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INTRODUCTION

One of the principal needs of the wheat growers in Okla-
homa and surrounding states is an adapted variety with leaf
rust resistance combined with the high yield and the good
quality which are at present available. All of the rust-
resistant varietles which are grown now have the type of re-
sistance which 1s effective only in years when the amounts of
inoculum are low. In years with great amounts and wide-spread
distribution of inoculum the losses in these varieties may be
great. Varletles with greater reslstance are needed.

Intra- and inter-specific hybridization in Triticum has
been the chief source of resistance in the past. More recent-

1y, intergeneric hybrids of Triticum with Agropyron, Secale,

and Aegllops have gained prominence for both disease resistance
and other desirable characters., Upon receipt of hybrids in-

volving Triticum and Agropyron elongatum (Host) Beauv. (some-

times called tall wheatgrags)dmore complete studies of various
selectlons were initiated. This paper is a report of some of
these studies.

REVIEW OF LITERATURE

General Reports of Iriticum-Agropyron Hybrids

Natural hybrid plants of Triticum spp. X Agropyron
glaucum Roem. and Schult. were discovered in the Caucasus
Reglon of the U. S. S. Re by Ne V. Clcin in 1930, according



to Verushkine and Shechurdine (44JZl. The following year
Cicin successfully crossed A. glaucum, A. elongatum, and A.
trichophorum with Triticum vulgare Vill, and with T, durum
Desf. Cicin and other plant breeders in the Soviet States
worked lntensively and soon Canadlan plant breeders followed
their example (3).

The Triticum spp. X A. elongatum hybrids were observed
to resemble thelr wheatgrass parent in the early generations.
This "dominance" of Agropyron is emphasized by Verushkine and
Shechurdine (44). Armstrong (3), Johnson (16), and White (45)
have stated that a good amount of this "dominance" is partial
but that practically all characters are closer to Agropyron
than Triticum in their nature. Armstrong (3) pointed out
that this predominance of wheatgrass type is not necessarlly
due to dominance in the usual genetic sense but may be due to
"replication" of genes of A. elongatum (2n = 70) over I. vul-
gare (2n = 42) and T, durum (2n = 28). Cicin (10, 11) and
Verushkin (42) stated that Agropyron characters predominate
in the F; generation of Triticum-Agropyron hybrids.

A very few characters were reported which indicate at
least, partial Triticug dominance. Cicin (11), Johnson (16),
Lapin (19), and vWhite 545) have reported that the spring
habit of growth of spring ﬁheat varieties 1s dominant to the
winter habit of growth of g: elongatum, All plants of Tri-
ticum spp. (winter type) X A. elongatum F1 were true winter
types.

/1 Numbers in parentheses refer to "Literature Cited",
D



White (45) stated that the free-threshing character of T.
vulgare is partially dominant over the adherence of the lemma
and palea in A. elongatum, This character of glume adherence
was classified nearer the Agropyron type by Armstrong (3) and
Johnson (16). Johnson (16) noted that the purple auricle of
I. vulgare var. Kharkov was dominant to the white aurilcle of
A. elongatum,

Head characters of the early and later generations re-
semble Agropyron more than Triticum, according to Cicin (10,
11) and Verushkin (42, 44). Armstrong (3) and Johnson (16)
confirmed these observations. Both the latter aﬁthors stated
-that seeds produced on F] plants resembled wheat more than
Agropyron.

Fertility

Armstrong (3) observed only one fertile Fj plant in the
greenhouse. Johnson (16), studying the same plants after
transplanting them to the fleld, found that some plants of
each cross were fertile and set some seed. Both writers men-
tioned above, along with White (45), observed that in the
sterlle plants the anthers were non-dehiscent. Johnson, et
al (18) noted moderately fertile lines in F3 generations,
White (45) stated that fertility increased with each genera-
tion of backcross to wheat.

Johnson (16) inspected the pollen of Triticum-Agropyron
hybrids with Belling's iron-acetocarmine (28) as a stain and
classed the pollen grains which were obviously abortive "bad"
pollen and all other spores "good" pollen. A significant
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correlation with seed-set was observed. Anthony and Harlan (2),
Johnson (17), and Bair and Loomis (5) germinated pollen with
varying degrees of success. Blakeslee (6) and Blakeslee and
Cartledge (7) studied Datura pollen by inspection. Nissen (22)
studled pollen of Poa pratensis both by linspection and by ger-
minatian. He stated that pollen which was squeezed from a
ripe anther was better in appearance but lower in germination
than pollen which was shed through anther dehiscence.

Seed-set of Triticum-Agropyron hybrids was studied by
Armstrong (3). His data were recorded both as the percent
fertile of the fully-developed florets and as "percent fertile
spikelets" (the number of seeds per plant divided by the number
of spikelets per plant). Sax (29) recorded seed-set data as
seeds per splkelet in interspecific wheat hybrids. McFadden
and Sears (20), in Triticum-Aegilops hybrids, removed all
except the first two florets of each spikelet and reported
their data as "percent fertile primary florets". The first
two florets of the spilkelet were termed "primary florets" by
these two co-workers. McFadden and Sears also removed such
splkelets at the apex and base of the splke as were normally
abortive.

smith (31) and Pomogaeva (25) observed that A. glongatum
was cross-pollinated to a great extent but that self-sterility
is not complete. Pomogaeva (25) further stated that Triticum

spp. X A. elongatum hybrids tended towards selfing.



Seed Shriveling
Armstrong (3) and Johnson (16) mentioned some wrinkling

of the crossed seeds (Fg) of Triticum-Agropyron hybrids but
that the seeds resembled the Triticum (female) parent in size
and shape. In interspecific wheat hybrids, Sax (29) and
Thompson (35) noted severe shriveling which correlated with
chromosomal aberrations.

Wheat Genetlcs

The resistance to leaf rust, caused by Puccinia rubigo-

vera tritici (Erikss.) Carleton, 1s governed in mosi cases

by singie genes 1T pure strains of wheat and a singie rust
race 1s used for the test of resistance, according to Chester
(9)e Chester lists 20 crosses between varietlies of T. vulgare
with monohybrid ratios with dominance of resistance, 20 crosses
with monohybrid ratios with resistance recesslve, nine cases
of monohybrid ratios with the Fj generation intermediate, and
five crosses with dihybrid ratios. It was pointed out by this
author that the inheritance of leaf rust resistance appeared
to be exceedingly complex in field studies where the plants
were exposed to mixtures of inoculum consisting of several
races of rust.

There are two maln factors involved in most hybrids be-
tween true awnless and fully awned varieties of T. vulgare.
Quisenberry and Clark (26) crossed two awnletted types of T.
vulgare and observed segregates which varied from fully
awned to true awnless. The segregation indicated that two

alleles were responsible for the genetical difference between
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the two varieties and that numerous modifying factors also were
involved. Clark (12) crossed Kota (awned) and Hard Federation
(awnless) and observed a 2-factor ratio in the F, generation.
None of the Fp lines bred true in the F3 population and modi-
fying factors were assumed. Gaines (13) reported a monohybrid
ratio in the cross fully awned T. vulgare (Turkey X Bluestem)

X true awnless T. compactum Host var. White Club. From his
illustrations, it 1s evident that White Club is a true awnless
type. Gaines also stated that the club type segregates devel-
oped shorter awns than the fusiform<types.

Boshnakian (8) made extensive studies of clavate-headed-
ness. He demonstrated that clavateness and head density are
two different characters and are governed by different genes.
He reported that plants recelving more nutrients, especially
nitrogen, tended to produce heads which were more clavate
while head density was less variable. Extreme applications
of nitrogen to potted plants of T. compactum in the greenhouse
produced vulgare~-type heads on the first tillers and typlcal
club heads on their later tillers. According to Boshnakian,
clavate heads tend towards a greater avercge density. The in-
heritance of clavate-headedness was stated to be complex with
the F; intermediate. Stewart (33) reported a similar inher-
ltance, with low correlation in clavateness between Fpo and F3
populations, but clavateness correlated with head density.

The inheritance of seed color (red vs. white seeds) is
governed by three factors witﬁ a single dominant gene for red

producing red seeds in spitg of the five recessive genes which



may be present at the other locl, according to Nilsson-Ehle
(21). The Fp population (red X white varieties) varied from
white to dark red with blending according to the number of
dominant genes present. Only one white seed producing plant
per 63 red-seeded plants were observed in the Fo population,
and all the white-seeded plants bred true. Ratios of 15:1
and 3>:1 were observed in other red- X white-seeded hybrids.
Disease Rgaiﬁtance

Johnson (16) reported that the first generation of
Triticum spp. X A. elongatum hybrids was completely free of
leaf rust and stem rust of wheat in the field. White (45)
stated that later generztlions developed segregates which
were susceptible to ﬁhese two diseases only if backcrossed
to wheat.

Armstrong (3) and Johnson (16) stated that Triticum X
A. elongatum F; plants were free of ergot (caused by Claviceps
spp.) as was the A. elongatum parent. White (45), on the
other hand, observed all Triticum-Agropyron derivatives to be
susceptible to ergot in the first generation. In later gen-
erations, the ergot susceptibllity seemed to be lost in certain
lines. The occurrence of ergot was negatively correlated with
anther dehiscence in the plants and the consequent length of
the period during which the florets were open.

Lapin (19) reported that Triticum-A. elongatum hybrids
were culte disease-resistant as well as belng tolerant of salts
and drouth. Verushkin (43) observed similar disease-resistance

and drouth toldrance, but he mentioned no salt tolerance.



Chromosomes Studies

Peto (23) reported the chromosome number of A. elongatum
to be 70 (2n), having multivalent associations of 3, 4, 5, 6,
and 8 chromosomes. The F7 of three I. vulgare (n = 21) X A.
elongatum (n = 35) hybrids had 56 chromosomes (2n) with 13.0-
19.5 univalents, 9.5-11.7 bivalents, -3.0-3.4 trivalents, l.l-
1.7 tetravalents, 0.4-0.8 pentavalents, 0.0-0.1 hexavalents,
and 0.0-0.1 octavalents at the melotic metaphase. Chromosome
numbers ranged from 54-59 (2n) in the Fo and Peto (24) assumed
that the plants would stabilize at 42 and 70 chromosomes (2n).

Vakar (36, 37, 38, and 39) also reported 56 chromosomes
in the first generation hybrids. He found (36, 38, and 39)
14-28 bivalents and stated that the self-fertile types had 28
bivalents (38) and.thaﬁ melosis resembled that of wheat speciles
hybrids (38).

Hizhnjak (14) reported 19-23 bivalents in the Fq hybrids.
Sapegin (27) used a type of A. elongatum with 56 chromosomes
(2n) and produced Fj plants with 49 chromosomes having 21 bi-
valents and 7 univalents.

Multinucleate pollen grains were noted by all of the above-
mentioned authors (14, 23, 27, and 38). Vakar (38) reported
that in some plants the second melotic division took place in
the pollen grains, producing "dyadic pollen".

Vakar (38) also reported that the F1-Fg generatlons were
constant at 56 chromosomes. Armstrong and Stevenson (4) found
49-58 chromosomes in F5 plants and stated that most of these
were wheat chormosomes or at least partially homologous with

wheat chromosomes.



Chemical Composition

Armstrong and Stevenson (4) reported that the protein con-
tent of T. vulgare X A. elongatum Fg was slightly higher than
T. vulgare in the forage and considerably higher in the seeds.
The seeds were stated to be of good quality for feed but not
for flour.

Shibaev (30) studied the milling and baking quality of A.
glaucum, and reported as gluten 25.0% for A. elongatum compared
with 16.0% and 17.5% for two wheat varieties. Triticum-Agropyron
hybrids contained 20.8% "gluten" in intermediate types and 15.5%-
16.0% in wheat-like derivatives. The milling and baking qual-
1ty of A. glaucum was better than rye but inferior to wheat.

