (14) also demonstrated there is a non-
randou survivalvof recombination_characters io hybrid mixtures.
Progenles recovered froﬁ prolonged natural selectlon are pre—
domlnantly 11ke the best adapted parentso

Sakal and Gotoh (11) 1nvest1gated the competltive ablllty of
Fl hybrlds 1n barley In hybrlds show1ng v1gorous growth due to
heter051s they found that competltlve ablllty is 1ndependent of
vigor.

Atkins and Murphy (1), e@udying yield in bulk F7 and FS
populetious of 10 oat crosses, demonstraced that bulk populations
‘yhich gave the highest yield iu the earlyveegregating generations
did pot produce che grea?eeé proportionlof‘high yieldiog segregatee
in subsequent éenerationsc Accordingly, Weiss, Weber and Kalton (16)
working with early generation testiné in soybeane‘found bulk popula-
@ion teste of little value in predicting potential yieid.

The results of Harrington (3) working with wheat and Immer (4),
andTaylor and Atkins (15):working with carley suggest fhaé Fo yield
trials indicate the potential yield of a cross, and their F5 yield
trials supported 32 conclusions. Harrington (5) further concluded
that whereas bulk hybrld tests were useful in evaluatlng y1e1d
potentlaldties of crosses, they may be of no use in obtaining other
agronomic‘characteristics such as reeistance to weather conditions,
disease resistance, and milliog and baking qualitie_sn

In regard to the possibility of estimating genetic poteﬁtiality
from the perfor@ance of Fi, Fé or F5 bulk populations, Sakai (lQ)

has indicated that genetic potentiality involving genetical high-



yielders should be estimated not only from the average yield
capacity of the hybrid population, but also from its genetic

variability with regard to yield.



MATERIALS AND METHODS

Composites used in this study were compounded by using pure
seed of the following hard red winter wheat varieties: Blue
ngket Q.I. 12502 42, Comanche G.I. 11673, Concho C.I. 12517,
and Wichita Q,Io 11952° These varieties were chosen mginly be-
cause each variety can be easily identified after heading by
certain rather definite morphological‘chgrgcteristics; and also
becﬁusé these varieties are commercially important in the hard
red winter wheat area and differ in respect £o yield character-
istics, milling and baking qualities, plént.height, disease re-
sistance, etc;

| Blue chket is a bearded, black-chaffed, late-maturing
variety, arising as a selection from Superhard Blackhull. It has
a long, lax spike with a short beak. It is susceptible to leaf
rust. Its desirablg agronomic chﬁracteristics are overbalanced
commercially bécause of its inferior milling and bakiné qualities:
(9).

Comanche is a bearded; white-chaffed variety, having fairly
good straw and good test weight. Its spike is midlong and has

moderately long besaks. Comanche has high resistance to many

12 Refers to accession number assigned by the Division of
Cereal Crops and Diseases .

—~4



important races of bunt, and some resistance to leaf rust. It
is susceptible to loose smut and is medium~early in maturity.
Comanche has excellent milling and baking qualities. It ori=-
ginated as a selection from an Oro X Tenmarq cross (9).

Concho has brown chaff and is medium in maturity. It is
simular to Comanche in milling and baking quali%y and other
general characteristics. Concho has a high degree of resistance
to bunt and some resistance to leaf rust. It is a sgelection from
the cross, Comanche X Blackhull-Federation (9).

Wichita is a bearded variety of wheat having basically white
glumes with varying degrees of black occurring on the glumes. Its
spikes are large and have iong beaks. 1t is an early-maturing
variety, with excellent test weight and a good yielding ability.
Wichita was selected from an Early Blackhull X Tenmarq cross (9).

Compbsites of these 4 varieties were compounded by using an
equal number of seeds of each of the 4 cémponent varieties weighted
according to relative germination.

This experiment was grown in a randomized block design. The
composite was‘grown in 3 replications along with the 4 component
pure varieties. Each plot contained 4 rows, ld feet long, 12
inches‘apart. 15 Agronomic data obtained included: dates of planting,
eﬁergenqe, heading, maturity and harvesting; fall and spring stand

notes; disease and insect readings; and plant height. When plants

Except for the crop year 1958 when it became necessary to grow
a larger quantity of the composite to enable varieties with
lower percentages to be represented in large enough quantities
to analyze. ‘

L3



reached maturity the center 8 feet of the 2 middle rows(of each
plot were harvested for test weight and yield data. ~The seed of

the cqmposite wés used for reseeding at the same location the
following year. Two L4-foot segments of each of the remaining out=
side rows of the composites were used to make head counts of each
of the componént varieties represented. Outside‘rows of pure stands
for the crop year 1956 at Goodwell were used to compute the correia—
tion of yield to spikes per plot and seed per spike.

