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CHAPTER I
GENERAL INTRODUCTION

Interest in the possibility of hybrid wheat being grown on a com=-
mercial scale has continued to increase since information was released
in late 1962 that the necessary male sterile and fertility restorer
mechanisms were available.

Cytoplasmic male sterility in wheat was discovered by Kihara (29)
and Fukasawa (14, 15) and developed in bread wheats by Wilson and Ross
(46) who substituted‘the nucleus of Triticum aestivum into Aegilops

caudata L., Aegilops ovata L., and I. timepheevi Zhuk. cytoplasm. It

soon became apparent that the I. timopheevi male sterile was the most
promising of the three sources of cytoplasmic male sterility., The
discovery of genotypes that would restore fertility in the presence of
sterile cytoplasm was made in 1962 by Schmidt, Johnson, and Maan (39)
and by J. A. Wilson as cited by Livers (31). The Nebraska wheat popu-
lation, N542437, gave fertile hybrids when used as a pollinator on its
sister pollen sterile females. This population has a winter growth
habit and is adapted to Oklahoma conditions. Additional reports of
restorer material are.beginning to appear from various sources through-
out the world.

In a2 cytoplasmic-genetic sterile system, of crop plants in general,
fertility restoration occurs by the action of one or more dominant genes.

However, there is considerable variation both among and within species



as to the number of genes controlling fertility restoration. In corn,
different gene systems control fertility restoration in different cyto-
plasms, Complementary dominant genesbel and Rf, are required for
restoration in T (Texas male sterile) cytoplasm (10, 12) and a dominant
gene, Rf3, is required for restoration in S (Connecticut sterility-
inducing) cytoplasm (7, 11). A number of genes which express partial
fertility are also noted (4, 5, 24, 38). In sorghum there appears to be
one dominant restorer gene 6f ma jor effect but partial restorer genes of
varying number and degree of expression are required in some enviromments
(21, 33, 34), In pearl millet, evidence indicates that restoration of
fertility in the 'Tift 28A' (Tifton, Georgia) cytcplasmic male sterile
female is accomplished by one major dominant gene, Ms, although modifiers
are known to have some effect on restoration (8).

Preliminary genetic investigations indicate that fertility restora-
tion of wheat is simply inherited and most investigators (2, 11, 18, 22,31,
48) suggest that at least two complementary genes are necessary.

This study was designed to assess the inheritance of restorer
factors and their expression in different enviromnments. The subject
matter is divided into two systems of classification, and the correla-
tions pertaining to them. These are as follows: genetic ratios based
on seed-set classification, genetic ratios based on pollen classifica-
tion, relationship between pollen and seed-set classification, and
correlation of restoration in différent environments. Each chapter is
reported, with some modifications, in the style and form required by the
scientific journals in the author®s field. This style allows individual

consideration of each division of subject matter in a somewhat concise



manner. The general discussion and the summary and conclusions are

included as separate chapters.



CHAPTER II
MATERIALS AND METHODS
Materials

The restorer material involved in this study consisted of 13
restorer lines; six lines from lot 1 and seven from lot 2 of the
Nebraska restorer pépulation 542437, The pedigree of Nebraska 542437
is as follows: I, timopheevi x (Hussar-~Hard Federation)2 x (Comet-
Hussar-Hard Federation) x Nebred.

The two lots of Nebraska restorer material originated from seed
composited from fully fertile F, plants derived from the cross sterile
542437 x fertile 542437, Both lots had a common male-sterile female
parent, N542437, but the pollen parent of lot 1 presumably differed from
lot 2 in degree of restoration as shown by the segregating classes in
Table I, Reports from Nebraska (23) indicated that the F, population
from cross 627 (lot 1) had two major genes for restoration, whereas in
cross 628 (lot 2) a single major gene with possible minor genes was
indicated., The cytoplasm was sterile in both restorer lets.

The Oklahoma Agricultural Experiment Station received these two
lots of seed from Dr. J. C. Craddock;/ in July, 1963, They carried the
designation N542h37A x N542HB7R F.. The lot 1 (two gene) restorer

3
population, grown as plot 5892 in 1964 at Stillwater was assigned the

1/ Dr. J. C. Craddock, USDA,ARS,CRD, Beltsville, Maryland.



TABLE I

SEED SETTING FERTILITY OBSERVED IN THE F, FROM IWO CROSSES OF MALE STERILE
X MALE FERTILITY-RESTORER COMMON WHEAT TYPES IN NEBRASKA 1/

Total No, Total
Population Plants 0% 1-5% 25% 50% 5% 90% 100% %
F, from Cross 627
(Lot 1-2 major genes) 277 2.9 9.0 5.4 11.2 18.1 9.4 44,0 100
F, from Cross 628
(Lot 2-1 major gene) 207 11.1 14.5 10,1 18.4 14,0 12,1 19.8 100
Hybrid Wheat in the United States., Paper No.

1/ V. A. Johnson, J. W. Schmidt, and P, J. Mattern,

1954, Journal Series, Nebraska Agric. Expt. Sta.



selection number Stw 645892, The adjacent plot 5893 was the lot 2 (one
gene ) restorer population and the assigned selection was Stw 645893,
The individual plant selections from each lot used in this study were
identified by plot and plant number. For example, plant selection num-
ber two from Stw 645892 is designated as 5892-2,

A total of 26 lot 1 and 28 lot 2 plants were grown as F4s in the
field in 1964, At least two heads of each plant were bagged in order
to provide selfed seed for subsequent studies on the restorer parents.
Testcrosses were made with a cytoplasmic male sterile 'Bison' female
using pollen from individual plants of both lots.

Ample testcrossed seeds were available for six lot 1 and seven
lot 2 plants; therefore, the 13 lines derived from these plants were use&
in the study. Since the 13 lines were selected only on the basis of
adequate testcross seed, they can be considered as representative or
random samples of the two restorer populations. Two check varieties,
'*Triumph® and Bison, were included in each location. The agronomic and
quality data for each of these restorer lines and check varieties are
shown in Table II.

The three types of populations tested in the present study were
as follows:

1) Restorer parents = the F4 restorer lines were evaluated in
1965 and Fg lines in 1966. These lines trace to an individual F3 plant.
The seed for each restorer parent came from selfed heads.

2) Testcrosses - the A x R crosses were made in both 1964 and 1965
and the F, hybrids were grown in the respective 1965 and 1966 seasons
in order to study the genetic constitution of the different restorer

lines, Testcross as defined for this study is a cross of a restorer



TABLE II

AGRONOMIC AND QUALITY DATA FOR 13 RESTORER LINES
GROWN AT STILLWATER, OKLAHOMA, IN 1966

Weight
Per Wheat

Date Bushel Yield Mixing 1/ Specific Protein
Restorer Line  Headed (Ibs. ) (Bu/A) Time Sedimentation (Percent)
Lot 1 (2 Gene!
5892‘=‘2 5“"05 5708 3207 30“’ 3020 1604
5892-5 5-09 59.0 31.5 L6 4,80 14.9
5892-7 5-08 59.5 36.2 - 3.6 b,79 15.3
5892-9 5-11 59.7 38,3 3.0 3,21 15.3
5892-10 5-10 57.0 32.5 3.3 2.93 . 15.4
5892-25 5=07 56.5 30,0 5.7 4,98 15.3
Lot 2 (1 Gene)
5893“2 l}"=‘30 6003 4601‘} 300 39 83 1306
5893-3 4-29 61,0 39.8 2.6 3.95 4.3
5893-13 - 4-30 59.8 30.3 3.7 4,35 14,3
5893-15 429 60.0 39.0 5.0 4,05 15.0
5893-18 4-28 60,3 46,1 3ol L, 04 14,7
5893=20 429 60.8 bz,2 6.0 4,14 14.5
5892-22 L-29 60,2 39.5 2.5 2,46 14,3
Cﬁécks »
Triumph ko2 60,0 35,0 2.5 2,81 14,6
Bison 5-06 60,0 313 L, Q 3.21 15.2

1/ Mixograph mixing time readings in minutes,



line, whether homozygous or heterozygous, to a double recessive (male
sterile) type female. This definition of testcross does not conform to
that given by Allard (1) and others but is, none-the-less, a cross to
test genotype of a restorer line.

3) Fps - the F; hybrids from the A x R testcrosses were grown as
Fys in 1966 also, in an attempt to determine the genetic constitution of

the restorer lines.
Procedures

The three locations selected for this study were the glass green-
house, plastic greenhouse, and field on the Stillwater Agronomy Farm.
The locations in which sach population was; grown and the number of
plants representing each restorer line during 1965 and 1966 are given
in Table III. The methods of handling the material are given by years

as follows:

Procedures for 1965

The restérer parents and testcross seedlings for all locations
were first established under greenhouse conditions in plant bands during
'October, 1964,

The seedlings were transplanted in the field on October 28, 1964,
The field plot size was a single row five feet in length for each parent
line and four feet for each testcross. The row spacings were one foot
and the plant spacings within the rows were six inches,

The plant populations grown in the greenhouse were placed outside
for eight weeks to effect vernalization, which was completed in December,

1964, The parent lines grown in the glass greenhouse were transplanted



SUMMARY TABLE OF LOCATIONS FOR EACH POPULATION GROWN AT THE STILLWATER STATION

TABLE III

DURING THE YEARS 1965-1966

Population
Year Parent Testeross F2
1965 Glass Greenhouse 8y 1/
1965 Plastic Greenhouse (8) Plastic Greenhouse (8)
1965 Field (10) Field (8)
1966 Glass Greenhouse (8) Glass Greenhouse (2) .
1966 Plastic Greenhouse (8) Plastic Greenhouse (8) Plastic Greenhouse (12)
1966 Field (8) Field (20) Field (90)

1/ Number in parenthesis = number of plants per restorer line.
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to clay pots and placed on greenhouse tables., The parent and testcrossed
lines grown in the plastic greenhouse were transplanted into a soil bed

in early December, 1964, using 12-inch spacings between plants.
ce 6

The F, populations involving each restorer line as well as test-
crosses and the restorer parents themselves were grown in the field and
plastic greenhouse. The restorer parents and testcrosses were also
grown in the glass greenhouse, However, because of limited space, the
F, populations could not be grown in this location. The seed for all
populations in the glass and plastic greenhouse was again planted in
plant bands in the greenhouse on November 1, 1966. All potted plants
for the glass greenhouse were moved inside during the month of December,
but transplanting into the plastic greenhouse soil bed was delayed until
January 15, 1966, to avoid the excess growth that occurred during the
1965 season. Six~-inch intervals were used between plants in the plastic
greenhouse,

Plot size of the field plantings was one 1l0=-foot row for the parent
and testcross nurseries and three 10-foot rows for the Fp populations,
The restorer parents, testcrosses, and Fys involving each restorer line
were represented by 8, 20, and 90 plants respectively, and spacings
between plants were 12, 6, and 4 inches respectively.

Adequate fertilizer was applied at each location for optimum plant
growth. Water was added to the pots and soil bed of both greenhouse
locations as needed but no supplemental moisture was applied in the

field, other than a minimum amount in 1966 to establish the transplants.
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Observations

The following observations were made for individual plants of the
parent lines, testcrosses, and Fys in all locations for both years:

Date headed - the date when the first head was completely emerged
from the boot.

Pollen readings - three anthers were taken from the base, middle,
and tip of the primary spike Jjust prior to dehiscence. The pollen
grains were stained with an IKI staining solution and subsequently
examined with a light microscope at X150 magnification. Readings were
based on 200+ pollen grains per anther. Anthers were grouped into the
following pollen classes: 1) dark - completely dark staining grains,
2) intermediate - range from light black to nearly clear, and 3) sterile
- completely non-staining grains. Percent fertile pollen of both indi-
vidual plants and the three areas of the spike were based upon the com-

bined percentage of dark and intermediate grains per spike as follows:

_ No, of da rains + no., of intermediate grains
Feroent fertlile pollen = Total no. grains in all three classes

The inclusion of the intermediate pollen class with the dark pollen
class may cause a slight bias in the fertile pollen reading, but the
majority of intermediate grains were a light shade of black and were
presumed to be fertile; although possibly immature.

Seed-set counts - the primary spike was analyzed separately fol-
lowed by an analysis of five additional heads, thus providing a reliable
estimate of plant fertility. The spikelets of the primary spike were
numbered from the base to the tip and then divided into three equal

parts: base, middle, and tip. The number of lateral (first and second)
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.florefs»ahd seeds for each area were determined. Seed-set values for
the five additional heads were established by counting the total number
of lateral florets and seeds. All central florets were counted sepa-
rately and the basal and tip spikelets were disfegérdedo Percentage

seedvéet was determined as follows:

Percent lateral seed set = Number of lateral florets

In order to reduce the possibility of cross pollination, the first
six heads of each plant were wrapped with tissue paper whiéh'was secured
with a paper élip. This method was used for all.locations in 1965 but
it was adopted primarily because there is ne other effective way known
of insuring self pollination eof wheat in the field without injury. The
main disadvantage of this technique is possible reduction in seed set
caused from wrapﬁing the head too tight. Dialyses tubing was uéed
instead of tissue paper in both greenhouse locations during 19663 how-
ever, because of the strong winds aﬁd rapid pollen shed, ne enforced

selfing was possible in the field,
Nomenclature

Since hybrid wheat is invthe developmental stage and terminology
has not as yet besen standardized, some classification on neménclature is
in order,

The ABR system of nomenclature as uéed by sorghum workers is gener-
ally used in reports dealing with hybrid wheat and is used in this study
to designate the various types of lines., The genotypic symbcls used here
with refereﬁce to restoration, however, correspond to those used for

corn., The combined classification system then is as follows:
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"A" designates the cytoplasmic male sterile line. According to
Iivers (31), who first used the Rf designation in wheat, the A-line
genetically, assuming two genes for restoration, is rfjrfirforfs in male
sterility-inducing cytoplasm., In seed production fields, the A-line is
the seed parent.