Verushkin (43) quoted Rauschenbach that Agropyron seeds
are similar chemically to wheat, and also Shibaev that the
seeds of Agropyron species are about egual to wheat in milling

and baking tests.

MATERIALS AND METHODS
Materials Studied
Early in 1947 several Triticum spp. X A. elongatum hybrid

derivatives were recelved from the Kansas station. Such of
these hybrids as were studied, along with their backcross de-
rivatives, are listed below. The numbers by which they are
listed will be used throughout the remainder of this paper
when referring to them.

Hybrid 1. (T. vulgare var. Chinese X Secale cereale) X

A. elongatum) X T. vulgare var. Forward. 1946 Kansas plot

number 411. A summary of the characters of this and other
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hybrids and the male backcross parents is found in Table l.

Hybrid 2. Hybrid 1 X T. vulgare var. Kawvale-Marquillo
X Kawvale-Tenmarg C.I. 1212842,

a Hybrid 3. Hybrid 1 X I. vulgare var. Tenmard C.I.
6936.

Hybrid 4. Triticum spp. X A. elongatum backcrossed to
Iriticum spp. an unknown number of times. 1946 Kansas plot
number 4708.

Hybrid 5. Hybrid 4 X T. vulgare var. Pawnee C.I. 11669,

The male backeross parents are llisted below.

1. TI. vulgare var. Kawvale-Marquillo X Kawvale-Tenmarq
C.I. 12128,

2. T. vulgare var. Tenmarq C.I. 6936.

3. T. vulgare var. Pawnee C.I. 11669.

The selections recelved from Kansas were plénted in
February, 1947, and those selections which matured seed were
‘harvested. The 1947 seed was planted the following fall and
for those selections which did not mature seed, the 1946
Kansas sources were used. In 1948, two successful backcrosses
to T. vulgare types in one selection (Hybrid 1) and one
successful backeross to a vﬁigare-type with another (Hybrid
4) were produced. The crossed seeds (Fg) were space-planted
in the field in the fall of 1948 and the bulk composites
of the non-backcrossed material were replanted (in bulk) for

further observation. The F1 plants were harvested individually

N

/2 C.I. numbers are the accession numbers of the Division
of Cereal Crops and Diseases, U. S. Department of Agriculture.
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Table 1. ©Summary of the characters of the hybrids‘and the

backeross parents studied.

Head Leafl

Winter clav- |Head [rust
Selection hesell ‘ﬁ;’iﬁ‘e@ Seeal3 ‘siffg:;ﬁﬁi;zﬁ Hap1t/6havaeall
Hybrid 1 G A-TA F L C3 W 5-7
Hybrid 2 e E A F L o}3] W 5-6
Hybrid 3 ¢ A-TA F L  CS W 5-9
Hybrid 4 P-F 4A-CA F-C VL-3D 0=0; F 5‘;3
Hybrid 5 Fi G TA F SL 0-0; - 5-5
Hybrid 5 Fo | P-G A-CA F-C L-8D 0;-C8 - 5-5
C.I. 12128 G A F L R ) -
Tenmarg G A F L CsS W -
Pawnee G A F L cs W 5;7

/1 winterhardiness: P = poor, F = fair, and G = good.

/2 Awns: A = awned, 4A = four-awned, TA = tip awned, and
CA = completely awnless.

/3 Clavateness: F = fusiform, and C = clavate.

[& Density: VL = very lax, L = lax, SL = semi-lax, and
SD = semi-dense.

/5 Rust reactions (field): CS = completely susceptible,
R = resistant, 0; = zero-fleck, and 0 = zero (immune).

[@ Habit: W = winter habit, F = facultative winter
habit.

Dates headed: The first number refers to the month,
the second to the day of the month.
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in 1949 and space-planted as Fo plant selections in the fall.
In addition, 105 head selections were made from the bulk-planted
material of Hybrid 4 and seed from each head space-planted'bf
a single row. Also from Hybrid 4, some of the bulked seed of
1949 was planted in a small field plot at the rate of 1/2 bu.
per A., using a modified International Harvester Co. grain
drill in l4-inch row-spacing. Plant selections were made of
.all space~planted material and harvested individually in 1950.
The speclal increase plot wag harvested with a standard Inter-
national Harvester Co. grain binder.

Field Methods

The bulked material was planted using a manually-operated
l-row Columbia drill. The rows were 10 feet long and 1 foot
apart for all nursery material except for the Fy; plants, which
were planted in 3-foot rows in 1949. The seeds of the space-
planted material (all plant and head,sélectiéns and the Fgp
.seeds) were spaced approximately 3 inches apart within the
row, with 10 seeds maximum per 3~foot row and 35 seeds per
10-foot row.

Emergence notes taken were by estimation of the percent
stand for bulk-planted material and by actual plant counts of
space-planted material. The spring stand was then estimated
similarly for the bulked material and counted for space-
planted selectlions. The percent survival was then comﬁuted
ags the percent spring stand divided by the percent fall
stand, or the number of plantsAin the spring divided by the
number of plants in the fall, for each of the two methods of

planting respectively.



13

‘ Thevmaturity data were estimations of the dates on which
75% of the heads of the plots were fully emerged from the leaf
sheath or boot (heading dates) and the dates on which 75% of
the heads of the ploté were fully ripe (fipening dates).

In the bulk plantings each plot (selection) was harvested
by sickle in its entirety and the .resultant bundle protected
by covering the heads with a paper sack and the removal of
the bundle to shelter. .Tl_;e space-planted materlal was selected
for promlsing plants, removing all the mature heads of each
and keeping them separate as reselections. These heads were
placed in,legal-size,envelopes; a single selection per en-
velope, marked with selectionwnumbers, and moved to shelter.

Fertility and Seed Shriveling

Fertility was studied by observing the pollen and the
actual seed-set of 41 plants of the hybrids and of Pawnee.
Pollen germination attempts on agap;(0.75% agqueous) and su-
crose (9-16% agueous) ﬁére unsuccessful. The pollen graiﬁs
were therefore lnspected similar to the methods used by
Johnson (16) and Thompson (35). Heads which had ripe
(bright yellow) anthers were selected in the fileld, wrapped
in dampened paper towels, removed to the laboratory, and
pPlaced in beakers with their stems in tap water>until the
pollen could be observed. The pollen of all heads was ob-
served the day it was collected. .Anthers which presented a
bright yellow color were selected from each head, squeezed
gently between forceps into a few drops of Belling's iron-

acetocarmine (28) on a slide and covered by a coverslip.
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The slide was examlned under a microscope equlpped with a
mechanical stage, moving straight across the slide and count-
ing fields until the desired sample size of pollen grains was
counted (usually 300 pollen grains 6r more). In all cases
the coverslip was traversed at least once. The pollen grains
were classed as follows: .class I, turgid pollen grains‘96%-
100% full of dense cytoplasm; class II, pollen grains 51%-
95% full of cytoplasm; and .class III, pollen grains which
were essentially empty. All these percentages were estimations.

The seed-set data were collected in a manner similar to
that of McFadden and Sears (20) as previously described. All
splkes of each plant which matured normally were studied ex~-
cept for the head selections made in 1949 and the heads of T.
vulgare var. Triumph C.I. 12132 which were used for a check
with these head selections. The wheat. check for the seed-set
studies on the space-planted material in 1949 was also Triumph
(space-planted in this case), whlle space-planted Pawnee was
used in 1950. The Triumph heads used for the check of the.
head selections of Hybrid 4 in 1949 were random seleetions.
from a bundle produced ih the 1949 stillwater pure seed in-
crease plots. Nineteen plants of the space-planted Triumph
were used as a check in 1949 and five plants of Pawnee were
used as & check in 1950.

The system of classification of seed shriveling was
similar to that followed by Thompson (35) except that the
.classes of small plump and -small wrinkied seeds were dis-

regarded due to the small numbers of these clasBes which
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were noted. The remaining classes (Fig. 1) were .large plump,
large wrinkled, and shriveled seeds.
Genetlical Studies

Genetlical studles were made of several characters in
Hybrid 5. The Fj1 seeds of six plants of this hybrid were
selected for the most plump types in the fall of 1949. From
these seeds the Fp population of 1,449 plants was produced
and later studlied. Due to poor head and seed production of
the spring-sown parental materials, seed .from the actual
parent plants of this hybrid were not saved for observation
of thelr genetic behavlar.

The heads of Hybrid 4 were placed in three awn classes:
completely awnless, tip awned, and 4-awned (awn class #4 of
Quisenberry and Clark (26). In the Fp plants of Hybrid §
the awns were classed completely awnless, tip awned, and awned
(fully awned). See figure 2 for the latter classification
group. All plants of Hybrids 4 and 5 which.produced heads
were classified for awnedness in 1949 and 1950.

The clavateness of the heads was classed (by estimation)
clavate, intermediate, and fusiform (see Fig. 3) for each
plant of Hybrids 4 and 5 in 1950.

The seeds of the Fp population of Hybrid 5 were classi-
fied, by estimation, dark red, red, light red, golden, and
white. Only such plants as were selected for further ob-
servation were studlied for seed color since .the segregation
was not noticed until the remainder of the ¥y population was

harvested ‘and threshed in bulk. The first three classes were
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a. Pawnee (ck.). b. Plump seed.

c. Wrinkled seed. d. Shriveled seed

Figure 1. Wrinkling and shriveling of the seeds of Hybrid 4
(b to 4). 2x.
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Figure 2. Awn type segregations in Hybrid 5 Foe
Heads were classed (from left to right) as
follows: 1 and 2, awned; 3 and 4, tip awned;

5 and 6, awnless.

Figure 3. Head types 1n Hybrid 4, Hybrid 5 Fy, and
Pawnee. Hybrid 4 (heads 1-3) classed fusi-
form, intermediate, and clavate respectiﬁely;
Hybrid 5 Fq fusiform, and Pawnee, fusiform

(heads 4 and 5).
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rather difficult to separate definitely so they were grouped
into a single "red" class for statistical auslfsis.

In the studies of leaf rust of wheat;‘the“peroent.inr
fection‘wasﬂdetermined for each Fp plant of Hybrid 5 .according
to the modified Gobb scale (9). A completely susceptible type
of pustule'was.noted on all plants (except 12) produeing these
lesions, making the classification of,resistant\end susceptible
types quite simple. The- 12 plants were infected”up to 10% but
only pustules of about a 1- resistant type were produced.

These plants were classed resistant for statistical handling
.of the resultant data; in which.only two clesses were used:
resistant and susceptible. - |

The heights of the plants of Hybrid 5 F2 were measured
from the ground,line to the apex of the‘tallest head, excelud-
ing.the,awns from the measuremeht.

The wiuterhardiness was estimated 1n two ways: the percent
survival (computed as described on p. 12) and by estimating the
percent leafl injury of each plant early in the spring of 194S;.
In the latter method, the plants were placed in the following
classes. those plants with 0%-9%, 10%- 49%, 50%- 99%, and 100%
of their leaves killled and yellowed by-winter conditions.

| Cyto-morphological Studies |

Stem pleces of one~plant of Hybrid 1, two plants of
Hybrid 4, and one plant of Pawnee were collected after the
spikes had formed fully (but had not yet ripened), including
the first node below the head. These pleces were killed and

fixed in formalin-acetic acid-alcohol (FAA) reagent (31).
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The microscope slides were pfepared from paraffin sections.li
,anh stem plece was sectioned approximately 3 cm. above the“‘
first node below the spike.