For the crop year of 1958 the eﬁperiménfal methods were revised
to some extent to allow for a more accurate measurement of results.
Each plot was increased to 8, 1l0-foot rows since'cerﬁain varieties
in the composites were represented at a lower ‘percent and it was
feared that seed quantities from these varieties would not be
sufficient t§ analyzg. Aﬁ‘8 foot strip was harvested frém each
of the 6 center rows of the 8-row plot. Composite material was
taken to the laboratory and separated by Vafiety for each repli-
cation. Head counts were made at that time. This composite mater-
ial was then threshéd aﬁd the weight was recorded for each componént
variety by plot. Test weights were recorded for the component pure
stands and for the component varieties separatéd from the gompc-
site. 14

.These studies were conducted ap the following locatiqns:

Agronomy Farm, Stillwater, Oklahomé; Wheatland Conservation Experi-

This material was harvested by station personnel. It was
stored to be processed later by the author upon his return
from the Armed Services.  While in storage, it was partially
damaged by a grein moth infestation. Data for each variety
were adjusted on the basis of the test weight of respective
pure varieties grown at the same location.
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ment Station, Cherokee, Oklahoma; U. S. Southern Great Flains
Field Station, Woodward, Oklahoma; apd Panhandle Agricultural
Exper;ment Station, Goodwell, Oklahoma for‘the crop yeérs 1952
thrpugh 1958.

The data pf this stgdy were compiled by the author for the
years 1956 énd 1958. The reméiﬁder of the data were obtained by
Réqund‘A. Peck /5 and the Smgll Grains Section of the Agronomy
Farm at Stillwater, Ciclahomao

lMethod of Analysis

The indepenqence of varieties, years and locations in the
modification of the yields of component varieties was tested in
contingency tables.

To test the null hypothesis that varieties are independent
of years for each‘location, the two-way contingency table was used.
Independence may be tested in a table having R rows and C columns
ng chi-square (X2) with (R=1)(C=1) degrees of freedom. Hypothefi-
cal frequencies, F, are based on the border totals and the observed
frequ;ncies are signified by f. The formula is as follows (12):
| Chi-square = the sum of (F-F)2/F

To test the indeéendence of locations, varieties and years,
the three-way contingency table was used (8).

Three criteria - A locations, B varieties and C years are

analyzed with the categories of Ay, Bj and Cp:

45 Unpublished data, Oklahoma State University. Part of a thesis
submitted by Raymond A. Peck in partial fulfillment of the
requirements for the M.S. degree. Received May 1955.
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l, 2, 3, = = » ¢« r observations of locations

1, 2, 3, = * * » 5§ obseérvations of varieties

1, 2, 3, ° ° * ° t observations of years

the number of observations in the individual

cells of the ith location,:
and the kth year.

The number of observations

and the kth year.

the number of observations
and the kth year.

the number of observations
and the jth variety.

the number of observations
the number of observations
the number of observatiohs

the total observations

the jth .variety

in

in

in

in

in

in

Under the hypothesis that the categories

the

the

the

the

the

the

are

Jjth variety

ith location

ith location

ith location

jih variety.

kth year.

independent of

one another, the probability of an observation falling in the ith

1ocation,‘the jth variety and the kth year is equal to the product

of the probability of the ith location times the jth variety times

the kth year.

That is:

Pije = FPiPyPy

—



Where: P.

3 = the probability that the observation appears

B

in the ith location.
P: = the probability that the observation appears
in the jth variety.
Pk = the probability that the observation appears
in the kth year.
To test the hypéthesis, one computes the quentity log, .S
by the formula:
loge?\ =Z nj..log nj.. +Zn.ju log n.je
+ E:n..k log n..p = 2N log N
- < nyjk log nygy
The quantity =2 loge ?\ is distributed as en approximate qhi-
square with ;rsi-r—s-t+2 degrees of f:gedom.
To test the hypothesis that any of the criterion is indepen-
dent éf the other th (i.e. Phatvvarieties afe indeéendent of
. locations and years), éhe:prphgbility,of,ppe_qbservation_falling
iﬁ.the.iig location, the jgﬁ variety and the kih year is equal to

the probability of the observation falling in the ith location and

in the kth year times the probability of the observation falling as

the jth variety. That is:
Pijk = Piko Pj
To test this hypothesis the following formula is used to com-

pute l‘oge ?\ H

12



1ogeh= 2 nyep log ny.p +£n,j. log neje
ik J
- 2 nijk log 053k - N log N
ijk
The quantity -2 loge;\‘is distributed as an approximate

chi~square with (rt=1){s~1) degrees of freedom.

