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WASHINGTON, D. C.
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"INHERITANCE OF STEM-RUST REACTION AND
~* CORRELATION OF CHARACTERS IN
PFNTAD, NODAK, AND AXRONA
DURUM-WHEAT CROSSES?

By Guewy 8. SMITH, junior agronomist, and J. ALLEN CLARR, sentor agrofomist,
Division of Cereal Crops and Diseases, Burcaw of Plant Industry

CONTENTS

Introduction. _. Correlation of characters——Confinued
Previons investigations.. Plumpgess and orhar characlers
Daseription of parents. Weight of kornels and other cinrachers_
Experimenta! methods Diate of beading and other charncters. ..
Sepreeation of characte nte of ripening, gasoline color valle,

Stem-rust renction... and protein content

Cther characters Fruitloz period, gascline color value, apd
Correlation of chnarneters probefn content .

Slem-rust reaction and other characters. . Cusoline color valte anu prolein content

Vield and other characters 23 | Summary

Test neight snd other characiers__ 2% 1 Literatuve cited.. .

. - INTRODUCTION
| g_ A kuowledge of the inheritance aud correlation of important plant

and grain characters and qualities is desirable for the intelligent
planning and conducting of a wheat-breeding program. An under-
standing of the mode of inheritance of definite characters ray sug-
gest methods to be used without wasted effort in the recovery or
4 ¢ recombination of desirable characters. A study of the intercharacter
relations is helpful in determining the effect of certain characters on
. other characters.
' The purpose of this study was to learn more concerning the inhert-
tance of reaction {o stem rust, Puccinia graminis Pers., and fo
determine the relationships between the important contrasting
characters in the three possible crosses between Pentad, Nodsk,
and Akrona durum wheats. The characters studied were stem-russ
reaction, yield per plant, test weight per bushel, plumpness of kernel,
weight of kernel, date of heading, date of ripening, length of fruiting
period, gasoline color velue, and protein content.

I~

PREVIOUS INYESTIGATIONS

There have been comparatively few breeding projects and inheri-
tance studies with durum whesat alone, but most of thase have deslt
with rust resistance. Much has -been done in crossing Triticum

t The wheat-lmprovement worlr ob the Langdon substation, Langdon, N.Dak,, i3 esrried on in coopera-
tion with the Morth Dakoia Agricuttural Experiment Stution, Fargo, N.Dzk.
1R1852—33—1
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durum Desf. and 7. vulgare Vill? in an attempt to produce common
wheats that are as resistant to stem rust as are the durums.
Harrington and Aamodt (7} ® reported on the seedling reaction of
durum crosses to different forms of stem rust. In the greenhouse,
Mindum X Pentad showed indications of a single genetic factor
difference to rust form 3, and the results from form 1 also were
explained by a single factor difference. These investigators obtained
2 continuous series of strains showing different degrees of resistance
and susceptibility, but ouly 6 out of 110 F, families were strongly
resistant to both forms of rust. Hurrington (6) later reported on
the inheritance of resistance to stem rust in the crosses of both
Mindum and Kubenka No. 8 with Pentad; Mindum and Kubanks
No. 8 were susceptible, and Pentad was resistant to rust form 34.
Some of the hybrid families were found to he more susceptible than
Kubanka. The resulis of infecting F, and F, strains of the Min-
dum X Pentad cross with form 34 indicated the presence of more
than one [actor. A different reaction was secured for Mindum X
Pentad hybrids when tested to form 1 in the greenhouse than was
obtamed in the field. According to Harrington (6, p. 286-287),
Reaction fo rust was found to be inherited in the same manner as other

characters. Several factors were involved, and environmental influences
medified the expression of rust reaction.

In an attempt fo secure a rust-resistant hard red spring wheat
by crossing Marquis with Tumille, a resistant durum, Hayes, Parker,
and Kurtzweil (9) found they could not recover common wheats
with all the resistance of the durum parent because resistance
depended on several characters and factors and the numbers used
were not sufficiently large. They reported a proportion of 13 sus-
ceptible plants to 1 resistant. The same writers, in reporting other
durum-rulgare crosses, found susceptibility dominant. They con-
cluded that the mode of inheritance for rust reaction was the same
as that involved in the inheritance of botanical or morphological
characters, and that a similar technic should be used in breeding for
rust resistance,

Waldren (13) Tound that progenies from strains of Kubanka X
Power were intermediate in their rust infection. Ile concluded
that at least two genetic factors were responsible for rust reaction.