Materlal for studying pollen mother-cells was collected,
removing the young spikes before the sheath (boot) had started
to swell appreciably. Anthers of each spike were studied with
iron-aceto-carmine smears to make»certain.that pollen mother-
cells were approximately in the proper stage of development.
These splkes were ilmmediately placed in Bouin's killing and
fixingbfluid (29) and left at least 24 hours. They were then
transferred to 50% ethyl-n~butyl alcohol solution (29) and
then tranoférred t0 70% solution after 8 hours. Repcated
changes of the T70% solution were made until thevmoterial was
relatively free of plecric acid. The n-butyl alcohol technique
of dehydration was then followed, using 480 - 50° C. melting
point paraffin for the infiltration. » |
| For embedding, apprcximately 15 grams of beeswax was
added to 250 grams (two 1/4—pound blocks) of paraffin. The
florets were then sectioned. iongitudinally at 40 microns and
fixed on microscope slides with Szombathy's fixatlve. - Two
techniques of stalnlng were tried: safranin O counterstained
with fast green FCF (29) and the Cajal- Brozhex technique (15)
using basic fuchsin (1 ece. saturated aqueous solution.per

250 ce. aistilled water) and picro-indigo-carmine (a stock

/3 The siides were prepared by P. E. Holloway, formerly
laboratory technician at this statlion. _
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solution of 1 part saturated aqueous pilcric acid and 2 parts
saturated aqueous indigo-carmine, diluted 1:40 in distilled
water). The merits of these staining techniques are discussed

on subsequent pages of this paper.

Milling and Baking Tests

In 1950, an increase plot of Hybrid 4 was grown and a
5-pound sample sent to the Regional Milling andhagking.Labf
oratory at Manhattan, Kansaé. At the same time, a composite
sample including seed from all six lines of Hybrid 5 Fp was
prepared and sent with the shipment. A plot of I. vulgare
var. Comanche C.I. 11673 was grown and the seed used as a
check to compare with the milliing and baking tests of Hybrids

4 and 5.

Statlstical Methods
All methods used in statistical analyses of data re-

ported in this paper were taken from Snedecor (32).

EXPERIMENTAL RESULTS
Fleld Notes

The field notes on Hybrid 5 are summarized in Table 2.
Each Fp line and the 5 Fj plants were earliier than Pawnee in
1950. However, both rows of Pawnee had a space of 2 feet or
more on one slde of the rows and for their entire lengths due
to the winter-killing in Hybrid 4. The Pawnee plants were
doubtless comparably later.

The helghts of the Fp lines of Hybrid 5 are not altogether

comparabie to each other. A4 gradient in fertility was noted
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Tible 2. Summary of field observations on the F, and F, generations of
(Triticum spp. X A. elongatum)X Pawnee (Hybrid no. 5) 1949, 1950.

Reaction to leaf Inheritance of head
rust of wheat type
Nd. No. No. No. | No.
plants | plants plants |[plants | plants
|resis~ | suscep- : fusi- |inter- cla-
Selection tant tible Total form |mediate vate} Total
- Hybrid nég 5 Fo o ’ ’
1,8X15-1| - 19" 33 52 36 12 L 52
118%15-2 | 201 ‘161 . 362 260 81 21 362
1,8X15-3 | 179 16 325 271 Sh _ 6 - 33
'1,8X15-L | 57 118 175 183 0 0 183
1,8X15-5| 102 91 . 193 139 L7 10 196
1,8X15-6| 176 3 319 - 211 93 21 325
_ Total | 73L - 692 1,k26 1,000 287 62 1,Mh9
Hybrid no. § Fll__
}QL‘Q 6 O 6 o i —vsf - i - -
» . 1950 5 0 5 0 5 0 5
 Pawmee (®) | O 85 85 55 0o 0o 58
awmtype | Plantheight = | Maburity
No. -
_ No. |plants .
plants|inter-| No. Mean Mean
. | awn- | med- |plants |. - plant No. .{date No.
election | Jess | jate | awned [Total height(in.) | plants |ripe |plants

Hybrid no. 5 Fy -

1,8%x15-1 7 3h-A 11 . 52 2.1 ,1 52

, 6-11 52
L48X15-21 71 = 201 9 362 23.7 360  6-9 359
118X15-3 | 58 208 é5 331 20.1 331 6-9 329
1,8%15-Y | 67 8 32 183 21.1 183  6-6 183
1,8X15-5 | 39 . 11k W3 196 - 18.9 195 68 19
14,8X15-6 | 75 17h 76 325 - 18.6 325 68 319
Total ’ o
or mean 317 815 - 317 1,LL9 20.8 1,446 6-9 1,436
Hybrid no. 5 F -
V40 |8 6 o . 6 - B
1950 | 00 S 0 5 - - 6-13 5

~ Pawnee (P) | O 0 55 55 . - —- 612 55
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Table 2 (Continued).
Inheritance of winterhardiress
Yo, No. No. No.
plants plants plants plants
100% 50-99% | 10«L9% 0-9% Pet.
leaf leaf leaf leaf winter
Selection injury injury injury | injury | Total | survival
Hybrid no. 5 Fo
1),8%15-1 3 1 28 1 59 93.3
1),8X1542 6 88 211 66 371 910k
11,8X15-3 8 73 228 L2 351 93.5
1,8%15-L 0 37 120 20 177 95 , Biese
118X15«5 8 52 122 22 20k 91,1
1,8x15-6 13 90 205 L2 350 89.5
Total or mean 38 35 o1L 206 1,512 92.L
Hybrid noe 5 Fy
1949 - - - - 6 100.0
1950 0 0 etk 0 5 100.0
Pawnee (P) 1 o Bt 21 27 96.5
o Inheritance of meed solorimk
No. .| Noe
plants No. plants No. No.
dark plants light plants plants
red red red golden white '
Selection seed seed seed __seed i  seed |Total
Hybrid no. 5 Fy
1,8x15-1 2 3 o} 0 0 5
1,8%15-2 1L L6 34 17 3 11
1,8X15-3 11 25 32 5 1 h
1),8X15-k 5 19 12 2 1 39
1),8X15-5 6 1k 20 2 1 L3
1,8X15-6 20 2L 12 L 0 60
Total 58 131 110 30 6 335
Hybrid nos 5 Fq
1949 - - - - - -
1950 0 2 3 0 0 5
Pawnee(P) - - - - - -

~#Date headed in 19L9. -
s#Computed after correction of total to 183 (number mature plants).
sexExtent of leaf injury about 20%. ’

#aeSeed color data only on resistant plants harvested for further observation. '

Pawnee headed 5-=8 in 19L9.
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from the north end to the scuth end of the range .in which thel
population was growing (line 1 to0 line 6). The increase in
helght for line 4 is likely significant, however, since the
gradlent was noted wilthin this plot as well as all the plots
as & group. The possible relationship of the plant helght to
the clavateness of £he heads will be discussed later.

In the fall of 1949, a few plants of Hybrid 4 were in-
fected with leaf rust. The pustules were small and in only
& few cases the secondary rings of pustules were formed.
Most of these plants were subsequently winter-killed but the
surviving plants (3 of 12) were approximately as resistﬁnt
in the mature-plant stage as the remainder of the populatlon.

During the latter stages of maturation, nearly all plants
of Hybrid 4 developed leaf rust pustules. The pustules were
small but 1ittlé bf novnecrosis was evident in the surrounding
hoest tiasﬁe. The delly maximum temperatures ranged from 840 -
95° P, during the same period. Certaln plants whigp were
noted and harvested individually, presented reaiﬁtant reactlions
(2R) to the disease during tHis period. The entire populatlion
was exceedingly. late in maturity and frequently plants with
many of their leaves and all of their splkes still green ‘
"ripened" in 4-5 days. Normal ripening, in the.absence of.tﬁe
high temperatures which occurred at this time, would have re-
quired 7-10 days. '

The plants of 3ybr1dsﬂ4,and 5 were noted to be suscep-

tible to attack by the green bug (Ioxoptera graminum Rond., )
in the fall of 1949 and to Septoria leaf spot (probably caused
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by S. tritici Rob. in Desm.) in 1950 and 1951. Hybrids 4 and
5 differed little from most adapted wheat varieties for sus-

ceptliblility to greenbugs. Both hybrids were quite susceptible
to Septoria.

Fertility and Seed Shriveling
The appearance of the pollen of Hybrids 1, 2, and 3 was
distinctly different from that of Hybrids 4 .and 5 and of Paw-
nee. The amounts of "class II" pollen accounted for much of
this difference. The average percentages of hclass II" pollen,
shown in Table 3, were: Hybrid 1, 23.9%; Hybrid 2, 47.7%;
Hybrid 3, 86.5%. Similar averages for Hybrid 4, Hybrid 5 Fy,

and Pawnee were 20.7%, T.3%, and 0.5% respectively. The better

3 than in the latter two hybrids and Pawnee. The average per-
centages of bad pollen (class III) were: Hybrid 1, 21.6;
Hybrid 2, 18.0; Hybrid 3, 3.4; Hybrid 4, 2.9; Hybrid 5 Fy, 3.3;
and Pawnee, 4.0. The detalled data are itemized in the
appendix, Table l,

In the main, the appearance of the pollen of Hybrid 4
and of Hybrid 5 F; was good, the pollen grains being large
and plump, and the cytoplasm.appearing to be rathef_denseq
In Hybrids 1, 2, and 3 the pollen, even in class I, was less
plump than in Hybrids 4 and 5 and in Pawnee, the cytoplasm
‘being considerably less dense in the former three hybrids.

It was noted that there were large number of pollen grains
which were intermédiate between classes I and II but that

the bounds of class III (bad pollen) were reasonable dlstinct.
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Table 3. Summary Qf fertility and seed shriveling. 1949, 1950.

; Pollen Pct. Pet,
Variety or ] Pete Pct. fertile |wrinkled
selection I Year class IIjclass III|florets seeds
Hybrid 1 1949 - - 89.5 Q-
1950 23.9 21.6 675 3.5
Hybrid 2 1949 - - 96.4 -
) 1950 4747 1800 %os 008
Hybrild 3 1949 - - 85.7 -
| 1950 86.5 Bedk 89.5 1,0
Hybrid 4 1949 - - 95.0 -
1950 20.7 2.9 88.7 44,4
Hybrid 5 Fy 1949 - - 88e3 -
. brid 5 F 1950 To3 363 88.7 2302
yor 2 1950 = - 84,1 16,6
Pawnee (ck.) I§20 0.5 4,0 90, 3 Q.
Triumph (ck.) 949 »
Space-nlanted - - 97.6 -
1/2 Bu./A. - - 94.8 -
Ave. - - 96-2 -

In heads which developed normally, the seed-set of  the
"primary" florets was quite uniform. The development of
"éecondary" and of "tertiary" florets appears to depend mainly
ﬁpon the nutrltion of the plants as affected by soll fertlllty
and the spaclng Qf the plants and upon thelr vigor.