- "B" designates the sterility mainteiner line, It is the pollen
fertile, non-restorer counterpart of the male sterile line. In a two-
gene restorer system, the B-line genotype is rflrflrfzrfz in normal
(fertile-inducing cytoplasm). It does not restore fertility.

WR" designates the fertility restorer line that induces normal
pollen fertility in thé F; of a cross with a cytoplasmic male sterile
line, The R=line can have either normal or sterile-inducing cytoplasm.,
Genetically, the R-line, following the corn terminology, has Rf,rf genes
that restore pollen fertility. These are given subscripts to denote
different leci, A theoretical example of two dominant genes controlling
fertility restoration with the expected genotypes and degree of fertility

for each is shown below.

Genotgge
‘Rfy==<Rfp=== complete fertility
Rfj===rforfy partial fertility
rfqrf R pmme partial fertility
rfyrfyrforfy complete sterility

In cases whers the restorer line is segregating with respect to
restorer genes, individual planits from this line which are involved in
testeross or Fo studies may be heterozygous for one or more restorer
genes, Since this could be the situation in the present study, the

testeross and Fo populations were tested for goodness of fit to the



theoretical genetic ratios shown in Table IV,
are based on three fertility classes and include two-gene ratios with

one or both genes segregating.

CALCULATED GENETIC RATIOS FOR ONE AND TWO GENE INHERITANCE OF
FERTILITY RESTORATION FROM TESICROSS AND Fo, GENERATIONS

TABLE IV

These calculated ratios

14

Testeross

F2 Population

Partial

Partial

Predicted Genotype 1/ Fertile Fertile Sterile Fertile Fertile Sterile

2 gene homo. dom,
REIREIRIDRE2

2 gene hetero,
RfyrfyRforfs

2 gene--1 homo,
dom., 1l'hetero.
Rf1RfqREforfs or
Rf1rf1RfoRE>

1 gene homo. dom,

Rf1Rf] (incomplete

dominance )

1 ¢+ 0 ¢ O 9 ¢+ 6 : 1
1 ¢« 2 ¢ 1 9 ¢ 30 : 9
1 s+ 1 0 9 :+ 18 ¢ 5
o s 1 s 0O i s 2 s 1

1/ homo, dom. = homozygous doﬁinant; hetero. = heterozygous

Statistical 1reatment

Chi=-square probability levels were used to test the goodness of

fit to the various genetic ratios regarding restoration in each of the

13 restorer lines.

square distribution tables by Fisher and Yates (13).

Bvaluation of the degree of fertility for each population in the

present study was based on the percent fertile pollen or percent seed

set,

determined by caleculating linear correlation coefficients (r).

parisons of seed-set percentage in different locations and years were

The probability values were obtained from the chi-

The association between percent fertile pollen and seed set was

Com=



studied also by linear correlations. Test of significance of these
correlations was based on n-2 degrees of freedom and the probability

values were taken from the table by Fisher and Yates (13)0

15



CHAPTER III
GENETIC RATIOS BASED ON SEED-SET CLASSIFICATION

Although some form of seed-set analysis has been used from time to
time in determining the degree of fertility in the wheat spike, recent
work on the development of hybrid wheat has resulted in a renewed inter-
est in this technique as a measure of fertility restoration., Seed-set
analysis is important as it relates to restoration since the development
of seed in the spikes of A x R Fy hybrid plants will be dependent on the
presence of the restorer genes required to counteract the effect of
cytoplasmic sterilityo>

Information regarding the use of seed~set analysis in determining
fortility restoration in wheat has been rather limited since the dis-

covery of the restorer genes in Triticum aestivum in 1962, One of the

few published sources of data for restoration based on seed-set percent-
age was the classification of the Nebraska restorer F, populations

(Table I) reported by Johnson et al. (23)s On the basis of the estimated
seed set, these workers grouped plants into seven fertility classes.

The extreme classes of 0 and 100% were designated sterile and fertilse,
respectively. The plants expressing intermediate degrees of seed set
were placed in one of the following seed-setting fertility classes: 1-5,
25, 50, 75, and 90% fertile. They reported that seed set in this mate-
rial followed a definite pattern, starting at the base of the spike and

progressing toward the tip (e.g. 75% fertile indicates that the lower

16
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three-fourths of the spike contains seed but the upper one-fourth is
sterile). These workers used this seed-setting pattern as the criterion
to form the several fertility classes., Tsunewaki (43) estimated the.

degfee of fertility restoration in Triticum gsestivum ssp. compactum from

the seed-setting percentages of bagged heads, Percent seed set was
caleculated from the number of normally developed first and second florets
and the number of seeds set in themo He used eight fertility classes
to describe the Qariation in seed set in the parental and segregating
populations. Kihara (29) and Fukasawa (14) used percent seed set in the
normally developed florets to estimate fertility of plants with various
chromosome numbers during successive backerossing programs. Fukasawa
(17) used seedwsef percentage calculated from the number of florets
pollinated and number of seeds set to express the effect of cyloplasm
on the degree of crossability between different genera and species,
Rajki et al.(36) used the number of seeds per spike to express fertility
differences in studies of fertility restoration in a series of Fq
hybrids, |

In using seed-set analysis to determine the degree of restoration
in A x R wheat hybrids, itwo problems may be encountered which migﬁt bias
the results of the analysis. One of these invelves the fertility of the
centralbfloretse The lateral florets of a wheat spikelet in standard
varieties are developed first and normally contain seed. However, the
degree of development in the flowers of the central florets appears to
be more highly influenced by envirommental conditions. The suthor has
noted seed set of the central florets ranging from 50-100% for the
heads of the Bison variety when grown in the glass greenhouse environ-

ment, but less than 5% of the central florets set seed during the same
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year under limited ﬁoisture conditions in the field. Since one objective
of this study was to measure the degree of fertility restoration based
on genotype, only the seed set ih the lateral florets will be considered
in as much as this appears to be the most reliable method,

The second problem in determining fertility is the influence of
environment on the expression of the restorer genes. Although prier to
the initiation of this study the extent of enviroermental effect on the
expression of sterility and fertility in the Nebraska stock was not
known, it was suggested by the Nebraska workers (22) that some combina-
tions of light intensity, photoperiod, and temperature may be possible
factors contributing to variation in seed set invelving restorer mate~

rial, This situation will be treated in more detail in Chapter VI.
Experimental Results

It is of upmost importance for the female parent used for test-
crosses to remain completely sterile in order to evaluate the expression
of the fertility genes of different restorer lines. The male sterile
line, N542437A x Bisonz, serving as the female parent in this study
remained very stable, having noc seed set when isolated from pollen
sources in the three envirorments tested (Appendix Tables XVI and XVII).

The range and average seed set for each of the R-lines, A x R F
hybrids, and check varieties were quite variable within and among loca-
tiens for both years of the study (Appendix Tables XVI and XVII),
Although the range of seed set within each restorer parent line and

check variety was large, it was even larger within the Fy hybrids.
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Restorer Parents

Seed-set determinations were made on the first fully emerged
(selfed) head of each plant in the restorer lines followed by an analysis
of five additional heads., Fertility of the plant was expressed on the
basis of both the first head and five additional heads as shown in
Teble V, The average readings for the first selfed head were higher
than those of the five additional heads from the field and glass green-
house locations, The readings on plants grown in the plastic greenhouse
were variable and did not fit this pattern. A comparison of average
seed~set readings indicated that the first head to emerge was a good
measure of the actual fertility in the various varieties ahd liness
however, the average of five heads is probably the most reliable,
therefore was used in studying the genetie ratiocs,

Comparisons were made of the restorer lots and check varieties
based on the combined averages for the three locations (Table V). There
was essentially no difference in the combined average seed-set readings
for the check varieties and lot 2 restorer lines; howsver, the lot 1
restorer line had consistently lower readings. ‘The grand averages for
the checks, lot 2, and lot 1 restorers were 79.8, 79.3, and 74.9%,
respectively, 4s shown in Teble V, the rankings of seed-set percentages
were consistently higher in the field than in the glass greenhouse., The
only exception was a higher percentage for the selfed heads of lot 1 in
the glass gfeenhouse in 1965, Seed sets in the glass greenhouse were"
higher than those in the plastic greenhouse with the exception of the
checks in 1966, The average seed-set readings of all restorer lines °

and checks for both years are presented in Table VI,



COMPARISON OF SEED SET AMONG LOCATIONS BASED ON THE READINGS
OF SELFED RESTORER LINES FOR 1965 AND 1966

TABLE V

5 Additional Heads/Plant

Location 1965 1966 Avg, 1965 1966 Avg, Grand Average
Iot 1 (6 lines) |
Field , 83.5 92,2  87.8 80.1 89,7  8L.9 86.4
Glass Greenhouse 89,8 84,9 87.4 74.0 83.7 78,8 83,1
Plastic Greenhouse 7.9 56,3 52,1 49,2 68,0 58.6 55.4
Aver’age 730 7 7? ° 8 75 o 8 670 8 80o 5 ?L" ol 7“’0 9

Lot 2 (7 lines) -

Field R 9202 8908 910Q 8503 : 8“’09 8501 885()
Glass Greenhouse 88.6 84,3 86.4 81,1 79.8 80.4 83.4
Plastic Greenhouse 58,7 73.4 66,0 56,3 76,9 66,6 66.3
Average 79.8 82.5 81,2 7.2 80.5 77l 79.3
Checks (Tmp and Bsn)

Field 92,2 83.6 87.9 90.8 78,2 84.5 8692
Glass Greenhouse 90,6 75,8 83.2 78,1 64,1 71,1 77.2
Plastic Greenhouse 69.8 81.8 75,8 64, 87.4 76,1 76,0
Average 84,2 80,4 82.3 779 76,6 77.2 79.8
Grand Average 79,2 80,2 79,7 73.3 79,2 ‘7602 78,0

0¢
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TABLE VI

AVERAGE PERCENT SEED SET BY LOCATION FOR ALL RESTORER
LINES AND CHECKS GROWN IN 1965 AND 1966

Rank _ Iocation Average Percent Seed Set

1 Field 86,9
2 Glass Greenhouse 81.2
3 Plastic Greenhouse 65,9

The difference in seed-set percentages of 5.7% between the field
and glass greenhouse indicated that the glass greenhouse was a slightly
more critical enviromment for fertility expression than the field. The
comparisons of field vs, plastic greenhouse and glass greenhouse Vs,
plastic greenhouse express differences of 21,0 and 15.3%, respectively;
which, of course, indicated that the plastic greenhouse was the most
eritical enviromment for determining fertility of the restorer lines.-
A more critical (less fertile) enviromment will give a more realistic'b
expression of the degree of fertility present in a restorer line than

a highly fertile environment,
Testcross and Fo Populations

The seven fertility classes described by Schmidt and Johnson (40)
constituted the initial classification system used in the present study
for the parent, testecross, and Fp populations (Appendix Figures 1 and
2), When comparing the restorer parent plants for percent seed set,
five restorer lines equaled or exceeded the best check variety in both
years, These lines involved one lot l--two-gene restorer (5892-25), and

four lot 2--one-gene restorers (5893-3, =13, =15, =22},
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The lack of plants falling into the O and 1-5% fertility classes
for the testeross populations caused the frequency distribution curves
to be skewed to the right toward higher fertility; also, the percentage
of plants in the 90 and 100% classes was very low. The shortage of
fertile plants resulted in a higher percentage of plants within the
intermediate or partial fertility range and the curves are similar to a
normal distribution; The relatively small number of plants for the
testerosses of each restorer line in 1965 made the curves appear some-
what flat in comparison with the 1966 distributions involving larger
numbers,

All Fp frequency distribution curves tended to resemble a normal
distribution., One noted difference was that the peaks for all lot 1
(two«gene) restorers, except 5892-2 and 5892-5, were near the 75% fer-
tility class, and all lot 2 (one-gene) restorers, except 5893-2, had a
high peak at the 50% fertility class. This reflectsvthe higher degree
of fertility in the lot 1 (two-gene) restorer. This classification
showed no marked differences among the varicus generations of each
restorer line other than variation in the peaks.

8ince this system of classification.consisting of seven fertility
classes failed to distinguish between restorer lines, a second system
of classification was adopted. The classes and reasons for their use
are as follows:

a) Sterile class (0-25% seed set) ~ the range is based on the
degree of natural cross pollination from a series of male sterile rows
included in this study which averaged 23% seed set, It was impossible
to insure controlled selfing on the F, populations grown in the field

during 1966 because of strong winds; therefore, it is likely that some
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cross pellination occurred in sterile or partially fertile heads,

b} Partially fertile class (26-74%) - the intermediate classes of
the previous system were not obviously different so were grouped
together,

¢) Fertile class (75-100%) - a peak of 75% was comnmon for the
seed-set distribution of éheek varieties so the fertile class included
any plants whieh exceeded this amount,

The percentage of plants in each of the seed-~set classes for test-
cross and F, populations of this second classification system are given
in Table VII, The Fp populations grown in the field in 1966 appeared to
fall inte two logical groups., These groups are not striectly lot 1 and
lot 2 as might be expected. Considering only the percentage of plants
in the fertile class for this F, population, all of the lot 1 lines
(except 5892-2) fall within the range of 31-51% fertile plants. Line
5893=2 also fits this range for the first group. The remaining six
lines of lot 2 and line 5892-2 of lot 1 have fertile plant percentages
ranging from 7-23% to form the second group., These groupings correspond
to those explained for the frequency distributions in the first classi-
fication system.