Puttick {70) explained the reaction in the I, generation of a cross
between Marguis and Mindum. to rust fornmi 19 by a single factor
ptus modifiers, but a single {actor did not account for the reaction
to rust form 1. However, 35 out of 388 F. plants were resistant to
both forms, indicating the possibililies of synthetie breeding for
developing varieties resistant to several forms of rust.

Clark and Smith (4) {ound susceptibility to be dominant to resist-
ance in the mature-plant stage of the durum wheat eross, Nodak X
Kahla, with indications that at Jeast two genetic factors are involved.

BESCRIPTION OF PARENTS

Pentad, or D-5, is a rust-resistant red-kerneled durum introduced
from Russia in 1903 by the North Dakota Agricaltural Experiment
Station (7). The variety has white glumes and awns, and the kernels

* Aecording Lo the rules of hotanicsl nomenclatnre the namn of Jhis species is Tritfenm acsticum L., hut

&s 1. relyure s 1n general use aniong ngrenoinists, the wrirers give preference to thot f -,
1 Italic numbers in parentheses rofer fa Literature Cited, p, 27.
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are red, shors, and plump. It was first distributed by the North
Dakota station in 1911 (4), and since that time has been grown
extensively. Farmers consider Pentad particilarly desirable for late
seeding, as it 12 not injured by rust even though sown late. How-
ever, it is of poor quality and is not desirable for the manufacture of
semoling or imacaroni, because the product is gray and speckled.
As it brings a lower price than the amber durums it is largely used
for feed or exported.

Nodak is an amber-kerneled durum which, in 1915, originated
as a head selection from Kubanica (C.1.* no, 1440) at the Dickinson
substation, Dickinson, N.Dak. (72). Like Pentad, it also is resistant
to stemr rust, though i% is not equal to it in this respect, It is a
high-vielding variety, especially in western North Dakote and in
South Dakota, but it-is undesirable in that it also produces a gray
macaroni. It is not grown so extensively as Pentad.

Alorong is an: amber-kerneled durum variety selected from Arnautka
{C.1. no. 1493) in 1912 at the United States Dry Land Field Station,
Alzon, Colo. (3). Varietal experiments at that station showed
Akrona to be the best yielding durum. Tt is early maturing and
has a high gasoline color value, indicating suitability for the manu-
facture of macaroni. Under severe rust conditions, Akrona may
be damaged considerably, as it is susceptible to rust. It is not
commercially grown.

The contrasting differences in the characters of the three parental
variefies studied thai are evident under smtable environment are
shown in table 1.

Taste L—Contrasting differences in the chareciers of Penlad, Nodak, and Akrona
wheals

Cunirasting differences

Characler
Pentadd Madak Akrona

Roenction to stem rosi. Wenkly resistant.._.| Susceplible,
Yieid I. High High,

Test weight N - . Low.
FPlumpness aan . i ! o,
Weight of kernel. " v ema Tieavy.
Daote of heading . Early,
Date of ripening. Lt . . Da.
Frulting pariod - - ] RN | Long,
Gasgline eolor vutue : o [T N 1 & £ 41
Orude-protein content sxmras e Law.

This experiment was planned primarily to learn more concerning
the inheritance of stem-rust reaction in durumn wheats. It was
thought that Pentad might have the dominant immune reaction
from rust similar to that of [Hope common wheat {(2). The parents
seemed suited for such & study because of different degrees of rust
reaction. YWhile Pentad was not found to have the immune reaction,
it is the most strongly resistant durum wheat known. Nodal is
wealkly resistant, and Akrons is suseeptible, _

Although selected primarily for differences in rust reaction, the
parents exhibited marked differences in other charscters, and, as
shown, some of these characters were studied in the hybrid material

4 O.L refors to the aceession number of the Tivision of Coerenl Ceapd nnd Diseuses, fermerly the Office
ol Carund Invaestigntions,




4 TECHNICAL BULLETIN 385, U.S. DEPT. OF AGRICULTURE

in the hope that light might be thrown on the relations of such
characters to each other and more particvlarly to rust reaction.

EXPERIMENTAL METHODS

The three crosses and their reciprocals were made at the United
States Northern Great Plains Field Station, Mandan, N.Dak,, in
1928, The F, plants were grown in a greenhouse at the Arlington
Experiment Farm, Rosslyn, Va., in the winter of 1928-29, and seed
from the ¥, plants was sent to Langdon, N.Dalk., for sowing in the
spring of 1828. No rust data were obtained on the ¥, plants.