The seed-set data are found 1n Table-Be The averéges of
the pércent fertile primary florets were: Hybrid 1, 67.5;
Hybrid 2, 92.5; Hybrid 3, 89.5;‘hybrid 4, 88.7; Hybrid 5 F,,
84.1; and Pawnee, 90.3, in 1950. 1In 1949, the averages of
the percent fertile primary florets were somewhat higher for
Triumph than for Pawnee in 1950, the average for plants spaced
3 inches apart being 97.6 and the average for piants seeded
at the rate of 0.5 busheks per acre being 94.8. These data
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are ltemized in Appendix Tablé-l.,

There was consliderably more ﬁrinkling'of”the seeds of
Hybrid 4 then in any of the other selections in 1950. Al-
though a systematlc study of this character was not made in
1949, this condition was not observed. In 1950, the éverage
percentages of seeds of the "wrinkled" clasas (Table 3) were:
Hybrid 1, 3.5; Hybrid 2, 0.8; Hybrid 3, 1.0; Hybrid 4, 44,4
Hybrid 5 F;, 23.2; Hybrid 5 Fp, 16.6; and Pawnee, 0.8, Simi=-
lar percentages of "shriveled" seeds were: Hybrids 1, 2, and
3y 0403 Hybrid 4, 1.2; Hybrid 5 Fy, O«4; Hybrid SVFgfvc.é; and
Pawnee, 0.2, These data are itemized in Appendix iable le

The appearance of the wrinkled and shrivé;ed seeds may
be seen in figure l. Usually the embryos of the hybrid seeds
are not severely affected and the shriveled seeds germinate
fairly well. It may be noted in figure 1 that, with slight
wrinkling, the shrinkage 1s found in lsolated depressions
which are somewhat more numerous on the backs of the kernels.
If the pericarp ls actually wrinkled 1n'any direction, the
wrinkles wlll lie at right angles to the crease on the backs
of the kernels. As the wrlnkling becomes more severe, the
crease may become more open at the germ end of the kernel,
producing a shallow furrow on the side of the kernel which
ls parallel with the crease (see Fig. 1d, side view).

The effects of seed wrinkling upon plaﬁt emergence is,
apparently, slight. In the fall of 1950, seeds of the plump
and wrinkled classes which were produced by the same plants

were planted in pailred rows for comparison. Nine such
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comparisons were made. In an analysis of variance upon emer-
gence (Table 4) no statistically significant differences

were oObserved. In the numbers of plants which emerged and
dled subsequently (before winterkilling could be construed -
to have caused the deaths), an F value of 4.08 was obtained
for plump versus wrinkled seeds. The tabulated F (5% level
of significance) was 5.32. Statistical significance was
,approached_hgre but more plants from plump seeds dled than
in those produced from wrinkled seeds.

The percent bad pollen (class III) correlated negatively
with the percent fertile primary florets in 1950 (r = -0.643,
d.f. = 38; tebulated r0.0l = 0.418, d.f. = 35). This fact
indlcates that the same factors which affected the pollen
development affected fertility of the florets. Upon further
study of the data, 1t becomes apparent that the effects of
these factors upon general seed-set are appreclably smaller
than the effects upon the pollen. |

- In other correlation studles, an r value of 0.077 (d.f. =
66) between the percent fertile primary florets and the per-
cent wrinkled seeds was obtalned, while the tébulated r0.,05 =
0.232 (defe = TO)e The results were similar in comparing
the percent fertlle primary florets to the percent shriveled
seeds (r = ~0.0%6, d.f. = 66). The correlation coefficient
of the percent wrinkled seeds to the date ripe (on Hybrid 5
Fp only) was 0.373 (d.f. = 26), while the tabulated r0.05 =
0.374 (d.f. = 26). Statistical significanée is closely

approached in this case and 1t 1s assumed that the extremely
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Table 4. Analyses of varlance upon plant emergence and seed-
| ling death with plump and wrinkled seed classes
in Hybrid 4. 19%0. |

Plent Emergence

. . Sum of Mean
Source of variation defs sQuares square. F
Lines 8 163 . T3 20. 46 -
Plump vs. Wrinkled 1 0440 0.40 -
Error 8 401,83 50.23%
Total 17 565496 -
Pot., Dead Plants 10-23-50

| Sum of . Mean
Source of varistion _d.f. ggquares square F
Lines 8 183.72 22.97 139
Plump vs. Wrinkled 1 67.28 67.28 4,08
Error 8 132,06 16.51:
Total 17 383,06 . -

high temperaturesvdurihg the ripening period 1n 1950 were re-
sponsible for this correlation. Dally maxlmum temperatures
varied from 84°-95° F. during the latter 4-5 days of the

ripening period of these plants.

Genetlcal Studles
All the genetical data are summarized in Table 2., The
apparent discrepancies in the numbers of Fp ﬁlants studied
are due to an inability to make thevrespectiys-observations
upon certain plants. For instance, the natural infection of
leaf rust in the field became general so late that by the

time rust reactions could be estimated, all the leaves were
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dead on several very early plants. The actual population of
Fy plants was 1,449 at.maturity..

The Chi-square test for independence (32) upon the awn
type data is found in Appendix Table 2. Fp lines 3 and 4
diffefed from the average ratio (total data). The X2 values
were, for line 3, 6.172 (defe = 2, P = between 2% and 5%)
‘and for line 4, 23.296 (d.f. = 2, P = less than 1%). on
the basls or this test, the_awnedness‘daté in line 4 were
excluded from tests of genetlical ratlos of the lines. .Line
3 data were lncluded 1in spite of the fact that they differed
significantly from the average for this hybrid, since lihe 3
appeared to be more slimilar to the other four lines than to
line 4.

The Chi-square tests for goodness of fit to a ratio of
3 completely awnless : 9 tip awned : 4 awned in the inher-~
ltance of awnedness are found in Appendix Table 3. If the
plants had been classed according to genotype; better fits
might be expected. Quisenberry and Glark (26) and Clark (12)
reported that there l1ls considerable difficultyvinvolved in
the classlification of awns in the F, generation. In both
cases reclassificatlion of the Fp plants on the basis of the
genetical behavior of the F3 population was necessary. The
Chi-square value of 4.307 (d.f. = 2) from the total is non-
significant statistically (P = 10-20%).

The inheritance of clavate-headedness 1s confused by the
'fact that the Hybqid 4 parent was, apparently, heterozygous

for this character. It is also quite difficult to estimate
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by visual cbservation the degree of clavateness of a wheat
head. It would have been qulte desirable to ha#e used
Boshnakian's coefficient of squareheadedness (8), especially
since clavateness 1s 80 easlly confused with head density
(Fige. 2).

In figure 2, the Boshnaklen coefficlents of squarehead=-
edness (clavate-headedness) are (left to right) 1.00 (class-
ed fusiform), 1.50 (fusiform), 1.25 (fusiform), l.40 (inter=
Wmediate),’2~00 (Aintermediate), and 1.40 (fusiform). The
elassifications of the head types given (other than the co-
efficlents of squareheadedness) above are the classifications
given in the origlinal data by visual observatlion and esti-
matlon of the degree of‘clavateness. The range of the co-
efficlents for the "fusiform" types 1s 1.00-1.50; similarly,
the range for the "intermediate" types is 1.40-2.00. 1In
flgure 3, the coefficients of squareheadedness are (left to
‘right) 1.40 (classed fusiform), 1l.60 (intermediate) 2.00
(clavate), l.40 (fusiform), and 1.00 (fusiform). The corre-
lation in figure 3 1s better between the estimation and the
actual measurement of this character. It 1s notable that
thése-plants were more thinly spaced than the plants of
’Hybrid 5 Fp and that the character had a better chance to
develop. The low correlation between the Fo classification
and the corresponding coefficlents is thought to be due to
:the~closer spacing of the plants and the confusion of cla-
vateness with head density. The average internode lengths

in figure 2 are, left to right, 3.6 mm., 4.1 mm., 3.8 mme,
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2,7 mm., and 4.0 mm. Similar figures for the heads in figure
3 are, left to right, 4.3 mm., 3.7 mme, 4.0 mme, 4.1 mile, aﬁd
4.9 mm, |

~ The classifications of the reactions of the F, plants to
leaf rust of wheat were easily made. No plants which were
intermediate in thelr rust reaction were noted in the field,
except a very few (12 in al1l) which were infected up to 10%
but which presented about a 1R-2R tybé pustule, All other
.ﬁlants with any pustulation presented susceptlible type pus-
tules (38 to 438). The remaining resistant plantg had read-
ings of zero to zero-fleck.

From Appendlx Table 4, it may be seen that_F2 lines 1
and 4 had decidedly different ratios for the inheritance of
reaction to leaf rust when compared to the other 4 lines.

On the st;ength df this Chi-square test for independence,
these tWO'Fg lines were not included 1in estimates of the
ratio for theﬁinheritance of the'resistance in this hybrid.

The Chi-square tests for goodness of fit in lines 2, 3,
5, and 6 to a 9 resistant to 7 susceptible ratio are found in
Appendix Table 5. The lowest P values lie between 30% and
50%. While the fit 1s not noticeably bad at first glance,
all the deviations from the expected in the resistant class
are negative for all lines, .whlle the corresponding devi-
ations in the susceptiblé class are positive. For this
reason, the goodness of fit 1s not bettered by the aﬁalysis
of the total data. Line 4 yields a fair fit to a 4-factor
complementary gene ratio (81:175; X2 = 0.077, P = 80-%)

but the numbers are rather small to consider such & ratio.
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At Stillwater in 1950, the following leaf rust race
groups are known to have bgen present: groups 2, 5, 6, 9,
and 21.Z& The urediospores from pustules on the leaves of
Hybrld 4 and Hybrid 5 Fo were inviable so no knowledge of
the race groups present on these plants is available. Race
groups 5 and 6 were the ocnes most-frequently isa;ated from!
pustules in the nurseries adjacent to the hybrié.nursery.

Several plants of Hybrid 4 were tested in the greenhouse
during the winter 1950-51 for their reactlon to representa-
tives of six racé‘groups.éﬂ The race groups and the reactlions
of the plants follow: group 2 (race 15), zero-fleck reactlion;
group 5, 2R; group 6 (race 105), zero-fleck reaction; group
6 (rece 126), zero-fleck reaction; group 9, zero-fleck reac-
tion; group 12 (race 58), zero-fleck reactlon; and group 21
(rece 54), zero-fleck reactlon. These tests were made on the
seedling stage of the plants. |

Plant helght was not analyzed statlstically for genetle
ratio bup 1t may be stated that the plants of line 4 averaged
taller than the other Fo lines when the apparent soll gradient
is considered. The possible significance of this observation
wlll be dilscussed later.

Little can be stated about the inheritance of winter-
hardiness except that the‘Pawnee type of winterhardiness 1s

dominant to the lower tolerance to winter conditions of

/4 The identification of these race groups and the tests
of the reaction of Hybrid 4 to leaf rust were made by Dr.
Harry C. Young, Jr., and D. F. Wadsworth, cereals pathologists
at this station.
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Hybrid.#, -The Fq plants were as winterhardy as Pawnee or
nearly so. The effects of the genes for winterhardiness appear
to be cumulative.

Leaf rust resistance was assoclated with clavate-headed-
ness in the F, population of Hybrid 5 (Appendix Table 6)e P
values of 10-20% for line 1, 10-20% for line 2, 1=% for line
3, 1%% for line 5, 1-% for line 6, and 1-% for the total data
were recorded. The X2 value for independence Ciotal of indiv-
1dual Xx@ values except those from the total data) was T5.456
(d.f. = 15, P = 1-%4). The assumpﬁion was that if clavaﬁeness
was assoclated with‘resistancemin‘$his“hybrid,.then the ratios
of reslistant to suseeptible.plants_of»eachAhead type classi-
f;cation should differ. These data indicate that such was
.the condition.

Glavate-headedness was associated with short plant
‘height in Hybrid 5 Fo. The average height in inches of the
fusiform plants was 21.6, and for intermediate and clavate-
headed plants, the heights were 19.9 and 19.5 respectilvely.

Fgrthermore, line‘4 was appreciably taller than the other

Fo lines and produced no clavate heads (accor@ing tQ the
method of classification in 1950).