Johnson et al. (23) stated that restorer genes function as incom-
plete dominants and their research indicates that complete fertility
restoration in the Fy hybrid requires at least two genes. If this is
true, then the A x R testeross F; of a one-gene homozygous restorer
would be only 50% fertile and a two-gene A x R testcross would give a
fully fertile F1 hybrid. In applying the incomplete dominant theory
for one gene to the testeross populations in Table VII, none of the

restorer lines had all plants in the partially fertile class as expected



TABLE VII

SEED SET CLASSIFICATION OF FERTILITY RESTORATION FOR THE RESTORER LINES
AS EVALUATED BY TESTCROSS AND F, POPULATIONS IN 1965 AND 1966

1965 Testeross - Field 1966 F, Population =~ Field 1966 F, Population - Plastic
. o : Greenhouse
Total Partial Total Partial Total Partial

No. Fertile Fertile Sterile No., Fertile Fertile Sterile No. Fertile Fertile Sterile
Restorer Line Plants 75-100% 26-74% 0-25% Plants 75-100% 26-74% 0-25% Plants 75-100% 26-74% 0-25%

Lot 1 (2 Gene) ‘ v o (Percentage of plants falling in each class)

5892-2 8 62,5 37.5 0.0 88  22.7 72,7 k4.5 12 417 33.3 25.0
58925 8 62,5 37.5 0,0 83 33.7 6Ll 4.8 1z 41.7 33.3 25.0
5892-7 8 75.0 25,0 0.0 88 31,8 61.4 6,8 11 36.4 54,5 9.1
5892-9 8 87.5 12.5 0.0 88 7.7 50,0 2.3 11 36.4 63.6 0.0
5892-10 8 87.5 12,5 0.0 90 51.1 i b L.b 10 30,0 50,0 20,0
5892-25 8 50,0 50,0 0.0 90 Ll b 54,4 1.1 11 63.6 0.0 36.4
Lot 2 (1 Gene) , » .

5893-2 8 75,0 25,0 0.0 89 BO4 56,2 3.4 12 33.3  Hl.7  25.0
5893-3 3 37.5 50,0 12.5 88 11.4 83,0 5.7 12 33.3 66.7 0.0
5893-13 8 62.5 25,0 12.5 88 11.4 81.8 6,8 12 0.0 88,3 41,7
58353=15 8 50.0 50.0 0,0 88 17.0 78.4 by5 12 33.3 5803 8.3
5893-18 8 12.5 37.5 56,0 85 7.1 91.8 1.2 12 8.3 33,3 58,3
5893=20 8 87.5 12.5 0.0 87 14,9 770 8,0 12 16,7 37500 8.3
5893=22 8 50,0 50,0 0.0 89 18,0 78,6 3.4 12 16,7 _5893 25,0
Triumph (Check) 10 100,0 0.0 0.0 20 80,0 20,0 0,0 11 100.0 0.0 0.0
Bisenpgﬂheck) 10 100,0 0,0 0.0 20 89,7 ... 10.3 0.0 may 63.6 36,4 0,0

e
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if one homozygous dominant gene controls fertility restoration.
Chi-square probability levels were used to test genetic ratios
regarding restoration in this material. The testecross and Fp popula-
tions for each restorer line shown in Table VIII were analyzed for all
possible genotypes of a itwo-factor hypothesis and a one-factor, homo-
zygous dominant hypothesis. - Greater emphasis was placed on the F, popu-
lations from the field in 1966 since they consisted of a much larger
number of plants (approximately 90) than the other testecross and Fp
populations. The testcross populations grown in the field in 1965
showed enough difference»hmong genetic ratios to give support to results
of the field Fzs, but the Fo populations grown in the plastic green-
house did not fit any of the genetie ratios, probably because of small
population size. The Fp field data in 1966 for five restorer lines
(5892~5, =7, =9, =10, and 5893-20) showed a good fit to at least one
ratio of two-gens inheritance. The range of actual chi-square prob-
ability values calculated for'the best fit ratios of these restérer

populations was .37-.018 which exceeds. the accepted .0l value, The

populations of lines 5892-5and =7 fit the two-gene (one homozygous

dominant, one heterozygous) ratio for both testcross and Fo generations.
Restorer lines 5892-9 and -10 were the only populations that fit two-
gene homozygous dominant ratios for testcross and F2 generations in
both the field and plastic greenhouse locations. The eight remaining
restorer populations had highly significant probability values for all
two~gene ratios for the Fp génerations being grown in the field.
Preliminary reports from Nebraska (23) indicated that fertility
restoration of the let 1 poﬁulations may be cohtrolled by two genes and

the lot 2 population by one gene. Since the actual genotypes of the



TABLE VIII

CHI-SQUARE PROBABILITY VALUES FOR DIFFERENT GENETIC RATIOS OF TESTCROSS
AND F, POPULATIONS BASED ON SEED SET CLASSIFICATION

1965 Testcross - Field . 1966 F7 Population - Field 1966 F2 Population ~ Plastic Greenhouse

1 Gene 1 Gene ) 1 Gene
Homo. Homo. Homo. )

2 Gene 2 Gene 1 Gene 1 Gene 2 Gene 2 Gene 1 Gene 1 Gene 2 Gene 2 Gene 1 Gene - 1 Gene -
Restorer Line Homo. Dom. Hetero. Hetero. Homo. Dom. Homo. Dom. Hetero. Hetero., Homo. Dom. Homo. Dom. Hetero. Hetero. Homo. Dom.

1:0:0 1:2:1 1:1:0 0:1:0 9:6:1 9:30:9 9:18:5 1:2:1 9:6:1 9:30:9 9:18:5 1:2:1
Lot 1-2 Gene
5892-2 <.005 .25~-.10 .90-.75 <.005 <.005 <.005 <.005 <.005 .05-.02 .10-.05 .50-,25 «50-.25
5892-5 - %,005 - .25-.10 .90-.75 <.005 <,005 <,005 .02-.01 <.005 .05-.02 .10-,05 .50-,25 .50~,25
5892-7 .25-,10 <,005 .50-,25 <.005 <,005 © <,005 .10-.05 <.005 .530-.25 .50-,25 .90-.75 .50-.25
5892-9 .75-.50 <,005 .25-,10 <.005 .05-,.02 <.005 <.005 <.005 .25-.10 .25-.10 .50-.25 .25-,10
5892-10 .75-.50 <.005 .25-.10 <.005 .50-.25 <.005 <, 005 <.005 ) .10-.05 +75-.50 .95-.90 .95-.90
5892-25 . <.005 .25-.10 1.00 <,005 <.005 <.005 <.005 <.005 - <,005 <.005 <. 005 <.005
Lot 2-1 Gene
5893-2 .25-.10 <.0Q05 .50-.25 | <,005 - <,005 <.005 <.005 <.005 | .02-.01 .50-.25 «75-.50 .90-.75
5893-3 <,005 .75-.50 .75-.50 <.00% <,005 <, 005 <,005 <.005 .25-.10 .25-,10 .50-.25 - .25-.10
5893-13 .05-.02 .05-.02 .50-,25 "<,005 <, 005 <,005 <.005 <.005 ¢-005 .10-,05 . .02-.01 - ,25-.10
5893-15 <,.005 .25-.10 1.00 <.005 <.005 <,005 <005 - <.005 T .50-.25 +50-,25 .90-.75 +50-.25
5893-18 <.005 .50-.25 <.005 <,005 <.005 <.005 <,005 <.005 <.005 <,005 <, 005 .05-,02
5893-20 .75~.50 <, 005 .,25-.10 <,005 <,005 .02-,01 <.005 <.005 .02-.01 .75-.50 . ,50-.25 +25-,10
5893-22 <.005 .25-.10 1.00 <.005 <.005 <,005 <,005 <.005 <,005 .90-.75  .75-.50 +90-.75
Triumph (Ck) 1.00 . <,005 : 1.00
Bison (Ck) 1.00 <,005 <.005

Chi-square probability <.01 = highly significant evidence against the hypothesis.

9
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two lots are not known, all one- and two-gene genetic ratios were appliéd
to each of the restorer lines from both lot 1 and lot 2. The prob-
ability values of all 13 restorer populations in Table VIII showed
highly significant deviations from the theoretical one~gene homozygous
dominant ratio for both the testecross generation in 1965 and Fo genera-
tion grown in the field in 1966, The lot 1 restorer lines did not fit

a one=gene ratio but neither did the lot 2 lines fit as was expected.
Discussion

The genotypes of the different restorer lines must be aceurately
estimated in order to develop a fertility restorer that will remain
fully steble in varying enviromments. Difficulties will arise if the
conditions under which the segregating generations are grown fail to
differentiate between the presence of one and two or more restorer
genes, Observations at the Nebraska Station indicate that this can and
will happen (22).

The first classification system in the present study using the
seven seed-setting fertility classes failed to show differences among
the restorer lines from the lot 1 and lot 2 populations other than
variation in the peaks of the F, frequency distribution curves., The
second classification system involving only three classes (fertile,
‘partially fertile, and sterile) resulted in more pronounced differences
in seed-set fertility among the individual restorer lines. The two
classification systems did agree upon the division of the 13 restorer
lines into two groups on the basis of plant numbers in the fertile and
partially fertile classes, The division was not strictly lot 1 and

lot 2 as had been expected. Four lot 1 and one lot 2 lines were of
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the same magnitude and expressed a higher degree of seed-set fertility
than the remaining'two lot 1 and six lot 2 lines,

The high percentage of ‘fertile plants for three restorer lines
(5892-9, 5892-10, and 5893<=20) coupled with the lack of sterile plants
for the testcross populations of the second classification system (Table
VII) indicates that two genes may be involved in restoration of fer-
tility and are present in all these lines. Chi-square probability
values based on the Fs; populations from the field in 1966 indicate that
these three restorer lines and two additional lot 1 lines were a good
fit to one of the two-gene ratios, The restorer lines showing good fit
for the two-gene genetic ratios were not in complete agreement with
respect to the two groups earlier formed on the basis of plant numbers
in the fertility classes, With the exception of the five restorer lines
fitting two-gene ratios, the remaining eight restorer lines showed highly
significant deviations from-all of the calculated one- and two=-gene
ratios, Line 5893-18 definitely did not fit either a one- or two-gene
ratio and the actual chi-square values of 31.86 and 43.87 were extremely
high in comparison to the other lines. This line must be deficient for
at least one essential, strong major gene as indicated in the high
percentage of sterile plants (Table VII).

When considering all plants of the check varieties in Table VIII-
to be fully fertile, low probability values (<.005) were cobserved for-
Bison in both the plastic gréenhouse and field in 1966, but Triumph was
low only in the field., These variations can only be attributed to

environment because the check varieties are known to be very fertile,



CHAPTER IV
GENETIC RATIOS BASED ON POLLEN CLASSIFICATION

If pollen readings could be used as reliable determinants of fer-
tility, the time and effort involved in converting conventional lines
and varieties to restorers could be substantially reduced. Theoreti-
cally, by collecting anthers from the primary head and observing pollen,
the fertility of the F7 could be determined before pollen shed, and
additional heads of the plant could be utilized for crossing in é
restorer conversion program. The degree of restoration of the Fj used
for backerossing could be verified bj selfing the primary head and
meking seed-set counts.

Some of the sarly work involving pollen classification as a meas~
ure of fertility in cytoplasmic male sterile wheats was reported by two
Japanese workers., Kihara (29) used pollen classification to observe
the changes in plant fertility while substituting the I. vulgare nucleus
inta'the Ae, caudata cytoplasm in one trial, and restoring the I,
vulgaré nucleus to its own cytoplasm by successive backcrosses follow-
ing an initial eross of I, vulgare x de. caudata in another trial,
Fukasawa (14, 15, 16, 17) made extensive studies on substitution and
restoraﬁion of the rucleus (genome) in Aegilotricum using the same back-
crossing technique reported by Kihara., Pollen fertility and, in most
cases, seed set were used to assess the fertility of the progeny in

subsequent backcrosses. Fukasawa (18) also classified backcross and Fo

29
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plants of gvata cytoplasmic male sterile x I. dicoccoides var.
Kotschyanum restorer using pollen fertility readings, and concluded
that restoration derived from dicoccoides is not controlled by a single
factor, but that two or more genes are involved.

Just prior to the initiation of the present study, Livers (31)
reported on the inheritance of fertility restoration in a I. itimopheevi
x Marquis3 F3 population (Kansas restorer). The testcross and F» gen-
erations were classified according to the micrescopic appearance of the
pollen. The three pollen classes reported were normal, partially fer-
tile, and sterile, His data agreed with a two-factor hypothesis based
on chi-square tests and he designated these factors as Rfj and Rfsy.
Livers (31) indicated that the heterozygote, Rf1rfiRfprfz, produced by
crossing male sterile Bison with the new restorer was fully fertile. He
suggested that the partially fertile segregates contain either the domi-
nant gene Rfj or Rfp but not both and that the sterile class consisted
of the recessive genotype rfirfirforfs combined with I. timopheevi cyto-
plasm.

The three fertility classes (fertile or normal, partially fertile,
sterile) used by Livers (31) were adopted for pollen classification in

this study.
Experimental Results

Restorer Parents

The range and average percent fertile pollen for the restorer
lines and testcrosses grown in three locations during 1965 and 1966 are
given in Appendix Tables XVI and XVII. The A-line, N5LL2437A x Bison?,

plants serving as a standard of comparison for pollen classification had



completely nonfunctional pellen in all locations for both years. The
conventional varieties, Triumph and Bison, showed very wide ranges of
pollen fertility within individual locations. These checks are pure
line varieties and should be completely fertile, but pollen readihgs fér
Bison during 1966 were as low as 32% and 35% fertile in the plastic
greenhouse and glass greenhouse respectively. This variation in the
check varieties made it difficult to assess the actual pollen fertility
of the individual restorer lines.