12



EXPERIMENTAL RESULTS

Fertile Spike Counts of Composite Material

o M 1

l\l

Head counts ‘were compiled for all years and 1ocations for
which each component variety of the-composite‘could be positively
identified by its epike characteristice. Results of the compari-
son of fertile spikes per plot for each component variety 1n the
compos1tes at Cherokee, Goodwell Stillwater and Woodward for all
or a part of the complete test period are given in Table 1 and
1llgstrated in Figures 1, 2, 5 end %,

‘At_dherokeejthe fihal deteraihation of varieties in the com-
peeitebih:eraer of percehtbrepreeehtatioh was as follows: Blue
Jachet 56,3% vCohancheIBO;B%,vOoncho 26;7% and Wichita 6;7%. The
predomlnate varlety for each year analyzed was Ooncho in 1952 1955
and 1954 and Blue Jacket in 1956. | |

At Goodwell the fihel determlnation of varieties in the com-
posite in order @f percent representation was as follows. Comanche
52 4% Concho 29 T%, Wichlta 21 2% and Blue Jacket 16.7%. The pre-
dominantpyariety for each year ahalyzed was ﬂlchita_ih:195§ and

1954 end Comanche in 1956,

14



Table 1. Mean number and percent of fertile spikes :per- plnt
‘for each component variety in the composites at
Cherokse, Goodwell, Stillwater .and: Woodwsrd, for -
. all ot a part of the period l952~1958

ComPonent Varieties i

. Blue.

o Jacket .»Comanche" Concho‘w";Wichita o R
Year .  No. %  No., ) % . No.  %_5>>Noo % ‘ Total:
. .Location .
Cherokee

1952 206 26.5 159 2on5::v223 28

23 28.7 189 243 777
1953 %02 23.2 = 266 20.4 501 38.5 232 17.8 11301
1954  B522°27.2 528 27:5 543 28.3 326 17.0 1919
1956 2811363 255 50 5 207 26 7 520 6.7 775
o Goodwell P
1955 490 22.2 440 19.9 567 25.6 715 32.3 ‘2212
1954 218 15.1 419 29.1 318 22.1 486 33.7 Rl
1956 327 16.7 =~ 634 32.4 581 29.7 416 21.2- 1958 -
' iStillwater | | ' |
1952 225 2h.9 178 19.8 251 28.0 245 27.3 897
1953 251 23.8 218 20.7 282 26.8 303 28.7 1054
1654 317 32.6 152 15.7 201 20.7 300 30.9 970 .
1956 236 25.3 191 20.5 294 31.5 212 22.7 933
1958 630 28.2 411;1804._-652 29. 1 - Dhh 24.% 2237
WOodward o ir
1652 950 23.6 243 25.2 238 ol b 263 27.0 Corh
1953 157 17.8 . 262 29.7 285 32.5 . 177 20.1 881 -
1954 243 16.8 229 15.8 © 339 23.4 . 638.44.0 1449
1955 151 15,1 162 16.2 274 27.3 415 41.4 - 1002
1956 200 36.4 53 9.7 123 22.4 173 31.5 ‘549
1957 - 437 21,8 © 362 17.6 . 517 25.1 . 743 36.1 2059
4,4 bho 21.5 782 .38.2 2044

1958 133 35.9 89
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The final determination pf varieties:in the composite at
Stillwater in order of pgrcent representation was as follows:
Concho 29.1%, Blue J'agket 28.2%, Wichita 2405%‘and Comanche 18.4%.
The.predoﬁingte variety for each year énalyzed was Qoncho ?n 1952,
1956 and 1958, Wichita in.1955, and Blue Jééket in 1954,

fkt Wobdw@rd the final detgrminatiqn of vgrietiés in the com=
posite‘in order of percent fepresentation waé as follows: Wichita
38,.2%, Blue Jacket 35,9%, Concho 21.5% and Comanche 4.4%. The pre-
dominate variéty forieach year analyzed was Wichita in 1952, 1954,

1955, 1957 and 1958, Concho in 1953 and Blue Jacket in 1956.