An assoclation between clavaté—headednessﬂand awn type
was not observable from the F, data. 4 test for assoclatlon
similar tovthat presented.inwAppendix‘Table 6 ylelded a non-
significant wvalue ef‘chi-square;for indépendencen_.Similarly;"
no aésociation between resistance tb.leaf ruSt.and awn type

was observable.
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Leaf rust resistaﬁce is probably not associated with
seed color in this hybrid or the fit to the 3-factor ratio
should be less apparent. The number of plants is quite small
to estimate a 3-factor ratio but the fit in the total data
is quite good. In a Chi-square test for independence {(Appen-
dix Table T7), line 6 differed from the average ratio (from the
total data), the difference being statistically significant
‘beyond the 1% point (X2 = 13.328, d.f. = 4, P = 1-%). Upon
grouping the first three classeé and testing for a 57 red :
30-50% .
for line 6 and 90-95% for the total data. The P value was

6 "golden" : 1 white ratio (Appendix Table 8), P

reduced for line 2 by this grouping but it 1s still greater
than 5%. A consliderable error in eclassification was inev-
itable in these studies.

Although no statistical test was made, apparently the
Hybrid 4 type of leaf rust resistance 1s associated with low
winterhardiness. At any rate, most. of the plants which were
injured most severely by winter conditions were rust-resistant.
Most 6f these plants were late, also, due, in part, to the
fact that the winter injury was so severe that they were
barely able to mature seed. This fact may account, at least
in part, for the appargnt associatlion between rust resistance

and late maturity.

Cyto-morphological Studies
Stem seetions of only one plant of -each of two selections
from Hybrid 4, one selection from Hybrid 1, and of Pawnee were

prepared, so no conclusions may be drawn. However, certain
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differences seem, at this juncture, to be quite definite
(Figse 4~7). A considerably larger quantity of mechanical
tissue»is ﬁresent in the stems of Hybrid 4, and to a.iesser
extent in Hybrid 1, than is seen in Pawnee. The numbers. of
NVascularbbundles in the stem:are also greater in both hybrids,
_ especially the former. The latter condition may be .assoclated,
to a considerable extent, with the greater stem diameter of
.the hybrids as compared to Pawnee. A distinect band of paren-
chyma tissue is evident between the inner and outer series of
vascular bundles~in Hybrid 4. This band is considerably léss
evident in,Hybridvl. Both types of hybrids seem to .have a
greater amount of lignin~like substance on the outer sﬁrface
of the epidermis than Pawnee. Another local wheat variety,
Red Chief C.I. 12109, produces this character, however.

In general, Hybrid 1 is fairly similaf to Pawnee in its
stem morphology while Hybrid 4 is quite different from Pawnee.
The large stem diameter is .characteristic of several wheat
varieties which are not adapted to this area, especially club
wheat (Z. compactum) varieties. The mechanical iissue in-
crease in Hybrid 4 over Pawnee may well have been inherited
from its Agropyron ancestor.

For paraffin sections of wheat florets for pollen mother-
cells, the staining is exéeedingly critical due to the thick-
ness at which the materisl must be cut (40 microns). The
size of wheat pollen mother-cells is approximately 30 microns
so this thickness must be exceeded to assure having at least

some nuclel which are still entire.



Figure 4. Photomicrograph of a stem cross section
from Hybrid 4 (Stw. 493857-2H1).

Figure 5. §Stem cross section from Hybrid 4
(stw. 493857-3).
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Figure 6.

.Stem cross section from Hybrid 1

(stw. 493856-1).

Figure 7.

Stem cross section from Pawnee wheat

(C.I. 11669).
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Bouin's killing and fixing fluid (28) is quite satisfactory
for pollenﬁmother-cells except for the difficulty encountered
in removing the picric acld. The picric acid causes some dif-
ficulty in staining the material. Nawaschin's reagent (28)
is less convenient to use since it must be ffeshly prepared
for each collection. Better staining results are obtained
following Nawaschin's, however. The safranin O-fast green
F'CF technique 1s unsatisfactory for wheat chromosomes as
followed by the author when Bouin's fluid is used as the
killing and fixing reagent. Its performance following Nawa-
schin's in wheat material is unknown but on Indian grass

(Sorghastrum nutans (L.) Nash) falr staining results may be

obtained. In wheat too much safranin is retéined by the
chromosome matrix of material killed and fixed in Bouin's.

The Cajal-Brozhek technique (15) was modified consider-
ably and proved to be quitevsétisfactory for staining follow-
'ing either Nawaschin's or Bouin's. Somewhat better results
are obtained with material killed and fixed in Nawaschin's.
Also, the concéﬁtration of the basic fuchsin had to be mod-
ified considerably, depending on the killing-fixing reagent
used. Following Nawaschin's, the stock solution of basic
fuchsin (saturated agqueous) must be diluted at the rate of
1 drop to 40 cc. distilled water. Following Bouin's, 1 cce
stock solution per 250 cc. distilled water was used.

None of the multinucleate tetrad cells mentioned by
Peto (23) and Vakar (38) were noted. The results of the
pollen studies,indigated that the pollen development and

meiosis were falrly regular. Lagging chromosomes are
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frequent both in the hybrids and Pawnee but these chromosonmes
are not usually lest., Sufflclent progress towards the poles
of the spindle 1s made to escape entrapment in the cell plate

and to allow inclusion in the daughter nuclel.

Milling and Baking Tests

The percent ash (Table 5) for Hybrid 4 was (in 1950) 1.74%,
while that of Hybrid 5 Fp (1.59%) more nearly approached the
ash content of Comanche (1.49%). .The protein content of Hybrid
4 was also higher than the Comanche check, the analysis being
16.5%, while Hybrid 5 Fp and Comanche contained 13.9% and 13.4%
respectively. In the flour, the higher percentage of protein
of Hybrid 4 is also apparent, the percent protein being 15.0
for Hybrid 4, 12.4 for Hybrid 5 Fs, and 12.2 for Comanche.
‘The water absorption was unsatisfactory for Hybrids 4 and 5
Fo beihg 5T.4% and 54.6% respectively, while Comanche absorbed
62.7% of its dry welght of water. The loaf volume was quite
good for both hybrids, Hybrid 4 being 1160 cc., Hybrid 5 Fy
925 cc., and Comanche 895 cc. Hybrid 4 was rated unsatisfac-
tory in milling and baking for hard wheat due to its softness,
While Hybrid 5}?2 was of questionable quality for hard wheat.
The Test weights (in pounds per bushel) wére: Hybrid 4,

52.4; Hybrid 5 Fa,_59.l; and fér Comanche, 60.2.

DISCUSSION

Fertility and Seed Shriveling
The fertility of Hybrids 2, 3, 4, and 5 1s good although
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Table 5. Milling and baking data for Hybrid 4 and Hybrid 5

F2c 19504
Seed* - -~ Flourw
: ‘ Pct. | Pct. ~ | Pct.
Variety or ' Wt./bu.| Pct. |pro-| flour | Pct.|pro-
selectlon ’ (1bs. ). ash | tein | yleld | ash | tein
Hybrid 4 i 52.4 l.74 16.5 64.0 0.45 15.0
. | »
Hybrid 5 F, § 59.1 1.59 13.9 69.4 0.49 12.4
Comanche (ck.) | = 60.2  1.49 13.4 T71.7 0.41 12.2
Bréad and baking data
L ~Loaf volume (ce.,)
Pct. HpO|Mixing Correct-
Variety or absorp-| time as re- ed 13%
selection |- tion |(min.) | ceived | protein
Hybrid 4 . ST7.4%% 2 3/8 1160 1008
Hybrid 5 Fs 54.6%%¢ 2 1/8 925 968
Comanche (ck.) |  62.7 4 1/2 895 - 950

*Computed on a 14% molsture basis.

*#Unsatisfactory for hard red winter wheat.

not excellent. If fertility alone were limlting seed yields,
the yields of these hybrids should compare favorable with
varieties df T. vulgare. Hybrid 1 has fair to good fertil-
ity and the seed-set of its backeross derivatives is im-
proved.: An important note is that the correlation coeffi-
cient in the comparison of the seed-set in 1949 with the
derivativesJ%f the plants studied when grown in 1950 was
quite low. The value of r = 0.199 (d.f. = 17) was obtained;
the tabulated value of rO.éS 18 0,456 (defe = 17).
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While very few comparisons could be made, ithese data indicate
that environment is affecting the seed~set to a greater ex-
tent than the chromosome or genetlc constitutlion of the plants.

The significance of the "class II" pollen 1s uncertain
at thls time. Apparently, however, theée pollen gralns which
are only partially fllled with‘gytoplasm are germinable and
capable of effecting‘fertilization. There‘is little &Bubt
that the "class III" pollen was inviable since the greater
percentage of the pollen grains were completely empty and the
remainder were 50 small and dcntained so few granules‘of eyto-
plasm that inviablllty can be assumed.

The correlation of the percent bad pollen wlth the per-
cent fertile primary florets 1s to be expected. The indica-
tlon is that the same factors which affected esced-set as a
whole also affected the pollen, but that they affected the
former to a lesser extent in most casés.

The observatlion of Nissen (22) that the appearance of
pollen which 1s squeezed from relatively ripe anthers 1is
better than that which is shed through normal anther dehlscence,
was confirmed in this study. Whether or not the same observa-
tion would be valld 1f one observed polien immediately follow-
ing dehiscence is gquestionable, héwever.

The low correlatlions between the peﬁcent fertile primary
florets and the percent wrinkled or shriveled seeds 1indicate
that extreme chromosomal aberrations are not involved in seed
shriveling. ©Since Hybrld 4, in which the most severe seed
shriveling is found, was produced originally in California,

it 1s thought that this shriveling is a manifestation of poor
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adaptation to Oklahoma growlng conditions. If such is the case,
one should expect the seed quallty to be improved markedly by
crossing thls selection with an'adapted wheat varliety; that

was exactly what was observed.

It was noted that the embryos appeared to be normal in
all but the most strongly shriveled seeds. This observation
was confirmed insofar as the studles extended in that the
emergence was no lower in plants produced from wrinkled seeds
than from plump seeds of approximately the same size. Fur-
thermore, a smgller percentage of the plants from wrinkled
seads died.affer smergence thén did those from plump seeds.

No particular significsnce is attributed to this latter ob-
servatlion excépt that it indicates that the abllity vathe
wrinkléd seeds 1o produce plants capable of survival iz not
poorsr than the abllity of the plump seeds. It may well be
pointed out that the condltlons of soil tilth and molsture

at the time the hybrids were seeded in October, 1950 were

very near the optimum for wheat germinatlon. No differences
15 vigor of the seedlings were obsérvable except in the plants

produced by strongly shriveled seeds.

Genetical Studles
The reason for the different ratlios in the inheritance
of leaf rust resistance in Fp lines 1.and 4 of Hybrid 5 i1s
‘uncertain at this time. Several possibilities may be sug-
gested, however. There seems to be a relationship betwéen
bfhg clavateness of the spikes andvthe resistance to leaf

rust in this hybrid population. Conclusions pertaining to
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the nature of this assoclation could not be derived from this
study. This fact is especlally true when one considers that
the data are unrellable due to the method of eétimation of
the degree of the development of clavateness. The indlcated
agsoclation, even wilth the erroneous method of collecting
data, cannot be lgnored.