Each F) restorer line grown in 1965 traces to the seed of an indi-.
vidual FBIplant grown the previous year. If the F3 plant was homozygous
for restorer genes, as some were expected to be, then there should be
no segregation observed in the selfed Fj progeny in 1965 or F5 progeny
in 1966, In considering the glass greenhouse location for 1965 (Appendix
Table XVIJ, plants of all but two of the restorer lines showed high
average percent fertile pollen with very little fluctuation, Data from
this location would suggest that a number of restorer lines were homo-
zygous dominant for restorer gene(s). However, the restorer plants
grown in_the other two locations in 1965 and the two locations from
which pollen readings were obtained in 1966 (Appendix Table XVII) had
variable pollen readings. This variability is probably due to the effect

of environment.
Testeross and F2 Populations

The data presented in Table IX shows pollen fertility fer the 13
restorer lines, with plants grouped in three pollen fertility classes.
A high percentage of fertile plants for both testcross and F, popula-

tions involving restorer line 5892-9 is evident., This suggests that the



TABLE IX

FERTILE POLLEN CLASSIFICATION OF FERTILITY RESTORATION FOR THE RESTORER LINES
AS EVALUATED BY TESTCROSS AND F, POPULATIONS IN 1965 AND 1966

1965 Testcross - Field 1966 Testcross - Plastic 1966 F, Population - Plastic
Greenhouse 1/ Greenhouse
Total Partial Total Partial Total Partial

No, Fertile Fertile Sterile  No. Fertile Fertile Sterile  No., Fertile Fertile Sterile
Restorer Line Plants 75-100% 26-74% 0-25% Plants 75-100% 26-74% 0-25% Plants 75-100% 26-74% 0-25%

ot 1 (2 Gene) , o B (Percentage of plants in each class)
5892=2 8 37.5 50.0 12.5 8 50,0 50,0 0,0 12 50.0 33.3 16,7
58925 8  62.5 12.5 25.0 7 71.4 28,6 0.0 12 58.3 33.3 8.3
5892-7 8 75,0 25,0 0,0 7 42.8 57.1 0.0 10 50,0 50,0 0,0
5892-9 8 100.0 0,0 0.0 8 87.5 12,5 0.0 11 81.8 18.2 0.0
5892-10 8 100,0 0.0 0.0 8 50.0 50.0 0.0 10 30.0 60,0 10.0
5892-25 8 62,5 37.5 0,0 8 87.5 12.5 0.0 i1 54,5 18.2 27.3
Lot 2 (1 Gene)
5893=2 8 87.5 1z2.5 0.0 8 75.0 25,0 0,0 12 4.7 50,0 8.3
5893-3 8 50,0 12,5 37.5 8 50,0 50,0 0.0 12 50.0 41,7 8.3
5893=13 8 50,0 25.0 25,0 8 37.5 62.5 0.0 12 8.3 66.7 25,0
5893=15 8 37.5 62.5 0.0 8 100.0 0.0 0.0 12 58.3 41,7 0.0
5893-18 8 0.0 25,0 75,0 8 62,5 25,0 12,5 12 16.7 50,0 33.3
5893-20 8 62,5 37.5 0,0 8 87.5 12.5 0,0 12 58,3 33.3 8.3
5893=-22 8 25,0 37.5 37.5 8 62,5 37.5 0,0 1z 58.3 33.3 8.3
Triumph {Check) 8 100,0 0,0 0.0 11 100.0 0,0 0,0
8 62,5 37.5 0,0 il 63.6 36,4 0.0

Bison (Check) 10 _ 80.0 20,0 0,0 .
1/ No pollen readings could be made for the field material in 1966 due to weather conditicns during
the heading and pollination period.

b
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line was hdmozygous for one or more restorer genes, Additional fertile
populations were restricted to an individual restorer line in a parti-
cular location. The absence of sterile plants in a population is a good
sign of fertility. There were a number of populations having no sterile
plants in either of the testcross locations but populations invelving
only three restorer lines were void of sterile plants for all'geﬁera- a
tions and locations. Of these three populations, two showed a high per-
centage of partially fertile plants while the third line, (5892-9) dis-
cussed previously, was highly fertile.

In order to further study the inheritance of restoration in these
lines, chi-square values were calculated, based on fertile pollen read-
ings, for three possible two-gene and one one-gene genetiec ratios, iden=
tical to those used for seed=set data in the previcus chapter, The pro-
bability values for the different genetic ratios are given in Table X,
Results were strikingly different for the one-gene homozygous dominant
ratio compared with the two-gene ratiocs for the testecross populations
of both the field in 1965 and the plastie greenhouse in 1966, All prob-
ability values were smaller than the .0l level, indicating there was
little evidence to suggest a one-gene control of restoration in any of
these lines,

Two Jot 1 and six lot 2 testeross populations grown in the field
in 1965 had probability values <,01 and consequently did not fit the
two-gene homozygous dominant ratic., The probability values for test-
cross and F, populations involving line 5892-9 showed a good fit to a
two-gene homozygous dominant ratio for both years. Two lot 1 restorer
lines (5892=5 and =7) were in agreement with the two-gene (one homozygous

dominant, one heterozygous) ratio in all testcross and F, generations.



TABLE X

CHI-SQUARE PROBABILITY VALUES FOR DIFFERENT GENETIC RATIOS OF TESTCROSS AND
Fo POPULATIONS BASED ON FERTILE POLLEN CLASSIFICATION

1965 Testcross - Field 1966 Testcross — Plastic Greenhouse 1966 F2 Population - Plastic Greenhouse
1 Gene 1 Gene 1 Gene
Homo. Homo. Homo, .

: 2 Gene 2 Gene 1 Gene 1 Gene 2 Gene 2 Gene 1 Gene 1 Gene 2 Gene 2 Gene 1 Gene 1 Gene

Restorer Line Homo. Dom. Hetero. Hetero. Homo. Dom. Homo. Dom. Hetero. Hetero. Homo. Dom. Homo. Dom. Hetero. Hetero. Homo. Dom.
1:0:0 1:2:1 '1:1:0 0:1:0 1:0:0 1:2:1 1:1:0 0:1:0 9:6:1 9:30:9 9:18:5 1:2:1

Lot 1-2 Gene
5892-2 <005 .75-.50 .75-.50 <005 <.005 .25-,10 1.00 <005 ~  ,50-.25 .02-.01 .25-.10 .25-,10 |
5892-5 .05-.02 .05-.02 .05-,02 <.005 .25-,10 .05~,02 .75-.50 <005 .95-.90 <005 .10-.05 .05-,02
5892-7 .25-.10 <005 .50-.25 <. 005 <005 .50-.25 .95-.90 .01-.005 . 75-.50 .05-.02 .25-.10 .10-.05
5892-9 : 1.00 <005 .02-.01 <.005 .75-.50 <. 005 .25-.10 <.005 .25-,10 <. 005 <. 005 <005
5892-10 . 1.00 <005 .02~.01 <. 005 <.005 .25-.10 1.00 <005 +25-.10 .75-.50 .90-.75 .75-.50
5892-25 " .01-.005 .05-.02 .90-.75 <.005 .75-.50 <005 ,25-.10 <. 005 .02-,01 <.005 .05-,02  ,05-,02
Lot 2-1 Gene
5893-2 .75~.50 . <005 .25-.10 <,005 .25-.10 <.005 .50-.25 <, 005 .75-.50 +25~.10 «75~.50 . . .50-,25
5893-3 <005 .10-.05 <.005 <.005 <.005 .25-.10 1.00 <,005 .90=.75 .02-,01 .25-,10  .25-.10
5893-13 .01-,005 .25-.10 .10-.05 <.005 <.005 .50-.25 .90-.75 .01~-,005 <,005 .75-.50 .50-,25 .50-.25
5893-15 <. 005 .50-.25 .90-.75 .01-,005 1.00 <,005 .02-,01 <, 005 .75-.50 <.005 .50-.25  .02-.01
5893-18 <. 005 <. 005 <.005 <.005 .05-.02 .05-.02 .50-.25 <.005 <, 005 .50-.25 .25-,10 +75~.50
5893-20 .01-,005 .05-.02 .90-,75 <,005 .75-,50 <,005 .25-.10 <, 005 .95~+90 <.005 .10-.05- .05-.02
5893-22 <, 005 .75-.50 .01-.005 <.005 .01-.005 .05-,02 .90-,75 <. 005 .95-.90 <.005 .10-.05 ,05-.02
Triumph (Ck) 1.00 1.00
Bison (Ck) .25-,10 .01-.005 <,005

Chi-square probability <.01 = highly significant evidence against the hypothesis.
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Testeross and F2 data for only one lot 2 restorer line (5893-2)
expressed agreement, having two different two-gene ratios showing a

good fit.
Discussion

The number of classes that can be used effectively in describing
percent fertile pollen of a population are dependent upon the size of
the population, and the ability to distinéuiéh between degrees of cellu-
lar staining, In the present study, plants with completely fertile or
sterile grains were not difficult to distinguish, other than ghosts
which result from breakage of the cell wall of a fertile grain allowing
the cellular content to escape., Other plants, however, had pollen grains
with varying degrees of stainability. The intensity of staining
appeared to depend upon the stage of maturity of the anther., Based on
these observations, the three pollen classes (fertile, partially fer-
tile, sterile) were found to be most suitable for the limited number of
plants representing each restorer population in this study.

Since the original lot 1 and lot 2 Nebraska restorer populations
were derived by bulking the most fertile plants from Fy segregating
populations, some of the plants in these populations were assumed to be
heterozygoué and some homozygous for restorer genss, In'order to
assess the genetic control of restoration in this material, four calcu-
lated one- and two-gene genetic ratios were applied simultaneously  to
the testcross and Fy generations of each restorer line in both lot 1
and lot 2 populations. It was first noted that the deviations from the
calculated one-gene homozygous dominant ratio were highly significant

for all 13 restorer pepulations. This was true for all testcrosses



36

grown in the field in 1965 and plastic greenhouse in 1966, This com-
plete agreement for all restorer lines in two locations and different
years indicates that full fertility restoration is not controlled exclu-
sively by one homozygous dominant gene for these restorer lines,

The two-gene homozygous dominant ratio for the testcrosses grown
in the field in 1965 (Table X) divided the 13 restorer populations into
a group of five showing a good fit and eight showing highly significant
deviations from the calculated two-gene ratio, None of the latter group
were consistent with the remaining two-gene ratios. Only the testcross
and F, populations of restorer line 5892=9 showed a good fit for a two-
gene homozgygous dominant ratio in both years., This line expressed a
high degree of restoration and appeared to be the most stable restorer
in all testcross and Fy populations based on the pollen data,

Comparison of the probability values for the testerosses in the
field in 1965 with those in the plastic greenhouse in 1966 showed very
little agreement for some restorer lines. Greater confidence was placed
in the results of the testcross data from 1965 since the crosses for
each restorer line were made from a known individual F3 plant. The
testcrosses for a given restorer in 1966 were made from a group of
eight Fj, parent plants. These Fjy plants could have been segregating for
restorer genes, therefore, would not be comparable with the 1965 crosses.

The inability to show differences between ratios in the F, popula-
tions grown in the plastic greenhouse in 1966 were mainly attributed to
the small population sizej only 12 plants represented each restorer line,
With a small population, the difference due to misclassification or

envirommental effect on one plant could result in considerable bias.



The observed pollen readings of the check varieties, Triumph and
Bison, were compared with an expected 100% fertile pollen class, The
resulting probability values (Table X) for Triumph in the twe genera-
tions of the plastic greenhocuse were a perfeet fit. The plants of Bison
were in agreement with the expected 100% fertile pollen class for the
testeross nursery in the field during 1965 but showed nc agreement for
the other two generations in 1966. The lack of fertile pollen in the
anthers of Bison appeared tc be dus to an environmental effect result-

ing in sterility in the heads,



CHAPTER V

RELATIONSHIP BETWEEN SEED-SET AND POLLEN CLASSIFICATION

In the final analysis, the restoring capacity of an individual
plant or restorer line is determined by the amount of seed set in the
F1 hybrid resulﬁing from an A x R cross. The question of whether pollen
classification is reliable in determining this restoring capacity is of
considerable importance since pollen classification offers several advan-
tages over seed=-set classification,

Although both pollen and seed-set classification have been used
in studies involving restoration, there is very little information in
the literature regarding the relationship between percent fertile pollen
and seed set.

Fukasawa glb) reported on the fertility of wheat plants with vary-
ing chromosome configurations using percent fertile pollen and percent
seed set., In this study it was reported that pollen readings averasged
from 5 to 45% higher than seed-set readings. Kihara (29) used fertile
pollen and seed=set percentages to mesasure the fertility of each back-
cross generation in substituting and restoring the nucleus of I, yulgare.
He reported a wide variation in both pollen and seed fertility in the
early backecross generations but the readings were reasonably clese in

the later generations. ‘
Maunder as cited by Miller and Pickett (34) related seed set to
pollen fertility in sorghum. He reported that seed set was a good indi=-

cator of pellen fertility when fertile pollen fell within the 20 to 65%

38
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range., However, seed-setl estimates of pollen fertility were often low
when fertile pollen was less than 15% and high when fertile pollen
exceeded 65%. In making a large number of A x R crosses, Miller and
Pickett (34) used esﬁimates of stainable pollen instead of seed-set
counts to measure fertility of the R-lines used as pollén parents,
However, the Fy, Fp, backcross, and testeross progeny were rated for -
percent stainable pollen and seed set and they canfifmed the earlier
report of Maunder that seed-~sel and pollen readings are not identical
when fertile pollen exceeds 65% or is less than 20%.