Grain Yield of Pure Stands and Compositgs

Grain yields in bushels perrécre for pure stands of the compon-
ent varieties and for the composites are given in Table 2.

In éomparing the mean yiela of cémponent pure stand varieties
and the méén yield of composites, it was found that the mean‘yield of
the composite was 0.2 bushels per acre lower at QherOkee, 0.6 bushels
per acre lower at Goodwell, 1.5 bushels per acre lower at‘Stillwater
and 1.5 bushels per acré lower at Woodward.

In comparing the yleld per acre of the component varieties in
pure stands at Cherokee, the varieties ranked iﬁ order of highest yield
were Wichita, ancho, Comanche and Blue Jacket. The rank of varieﬁies
at qudwell was Concho, Wichita, Cémanche and Blue Jacket. The rank -
of varieties at Stillwater was Ooncho, Comanche, Wichita and Blue

Jacket and at Woodward the rank of varieties was Concho; Wichita,



Teble 2. Mean grain yield in bushels per-acre of pure stands
for the component varieties and composites.

Diff.
Component Varieties : erence
Blue v Compo~  Comp.
Year Jacket Comanche Concho Wichita Ave. .site - Ave.
Location
Cherokee
1952 35,9 34.8 39.6 . 38.8 37.3 40.9 +3.6
1953 19.2° 15.1 20.1 23,3 14.4 21.0 +1.6
1954 29.9 27.4 25.5 21.2 24.8 19.3 -5.5
1955 0.0 0.0 0.0 - 0.0 0.0 0.0
1956/1 20.6 20.3 21.3 20.8 20.8 21.2 +0.4
1957 9.8 8.9 9.7 12.2 10.2 10.9 +0.7
Ave. 21.1 21.% 23,2 23.3 22.5 22.7 0.2
Goodwell/2
1955  16.2 19.6 22,3  27.2 21.3  20.2  =1.1
1954 15.8 21.5 20.3 16.0 18.4 12.8 ~5.6
1955 29.6 32,6 37.7 41.4 35.3 32.7 2.6
1956 24,9 36, 44,7 30.4 34,0 38,4 +4.4
1957 28.0 30.4 36.7 34,1 32,3 34,2 +1.9
Ave.  22.9 28.0 32,35 29,8 28.3  27.7  =0.6
Stillwater
1952 37.0 35.6 43.0  39.0 38,7 39.4 +0.7
1953 20.5 23,1 25.0 26.6 23.8 25.3 +1.5
1954 19.8 22.6 26,8  17.9 21.8  19.5  =2.3
1955 6.4 8.5 11.8 8.4 8.8 10.3 +1.5
1956 24.6 26.2 32.1 30,7 28.4 26.5 -1.9
1957/3 0.0 0.0 0.0 0.0 . 0.0 0.0
1958/4 34.6 34,8 34,2 27.6 32.8 23.9/5 =8.9
Ave. 2%.8 25.1 28.8 25.0 25.7 24,2 -1.5



Table 2. Continued:

Woodward
1952 26.7 . 35.4 39.% 36.5 37.0 35.2 -1.8
1953 15.8 16.4 17.6 20.3 17.5 16.2 -1.3
1954 16.1 17.9 e2.1 18.0 18.5 17.0 =1.5
1955 28.3 29.1 28.8 28.8 28.8 19.6 -9.2
1956 15.5 13.0 16.6 16.0 15.3 14.5 -0.8
1957 29.2 31.6 29.3  39.3 32,4 36.6 +h,2
1958/4 29.6 36.9 38,00 31.3 34.0 3%.9/5 =0.1
Ave. 244 25.8 27.4 27.2 26.:2 24,7 -1.5
/1 Material not harvested in 1955, thus seed source was taken

/2
/3

/B
/5

from material Harvested at Cherokee in 1954.

The composite test at Goodwell originated in 195% due to
the loss of the crop in- 1952,

Not harvested‘because,6f‘exﬁreme-variability due to. lodging
and wet weather.. Not included in average yields.