In 19829 the F, population of Pentad X Nodak occupled & rod
vows, Pentad X Akrona 5 rod rows, and Nodak X Akrona 3 rod rows,
and 1 row of each parent was grown on each side of the hybrids.
In 1830 the Fy population of Pentad X Akrona occupied 150 rod
rows, while of each of the other two hybrids 99 rows were grown.
In 1930 the parental varieties were alternated as checks every tenth
row. The iternels were spaced 3 inches apart in rod rows 1 foot
apart. A row with a perfect stand contained 70 plants.

No sttempt was made to introduce particular physiologic forms of
stem rust nor to produce an artificial epidemic. A heavy infection
was obtained by growing susceptible varieties in border rows, by
spacing the seed, and by late planting. A study made by M. N,
Levine, pathologist, Division of Cereal Crops and Diseases, stationed
at University Farm, St. Paul, Minn., of the physiologic forms present
in 1829 indicated that form 17 probably was responsible for the larper
part of the infection. Rust collections made in the nursery in 1930
and sent to Levine included physiologic forms 21, 86, and 49. Inas-
much as the mature plant reactions of the parent varieties have been
consistent throughout the different years, the presence or effect of
different physiologic forms of stem rust was considered to be of no
importance in this study.

The seasons of 1829 and 1930 were unusually favorable for devel-
oping & severe rust epidemic. In both seasons seed of these crosses
was sown late, but sufficient rain prevented premature ripening.
In the week following the first appearance of rust in 1930, the climatic
conditions for its develepment were almost ideal. Very little dif-
ference was apparent in the amount of infection in the 2 years. When
the relation of rust {o yield is considered, however, it is apparent
that rust did more damage in 1930 than in 1929,

In both vears the plants were pulled when fully ripe and examined
individually for rust infection. The rust reaction was quantitative in
appearance, there being no distinct categories. Each plant, therefore,
was classified for amount of stem rust in the following frequency
classes according to the infection: 2, 10, 20, 30, 40, 50, 60, 70, and 80.
These degrees of infection are illusirated in figure 1. For convenience
in figuring, & trace to 4 percent was computed as 2 percent. Hach
percentage figure was considered the center of its class, that is,
10 was the midpoint of 5 to 14 percent, and 20 was the midpoint of
15 to 24 percent, etc.

In 19629 the parent and F. hybrid plants were threshed individusily
and the plant yields recorded. In 1930, after the rust classification
was completed, the plants of each row were put together and threshed
as an Fy strain. The average yield per plant was calculated by divid-
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ing-the yield per row by the nwmber of plants. Uniform stands were
obtaiued, but a few rows were short becauvse of lack of seed. The

FIGURE 1.—5tem-rust Infeclion ¢lnssey used in the cinssifistion of the Fa and Fy generntioos of the trisngle
. ecrosses wilh Pentad, Nodak, and Akrong durum whents grown at Langden, N, Dok, 1920 and 1730,

vield per plant was therefore more accurate than the yield per row.
Test weight, kernel plumpness, weight per 1,000 kernels, gasoline
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color value, and crude-protein content were determined on the grain
from the F,; strains and parent checks. Dates of heading and ripening
and length of fruiting period also were noted on individual rows or
strains,

SEGREGATION OF CHARACTERS

The hybrids were studied for the segregation of the various chazr-
" acters in comparison with the characters of the parents, in order to

determine how they are inherited. The characters were all quantita-
tive and therefore could not be classified into distinct categories, but
were noted in frequaney classes, .

Although environmental conditions strongly influence the expres-
sion of all the characters under consideration, it seems reasonable to
assume that when environmentsl conditions are the same for all
material it should be possible to detect such inhorent differences as
may e present,

STEM-RUST REACTION

The isheritance of resction to stem rust was found to be less
coruplex than that of the other characters. For this reason the segrega-
tion of the hybrids in comparison with the reaction of the parents to
stem rust wil be presented separately, and that for the remaining
cheracters will be grouped together.

PENTAD X NODAK :

The segregation for stem rust of the F, plants of the PentadX
Nodak cross in comparison with the reaction of the parents is shown
in table 2. All Pentad plants were classified in the 2 and 10 percent
frequency classes, averaging 5.2 percent, and all Nodak plants in the
10, 20, and 30 percent classes, averaging 18.4 percent, None of the
parent or hybrid plants were rust free or immune. Although there
was overlapping of the parents, Pentad having 39.8 percent and
Nodalk 29.3 percent of the plants in the 10 percent class, the average
difference was significant. The F, plants averaged 10.9 percent infec-
tion and were all distributed in the four infeetion classes similar to
those of the parents. Because of the overlapping of parental reactions)
it was not possible to separate the F, plants on the basis of resemblance
to one or the other parent. The reaction appeared to be intermediate
with no definite dominance of either strong or weak resistance. Hovw-
ever, the average infection of the hybrids was nearer that of the
strongly resistant Pentad parent.