Assuming the relatlionship between clavaitoness and leaf
ruet realstance to be direct; then some factor involved in
tﬁe production of thle head type must influence resistance.
Boshnakian (8) stated that the factors which influence the
production of clavate heads are the tightness of the leaf
sheath, the groﬁth pressure of the plant stem asg influenced
by the genetles,; the nutrition, the vigor of the plant, and
the attitude of the splkelets on the rachis (l.e., the angle
formed between the spikelet and the rachis). The influence
of vigor and nutritlon cannot be lgnored, although better
nutrition might tend towards a more succulent growth and more
ease of infectlon by the pathogen. The direct effect of the
attitudes of the splkelets can hardly be assumed to affect
resistance. The most likely factor is the tightness of the
leafl sheath. One cause of the tightness might be the amount
of mechanical tissue'present in the leaf shéath.and the re-
sultant inflexibility of this organ. If such be the case
then the resistance should be due, in part at least, to the
inabllity of the pathogen to form a pustule. Further obser-
vations along these lines may be desirable. It was noted

that pustules of stem rust were small and appeared to be
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restricted in size although no physiological resistance to
this disease was observed,

A second explanation suggested is that the resistance 1is
largely physiological and that the association with head type
is due to genetlcal linkage. Since the inheritancelor c%avape-
ness is thought to be complex, linkage of this sort could be
easily visualized. There is an appreciably greater amount of
mechanical tissue present in Hybrid 4, at least in the stems,
than in Pawnee. From studies made at this station on other
varieties it was seen that Pawnee is typical of adapted var-
ieties in this resﬁect. The source of the increased mechani-
cal tissue mayAbe,assumed to be the A. elongatum ancestor of
this selectlon. Therefore, the s0urcevof.clavaténess may
have been derlved from Agropyron, even though this parent
specles was not clavate-headed itself. Cicin (11) reported
clavéteqhead types were found in wheat-like derivatives of

Iriticum-Agropyron hybrids. Slnce the source of reslstance

is supposed to be, in this case, éf elongatum; a genetical
liﬁkage_between‘thgse two characters is not difficult to
visualize. This concept is eveﬁ more tenable when 1t is
considered that the resistant fusiform-headed types are,
so far as could be observed, as resistant as the clavate-
headed types. Thus, if genetical linkage is involved, 1t is
~ not, complete.

It is assumed that the inheritance of resistance is more
complex than the apparent 9:7 ratio for the fdur FE lines
with simllar ratios would indicate. The faét that all devi-

ations have the same sign is the principal factor in this
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assumption. The fact that both ratios obtained (9:7, 81:175)
resemble 1nhefitancé with complementary genés isAeasily vis-
ualized 1f one genéticai factor controls‘thé resistance to a
single racé or grbup of races. Since domihanqe of the genes
glving resistance was COmplgte, one of each of the genes con-
trolling‘resistance to_the faqes.pfesent should have to be in
the dominant condition to prevent a plant from presenting a
susceptible reaction in the field.

The actual leaf rust races which were present on Hybrid
5 Fo are,nqt.known.,vOne might reasonably assume. that groups
5 and 6 were the most abundant as these groups were more
frequently isolated from field collections than the other
race groups (2, 9, and 21). The possibility that one or
more additional races may have been present on lines 1 and
4 than on the other Fp lines should not be overlooked. The
three rows 6f line 3 which.were.adjacent to line 4 had 15
resistant and 15 susceptible-plants, 10 resistant and 16
susceptible, ﬁnd ;5 reslistent and 15 susceptible respectively,
moving successively farther away from line 4. Line 3 grew
on the north side of line 4 and the wind was frequently in
the south and may have received spores from line 4. There
was little time for generél secondary infection after ther
first pustules were observed on these hybrids. Noﬁ more
than 1 to 2 generations of the rust organism could have
evolved by the time the reaqpions.werevread. Further obser-
vations upon this character may help to clarify these 4iffi-

.

culties.
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The fact that Hybrid 4 is not completely immune to leafl
rust race group 5 in the seedling stage may well account fqr
the presence of leaf rust on certain plants of this hybrid in
.October, 1949. The fact that such fall-rusted plants which
did survive the winter (3 plants of 12) appeared to be as re-
slstant 1ﬁ the adult=-plant stage as the other plants of thils
hybrid is considered to be sighificant and encouraglng.

An explanation of the rust susceptibllity of the plants
of.Hybfid 4 as they neared maturity in 1950 is not immediately
forthcoming. The maximum temperatures during the latter 10
" days of the ripening period ranged from 84C«950F, That this
temperature was injurious to these plants is evident from
thelr appearance. At a stage in which ripening appeared to
be fully 1 to 2 weeks away, the plants "ripened" in 4 to §
days. The effects of the temperature on the susceptibllity
of these plants is suw"esteda

The greater average height of the plants in Fp line 4
(Table 2) may be related to the head type, either clavateness
or density. Boshnakian (8) reported that both head cla~
vateness and density correlated with short height. The effect
of head dénsity-is more apparent from his studies but one
would expect such a relationship due to the 51mpler 1nheri—
tance of head den51ty.

The awn segregation must be studied in the F3 generation
if any conclusions, even tentative, may be draﬁno The &iffi-
culty in classifying the genotypes without using the genet-

ical behavior of the offspring of the F, plants is recognized
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by Quisenberry and Clark (26) and by Clark (12). .These two
workers have concluded that two principal factbrg are involv- -
ed in cases of hybrids between true awnless aﬁd fully awned
wheet varieties. Luch 1s the assumption of the author for
the hybrids studied. |
The different retlio for line 4 presents some dlfflcultles
if 1t is not the result of erroneous classification of the awn
character of each plant of this line. Observations of the-F3
population which ls growlng in the field at the time of this
writins.shoui&‘help to clarify thils situation. Clark (12)
‘and Quisenberry aﬁd Clark (26) assumed that & number of mod-
ifying factors Qere‘invclved in the inheritance of awnedness.
Since the Hybrid 4 parent blant was, apparently, heterozygous
for several of the modlfylng factors as well. The fact that
line 4 produced no clavate heads -(as classified in 1950) is
not a sultable explanatlon since no assoclatlon between cla-
vateness and awn type was demonstrable. Llkely the difficulty‘
of classification coupled with the modifying factors will best
account for the excess of plants classified completely awnless.
If the 3:9:4 ratio is assumed, one may loglcally place
_the followlng genotypes in the respective classes: completely
awnless, 1 AABB and 2 AABb; tlp awned, 1 AAbb, 2 AaBB, 4 AaBb,
and 2 Aabb; awned, 1 aaBB, 2 aaBb, and 1 aabb. A4 further
. breakdown of the classes into the respective genotypes should
. be possible within limits. Such a reclassiflicatlon was tried
by the author on the twq extreme awn classes (completely awn-

less and awned) of the plants harvested for further observatlon
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and selection.

Two falrly definite types were selected within the com-~
pleteiy awnless class: one Which.was assumed to be homo-
zygous awnless with the genotype AABB (head 6, Fig. 2), and
one which was assumed to be heterozygous for the factor which
had the lesser effect on the awn type of the two genes in-
volved (head 5, Fig. 2). One-third of this class was placed
in the first group and 2/3 in the latter group. Thié separa-
tion may help to confirm the segregation assumed.

The separation of those heads in the awned group was
-less successful. Only two groups were separable and these
groups separated the awn type class on, approximately, a 1l:1
basis. The two groups are illﬁstrated in figure 2, heads 1
and 2. Head 1 has awns of practically the same length on all
splkelets while head 2 has no awns on the basal spikelet and
somewhat reduced awns on the spikelet immediately above it.

The excellent fit of those plants sampled for seed color
to a 63:1 ratio is important in this study. Firstly, since
only rust-resistant plants were sampled, it indicated inde-
pendent inheritance of these two characters. Secondly, it
indicates normal behavior in the three wheat chromosomes
carrying the genes for'color. The lack of association 1s a
further indication that this type of leal rust reslstance is
an Agropyron character and is not derived from Iriticum. At
any rate, the genes are on none of these three wheat chromo-

somes or the percentage of linkage 1s practically zero.
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Milling and Baking Quality

As should be -expected when considering the softness of
the kernels of HYbrid 4, its milling and baking quality for
bakers' flour is poor. The loaf volume is quite good but the
water ébsorption is unsatisfactory. The protéin content of
the seeds 1s considerably greater than Comanche, which was
used for the wheat check. Armstrong and Stevenson (4) re-
ported similar results in 35 plants of T. vulgaré‘xvé. elon-
gatum in that the hybrld derivatives were markedly higher in
protein content than the seéds of the wheat parent.

The Fp population of the backcross of Hybrid 4 to Paw-
nee produced seed which was markedly improved in its milling
and baking quality over its low quality parent (Hybrid 4).
As might be expeétéd, the protein content decreased to a
percentage_much nearer the average for hard red winter wheat
seed. The loaf volume was still good but the water absorp-
tion was not improved; in fact, it was slightly less than in

its Hybrid 4 parent.

SUMMARY

l. Two derivatives of hybrids involving Iriticum spp.

and Agropyron elonéétum (Host) Beauv. and their backcrosses
were studied for several characters.

2. Characters studied were fertility, seed wrinkling
and shriveling, milling and baking quality, cyto-morphology
of the stems, and genetical studies of the_inheritance of

reslstance to leaf rust of wheat, awnedness, clavate-headedness,
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and seed color.

3. The hybrid (T. yulgare var. Chinese X Secale cereale)
X A. elongatum) X_1. #u1gare'var. Forward proved to be suscep-
tible to leaf rust under field conditions and was studied for
only a‘partvof these characterse.

4. The hybrid Triticum spp. X A. elongatum backcrossed
to wheat (Hybrid 4) proved to be quite resiétant to leaf rust
in the field, usually presenting a reaction‘bf zero to zero-
fleck. |

5. A reaction of zero-fleck to representatlives of race
groups 2, 6,(2 races), 9, 12, and 21 was observed in the latter
hybrid in the greenhouse in the seedling stage of growth.

Race group 5 (racev5) produced a 2-resistant reaction.
N 6; Fertility of both hybrids.and their backcross prog-
eny ranged from falr to good as indicated by studies of the
pollen and seed-set.

To Fertility in the hybrid mentioned in item 3, above
(Hybrid 1), was increased by backcrossing to wheat.

8. The significance of the quantities of partially
filled pollen grains camnnot be interpreted by the author at
this time. Apparently these pollen grains were viable.

9. A slgnificant negative correlation (r =-0.643) was
obtalned between the percent bad pollen and the percent fer-
tile primary florets.‘ | | |

10. A considerable amount of wrinkling and shriveling
of seeds was obsérved’in the plants of Hybrid 4 (item 4,
above). It is thought that the causes are genetic rather than

due to chromosomal aberratlions.

-
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L

1l. The milling and baking quality of Hybrid 4 was un-
satisfactory but was lmproved markedly by backcrossing to
Pawnee wheat.

12. A 2-factor genetlical ratlo was observed in the awn
segregation of 5 of 6 F, lines of Hybrid 4 X Pawnee. The
interpretation of the ratio for the remaining Fo line awalts
F3 data.

13. Clavate-headedness 1s thought to be complex in its
inheritance. A considerable amount of error was introduced.
into the studies of this character due to the manner of esti-
mating the degree of .its development.

14, A 3~factor genetlic ratio for the inheritance of
seed color was in the hybrid mentioned in item 12.

15. Two ratios for the inheritance of leaf rust resist-
ance were obtained: 9 resistant : 7 susceptible and 81 re-
sistant : 175 susceptible ratios. It i1s suggested that the
inheritance 1ls complex.

16. Leaf rust resistance of the Hybrid 4 type was dom-
nant to the susceptibility of Pawnee.

17. Winterhardiness of the Pawnee type was domlnant in
a cross with Hybrid 4.

18. Leaf rust resistance was assoclated with clavate-
headedness in the ngpopulation_studied.

19. The Cajal-Brozhek stalning technligque using basic
fuchsin and picro~indigo-carmine was found to be satisfactory
as & chromosome stain in pollen mother-cells of wheat in

paraffin sections following elther Bouin's or Nawaschin's



killing and fixing reagents.
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Table 1.

Fertility and seed shriveling in Hybrids 1, 2, 3, kL, ard 5.

1949-1950.