Yield adjuste&'tO'comyensate~for‘mofh“damageo |

Tétal yiéld of composite material. was: decreasedbsomewhat

due to loss of seed shattering from the spikes when
making separations for the-spike count: of the- component

varieties.

n

A%
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Comanche and Blue Jacket.

| In noting the general trend, Concho yielded highest at all lo-
cations except at Cherokee where the leedihg variety exceeded Con-
cho by a smail harginq Blue Jacket was thellowest yielding variety

for each location. e

A further comparlson can be made between Table 1 and 2,‘among
the varletles predomlnatlng the compositeskand the Varieties with
the hlvhest yleld when grown in a pure stand. At Cherokee the rank
of varletles from high to low percent of total splkes in the compo-
elte is Blue Jacket, Comanche, Concho and chhlteo The rank of
Qefieties et thie locefion by average yield is exactly reverse. At‘
Goodwell the rank of Varieties by percent of total spikes is Comahche,
Concho, Wichita ene Blue Jacket. The rank ef varieties by average
&ield is Concho, Wichita, Comanche and Blee Jacket. At Stillwater
the rank of varietiee by percent of total spikes is Concho, Blue
jacket, Wichita and Comanche. The rank of varieties by average yield
is Concho, Comanche, Wichita and Blue Jacket. At Weodward, the rank
of varietiee by percent of total spikes is Wichita, Blhe’Jacket,
Concho and Comanche. The rahk_of varieties by average yield is

Concho, Wichita, Comanche and Blue Jacket.

Tesﬁs for Independence
To test the independence betweeh varieties and ysars for each
location the two-way contingency table was used.
" The contingency tables of total fertile spikes for eaoh component

variety iﬁ;the composite for all locations are presented in Tables

3, 4, 5 and 6. The chi-square values were 16037;f;t Cherokee with



Table 3. Contingency,table of total fertile spikes for
each component variety in the composite at
Cherokee for the crop years 1952, 1953, 1954

and 1956,
o . Component Varieties
Year (f=F) Jecket Comanche Concho Wichita Total
1952 ¢ 206 159 225 189 777
F 214 193 240 130
(£-F) -8 =34 =17 59
1953 f , 302 266 - 501 232 1301
F 357 324 402 218
(£-F) =55 =58 99 14
1954 r 522 528 543 326 1919
- F 527 478 593 321
(£-F) -5 50 =50 5
195 281 235 207 52 775
F 213 193 239 130
(£-F) 68 42 -32 -78
Total .
Observed 1311 1188 1474 799 4772

Chi-squars = 160,71
Degrees of freedom = 9
Significant at the 1% level.



Table 4. Contingency table of total fertile spikes for
each component variety in the composite at
Goodwell for the crop years 1953; 1954 and 1956.

f E Component Varieties

Year (f-F) Jacket Comanche Concho Wichita Total

1953 f 490 hho 567 715 2212
F 408 589 578 637 ,
(£-F) 82 =149 -11 78

1954 ¢ 218 L19 318 486 1441
F 266 383 276 416
(£-F) -48 36 -58 70

19% f 327 634 © 581 516 1958
F 361 - 521 512 564
(£-F) -34 11% 69 -148

Total

Ogszrved 1035 1493 1466 - 1617 : 5611

Chi-square = 175.86
Degrees of freedom = 6
Signifieant at the 1% level.
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Table 5. Contingency table of total fertile spikes for

' each component variety in the composite at
Stillwater for the crop years 1952, 1953, 1954,
1956 and 1958. o

f Component Varieties
F Blue | |
Year (f-F)  Jacket Comanche Corcho Wichita Total
1952 £ 223 178 251 245 897
F 244 169 247 236
(£=F) =21 9 4 9
1953 £ 21 218 282 303 1054
F 287 199 291 278
(£-F) =36 19 -9 25
1954 ¢ 317 152 201 - 300 970
F 264 183 268 - 255
(£=F) 55 =31 -67 45
1956 £ 236 191 294 212 933
F 254 176 257 246
(£-F) -18 15 37 -4
1958 f 630 411 652 Bl 2237
F 609 422 617 590
(£-F) 21 -11 35 =46
Total

Observed 1657 1150 1680 1604 6091

Chi-square = 71.2905
Degrees of freedom = 12
Signifidant at the 1% level.



Table 6. Céntingehcy table of total fertile spikes for each
component variety in the composite at Woodward for
the crop years 1952 to 1958«

f . _-Component Varieties _ .