TasLe 2.—Segregation for siem-rusl reaction of Fp plonts in comparison wilh the
!}fag-wn of the parents, in the durum wheat cross, Penled ¥ Nodek, at Langdon,
r.Dak., 1929

Number and pergontage of
Num| Pplants by stem-rust infection | Averape
BTNt 0T £ross er clnss . | mereents-
al nge of

TOW3S ] 10 Tatnl FusE

Pentad;
Number.
Parcentags

Pentnd X Nedek:
Numbar
Parcentage

dnk:

Number..
Perconings. ..
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Takle 3 shows the distribution of the 99 Fy straing of the Pen-
tad X Nodalk cross with respect to the average stem-rust infection in
comparison with the average infection of the parental rows and the
original ¥; hehavior, By means of the reaction of the ¥; strains one
may learn the hreeding behavior of the K, plants and thereby deter-
mine to what exftent the infection in F. was au indication of the
genotype of the plani, Since the 99 strains grown in Fy were a
selected rather than s random sample of the population with reference
to rust reaction, the ¥, frequency distribution has been corrected
accordingiy.

The parental reactions overlap in 1830 as in 1929, the average
rust infections In 1930 being 7 and 10.8 percent for Pentad and
Nodak, respectively; the difference, though small, is statistically
significant. The infection distribution for the hybrid strains was
somewhat intermediate, but the average, 9.9 percent, nearly ap-
proached that of the weakly resistant Nodak parent. This indicates
segregation.

The correlation between reaction to stem rust in T, and ¥V, is
+0.506 £0.050. (See table 14.) This value perhaps should be used
with caution, because there were only four frequency classes in the
F, distribution.

TapLe 3.—dAverage slem-rust infection o7 59 Fs sirains of Pentad X Nodak in com-
garfsan with thal of the parents and the original and corrected Fa freguency distri-
ution at Langdon, N.Dak., 1929 and 1930

| Stem-rust infection in Fy strains grown from
t porents in indiested Faatem-rast closses

! 3
Aversge infection for 1930 {10, 2 i 10 fays ! 30
1

et}

|
H i : !
}.\'u.m-f Per- :Wnam- Par- 2vair Per-
ef {cent ! her [cauc ber | cent

F

20 percent
25 percent.

Percend ¢ Pricent 1 Pereent
Averagerustin Fy .. ] i 8.5 [
Original 1929 ¥ distributinn.. %2 , 45 1 13.4

1 Oaleulated from setanl valoes.

On the basis of the average reaction of the strains in Fy, there were
no consistent differences in the plants clagsified in Iy in the 2, 10,
and 20 percent rust classes. However, the plants classified as having
30 percent rust in I, were significantly more susceptible in Ky than
those plants in the lower frequency classes, Thus the plant reaction
to stem rust in ¥, was not entirely reliable as an indicator of prabable
breeding behavior in ¥, for strong or wealk resistonce as shown in the
parents. This may be due in part to difficulty in obtaining a suffi-
ciently severe epidemic of rust in such resistant materinl. The
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reaction to stem rust of F, strains suggests the genotype of the F,
plants. In the corrected ¥, distribution 96.6 percent of the strains
fell within the range of the parents, and 3.4 percent of the strains
averaged higher in rust infection than did ejther parent. The fact
that none of the hybrid plants or strains was rust free or more resistant
than Pentad, the strongly resistant parent, casts some doubt on the
possibility of transgressive segregation., It was evident that i
mumity or freedom from rust was not obtained. At the other extreme
there were some F; plants having more rust than any of the Nodak
plants, two falling in the 40 percent class, while all Nodak plants,
with the exception of one with 30 percent infection, were in the lower
percentage frequency classes. Of the 99 Fy strains of Pentad X Nodak
all but 17 contained plants in the 2 percent class.

The standard deviation for rust reaction was ealculated for eaclh F,
strain and parent checkrow. These standard deviations and the
average stem-rist infection are shown in table 4. The variability
was not great, but 12 hybrids were more variable than any of the parent
rows. This also indicates segregation, which, together with the
greater amount of infection, suggests that Pentad and Nodak may
differ by two minor complementary genetic factors for rust infection.
Because of the small number of classes, the correlation cqficient,
+0.693 = 0.035, between amount of infection and wvariability must
be interpreted carefully, but it is apparent that the less resistant
'strains had the higher standard deviation. Further reference will
be made to this relation in the discussion of the Pentad X Akrona
Ccross.