Pollen studies*

Seed=-seti*

Seed shrivelingk

" No.
pollen “Pct. ‘No. Pct.
e ‘grains Pct. Pct. No. | seed-| seeds |wrinkled |shriveled
Selection Sel'n. no. _studied class II |class I1I} florets set |studied seeds
1. (Chlnese-rye X A. elongatum) X Forward ' -
493853-5-1 ~ 595 4.0 2.7 W 86.5 63 0.0
. 1193853-5-2 153 0.7 1.l 70 60,0 L2 0.0
L493853-5-3 571 21.9 9.8 167  68.3 113 0.0 :
193853-5- 201 7.5 26.0 294 7h.s5 100 0.0
h93853-5-5 161 15.5 Sh.7 108 18.1 51 0.0
Mean 23.9 21.6 " 67.5 0.0
: h93853-5 Parent plant grown in 19L9 -- 200 89.5 - -
2. Hybrld.No. 1XC.I. 12128
1),8X13~2-1 Lh6 6947 17.7 96 93,7 190 0.0
11,8X13-2-2 333 TL.5 25.8 208 88.0 100 0.0
1),8X13-2-3 T2 26.) 31.9 163 8L.7 100 0.0
1,8%13-2-) 438 29.2 6.2 16 100.0 16 0.0
1),8X13-2-5 317 L1.6 8.5 20, 96.1 100 0.0
Mean ' - L7.7 18.0 92,5 0.0
11,8X13~2 ¥ plant grown in 1949 -= 2L8 96.L - -
3. Hybrid No. 1 X Tenmarqg _
1),8X1)~3-1 350 86.0 6.9 185 |, 89.2 100 0.0 0.0
1),8X1)-3-2 1,98 85.3 2.h 326 88.0 100 0.0 0.0
!,.LBX:UJ-B"B ,-llé 9502 20,4 ,437 87.6 lOO 200 0.0
1,8X1)-3-1 583 9L.5 2.2 227 95,6 100 0.0 0.0
1],8%1)-3-5 567 81.7 3.0 86 81.L 100 1.0 0.0
'),8X14-3-6 325 75.7 3.L L 95.L 72 2.8 0.0
Mean - "' 86.5 3.4 89.5 1.0 0.0
t48X1h-3 -~ 1 85.7 - - -

F1 plant grown in 1949
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Table 1 (Continued)

Pollen studies# _Seed-seti Seed shriveling#t _
No.
_pollen Pct.}] No. Pet. Pct.
- grains Pct. Pct. Pct. No. |seed-| seeds wrinkled| shriveled
Selection Sel'n. no. | studied |class I |class IT|class ITT | florets| set |studied .| seeds seeds
L. Triticum spp. X A. elongatum Co '
T [93959-5-1 | 315 12.1 86.7 1.3 17k - 91.9 100 78.0.  11.0
493959-5-10 | 273 °  9L.5 2.9 2.6 12,  88.7 100 73.0 1.0
Mean 53.3 Lk .8 2.0 90.3 75.5 6.0
L93959~5 Parent plant grown in 1949 34 88.2
h93959-12-1 | 62l 93.L 5. 1.1 25k 92.1 100 57.0 0.0
493959-12-2 | 139 95.0 0.7 h.3 20,  96.1 100 57.0 2.0
193959-12-3 | 269 99 .6 0.0 0.L 105  86.7 87 oh,2 0.0
Mean - 96.0 . 2.0 1.9 91.6 69 .k 0.7
493959-12 Parent plant grown in 1949 30 100.0; - - -
193959-33-1| 247 98 Ous 1.2 17k 97.1 100 61.0 0.0
1193959-33 Parent plant grown in 1949 36 9742 - - -
493959-L2-1| 253 8.2 - 5.9 9.9 Lo6 69.7 100 42.0 0.0
L93959-L2 Parent plant grown in 1949 2l 95.8° - - -
L93959-L7-11 318 95.6 0.6 3.8 63, 89,0 100 9.0 0.0
493959-,7 Parent plant grown in 19L9 3L 91.2 - - -
1$3959-60-1| 256 90.6 2.0 7ol 488  86.3 100 27.0 2.0
1,93959-60 Parent plant grown in 1919, 32 90.6 - - -
493959-76~11 2L9 96.0 0.0 L0 668 86.2 100 1.0 0.0
L193959-76 Parent plant grown in 1949 22 100.0 - - -
L93959-77-1{ L35 970 1.6 - C 1l 281  83.6 100 31.0 1.0
493959-77 Parent plant grewn in 1949 2L 95.8 = - -
493959-8L4-1| 105 90.5 1.9 7.6 717 87.3 100 32.0 0.0
1,93959-8L ‘Parent plant grown in 1949 32 100.0 - - -
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Table 1 (Continued)

Pollen studiess

Seed=setx«

Seed shrivelingss

No.
pollen Pct. No. Pete. Pcts
grains | Pct. Peto Pect, No. seed- | seeds |wrinkled |shriveled
_Selection Sel'n no. studied | class I | class IIjclass III|florets; set |studied] seeds seeds
he Triticum spp. X A. elongatum (Cont'd) ,
93959-87=10T 3 7745, 21.7 0.8 158 91.8 100 26 .0 0.0
493959-87-13] 517 36.3 60.5 1.2 36k 95.9 100 20.0 00U
Mean 5749 Lh1l.2 1.0 93.8 23.0 0.0
1193959-87 Parent plant grown in 1949 3k 91.2 - - -
Mean Hybrid No. ki 1950 76.) 20.7 2.9 88.7 L) 1.2
Mean Hybrid No. l 19L$ -- - ~= 95.0 e .o
5. Hybrid No. 4 X Pawnee
' 1,8X15-1=1 - -= == - 76 9€.1 50 0.0 0.9
1 hBXlS‘“l’Q : el i bk = lho 78 5\6 50 68 ao 000
148¥315=-1-3 - - == - 112 93.7 50 6.0 0.0
118X15=1=) = - -~ - 234 Th .8 50 8.0 0.0
148X15=-1=~5 - - - .= 148 80.4 50 16.0 0.0
Mean ' 8hi.7 19.6 0.0
T48X15-1 Fy plant grown in 1949 106 77k - - -
14BX15=2=6 | == - -— - 201 85.6 50 26.0 0.0
Ph8X15=2=09 | == - - -- 7L 96.5 50 50.0 2.0
1148X15-2~73 | == - .- - 348  82.5 50 2.0 0.0
1],8X15-2=80 | -= - - - 251 93.2 50 8.0 0.0
8Y15=2=91 | == —— - == 112 86.6 50 36,0 0.0
Mean 88.9 2h.L Ooly
11,8X15=2 Fq plant grown in 1949 - h32 89.6 -- -- -
148X15=3=7 - S - - 514 69 .6 50 32.0 2.0
',.I.BXIS“B"S o= — - - 278 71105 50 1000 l@eo
148X15=3=17 | == - -- -~ 350 9U.9 50 20.0 U.0
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Table 1. (Continued)

Seed~setsr

Pollen studies# Seed shriveling:
No,
pollen |. Pete - | No. | Pecto Pete.
. ‘grains Pet. Pet. Pet. No. seed- seeds |wrinkled {gshriyeled
Selection Sel'n nc. |[studied |class I |class II |class III|florets| set studied| seeds seeds
5. Hybrid No. L X Pawnee (Cont'd)
1,8X15=3=20| == - -- - 274 82.8 50 14.0 0.0
1h8X15=3=56] == - - - 228 72.4 50 8.0 2.0
Mean . 78 0 16 98 208
118%15+3 F1 plant grown in 1949 470 8L.7 -- -~ --
1 48X15=1~9 - - - -- 106  89.6 50 0.0 0.0
8X15=-h=1l| -~ - - - 11k 86.0 50 0.0 0.0
TUB8X15-h=2h| -- - -- - 140 80.7 50 L.0 0.0
148X15=l=31] == = = == 177 89.3 50 0.0 2.0
Mean 86.! 1.0 0.5
t},8X15=h Fy plant grown in 1949 230 9L .8 - == -
1,8X15-5-13}| =~ - -- - 207 81.2 50 20.0 0.0
'18X15-5-19 | == -- -- - 232 86.2 50 0.0 0.9
'48X15-5=23 | == o= - - 138 964 50 2.0 0.0
TUBXL5=5=32| == -- - - 308  81.2 50 30.0 0.0
Eﬁah 8602 1390 Oeo
*hB8X15=5 Fy plant grown in 1949 286 86.1 - ~= -
)8X15«6=11| == - == == L22 80.% 50 1L.0 0.0
148X15-6=25| == - - - L0 80.} 50 6.0 0.0
118X15-6=32| -~ -- - - 138 75k 50 32.0 0.0
T48X15=6=511 == - - - 190 82.56 50 38.0 0.9
1,8X15=6<5l | -~ -- -- -- 176 86.9 50 16.0 0.9
Mean . : 81.2 21.2 0.0
'h8X15=¢ F1 plant grown in 1919 380 95,3 - - -
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Table 1. (Continued)

‘Pollen studies#

Seed-setisr

Seed shrivelingi

No...
pollesi Fect. No. Pet. Pect.
) " grains Pct. Pcto Pct. No. seéd=| seeds | wrinkled | shriveled
jSelection Sel'n no.| studied |class I |class II {class III|{florets | set |studied | seeds | seeds -
5. Hybrid No. h X Pawnee (Cont'd) .
Fl 1950 ! hBXlS‘ 556 68.9 26 ,,‘\ ,405 160 8 7 05 10C 0.0 090
'18X15~8 597 97.0 1.2 1.8 162 90.1 100 39.0 1.0
'18X15-9 166 9.0 4.3 1.7 27k 87.6 100 37.0 0.0
! hBX].S“’lO 293 9“ o-)_‘ 3 08 5 98 360 8708 100 2).]. oO 0’00
©118X15=-11 371 96.8 0.5 2.7 L56 90.3 100 16.0 1.0
Mean Fl 1950 8991‘ ' 703 3@3 8807 2302 00)4
Mean Fj 1949 - -- .- 88.3 - ==
Mean Fp 1950 - - - 8L.1 - 16.6 0.6
Mean Hybrld I\IOG 5 1950 89 oh 763 303 8)408 17 06 006
6. Pawnee wheat C.I. 11669 (ck. ) grown in 1950
141370-8 L85 92.6 1.2 6.2 56  96.h 53 0,0 0.0
14370-13 481 97.3 0.6 2.1 156 87.2 100 3.0 1.0
41370-1L 53k 95.3 0.9 3.7 176 90.9  1a0 1.0 0.0
11370-18 258 L6 0.0 5.4 58  82.8 L8 0.0 0.0
, ~ L370-19 207 97.6 0.0 2.4 122 94.3 100 0.0 0.0
Mean - .. - 95.5 0. 25 4.0 90,3 0.8 0.2
7o Triumph wheat. C.I. 12132 (ck ) grown in 1949, space planted
, 3808-1 -- - -= - 96 97.9 = == ==
3808-2 - - -- - 182 96.2 - -- -
3808-3 - ~ - - 39L 95.7 -~ -= -=
3808=4 - -~ -- - 154 98.7 - == -
- 3808-5 -- - - -- 260  96.9  -=- - -
3808=-6 - - -= - 1,38 98.6 - -- -
3808=~7 -- - - - 150  100.0 - -- —

¢9



Table 1 (Continued)

Pollen studiess Seed-setist Seed shriveling%¥
- No. -
pollen Pct. No. Pct. Pet.
grains Pet., Pct., Pct. No. |seed- | seeds |wrinkled | shriveled
Selection Sel'n no. |studied |class I |class II| class III|florets| set |studied seeds seeds
7, Triumph wheat (Space=~planted) (Cont'd) ‘
3808-8 - -- - == 256 96.5 - - -
3808-¢ .= - - - 130 9.9  -- -- -
Mean - - -- 97.6 - -
3810-1 - -- e - 192 97.h -- - -
3810-2 - -— - e 282 97.2 - - -=
3810-3 - -- - - 236 986.7 - - -
3810-L - -~ - - 126 97.6 - - -
3810-5 - - - - 196 99,0 - - -
3810-6 -- .= - - 98 95,9 - -- -
3810-7 - - - - Lok 98.8 - - -
3810-8 - - - - 11L. 97.L -- - -
3610=9 - - - - hik 95.7 - - -
Mean ' - - - 97.5% - -
Pean,(Snaceoplanted.matarlall —— ) 97.6 - -
Drilled.at rate of 1/2 bu./A. in 1 inch rowssst -- 1,668 oh.8  -- -— -
Mean,Triumphm - e - 96.2 -

# "Class I":turgid vollen grains.

"Class II":nollen_ grains 50-95% full of cytoplasm,

' “Glass ITI":vollen grains essentially empty.