Year (f<F)  Jecket’ Comanche Concho Wichita Total

1952 £ 230 1 2b3 238 ' 263 974
Fo 234 152 241 347 .

| (£-F) =4 91 -3 -84

1953 ¢ 157 262 285 177 881
F , 212 138 217 314
(£-F) ~55 124 68 -137

1954 £ 2l 229 339 638 1449
F 348 226 359 516 '
(f-F) -105 3 =20 122

1955 r 151 162 274 415 1002
F 240 157 248 257
(£-F) -89 5 26 58

1956 £ 200 53 123 173 549
F 132 86 135 196
(£-F) 68 =33 -12 -23

1957 f 457 362 517 743 2059
F 4ok 322 510 733
(£-F) =57 40 7 10

1958 £ 733 89 440 782 2044
F 491 319 506 728
(£-F) 242 -230 -66 54

Total .

Ogé:rved 2151 1400 2216 3191 8958
Chi square = 761.91
Degrees of freedom = 18

Significant at the 1% level.



9 degreeg of freedom, 175;86 at _Goodwell with 6_degrees of free=-
dpm; 71029 at Stillwater with i2 degreeg of freedom and 761491
at Woodward with 18 degrees of freedéﬁl° These high ﬁhiesquare
Valﬁes thch are significént étﬂéaqh;location strongly indicate
. that the-variety effect is not independent of years.

The thfée;waybéontingendy table was used to test the inde-
pendence among locations, varieties and ‘years. vIt wasvalso ﬁsed
fo test the independence betweéh varieties, with years and locaf
fcionso

Appendix Table 1 presents the three~-way contingency fable
_da@a_of fertilékspikes per plot for each component variety of
the composites at all locatigﬁs for the 1953, 1954 and 1956 crop
years. To test for independence by this ﬁethod it is necessary
to have completebdata for the threé criteria used; therefore,
the crop years 1952,_1955,‘1957 and 1958 had to be omittédgdue to
incgmplete data.- | -

| In testing the independence of varieties, locaﬂions and years
the chi-square value was 1540.6 with 39 degrees of freedom. The
c£lculated value greatly exceeded the tabulated value at the 1%
ievel, signifying thaﬁ varietieé, locations and years were not
.independent. |

In testing the category of varieties to be independent of
locations and years the chi-square value was found to be 700.55.
This chi-square value which is assoclated with 50 degrees of free-

dom was significant at the 1% level. This signifies that the

category of varieties was not independent of location and years.

28
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Accuracy of Yield Determinations

With the exception of the 1958 crop, yield défa of each varie-
ty in the éomposite were estimated by counting the number of fertile
spikes of each variety separated from the composite. In 1956 har-
vested material frﬁm pure stands at Goodwell was analyzed to compare.
the number of fertile spikes per plot and the number of seeds per
spike with the number of grams per plot as a determination of
yield. |

The correlation of fertile spike count to grams per plot is
presented in Appendix Table 2 with the correlation coefficient (r)
equal to 0.9355. This high correlation value would indicate that
spike count is a fairly accurgte estimate of actual yield.

Cér?elation of the numberhgf éeeds per spike to grams per plot
is presented in Appendix Table 3 with the correlation coefficient
(r) equal to 0.100%, and is ;;t sigﬁificant at the 5% level. This
low level of correlation would indipate that, whereas tﬁe numbgr
of seeds per spike influences yield, it would not bé an accurate
estimate of yield in itself.

Correlation of spike count to grams per plot was also deter-
mined at Stillwater and Woodward.from the gqmponent‘varietiesﬁgép-
arated from the composite in 1958 as ;hqwn.in Appendix Table 4.

The correlation of spike count to grams per‘plot in the
composite at Stillwater has a correlafion coefficient (r) qual
to Q.85550 For Woodward the correlation coefficient is equal to
0.9835. .Qprrelation values at botﬁ locations indicate that actual

vield can be closely correlated by a count of the spikes.



DISCUSSION

In determining the genotype of varietal "ehift" in the com-
posites it was found by the use of tﬁo-way contingency taBles that
varietal shift was significant for the total years at each location.
It was also observed that the aﬁaunt of varietal shift for each year
varied with the years and the location.

Location effect was observed as an indication of a different
environmental effect. No indéﬁen@ence was exhibited between io-
cations, varieties and years wheﬁ ﬂhese‘were tested as a three-way
contingency table. Accordingly there was no independencg between
the effect of varieties and the effegt of years and/ér locations.