Determination of the éctual fertility of an individual plant could
depend on the area of the spike examined and the technique (either seed-
set or pollen classification) employed in measuring fertility. Johnson
et al. (23) reported that when fertility wés incomplete, seed set with-
out exception, proceeded frem the base to the tip of the spike. Wilson
(47) alsc observed that sterile florets occurred primarily in the upper
portion of the spike in partially sterile hybrid wheat plants. The
inheritance of restoration of the Kansas restorer (31) was determined
from the percentage of fertile pollen in the anthers of the spikelets
near the tip of the spike, |

Fertility differences of the restorer material in the present
study were determined by dividing the spike into three equal parts
(base, middle, and tip) and classifying each for percent fertile‘pollen
and seed set. The association of fertile pellen and seed set in deter-
mining fertility was evaluated by linear correlation. The relationship
between genetic ratios based on the two fertility classification methods
was also determined by comparing appropriate chi-square probability

values,
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Experimental Results

Fertile pollen and seed-set percentages for the testcross nursery
grown in the field in 1965 were selected as representative of readings
for the base, middle, and tip areas of the spike. Percentages of fertile
(dark) poilen and seed set for individual plants from itestcross popula=-
tions and two check varieties are given in Appendix Tables XVIII and
XIX, In conventional variéties9 seed set normally ranges from 85 to 90%,
The eight Triumph check plants in this étudy averaged 84.4% seed set in
the tip area of the spike; therefore, any restorer plant equal to or -
exceeding this value in seed set was regarded as fertile., The testcross
plants of restorer line 5892-7 had a high percentage tip fertility and
was reasonably consistent with six of the eight plants having higher
readings than Triumph for both fertile pellen and seed-set percentages;
Association between fertile pollen and seed sst for tip fertility was
also generally good for the Bison check with all but one of the pollen
and seed-set readings indicating fertile plants. Asscciation between
fertile pollen and seed set for the tip area of the itesterosses of
restorer line 5893-18 was good although none of the plants in this line
were classified as fertile, "In contrast, several lines had a high per-
centage of plants showing fertile pollen in the tip but the same plants
had low seed-set percentages in this area., The general trend between
fertile pollen and seed set in the tip of the spike was that when percent
fertile pollen was low, seed set was reduced,

The average percent fertile pollen and seed set for testcrosses of
each ;estorer line are summarized in Table XI, Considering the averages
for the tip region of the spike, testcrosses of two restorer lines,

5892-7 and 5892-10, show a very close relationship between fertile pollen



SUMMARY OF AVERAGE PERCENT FERTILE POLLEN AND SEED SET READINGS, BY SPIKE AREA, FOR

TABLE XI

TESTCROSSES INVOLVING 13 RESTORER LINES GROWN IN THE FIELD LOCATION IN 1965

Restorer Line

Average readings of 8 plants/testcross

Involved in b Dark Pollen % Seed Set

Testeross Base Middle Tipv  Average Base Middle Tip  Average D Z
5892-2 75.08 68,85 55,91 66,61 97.05 91,87 70,43 86,60 +19.99
5892=5 57.68 72,25 66,02 65.32 86,45 82,10 73,26 80,60 +15,28
5892-7 80,21 92,76 77,48 83,48 9,37 92,71  77.98 88.35 + 4,87
5892-9 83.38 85,15 88,96 85,83 86,26 93,13 78,30 85,90 + 0,07
5892-10 88,95 93,25 87,00 89.73 94,58 87,30 87,98 89,95 + 0,22
5892-25 67.42 81,55 82,87 77.71 70,062 78,85 61.55 70,14 = 757
5893=2 91,20 86,50 83,47 87,05 91.15 91.15 69,51 83.98 = 3,07
5893=3 50,13 57,10 54,38 53,01 3,12 65.73 45,65 61,50 + 7,59
5893-13 63,26 53,71 64,25 60,41 77.08 81,05 55,85 7l.32 +10,91
5893<15 81.58 59,46 43,70 61.58 84,58 87,70 75,82 82,70 +21,12
5893-18 26,01 20.26 14,56 20,28 37.37 41,46 34,65 37,83 +17.55
589320 70.55 82,85 78.61 77.33 93,33 96,46 - 82.23 90,67 +13.34
5893=22 49,20 49,30 42,86 47.12 82,51 84016 55,10 73,92 +26,80
Triumph (Check) 89,60 96,671 8h4.h5  9C.24

Bison (Check) 86,98 84,46 G1,60 87.68 93,33 98,43 98,75 96,84 + 9,16
Average 69,40 70,53 60,00 66,64 83,39 84,58 70,10 79,36 $12.72

1/ D = Difference in percent fertility between seed set (+) and dark pollen (=),

L]
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and seed set. The percent fertile pollen and seed set for these lines
were 77,48 vs. 77,98% and 87,00 vs. 87,98% respectively.

When three regions of the spike (base, middle, and tip) are consid-
ered separately, seed set was lower for 13 entries (12 R-lines and
Triumph} in the tip area than the other two regions of the spike. No
appreciable difference in séed set with regard to spike region was noted
for two entries (5892«10 and Bison check), Pollen readings were more
variable than seed set in the tip area, In séven testerosses the low -
percent pollen fertility was observed in the tip area of the spike but
three testcrosses and the Bison check were fertile in all three areas
of the spike., In comparing the averages of all entries for each area-
of the spike, it was noted that percent dark pollen is essentially the
same for the base (69.40) and middle (70.53) regions of the spike. Also
the percent seed set for thése two regions of the spike was very similar
(83,39:84.58), Both percent dark pollen and seed set in the tip area
werse conﬁiderably less than the other areas of the spike. The average
seed=set readings for the tip areas of‘all lines were approximately 10%
higher than fertile pollen readings.

The average psrcent seed set of the testcross populations was
higher than the average percent fertile pollen for all but two test-
crosses as indicated in Table XI. An average across the three regions
of the spike results in a difference of +12.72% between pollen and seed-
set readihgso Considering average seed-set readings for the individual
testeross populations, testerosses of five restorer lines were classified
as fully fertile (85%+) and three other lines approached full fertility
(80% or better)., Four testerosses had a marked reductien in both pollen

and seed-set percentages., When readings were consistently low,
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especially as observed in testcrosses of line 5893-18, it was assumed
that either a major gene or possibly several minor genes for fertility
restoration were missing from the genotype.

The linear correlation coefficients between percent lateral seed
set and dark staining pollen of Fy and F5 restorer parents evaluated in
1965 and 1966 are given in Table XII. In contrast to the good agree-
ment betwsen fertile pollen and seed-set readings in the testcross data,
the restorer parent lines showed very little assoclation in most envi-
roments, The highest associations between percent fertile pellen and
percent seed set occurred in the 1966 plastic greenhouse enviromment;
six restorer lihes and the Bison check were either significant or highly
significant and four other populations approached significance.

The comparison of pollen and seed-set percentages for the average
of all A-;, B-, R-lines and A x R F; hybrids in Appendix Tables XVI and
XVII showed that the average fertile pollen readings were consistently
higher than average seed set for the glass greenhouse and plastic green-
house for both years, The differences in averages of fertile pollen and
seed set for all entries ranged froﬁ 4.5 to 12.4%, ‘The field results
in 1965, however, had a higher average seed set for all entries (7.1%)
than that for average fertile pollen,

The two-gene homozygous dominant ratio based on seed-set classifi-
cation (Teble VIII) showed that the testcross aﬁd Fo populations involv-
ing restorer lines 5892-9 and 5892-10 exceeded the .0l probability level
and therefore were considered to fit this ratio., The same ratio for the
populations of these two lines based §n pollen classification (Table X)
showed good fit for line 5892m9 in all locations but only one location

for line 5892-10 fit the ratioc. The testcross and Fo populations of
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TABLE XII

CORRELATION COEFFICIENTS (r) BETWEEN LATERAL SEED SET AND DARK
STAINING POLLEN FOR 13 RESTORER LINES GROWN IN THREE
ENVIRONMENTS IN 1965 AND 1966

1965

Glass Plastic Glass Plastic
Restorer _Greenhouse Greenhouse Field  Greenhouse Greenhouse
5892-2 0,08 0,827 0.55 0,06 0.82%
5892-5 0,89** 0,07 0,78 % 0.34 0.99*
5892-7 =0, 46 0,40 0,22 0,22 0,88 %x*
5892-9 0,02 0,45 0,86%* 0,57 0.55
5892~10 =0,51 0,90 % 0,80 % 0,11 0,06
5892-25 =0,16 =0,17 =0,15 ~0,20 0, 7h*
Combined Lines 1/  0,98%% 0,50 0,56 0.63 0,64
Lot 2 (1 Gene)
58932 0,31 0,08 0,70 0.75% 0,64
5893-3 0,19 0,58 0,11 0,35 0,70%
5893-13 0,34 0,002 0,13 C.17 0,11
5893-15 <047 0,93*%* 0,25 =013 0.34
5893-18 -0,17 0,51 0,08 0,04 0,97 %*
5893-20 0o 54 0, 7% 0.90%% 0,16 0,67
5893-22 0,68 0,33 0,04 0,72% 0,59
Combined Lines 1/  0,95%+% 0.74 0,52 0,89 %% 0,99%*
Teiumph {Check) 0,06 ~0,11 0.22 =0,31
Bison_ (Check) 0,20 0,65 =0,03 0,87 %% 0,80*

1/ Combined lines = means of the restorer lines are used,
Significant eorrelation value, P = ,05,

%

** Highly significant correlation value, P = .01,
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restorer lines 5892«5 and 5892-7 showed good fit to the two-gene {one
homozygous dominant, one heterozygous) ratio for seed-set classification
and fertile pollen classification. Two populations of lot 2 restorer
lines showed fit to two=-gene ratios; the F, pepulation of restorer line
5893-20 fit a two-gene heterozygous ratio based on seed-set classifica-
tion and all testeross and F, populations of restorer line 5893-2 fit a
two~-gene homozygous dominant ratio based on fertile pollen classifica=
tion. The remaining seven restorer lines failed to fit the one- and two-
gene ratios for fertility restoration using either fertile pollen or

seed-set classification.
Discussion

Conventional varieties such as Triumph and Bison used as checks in
this study have normal cytoplasm and usually have a high seed-set per=-
centage; however, they commonly have an occasional vacant floret., These
sterile florets do not appear to be confined to a specific region but
occur at random throughout the spike. The main exceptions to this are
drought or freeze injury which may be confined to a particular area,
From earlier reports (22, 39), it appeared that in partially restored
A x R hybrids, sterile florsts did not occur at random throughout the
spike but occurred in a definite pattern; with sterility progressing
from the tip downward. For this reason, in the present study the spike
was divided into three areas (base, middle, and tip) permitting an
evaluation of pollen and seed-setting fertility of sach area., This
pattern of reduced fertility of the tip region was evident in the mate-
rial under investigation in this study and generally occurred in both

pollen and seed-set classification, On the basis of the sterility
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pattern discussed above, it was assumed that the middle region of the
spike would have a slightly lower average fertility than the base region.
However, the fertility of the middle region was found to be essentially
the same as the base whether measured by pollen fertility or seed set.

By using the testcross nursery for comparing seed-set and fertile
pollen readings (Table XI), it was also possible tS evaluate the degree
of fertility restoration in the restorer lines, Testcross populations
involving eight of the restorer lines exceeded 80% seed set. The field
location in 1965 appeared to be & very fertile enviromment giving a full
expression of the restorer genes. Seed-set percentages were consistently
higher than fertile pollen percentages for this location. This implies
that, as long as enough fertile pollen was available to cause dehise-
ence of the anther; environmental conditions in the field allowed fer<
tilization and seed development. In the glass greenhouse and plastic:
greenhouse locations (Appendix Tables XVI and XVII), consistently higher
readings were noted for average fertile pollen than for average seed
set, The results of Fukasawa (14) that pollen readings averaged from
5 to 45% higher than seed set are generally consistent with the observa-
vti@ns noted in the present study.

Except for the plastic greenhouse location in 1966, the association
between seed set and dark staining pollen of the individual selfed
restorer populations were highly variable (Table XII). In the plastic
greenhouse, either percent lateral seed set or percent dark staining
pollen could be used to determine the degree of fertility restoration,

The lack of association between the two methods of classification -
within most locations makes their degree of relationship questionable.,

However, the agreement between genetie ratios based on fertile pollen
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aﬁd seed set must be considered. Restoration in the original Nebraska
F, population from cross 628, designated as lot 2,‘was reported to be
under the control of a single major gene although there was some pos=-
sibility that minor genes were also present (23). The expression of
minor genes could not be demonstrated with thelpresent data, however, if
there was only one major dominant gene for restoration, then either a
large number of minor genes with small effect or a few minor genes
with larger effects would be required for complete restoration., There
were four lot 2 lines in the comparisons of the average fertile pollen
and seed-set data (Table XI) which appeared to lack these necessary
genes, These lines expressed reduced pollen and seed-set percentages
for all three areas of the spike. Five of the seven lines that failed
to fit 2 one- or two-gene ratio were from the lot 2 population., This
was unexpected when the testeross and F, populations of two restorer
lines from lot 2 showed fit to one of the two-gene ratios., Each line
showed agreement for only one method of classification, either fertile
pollen or seed set.

The lot 1 Nebraska material, cross 627, was reported to have two
ma jor genes for fertility restoration (23J. Of the six lines in this
study which originated from -the lot 1 material, populations of four
lines wefe shown to it the hypothesis that fertility restoration is
controlledbby two major genes based on goodness of fit from each classi=-
fication. Two lines showed good fit for twe homozygous dominant genes
and two lines indicated two genes (one homozygous dominant, one hetero-
zygous ) for fertility restoration. None of the restorer lines showed
complete fertility restoration across all envirbnments.tested, but the

four lines which fit a two-gene ratio had higher readings for fertile
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pollen and seed set and higher correlation coefficients than the
~ remaining lines, Restorer line 5892-9 appeared to be the most fertile
since it fit the genetic ratios for two homozygous dominant genes in

all generations for both pollen and seed-set classification.



CHAPTER VI
CORRELATION OF RESTORATION IN DIFFERENT ENVIRONMENTS

Fertility restoration of the Fy hybrid is an essential factor in
the successful development and utilization of hybrid wheat. Fertility
restoring lines (pollen parents) are being developed by selection from
lot 1 and lot 2 of the Nebraska restorer material and by transferring
the restorer genes into a series of standard varieties and experimental
lines, T be assured that the restorer genes are being maintained, an
environment is needed that will allow a reliable expression of the
restorer genes and one that can be duplicated in subsequent generations.

Wilson (47) indicated that the degree of pollen fertility expressed
in the F, hybrids of wheat was determined by the number of fertility
factors carried and by the effect of environment. He also reported that
as far as the A x R systems in spring wheat are concerned, fertile
environments were found in some areas of the southern latitudes with
high temperature conditions. In these particular areas wheat hybrids
which were only partially fertile in other environments were completely
fertile. Schmidt et al. (40) reported marked effect of enviromment on
séed«éettihg ability of wheat plants grown in both the greenhouse and
fieldo Fukasawa (18) suggested that the pollen fertility of semi-
fertile plants of male sterile dicoccum x T. dicoccoides appeared to be
influenced considerably by envirommental conditions. Kihara (30)

reported that the fertility of Fy hybrids depends to a large extent

L9
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upon the external conditions, namely late sowing, humidity, and low
temperature. Schmidt et al., (40) indicated that restoration in related
material was lower when it headed during a prolonged cloudy period as
compared with material heading during bright sunshine, It is possible
that light intensity as well as temperature affects the stability of
sterility and restoration.