## Data from first and second florets. only,

 #x%% Data from random heads from a bundie of

Triumph pure seed increase {('L9 Stw. 361).

79
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'

Table 2, Chi-square test for independence upon Triticum spp. - 4.
elongatum X Pawnee Fy awnedness data. 1950.

Fo “Inﬁb. ~ No. No. :Pet. of

line awnless | interm, | awned o time
no., | plants | plants plants Total X expected

Observed 1 7 3L 11 52 2,466  20-30%
Expecteds | - 11.4 29.3 1.4 ‘
Deviations | <liy heT 0.l
Observed 2 71 201 90 362 2.355 30+
Expectedst 7942 203.6 79.2
Deviations -8.2 2.6 10.8 .
Observed 3 58 208 65 331 6.172  2-5
Expectedi 2.4 186.2 72.4
Deviations 1L 21.8 ~7.h
Observed L 67 8L 32 183 23,296 1-
Expectedst 10.0 102.9 10.0
Deviations 27.0 -18,9 -8.0
Observed 5 39 1) L3 196 0.L79 8o+
Expected* 42.9  110.3 L2.9
Deviations =349 3.7 0.1
Observed 6 75 17) 76 325 0.976  50-70
Expectedit 71.1 182.8 71.1
Deviations 3.9 ~-8.8 L9
Totals 317 815 317 1,uhL9 35,74k 1-
Ratio (%) 21,88 56,25 21,88

#Based on the ratio from the total data; no genetic ratio assumed.



66

Table 3. Chl-square test for goodness of fit to a 3 awnless : 9 tip
awned : l; awned genetic ratio in Hybrid No. 5 Fy. 1950,
Fr | Noe No. No. Pct. of
line | awnless {interm. | awmed o time
no. | plants |plants plants | Total X expected
Observed 1 7. 3L 11 5? 1.85L  30-50%
Expected 9.7 29,2 13.0 51.9
Deviations ~2.7 L7 =2.0 Uel
Observed 2 71. . 201 90 362 0.180 90-95
Expected 67.9 203.6 90.5 362.0
DeViations 3.1 "2 06 -0?5 0.0
Observed 3 58. 208 65 331 6.628  2-5
ExpGC‘bed 62 1 186 02 82.7 33100
Deviations =1 21.8 =17.7 0.0
Observed 5 39.. 114, k3. 196 1.001  50-70
Expected 36.7 110,2 15.0 195.9
Deviations 2.2 3.7 =6.C -0.1
Observed 6 75 17L 76 328 1.008  10-20
Expected 60.9 182.8 81.2 32L.9
Deviations 1.1 -8.8 5.2 0.1
Observed | Totals 250 731 285 1,266 44307 10-20
Expected 237.4 712,1  316.5 1,266.0
Deviations |, 12.6 18,9 =31.5 0.0 -
Total X (Independence) 13,671 10-20
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Table li. Chi-square test for indeperndence upon leaf rust resistance data
in Hybrid No. 5 Fp. 1950. )

F, No. No. Pot. of
livie | resis. suscep. ' 5 time
no. | Plants plants Total X expected
Observed 1 19 : 33 52 ) .68 2-5%
Expecteds 26.8 25.2 52.0
Deviations -7.8 7.8
Observed 2 201 161 362 2.39 1020
Expectedst 186.3 175.7
Deviations 1.7 -14.7
Observed 317 1,6 325 1.69  20-
Expecteds 167.3 157.7
Deviations 11.7 -11.7
Observed N 57 118 175 25,06 1-
Expecteds 90.1 8lL.9
Deviations | -33.1 33.1
Observed 5 102 o1 193 0.15 70
Deviations 2.7 -2.7
Observed 6 176 143 319 1.75 20~
Expected . 16h.2  15L.8
Deviations 11.8. -11.8:
Totals 73k 692 1,426 35,72 1-

Ratio (Pct.) : 51.47% L8.53%

#Based on the percentages of resistant and susceptible plants in the
total population. No genetic ratio assumed. :
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Table 5. Chi-square test for goodness of. fit to a 9 resistant : 7 suscep=-
tible genetic ratio using L Hybrld No. 5 Fo lines with
81m11ar ratios. 1950.
Fs No. No. Pet. of
line resis. SUSCEepe time
no e plants plants Total xe expected

Observed 2 201 161 362 0.077 80%

Expected 203.6 158.4

Deviations ~2.6 2.6

Observed 3 179 L6 325 0.181 50=70

Expected 182.8 12,2

Deviations ~3.8 3.8

Cbserved 5 102 91 193 0.906 30-50

Expected 108.6 8Lyl

Deviations ~6.6 6.6

Observed 6 176 13 319 0.151 70+

Expected 179.L 136.6 '

Deviations -3.h 3.4

Otbserved Totals 658 54l 1,199 0.916 30~50

Expected 674 S5hi2.6

Deviations -16.L 16.L




" Table 6. Relationship of the inheritance of leaf rust resistance and head type. 1950.

: Pet. of
Fo line Resistant Susceptible time
Head type no. |[Obse I Expe. | Deve Obs. | Exp. | Dev.: Total x2 expected
Fusiform 1 10 11.9 ~-1.9 26 2.1 1.9 36 0.435 50+
Intermediate 6 L0 2.0 6 8.0 -2.0 12 1.585 20+
Clavate 3 1.3 1.7 1 2.7 -1.7 L 3.188 5-10
Sub-total 19 33 52 5.208  10-20
Ratio (%) 32.95% 67.05% -
Fusiform 2 137  1iS.l1 -8.1 121 112.9 8.1 258 1.039 30+
Intermediate 51 L5.6 S 30 35.4 © =5 81 1.Lh8L 20-30
01a.va.:t}e 16 11 08 )4.2 5 902 —,.l.-2 21 30398 5"10
Sub-total 204 156 , 360 5.921 10-20
Ratio (%) 56.25% L3.75% (9:7)
Fusiform 3 132 149.6 -17.6 13L 116.4 17.6 266 Le7hS 2-5
Intermediate )-I»B 30 o,.l. 12 06 ll 23 06 =12 06 5’.]. 11 0993 1-
Clavate L 2.8 1.2 1 2.2 -1.2 5 1.153 30~
Sub-total 179 6 325 17.891 1-
Ratio (%) 56.25% L3.75% (9:7).
Fusiform 5 60 76.5 "'16 °5 76 59 05 1605 136 80135 1~
Intermediate 36 27.0 9.0 12 21.0 -9.0 L6 6.857 1-
Clavate 7 546 1. 3 L.k -1l 10 0.768  30-50
Sub-total 103 91 194 15.760 1-
Ratio (%) 56.25% }13.75% (9:7) -
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Table 6. (Continued)

N  Pct. of
F2 line Resistant Susceptible time
Head type No. |Obs. | Exp. | Dev. Obs. | Exp. | Dev. Total x2 expected
Fusiform 6 92 115.9 -23.9 11k 90.1 2349 206 11.243 1-
Intermediate 67  52.3 1.7 26 LO.7 -1kL.7 93 9.129 1-
Clavate 19 11.8 742 2 942 =72 21 10.004 1-
Sub-total 178 _ 12 320 30.676 1-
Ratio (%) 56.25% 43.75% (9:7)
Fusiform Total L32 L92.5 -61.5 L71 1,09.5 61.5 902 16.910 1-
Intermediate 203 157.2 L5 .8 85 130.8 =};5.8 288 294318 1-
Clavate Lo 33.3 15.7 12 277 =15.7 61 16.282 1-
Grand Total 683 568 1,251 62.510 1-
Ratio (%) , 5l .60% LS L0%
Grand Total Individual X2 (d.f. = 15) 75 <1156 1~

0l



7. Chi-square test for independence upon seed color data of Hybrid No. 5 Fp. 1950,

Table
) No. No.
Fy plants No. | plants No. No. Pct., of
line dark plants light .| plants '} plants o time
No. red red red golden white Total X expected
Observed 1 2 3 o 0 0 5 . L.217  30-50%
Expected# 0.9 2.0 1.6 0.y 0.1
- Deviations 1.1 1.0 =1.6 fO,h -0.1 0.0
Obseived 2 1 6 3l 17 3 11, 6.992  10-20
Expected* 19.7 hht6 37.)4 10.2 2.0 .
Deviations =57 1. =34 6.8 1.0
Observed 3 11 25 32 5 1 N 3.707 50~
Expected* 12 08~ 28.9 2).]..3 606 1.3 .
D?ViatiQHS -108 "'3 09 707 “106 -0 .3 Ool
Observed L 5 19 12 2 1 39 2,192 70
Expectedx 6.7 15,2 12.8 . 3.5 0.7
Deviations -1.7 3.7 -0.8 -1.5 0.3 0.0
Observed 5 6 1 20 2 1 L3 L.1h9 30~50
Expecteds Tolt 16.8 1.1 3.9 0.8
De'ViationS "10)4 "'2e8 509 ' -199 002 0.0
Observed 6 20 2l 12 L 0 60 13,328 1-
Expected 10.k 23.5 19.7 Sel 1.1 _
Deﬁations 906 Oosv ) -7e7 ‘lah elol '001
Total 58 131 - 110 30 6 335 34.585 5-10
8.96 1,76 100.Q

Ratio(%) 17.31% 39,10 32,84

 #Based on the ratio from the total data; no genetic ratio assumed.

T



T2

. Table 8. Chi-square test for goodness of fit to a 57 red : 6 golden :
1 white genetic ratio for seed color in Hybrid No, § Fye 1950,
F2 NO. No. NO. Pct" Of
line | plants |plants | plants 0 time
No, red gold white | Total X |.expected
Observed 1 5 0 0 5 0.660 70-80%
Expec‘ted ) hoh 005 Ool
Deviations 0.6 =045 -0.1 0.0
Observed 2 oL 17 3 11 54120 5-10
Expected 101.5 10.7 148
Deviations -7.5 6.3 1.2 0.0
Observed 3 68 5 1 h 0,626 70-80
Expected 65.9 6.9 1.2
DeViationS 2.1 -109 -002 O,.O
Observed L 36 2 1 39 1,046 50=70
Expected 3Le7 3.7 0.6
Deviations 1.3 -1.7 0.k 0.0
Observed 5 LO 2 1 L3 1,261 50-70
Expected 38.3 L0 0.7 .
Deviations 1.7 -2.0 0.3 0.0
Observed 6 56 L 0 60 1.531 30-50
Expected . 53.hb 5.6 0.9
Deviations 2.6 -1.6 -0.9 0.1
Observed | Total 299 30 6 335 0,178 90-95
Expected 298.3°  31.Lh 5.2 o .
Deviations 0.7 -1.l 0.8 0,1
Ratio(®) 89,06  9.38  1.56  100.00