Béhavior of genotypes in a bulk population wés observed as the
variety behavior in a composite. Assuming that the variety is a
close simulation of thg,individual genotypé in a bulk population,
it appears that varieties &ielding highest when»grown by themsélves
will not always be the one surviving under competition (7). Only
at the Stillwater location did the variety, having the highest
average yleld in the pure stand for a.location, exist as the pre-

dominating vdriety in the composite. On the other hand, Goodwell was
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the only location having the variety with the lowest average yield
in the.pure stand and existing in the lowest percent of varietieﬁ
in the composite; whereas at the Cherokee location the rank of pure
stand yields of varieties varie& inversely Qith the percent of
Qé;ieties remaining in the composite.

The accuracy of spike counts iﬁ estimating the yield was ana-
lyzed with pure gtandsvaf Goodwell in 1956 and with éomponent.
varieties of composites at Stillwater and Woodward in 1958. When
computiné correlation coefficient (r), between grams per plot and
fertile spikes per plot, it was found to be 0.9555 at Goodwell,
Of8555 at_stillwater and 009855 at qudwardn Tﬁebe high corre-
lation values indicate that fertile spikes per‘plot»is a fairly

accurate estimate of yield.



SUMMARY

Four varieties of hard red winter wheat were grown in a
composite, at 4 locations over a period of 7 years, to simulate
the interaction of different genotypes approaching homozygqsity
in a bulk population. Composites at each iocation were initiated
by miging equal numbers of seeds, weighted on the relative gef—
mination of_the‘vgrieﬁies.

Oomposites aﬁd éure stands of the component varieties were
grown in abfandomized block design. qun maturity of the cém—

posite, yields of the individual component varieties in the com-

i

posite were detérmined by a count of the fertile spikes -~ in
éeasons thﬁt positive identification of varieties could be made.

Yields weré defermined in grams for the total composite
plots and for the component pure stands of the varieties.

'»A compariéon was made between the aveérage yield of the varie-
ties grown in the pure stand and the final percent composition of
varieties in composites.

A two-way contingency table was used to test the independence

of varieties for all years of data for each location.
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The three-way contingency table was used to test the in-
dependence among varletles, years and locations and to test the
1ndependence of varieties to years and/or locationsu Dug to the
condltlons of this test only the years 1955, 1954 and 1956,
having complete data for all locations,vﬁere used.

Further analyses were made from occasional composite and pure
stand materlal to determine the accuracy of estlmatlng yield by
countlng the fertlle Splkes Computations were made to determlne
the correlatlon of grams per plot to the number of fertile spikes

and to the number of seeds per spike.



10.

LITERATURE CITED

Atkins, R. E., and Murphy, H. C. Evaluation of yiqld potentigl-
ities of oat crosses:from bulk hybrld ‘tésts. - Agron. -
Jour. 41:41-45, 1949,

Herlen, H. V., and Martini, M. L. The effect of natural
selection in a mixture of barley varieties. Jour. Agr.

Res. 57:189-199. 1938,

Harrington, J+. B. Yielding capacity of wheat crosses as indi-
cated by bulk hybrid- testsn Canad. Jour. Res. 18:578-
584. 1940, .

Immer, F. R. Relation between yielding ability and homozygosis
in barley crosses. Jour. Amer. Soc. Agron. 33:200-206.

Klages, K, H. Changes in)the-proportion of the components
- of seed and harvested cereal mixtures in abnormal
seasons. Jour. Amer. .Soc. Agron. 28:955-940. 1936,

Leude, H. H., and Swanson, A. F. Natural selection in varietal
mixtures of winter wheat. Jour. Amer. Soc. Agron. 34:270-
274, 1942,

Montgomery, E. G. Competition in cereals. Nebr. Agr. Exp.

Sta. Bul. 127. 1912.

Mood, Alexander McFarlane. Introduction to the theory of sta-
tistics. McGraw-Hill Book Company, Inc., New York. 1950.

Réitz, L. P., and Johnston, G.;Q° Varieties of hard red winter .
wheat in the United States. U.S.D.A. Circ. No. 958..'1954.

Sakail, Kan-Ichi. Theoretical studies on plant breedlng technl-
ques with special regard to autogomous . plants.:’ Proc.
International Genetics Symposia. 491-497. -1956.



11,

12.

13.

14,

15.

16.