Jones et al.(25) reported that two restorer genes were needed for
fertility in the unfavorable season of 1955 in the T (Texas) cytoplasm
of corn, while in the 1956 season only one restorer gene was necessary.
It was also indicated that a number of inbred pollinators in corn may
restore pollen production fully or partially in some combinations but
may be completely sterile in others due to wide envirommental and sea-
sonal variation (25). Duvick (105 reported that the number of genes
required for complete restoration in corn varies considerably in different
seasons and locations; for example, corn grown in Jowa required more
modifying genes than that grown in the cooler, more humid conditions in
Connecticut., _

Kidd (28) reported the effect of temperature on the restorer genes
of sorghum, His data suggested that at temperatures above 95°F which
are desirable for sorghum, three dominant modifying genes will give
complete pollen fertility without the dominant major gene,

Burton and Athwal (8) suggested that the variation in the mean seed
set observed in the Fy hybrids of pearl millet, between the same A-line
and different Ralines, would be expected because of differences in geno-
types and their interactions with environmment.

In the present study, the effects of environment on seed set and

pollen fertility were determined by caleculating correlation ceefficients.
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Associations were observed between locations in the same year, and the

same location in different years.
Experimental Results

Correlations of seed set and dark staining pollen for each restorer
line in Table XII were made by locations for both years. In general,
the r values were highly variable in magnitude. The lack of consistent
correlations between locations would likely be attributed te the wvaria-
tion in response of pollen formation and seed set to different macro-

nvironments. The individual restorer lines were also quite variable

to different micro-environments as indicated in the previous chapter.
storer 5892-2 was the only line with significant positive correlations

in the same location for two years. Significant positive correlations

v\rere obtained for line 5892-5 for three of the five locations,

he 1ot 1 and lot 2 populations, represented by the combined lines,

resulted in more consistent correlations among the test sites than did

the individual restorer lines. The combined values wers computed from

the means of seed set and dark staining pollen for all plants of each

restorer line, thus, it appears that part of the effects of micro-
environment were averaged out.
One of the planned procedures for studying environmental differences

was to compare different locations for each of the restorer lots and

checks using.percent lateral seed set. The linear correlation coeffic-
ients of these coﬁparisons are given in Table XIII, Only restorer lines
from the lot 2 population showed significant positive correlations for
the plastic greenhouse vs., field locations in 1965. None of the remain~-

ing restorer populations were significantly correlated for either year.



TABLE XTII

CORRELATION COEFFICIENTS (r) BETWEEN LOCATIONS BASED ON SEED SET PERCENTAGE FOR LOT 1, LOT 2
RESTORER LINES AND CHECK VARIETIES GROWN DURING 1965 AND 1966

1965 1966
Combined Combined
Comparisons Lot 1 Iot 2 Checks Value 1/ Iot 1 Tot 2 Checks Value 1/
Glass Greenhouse vs. Plastic Greenhouse 0.30 0.55 0.54% 0.53% 0,30 0.52  0.83*%% 0,17
Glass Greenhouse vs. Field 0.14 0.65. 0,92%x 0,42 -0.59 0,13 0,64** -0,05
Plastic Greenhouse vs. Field 0.52 _0.86* 0.36 Q.73 %% 0,34 _0.34 0,29 ~0. 41

K

l/.Combined value = the average percent lateral seed set for each restorer line in lois 1 and 2 and
check varieties, , _ ) . :

* Significant correlation value, P = .05,

** Highly significant correlation value, P = .0l.

49
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On the other hand, the check varieties had signfiecant positive correla-
tions for the glass greenhouse vs., plastic greenhouse and glass green-
house vs, field in both years. Failure of the restorer lines to respond
the same in the locations being compared indicates significant R-line x
environment interaction. Part of this effect could be due to differences
in cytoplasm. The check varieties had normal cytoplasm but all R-lines
had sterile cytoplasm.

Linear correlation coefficients for years, using percent lateral
seed set for comparison, are presented in Table XIV, There was a wide
range in degree of seed set among the R-lines and check varieties
réported earlier (Appendix Tables XVI and XVII), but comparisons of the
combined average seed set of each restorer population and the check
varieties in Table XIV for two different years showed significant posi-
tive correlations. The lot 2 lines in the glass greenhouse had a pro=-
bability value > .10; therefore, were approaching significance., Correla-
tion coefficients for the field location were low and nonsignificant
for both restorer lots and the combined values for all entries. It
appears that the field was the most variable enviromment in the two

years during which this study was conducted.
Discussion

It is apparent from data reported in Tables XII and XIII that
fertility of the material under study, based on fertile pollen and seed
set, is influenced greatly by environmental conditions. The linear
correlétion coefficients for each set of locations compared indicated
high R~-line x enviromnment interaction based on the lot 1 and lot 2

restorer lines. The check varieties, however, showed significant
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correlations between the glass greenhouse vs, plastic greenhouse and
glass greenhouse vs, field for two years, Adaptation was first con-
sidered as an explanation for these differences, however, the data
(Table II) indicated that the restorer lines and checks responded simi-
larly in the same environment as far as heading date, yield, and other
agronomie¢ and quality characters were concerned, The major difference
‘between the restorer lines and check varieties is the presence of
restorer genes in a sterile cytoplasm for the former, and normal ecyto-
plasm and the absence of restorer genes for the checks. The lack of
correlation in the restorer material is assumed to be an environmental
affect upon the fertility restorer genes and/or sterile cytoplasm system.
TABLE XIV
CORRELATION COEFFICIENTS (r) BETWEEN YEARS BASED ON SEED SET

PERCENTAGE FOR LOT 1, LOT 2 RESTORER LINES AND CHECK
VARIETIES GROWN DURING 1965 AND 1966

1965 vs, 1966

Combined 1/

Location lot 1 lot 2 Checks Value
Glass Greenhouse 0,92%%* 0,67 0.58% 0,61%
Plastic Greenhouse . 0,81%* 0,76% 0,86%* 0,80%*
Field 0,33 0,35 0,88 % 0,12

1/ Combined value = the average percent lateral seed set for each
resterer line in lots 1 and 2 and check varieties.

% Significant correlation value, P = .05,

** Highly significant correlation value, P = .01,

The sterile cytoplasm (A-line) was stable with regard to fertility
in all environments encountered in this study. There is the possibility,
however, that the plasmon of the A~line, in combination with the genome

of the R=line may cause change in metabolic activity of the restorer

lines and thus increase sensitivity to envirorment. The affect of
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sterile cytoplasm upon the restorer lines could be evaluated by com=
paring the same genes in both normal and sterile cytoplasms, Such com-
parisons were not possible with this material since the Nebraska restorer
lines were developed only in sterile cytoplasm.

There was a much higher association of seed-set fertility in the
restorer populations between years than among locations in the same year.
From these data, it appears that the chances of duplicating an environ-
ment from year to year for a dependable expression of the restorer genes
would be most likely in the plastic greenhouse, Earlier findings showed
that the plastic greenhouse was the most critical location for the
expression of the fertilit& restorer genes and also resulted in a higher
correlation of dark staining pollen vs. seed set than thé other environ-
ments, It is apparent from these results that the plastic greenhouse
would make a good location for the development of suitable restorer
lines, |

Fluctuations in temperature and humidity, both within and among
locations, are known to affect the floral organs of the wheat plant.

The high temperatures often encountered during the early spring also
make heading date an impertant factor in Oklahoma., Table XV shows the
range and average heading date for each location for the two years of
this study. It is worth noting that there is approximately a month's
difference in average heading date among locations fof both years. The
wide range in heading date within locations, coupled with fluctuating
temperatures may have had a marked affect upon the expression of the
restorer genes. Brooks and Brooks (6) reported differences in pollen
sterility in sorghum plants of different maturity dates and suggested

that the cause of sterility in sorghum may be a temperature-sensitive
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mechanism,

TABLE XV

RANGE AND AVERAGE HEADING DATES OF VARIOUS RESTORER POPULATIONS
IN THREE ENVIRONMENTS FOR 1965 AND 1966

Average
_ _ Heading Date From Date

Year cation First Head  to  lLast Head Headed
1965 Glass Greenhouse Feb, 14 Mar. 28 Feb, 24
1965 Plastic Greenhouse Mar, 21 May 7 Apr, 15
1965 Field Apr. 30 May 18 May 6
1966 Glass Greenhouse Feb, 27 Mar, 31 Mar, 9
1966 Plastic Greenhouse Mar, 1 May 11 Apr, 16
1966 Field Apr, 27 Moy 18 May 3

After observing the wide differences in response of the restorer
material to enviromments, the author suggests that additional studies
are needed, possibly using fewer lines and larger populations in the
different environments. This should provide further information regard-
ing the degree of environmental effect upon the restorer genes, and
might help to identify the optimum levels of temperature, light, and

homidity for maximum sxpression of the restorer genes.



CHAPTIER VII
GENERAL DISCUSSION

The two main objectives of this investigation were to study the
inheritance of the Nebraska restorer populations and to assess the
effect of enviromment upon the expression of the restorer genes. Two
major limiting factors in the study were 1) the small quantity of test-
cross seed available, and 2) limited space for growing genetic popula-
tions in the two greenhouse enviromments. The original plan was to com-
bine the testcross data for all locations and the F, data for all loca-
tions to provide a large number of plants for determining genetic ratios.
When the locations were combined, a high percentage of partially fertile
plants occurred in most of the restorer lines and differences noted in
individual populations were usually obscured. The frequency distribution
curves (Appendix Figures 1 and 2) resembled a normal distribution and
none of the populations showed fit to the one-~ and two-gene genetic
ratios, Thus, it was necessary to study inheritance of the fertility
genes on the basis of individual locations.

For a successful restorer conversion program, a method must be
used by which the restoring potential of the R-~line being developed can
be evaluated. In‘the early stages of hybrid wheat research the degree
of self fertility of the restorer line containing sterile cytoplasm
appeared to be a good indication of hybrid fertility; howsver, a number

of wheat workers now suggest that the only way to accurately assess the
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restoring capacity of an R-line is by a testcross evaluation program.

The major genes for restoration in Nebraska lot 1 and lot 2 restorer
material are derived from Iriticum itimopheevi. This material also may
have factors for fertility coming from the 'Turkey' wheat derivative,
'Nebred,' as well, 'Cheyenne,' also a Turkey derivative, has been
reported by Nebraska workers (23) to result in fairly high fertility in
Fl hybrids when crossed with male sterile lines having I. timopheevi
cytoplasm. This suggests that CheyenneAcontains a gene or genes for
restoration. From similar crosses with Cheyenne, Livers (32),obtained
sterile Fy hybrids and a segregation of 1:1 (fertility:sterility) in
backcrosses to Cheyenne. Since the fertility of the Fy hybrid was not
resﬁored, he considers the genes for fertility in Cheyenne as recessive
fertility genes,

It may be necessary to utilize genes for partial restoration in
common wheat if fully staBle and effective restorer lines are to be
developed. Plant selections from a number of varieties are reported to
ﬁave some degree of fertility restoration when crossed with male steriles
having T. iimopheevi cytoplasm. According to Livers (32) 'Blackhawk,’
'‘Relief,' and 'Itana'® all have some restoration ability. Fertility
genes, similar to those of Cheyenne, or weak restoration genes are also
suspected in plants of the varieties 'Crockett,' 'Gage,' 'lLancer,'
"Scout,' 'Selkirk,' and 'Chinese Spring'; however, other plants that can
be effectively sterilized can be selected from these same varieties,
This ipdiéates th#t 'pure-line' varieties may be heterogeneous for a
character such as fertility restoration° With one possible exception,
all of the varieties mentioned above have Turkey or Taurkey derivatives

in their pedigree. The only possible exception to this is the variety,
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Chinese Spring, whose parentage is unknown. Partial restoration of
fertility in these varieties has been observed primarily when growing
the‘Fl progeny or backcross generation from an A-line x variety cross
during a male sterile conversion program., From the limited ;mount of
information available, it appears that these genes would be called
modifier or minor genes and several could be involved in restoration,
From monosomic analysis by Robertson and Curtis (37), chromosomes 1B,
2B, 3D, 6A, and 6B of Chinese Spring appear to carry modifying genes
for restoration. Johnson et al. (22) suggested that minor genes, as
well és ma jor genes, may be involved in the Nebraska lot 1 and lot 2
material. The results obtained in the present study suggest that a
number of minor genes may be involved.

Another possible explanation for the failure of certain lines to
fit a one- or two-gene ratio is that at least three major genes are

required for complete restoration. Since Triticum gestivum is a hexa-

pleoid, each of the three genomes may furnish at least one major restorer
gene., According to Wagenaar (44) T. timopheevi has the same two genomes,
A and B, as found in T. aestivum. Ihe,j; timopheevi species may be
furnishing genes for genomes A and B in the present restorer material,
but the lack of a gene or genes for genome D may be causing instability
in restoration. Porter et al. (35) recently found fertility restorer
genes from the world wheat collection. They suggested that some of

these genes may come from the D genome, and they may not be included in

the crosses of I, timopheevi x T, aestivum, which involve relatively few
- hexaploid wheats.
The inheritance patterns of the restorer lines used in this study

were tested using genetic ratios based on both seed-set and fertile
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pollen classification, The agreement between these methods for the
testeross and Fp populationé was generally good, However, the associa-
tion between seed set and fertile pollen for the restorer parents them-
selves among the different environments in which they were grown was
very low, The lack of agreement between the percentages of dark stain-
ing pollen and seed set must be attributed to either 1). collection of
anthers at improper stage of maturity ér 2)‘diffefentia1 effect of
environment on the anther from meiosis to dehiscence and the early
stages of seed formation. Regarding the first peint, anther maturity
in a wheat spike begins first in the central portion of the spike and
progresses toward the base and tip. Anthers in the tip region are the
last to déhisceo In the preliminary pollen counts from anthers in dif-
ferent stages of maturity, the intensity of staining and consistency of
readings were found to be dependent upon the matufity stage of the anther
studied. To avoid the differences in development along the spike,
‘anthers were collected from the three areas of the spike at varied inter-
vals to get pollen at the same stage of maturity. Development of the
anther proceeds from an immature green through a gradual change of light
yellow to a golden yellow color at dehiscence, Even though collections
for‘pollen counts were made in the medium yellow stage just prior to
anther dehiscence there may have been differences in maturity of the
pollen4grains regardless of attempts to prevent such differences,
Conéidering the second possibility for lack of correlation between
fertile pollen ana seed set, the anther must contain a certain quantity
of ferﬁile pollen in order for dehiscence to occur. According to Rajki
and Rajki (36) this threshold is at least 50% fertile pollen grains.

Another factor affecting this threshold is prevailing meterological
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conditions during flowering. A high percentage of sterile flowers
occurred in the Stillwater greenhouse crosses when temperatures exceeded
90°F, Medium temperatures and high humidity appear to be the most
desirable conditions for optimum pollen shedding and seed set expression
of greenhouse material, The data reported by Rajki and Rajki (36) sup-
port these observations in that, at low atmospheric humidity (30 to 35%),
60 to 65% fertile pollen grains are necessary for anther dehiscence, but
in warm weather, at high atmospheric and soil humidity, 45 to 55% fertile
pollen grains are sufficient, The period that pollsn remains viable
from anther dehiscence until fertilization is also influenced by tempera-
ture and humidity (45), Tis should not have a marked effect upon self
pollination within an enclosed wheat flower unless exiremes of weather
conﬁitions occur,

Sterility of a partially fertile wheat plant is observed first in
the upper portion of the spike and is referred to as tip sterility. As
fertility decreases, sterility progresses down the spike toward the
basal spikelets, The exact causes of this sterility pattern of the
spike are not knowm but it has been suggested that this has a physio-
logical and biochemical basis. According to Wilson (47), the florets at
the tips' of the heads appear to flower last; and consequently, their
anthers develop late and miss the maximum pollen shedding period.

Johnson et al. (23) indicated that male sterility may be due to a mutri-
tional or physiological block that occurs below the spike. Such a block
would be expectedvto affect the most distil florets first. The promi-
nent wrinkling and shriveling of seed produced on male sterile plants
suggests that proper nutrition is lacking during the period of éndosperm

development.
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The central portions of the anthers of A-line plants were reported
by Joppé et al, (26) to have poorly differentiated vascular bundles when
cpmpared with the male fertile line. The inadequate development of the
vascular tissues could reduce solute transport into the stamens of male
sterile plants, Ihe lack of solute movement into the stamens could
explain the pollen degeneration in male sterile individuals which was
reported by Fukasawa (14, 15) to ocqur shortly after tetrad formation.
Fukasawa (15) also indicated that large amounts of nutrition substances
such as nucleic acid and waxy materials obtained from the tapetum cells
were essential for the maturing of miérospores° Extensive studies of
anther development and microsporogenesis by Chaﬁhan et al. (9) indicated
that male sterility resulted ffom improper nourishment of the developing
microspore due to abnermal behavior of the tapetumf Similar work involv-
ing the metabolic activity and reduction of the tapetal layer in barley
lead Kaul et al, {27) to conclude that>lack of food material from the
’tapetumvcaused pollen degeneration. Rapid disappearance of starch
granules from the degenerating tapetal cells of male fertile lines, fol-
lowing the first mitotic division was noted by Joppa et al. (26) in
wheat and Singh and Hadley (41) in sorghum; however, degeneration in the
male stefile‘lines was slow, with cells persisting up to floﬁering in
both whealt and sorghum. |

Preiiminary comparisons of pollen grains and anther development of
male sterile and normal male fertile varieties were made in the present
study., In the eafly boot-stage, the pollen grains of the male sterile
plants were wrinkled while the grains of the normal varieties remained
plump. As the male sterile head developed and the anthers should have

been expanding, they began to contract and were extremel& shriveled at
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the time of pollination for the male fertile plants. These observations
are consistent with the findings in corn by Rogers and Edwardson (38)
and in SQrghnm by Maunder and Pickett (33). The latter suggest some
essential substance for maintenance or development of pollen grains is
apparently lacking.

The substance may;be of a biochemical nature. Fukasawa (19)

reported that the male sterile gvata strain had accumulated the amino

acid asparagine while another free amino acid, proline, was lacking.
Jones et‘élo»(25) observed similar results in T (Texas) sterile cyto=
plasm of corn and while anthers from fertile plants contained an adequate
quantity of proline, they had limited asparégine content. Another free
amino acid, alanine, accumulating in the sterile anthers during the
stages of microspore development, eventually reached a two- to three-fold
inerease over the alanine content of normal anthers. The presence of
restorer‘genes in a sterile cytoplasm are reported to result in normal
free amino acid content, but do not, however, permanently alter the T
(Texas) cytoplasm, sinée sterile plants from segregating heterozygous
restorers show amino acid patterns typical of sterile anthers, Gableman
(20), assuming a gametophytic effect, advanced the hypothesis that the
presence of one or more particles in a microspore would lead to pollen
abortion;_ The particle has not been identified and the only suggestion
was that it could be a virus. It was suggested that a particle was
distributed regularly to daughter cells during mitosis, but was randomly
distributed at meiosiso If sterility was undef gametophytic control,
50% of the Fy hybrids would be sterile; Brooks and Brooks (6) concluded
from stuaies of cytoplasmic male sterility in sorghum that polleh abor-

tion was controlled by a sporophytic rather than a gametophytic mechanism.
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Together the nucleus and the eytoplasm form an integrated system -~
the cell -~, although each has its own genetic units, i.e. nuclear genes
and plasmagenes or cytogenes (3, 42). Kihara (29) concludes that the
plasmon and genome independently maintain‘their individuwality though
they interact with each other in metabolic activities., It is assumed
that cytoplasmic male stérility involves an interaction of nucleus with
cytoplasm since restorer genes are known which insure pdllen fertility

even though present in sterile cytoplasm.



CHAPTER VIII
SUMMARY AND CONCLUSIONS

A total of 13 restorer lines were evaluated for fertility restora-
tion potential using seed=-set and fertiie pollen classification systems
for restorer parents, testcrosses, and Fp populations. Tests were con-
ducted for the Fps in 1966 and the parents ana testerosses in both 1965
and 1966, The populations were grown in three enviromments. These were
glass greenhouse, plastic greenhouse,and field, Chi~square probabil-
ities were used to test the different genetic ratios of the restorer
lines, Correlation coefficients were used to measure the association
between 1) dark staining pollen and lateral seed set, 2) locations in
the same year, and 3) the same location in different years for the lot
1, lot 2 restoref lines, and check varieties,

A1l restorer lines showed highly significant deviations from the
theoretical one-gene homozygous dominant ratio, These results suggest
that either two major génes or one major gene and additional minor genes
are fequired for restoration in this material,

Definite differences in degree of restoration were noted among the
various restorer lines but the division was not strictly between iot 1
and lot 2, Zhere'were four lot 1 and two lot 2 restorer lines that fit
a two-gene ratio based on fertile pollen and/or seed-set readings. The
remaining seven restorer lines failed to agree with any of the one-

and two-gene genetic ratios.
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Based on the results of this study, the inheritance of fertility
restoration in lot 1 and lot 2 of the Nebraska material appears to be
more complex than a simple one- or two=-gene control as previously sug-
gested (23). ‘e restorer lines fitting a two-gene ratio weré variable
in expression of restoration in different environments.

The inability to differentiate among genetic ratios in some popula-
tions was attributed to the limited number of plants, coupled with the
effeet of environment within individual locations.

The lowest percentages of both dark staining pollen and seed set
were found in ﬁhe apical region of the spike. The central and basal
regions had essentially the same pollen and seed=set fertility.

In summarizing tip fertility results based on the testcrosses in
1965, three restorer lines (5892-7, -9, -10) showed a close association
between pollen and seed-set readings. These same restorer lines showed
a good fit to a two-gene genetic ratio; therefore, they must contain a
higher and more stable degree of fertility restoration than the remain-
ing restorer lines,

Correlations indicated that the influence of enviremment was an
important factor in the expression of pollen and seed=éet fertility.

There was little association of pereent seed set among locations
for the restorer populétions° However, there was generally good agree=~
ment for the normal check varieties., These differences were attributed
to a significant restorer and/or sterile cytoplasm x enviromment inter-
action, |

Significant positive correlations for seed set were noted between
years (1965 and 1966) for the glass and plastic greenhouses; however,

little association was observed between years for the restorer lines



67

grown in the field location.

Of the three locations, the field'wés the most fertile environment
followed by the glass greenhouse and the plastic greenhouse, This
indicates that the plastic greenhouse location was the most eritical
environment for the expression of restorer genes, This location also
had the highest association for dark staining pollen vs., seed set. Thus,
the plastiec greenhouse appeared to be the most dependable enviromnment
for the conversion and testing of restorer lines,

Envirqnmental conditions appeared to be the primary determinant of
the degree of association between fertile pollen and seed-set readings
as indicated by lack of significant linear correlation for the restorer
parents in most locations. However, pollen readings were in general
agreement‘with seed-set readings for the genetic ratios based on the
testeross and F, populations, indicating that they could serve as a
reliable classification method for determining inheritance of the

restorer material,
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PERCENT FERTILE POLLEN AND SEED SET IN 13 RESTORER LINES AND THEIR
TESTCROSSES GROWN IN THREE LOCATIONS IN 1965

APPENDIX TABLE XVI

Glass Greenhouse Plastic Greenhouse . Field
No. of 7 Fertile Pollen % Seed Set No. of 7 Fertile Pollen % Seed Set No, of % Fertile Pollen % Seed Set
Line or Hybrid Plants Range Avg. 1/ Range Avg.l/ Plants Range Avg. 1/ Range Avg.l/ Plants Range Avg. Range Avg,—!
A Nebr 5424372 x Bsn2 8 0 0.0 4] 0.0 8 0 0.0 0 0.0 10 o 0.0 0 0.0
B Bison CI 12518 8 92-98 95.7 83-100 93.6 8 39-92 76.1 30-87 68.2 10 58-96 87.5 81-100 92.8
B Triumph CI 12132 8 88-97 93.1 68-96 87.6 8 64-97 85.4 60-80 71.4 10 88-97 93.1 82-100 91.7
R 5892-2 8 94-98 95.6 89-100 93.5 8 34-77 60.9 4-54  32.7 10 33-96 80.7 21-100 76.5
R 5892-5 8 3-98 85.0 4-100 73.2 8 37-81 61,1 4-79 38.5 10 64-96 86.9 32-100 79.6
R 5892-7 8 90-97 94.8 92-1060 95.0 8 8-92 66.0 29-69 52.6 10 64-97 88.3 29-94 73.8
R 5892-9 8 91-98 94.8 79-100 91.0 7 39-72 57.7 38-72 59.1 10 57-97 86.1 61~100 88.4
R 5892-10 8 95-99 96.5 89-97 93.5 8 47-93 68.8 12-64 40,1 10 63-97 90.8 74-97 89.9
R 5892-25 8 92-96 94.6 85-100 92.6 8 64-92 82.9 35-82 64.5 10 64-97 89.9 77-100 92.8
R 5893-2 6 68-98 86.6 23-90 63.6 6 24-89 69.7 17-86  48.7 6 41-92 64.5 79-100 88,5
R 5893-3 8 90-98 94.9 78-100 93.9 7 49-96 70.3 61-82 73,2 10 58-90 73.7 88-100 95.1
R 5893-13 8 93~99 96.3 82-100 93.8 8 34-94 71.1 50-85 64,7 10 76-95 87.3 92-100 95.9
R 5893-15 8 $3-97 95.2 86-100  94.2 8 56-95 84.8 42-84 74,7 10 43-97 - 85.6 89-100 96.1
R 5893-18 8 93-96 93.9 90-100 95.2 8 2-97 41.9 4-83  49.6 10 36-98 79.4 -81-97 ~ 91.8
R 5893-20 8 80-99 93.3 67-93  81.6 8 27-93 52.6 14-72 40,7 10 38-96 17.9 52-100 82.0 -
R 5893-22 8 93-98 96.0 95~-100 97.8 8 38-98 73.7 4~89 59.4 9 90-98 94.2 90-100 95.9 .
msBsnZ x 5892-2 Fj 8 20-70 53.3 28-65 47.9 8 7-93 61.4 71-97,  87.2
5892-5 ¥y 8 26-77 54.7 11-72  46.3 8 13-90 66.1 36-97 80.4
5892-7 Fl 8 55-86 64.5 40-81  56.4 8 63-96 83.6 53-97 ~ 88.0 .
5892-9 Fl 8 21-82 58.9 31-94 57.8 8 82-90 86.2 68-100 86.4
5892—10Fl 8 8-86 46.7 44-83 68,0 8 82-94 89.8 66-100 89.5
5892-25Fy 8 57-85 68.8 33-85 59.7 8 59-93 78.4 31-94 70.1
5893-2 F 7 63-89 75.7 0-98 70.0 8 61-96 87.1 72-94 83.8
5893-3 Fy 7 17-94 59.8 0-75 50.7 8 8-92 54.3 21-86 61.2
5893-13F 8 55-88 75.5 11-80 52.2 8 15-96 60.6 6-97 71.6
5893—15Fl 8 28-92 70.4 32-97 71.0 8 34-95 60.1 62-97 82.8
5893-18F 8 0-92 52.7 0-77 37.1 8 4-67 . 20,0 10-88 39.0
5893—20Fl 8 46-92 72.0 6-75 54.3 8 43-95 76.2 78-100 90.4
5893—22F1 8 11-93 52.7 45-88 66.6 8 2-95 47.2 34-91 73.4°
Average 93.8 89.3 65.3 56.3 76.3 83.4