Sakai, Kan-Ichi, and Gotoh, Dnaji. Studies on competition
in plants. 1IV. Gompetltlve ability of F, hybrids in
barley. Jour. Heredlty 56 139-143, 1954

Snedecor, George W. Statlstlcal Methods. The lowa 3tate
College Press, Ames, Iowa. 1956. '

Suneson, C. A. Survival of four barley varieties in a
mixture. Agron. Jour. 41:459-461. 1949.

Suneson, C. A., and Stevens, Harlan. Studies with bulked
"hybrid populations of barley. U.S8.D.A. Tech. Bul.
1067. 21953, Lo .

Taylor, L, H., and Atkins, R. E. Effects of natural selec-
tion in segregating generations upon bulk populations
of barley. Iowa State College Jour. Sci. 29:147-162.

1954.
Weiss, M. G., Weber, C. R., and Kalton, R. R. Early genera-

tion testing in soybeans. Jour. Amer. Soc. Agron. 9:

791-811." 1947, e e x

55



APPENDIX



Appendix Table 1. Three way contlngency table data of
fertile spikes per plot for each component
variety in the composites at Cherokee; Goodwell,
8tillwater and Woodward for the crop yesars, 1955,
1954 and 1956.

- Component-Verieties

~ Biﬁé : R L Year
Years - Jacket Comanche Concho Wichita Total
Locatlon
Woodward
1953 - 157 262 285 177 881
1954 2h3 229 339 638 1449
1956 200 53 123 173 549
Total 600 51l 747 988 2879
Stillwater
1 251 218 282 303 1054
1322 317 152 201 300 970
1956 236 191 294 212 933
Total 804 561 777 815 - 2957
Cherekee
1 302 - 266 501 252 o
1822 522 528 543 326 1919
1956 281 235 207 52 775
Total 1105 1029 1251 610 3995
Goodwell
1 490 Lo 567 715
1322 218 419 318 Leg - 144é
1956 307 634 581 416 195
Total 1035 1k9% 1466 1617 5611
Total ) -
eraall 2544 - 3627 - hokl 4030 15442

Locations
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Appendix Table 2. Correlation of spike count to grams per
plot in the determination of yield of component
pure stands at Goodwell for the 1956 crop year.

Component Pure Stand Varieties

Blue Jacket Comanche Concho Wichita
grams/ spikes/ grams/ spikes/ grems/ spikes/ grems/ #pikes/
Rep. plet plot plot  plot plot plot plot plot-
I 253 312 496 629 482 643 343 423
1I 279 454 272 371 . 549 690 336 371
I1I 214 335 315 403 310 382 232 258

Correlation Coefficient (r) = 0.9555

Appendix Table 3. Correlation of the number of seeds per spike
; to grams per plot in the determination of yield of com-
ponent pure stands &t Goodwell for the 1956 crop year.

Component Pure Stand Varieties
Blue Jacket Comanche Concho , Wichita
grams7 seed/ grams/ seed/ grams/ seed/ grams/ seed/
Rep. plot spike plot spike plot  spike plot  spike

I 253  20.2 496 26.9. 482  26.9 345 27.8
I 2719 221 272 25.0 - 549 27,8 336" 30.5
111 21k 25.0 315 26,7 310 28.4 232 30.B

Correlation Coefficient (r) = 0.1005
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_Appendlx Table 4. Correlation of spike count to grams per

plot in the determination of yield of component
varieties separated from the composite at Stlllwater
and Woodward for the 1958 crop year.

Stillwater composite = 1958
Component Varieties

Blue Jacket Comanche - = ° = Concho -~ " Wichita
grams/ spikes/ grams/ spikes/ grams/ spikes/ grams/ spikes/
Rep. plot  plot plot = plot plot- plot plot plot
I 104 451 111 %20 125 400 123 310
II 116 420 61 252 136 479 156 4ok
III 174 530 55 240 284 632 191 460
IV 119 489 143 4i] 153 4hh 187 428
Correlation Coefficient (r) = 0.8333
Woodward éomposite - 1958
v Component Varieties
Blue Jacket Comanche " "Conche Wichita
grams/ spikes/ grams/ spikes/ grams/ spikes/ grams/ spikes/
Rep. plot = plot: plot plot plot plot plot plot
I 210 '546 15 37 102 287 257 548
I 17% 451 55 105 173 441 %28 678
I1T 289 719 23 66 143 305 257 608
v

186 hsl 25 80 131 317 239 512

Correlation Coefficient (r) = 0.9835
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