Py Average of the first spike for the designated number of plants.
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APPENDIX TABLE XVII

PERCENT FERTILE POLLEN AND SEED SET IN 13 RESTORER LINES AND
THEIR TESTCROSSES GROWN IN THREE LOCATIONS IN 1966

R R R Rl SR

Glass Greenhouse Plastic Greenhouse Field
No. of 7 Fertile Pollen . X Seed Set No. of 7 Fertile Pollen % Seed Set No. of % Fertile Pollen2/ % Seed Set

Line or Hybrid Plants Range Ave.l/ Range  Ave.L/ Plants Range Avg.1/ Range Avg.i/ Plants Range Avg.l/  Range Avg.i/
Nebr 5424372 x Bsn2 8 [ 0.0 0 0.0 8 0 0.0 [ 0.0 8 0 0.0
Bison CI 12518 8 35-99 79.7 30-100 68.4 8 32-96 72.2 15-100 70.6 8 50-100 89.2
‘Triumph CI 12132 8 63-96 87.5 58-96  83.2 8 78-98 83.8 82-100 92.9 8 - 14~100 78.0
5892-2 8 86-95 90.7 62-90 80.9 8 10-93 83.0 4-72  48.3 8 64-100 88.4
5892-5 8 60-93 82.9 40-95°  70.3 8 31-84 65.8 4-82  45.7 8 85-100  95.4
5892-7 8 63-97 88.7 74-95 85.8 8 38-94 73.3 9-82 56.3 8 80-100 91.3
5892~9 8 67-93 86.4 70-96  88.1 8 61-94 77.2 40-80 57.8 8 73-95 86.9
5892-10 8 83-97 91.0 54-100 87.6 7 51-89 69.8 21-91 59.1 8 79-100 94.0
5892-25 8 83-96 92.4 69-92  84.7 8 89-96 93.0 50-97 70.4 8 89-100 96.9
5893-2 8 58-96 81.8. 52-94 74,2 8 64-92 84.1 . 21-94 74,6 8 76-97 90.4
5893-3 8 86-99 93.4 91-100 97.0 8 45-97 84,1 31-89 77.8 7 91-100 95.0
5893-13 8 88-97 92.6 87-100 93.0 8. 92-98 94.4 34-93  77.9 8 82-97 1 90.3
5893-15 8 93-97 95.3 71-100 - 87.5 8 59-98 88.8 63-91  79.2 8 78-100 . 88.8
5893-18 8 70-93 85.8 86-96 90.4 8 32-95 69.8 22-89 61.8 8 64-100 85.9
5893-20 8 57-94 72.6 26-84 62.0 8 20-94 65.8 20-87 60.9 8 74-100 90.2
5893-22 8 86-98 92.4 57-96 . 86.1 8 58-98 84.1 43-100 81.9 8 : 75-97 ~ 88.4
‘msBsn2 x 5892-2 Fy. 2 23-28 25.0 48-64  55.3 8 45-82 72.8 35-85 55.9 20 4-92 . 57.1
x 5892-5 Fy 2 18-74 48,1 19-62 47.9 8 31-92 72.8 0-97 68.9 20 38-94 . 75.0
x 5892-7 Fl 2 74-84 79.2 79-89 84.3 7 52-91 74.9 4-81 42,7 20 : 16-100 68.8
x 5892-9 Fl 2 50-76 64.0 61-62 61.1 8 65-96 85.1 59-97 83.0 19 | 25-84 67,2
X 5892—10F1 2 69-82 = 75.6 68-70 68.8 8 57-85 73.8 0-94 64.3 20 . 2-84 . 65.4
.x. 5892-25F] 2 72-81 76.4 88-94 91.4 8 44-94 81.8 71-89 79.0 20 _ . 30-92 - 81.0
x 5893-2 F; 2 65-80 72.9 52-59 55.6 8 49-96 81.0 35-95 - 79,6 .19 .55-98  74.4
x 5893-3 F; 2 31-63 47.2 23-35 28.8 8 34~95 70.2 0-92 56.8 20 26-68 46.0
x 5893-13F 2 87-88 88.1 62-90 75.9 8 55-93 72.4 0-82 61.3 19 21-91. 66.0

x 5893-15F; 2 49-94 67.9 4-82  41.8 8 90-100 94.5 50-93 72.2 20 e - 37-86 - 65.1 .

x 5893-18F; 2 58-88 73.1 8-71 42.3 8 3-93 69.8 0-85 61.1 20 4=75  48.5 .
x 5893-20F; 2 3-7 5.7 . 0 0.0 8 30-95 83.2 0-88 57.8 20 15-67 45,2
N x 5893-22F1‘ 2 36-62 48.9 0-45 23.8 8 40-88 72.4 0-91 50.8 18 i 1-81 51.4
Average 80.8 68.4 78.4 66.0 77.2

i Average of the first spike for the designated number of plants.

2/ No pollen readings could be made for the field material due to weather conditions during the heading and pollination period.
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APPENDIX TABLE XVIII

PERCENT DARK POLLEN AND SEED SET FOR THREE SPIKE AREAS OF TESTCROSSES INVOLVING
SIX LOT 1 RESTORER LINES GROWN IN THE FIELD LOCATION IN 1965

Testcross ‘ ms x 5892-2 Fy ms x 5892-5 Fi ms X 5892-7 F3 ms x 5892-9 F1 ms x 5892-10 F1 ms x 5892-25 F1 Triumph (Ck) Bison (Ck)

Area of % Dark X Seed % Dark % Seed % Dark 7 Seed % Dark % Seed Z Dark % Seed % Dark % Seed X Dark % Seed % Dark X Seed
Plant No.  Spike Pollen  Set Pollen Set - Pollen  Set Pollen  Set Pollen Set Pollen  Set Pollenl/ Set Pollen _Set
1 . Base 96.2 100.0 5.7 33.3 92.6 100.0 69.6 91.7 88.6 66.7  78.4 28.6 80.0 91.3 91.7
Middle 50.5 100.0 20.0 41.7 90.9 70.0 87.7 91.7 86.2 58.3 62.5 35.7 100.0 14.2 100.0
Tip 93.0 58.3 13.0 33.3 0.0 0.0 87.7 10.0 68.4 71.4 57.5 33.3 100.0 65.2 100.0
2 Base 90.1 100.0 88.1 100.0 66.7 100.0 86.6- 190.0 90.1 100.0 0.0 50.0 91.7 30.4 100.0
Middle 87.7 83.3 84.4 91.7 85.1 90.0 84.4 100.0 95.2 91.7 87.0 70.0 100.0 99.0 87.5
Tip ~ 90.5 60.0 76.3 57.1 50.0 84.6 88.1 100.0 97.1 80.0 83.3 50.0 90.9 96.6 100.0
3 - Base 96.2 100.0 87.3 100.0 50.0 90.0 90.9 91.7 72,2 ° 100.0 66.7 83.3 90.0 93.4 100.0
Middle 90.9 100.0 87.7 100.0 96.2 100.0 81.6 91.7 97.6 100.0 67.3 91.7 90.0 88.1 100.0
Tip 92.2 83.3 85.1 83.3 93.4 90.9 93.4 83.3 88.1 78.5 85.5 100.0 77.8 97.1 90.0
4 Base 90.9 90.0 83.3 100;0 98.0 91.7 88.5 80.0 91.7 96.0 91.9 _ 83.3 91.7 94.8 90.0
Middle 92.6 90.0 95.2 - 90.0 94.3 91.7 91.7 100.0 97.1 90.0 88.1 91.7 91.7 98.0 100.0
Tip - 1.5 25,0 91.3 84.6 97.1 83.3 90.5 91.7 92.6 92.3 90.0 85.7 i 90.9 95.7 100.0
5 Base 62.4 90.0 84.4 100.0 50.0 83.3 92.2 66.7 94.8 100.0 100.0 100.0 98.0 87.5
ﬂ}ddle 50.0 70.0 92.6 100.0 94.3 100.0 72.7 91.7 93.4 91,7 89.7 100.0 100.0 91.9 100.0
Tip 72.0 100.0 84.4 90.0 94.8 90.0 95.2 100.0 85.1 90.0 79.4 81.8 72.7 . 96.6 100.0
6 Base 50.0 100.0 91.3 91.7 93.4 90.0 66.7 100.0 91,7 100.0 95.2 91.7 . 80.0 98.5 "90.0
Middle . 17.4 100.0 89.3 $1.7 92.6 100.0 93.0 100.0 91.3 100.0 92.2 100.0 100.0 97.1 100.0
Tip 86.6 90.0 87.7 83.3 90.9 91.7 90.5 75.0 92.6 100.0 93.0 83.3 69.2 89.7 100.0
7 Base 81.6 100.0 20,9  83.3  94.8 100.0 83.3  80.0 87.7  100.0 89.3  83.3 91.7 94.3  87.5
© Middle /8.7, 100.0 15.8 41.7 95.2 100.0 80.0 80.0 94.3 100.0 79.4 91.7 100.0 92.6 100.0
Tip 2.9 76,9 1.5 54.5 98.0 91.7 81.6 84.6 87.7 100.0 87.3 50.0 92.3 - 98,5 - 100.0
8 Base 33.3 100.0 0.5 83.3 96.2 100.0 89.3 80.0 94.8 100.0 50.5 40.0 91.7 95.2 100,0
Middle 83.0 91.7" 93.0 100.0 93.5 90.0 90.1 90.0 90.9 ° 66.7 86.2 50.0 91.7 94.8 100.0
Tip 8.6 70.0 88.9 100.0 95.7 91.7 84.7 81.8 84.4 91.7 87.0 8.3 81.8 93.4 100.0

1/ Pollen readings were missed.
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-APPENDIX TABLE XIX

PERCENT DARK POLLEN AND SEED SET FOR THREE SPIKE AREAS OF TESTCROSSES INVOLVING
SEVEN LOT 2 RESTORER LINES GROWN IN THE FIELD LOCATION IN 1965

ms % 5803-18 F1 ms % 5893-20 F1

Testcross ms _x 5893-2 Fy ms x 5893-3 Fy- ms x 5893-13 F1 ms x 5893-15 F3 - ms' x 5893-22 F3
Area of % bark 7 Seed % Dark 7, Seed % Dark % Seed Z Dark % Seed % Dark 7 Seed % bark 7 Seed % Dark - Z Seed
. Plant No. Spike Pollen _Set Pollen _Set Pollen  Set Pollen _Set Pollen _ Set Pollen Set Pollen _Set
1 Base 91.7 80.0 3.9 25.0 51.2 0.0 66.7 91.7 4.8 57.1 96.6 91.7 93.0 91.7
Middle 87.7 100.0 6.1 16.7 1.0 16.7 76.3 83.3 1.5 50.0 96.2 100.0 63.2 83.3
Tip 93.0 72.7 12.6 20.0 2.0 0.0 23.1 66.7 6.1 8.3 92.6 78,6 87.0 50.0
‘ 2 Base 88.9 80.0 10.3 41.7 6.1 41.7 81.0 75.0 .9 28.6 87.0 90.0 2.0 90.0
Middle 50.0 80.0 20.0 50.0 13.4 41,7 16.7 58.3 18.7 50.0 92.6 80.0 33.3 100.0
Tip 40.6 58.3 42.9 30.0 23.1 70.0 14.5 90.0 22 27. 84.8 66,7 8.3 41.7
3 Base 85.1 87.5 10.3 83.3 94.8 100.0 50.0 70.0 14.9 . 20.0 17.0 90.0 1.0 20.0
Middle 94.8 87.5 14,6 41.7 86.2 100.0 50.0 90.0 9.1 10.0 90.9 100.0 3.3 50.0
Tip 74.6 55.5 10.3 25.0 74, 66.7 1.5 33.3 13.0 55.6 26.7 75.0 2.4 33.3
4 " Base 88.5 90.0 50.0 90.0 96.2 100.0 76.9 80.0 25.0 83.3 90.9 83.3 83.3 . 100.0
Middle 86.2 80,0 90.5 80.0 93,9 100.0 13.0 70.0 33.3 91.7 88.9 - 100.0 14.2 90.0
Tip 91.7 81.8 86.6 55.6 97.1 69.2 20.0 66.7 21.6 30.8 88,5 78.6 66,7 58.3
5 Base 89.3 100.0 50.0 100.0 40.0  100.0 95.2 90.0 33.3 10.0 92.2 = 100.0 61.6 100..0
Middle 93.4 100.0 89.6 91.7 20.6 100.0 91.9 100.0 16.0 10.0 95.7 91.7 91.4  100.0
Tip 97.1 83.3 59. 69.2 90.1 50.0 98.0 92.3 4.8 33.3 92.2 100.0 33.3 75,0
6 Base 94.3 100.0 89.7 75.0 89,7 100 0 92.2 100.0 9.0 0.0 83.3 91.7 45.5 100.0
Middle 88.5 90.0 94,3 62.5 25.0 100.0 92.6 100.0 11.1 20.0 23,9 100.0 76.9 75.0
Tip 83.0 50.0 91.1 55.6 84.3 90.9 94.8 91.7 2.4 25.0 71.5 92.3 31.8 54.5
7 Base 95.2  100.0 98.0 100.0 94,8 100.0 9%.0 100.0 96.2 100.0 17.4  100.0 93.4 91.7
 Middle 97.1- 100.0 52.4 83.3 94.8 90.0 95.2 100.0 66.7 90.0 88.4 .100.0 97.6 91.7
Tip 95.2 81.8 83.4 63.6 - 52.4 54.5 84,7 90.9 33.4 76.9 76.9 66.7 96.7 81.8
8 Base 96.6 91.7 88.9 70,0 - 33.3 75.0 91.7 70.0 13.0 0.0 80.0 100.0 13.8 66,7
Middle 94.3 91.7 89.3 100.0 94.8 . 100.0 40.0 100.0 5.7 10.0 86.2 100.0 14,5  83.3 .
Tip 92.6 72.7 50.0 46.2 90.9 45.5 13.0 75.0 13.0 20.0 95.7 100.0 16,7 46,2 .
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