TarrLE. 4-—Relation belween average stem-rnst infection and standerd devialion for
rust reaction of parent checkrows and 99 F; sirains of Pentad X Nodak grown al
Langdon, N,Dak., 1930

Rows having indivated
s{andard deviation Total -\verngre
Pugent or eross and pereentage of siem ryst . numbsr p:;gegf-
of rows
251351 45]|a8

Puniad:

2

t The ralld llnes nround fgnres show the range of the parents and the dotted ilnes the apgs of both
parenis in eomparizon with the hybrids,
T Calevloaded from aefual safues,
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The results of the studies on the Pentad X Nodak cross for degrees
of rust resistance may be summarized as follows: Segregation occur-
red and differences were inherited in a quantitative manner; the rust
reaction of the hybrids was somewhet intermediate, sithough the
average nearly approached that of Nodak, the weakly resistant parent;
in F; there were indications of transgressive segregation for greater
infection and of more varisbility than had been shown by the parents.
1t is concluded that Pentad and Nodak may differ by two comple-
mentary minor genetie factors for stem-rust reaction, each vanety
apparently containing & single dominant factor for infection, and that
these factors differ in amount of effect in aecordance with the differ-
ence between the parents.

FPENTAD X ARXRONA

The purentand K. plants of the Pentad X Akrona cross were classified
for stem-rust infection in the same mmenner as were those of the Pen~
tad X Nodak cross. In 1920 the results from the progenies of five
¥, plants, including 185 ¥, plants from reciproeal crosses, were com-
pared. As there were no apparent differences among the ¥, families,
the results were combined. The number and percentage of the parent
and the F, hybrid plants are shown in table 5. The distribution of
the ¥, plants in relation to that of the parents indicates that sus-
ceptibility is partly dominant, There were 34.6 percent of the plants

[} in the 40, 50, and 60 percent classes, which included Akrona, the

susceptible parent. There were no hybrid plants in the 2 percent
class and ouly 5.4 percent in the I0-percent class, into which 39.8
percent of the plants of Pentnd, the resistant parent, were grouped.
The average percentage for the I, hyhrids, 31.6 percent, approaches
the average of Akrona more closely than that of Pentad. The
numbers of resistant, intermediate, and susceptible plants de not

 indicate 2 simple genetic factor difference,

g Pentad:

. Hyhrids:

; Alkrona:

Tarne 5.—Seqregation for stem-rust reaction of Fo plants in comparison wilh the
recction of the parents in the durwsi-wheal crogs, Peniad X Akrong, al Langdon,
N.Dak., 1928

i B

 Mmber nud peresnlage of plants in stem-
Num-! rusk cluss Avernge

Parent or eross ber of. noereenk-
H
. TOWS . npe al rusk

Numbero ... o .ceeoo. Ll
Percentage

Nher o . e

PATOeDIREe w e m ceem wimr el e

Of the 185 T, plants, 150 were chosen for further study. These

B were selected samples in that they contained proportionately less of

B the modal ¢lzss aod more of the extreme classes. Table 6 shows the

B overage infection of the F, strains, distributed in 5 percens {requency

R classes and arranged according to the F. percentage classes, together
E with & corrected Fs distribution.

181892 —33—2
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Distributior of the F; strains shows that of 8 plants classified as
having no more rust than Pentad in F,, only 2, or 25 percent, were as
resistant as Pentad in F;.  One was susceptible and evidently escaped
rust infection In 1929 because of premature ripening. In this cross
there was a fairly close relation between reaction fo stem rust in the
two generations, as shown by the correlation coefficient, which was
+(.668 £0.030. (See table 14.)

On-the assumption that the genotype is more accurately indicated
by the behavior of F, strains, the original 1929 F, distribution was
corrected to represent a random sample of the population on the basis
of the breeding behavior of the ¥, strains that were grown. The
corrected W, distribution is suggestive of & partial dominance of
susceptibility, since only 1.4 percent of the strains resembled Pentad,
the resistant parent, while 16.2 percent wore us susceptible as the
nonresistant purent, Alrona. The average rust infection of all the
Fy strains was 31.7 percent, which, like the I, average, was slightly
nearer the average of Akrona than to the average of Pentad.

Tante 6—dverage stem-rust infection of 150 Fy strains of Penfed X Akrona in
comparisen with thal of the garemis and the oripinel and corrected Fy frequency
disiribution of Langdon, N. Dok., 1929 and 1980

Stem-ruisk infection in Fa straios grown Irpm parents in
indicnted ¥ stene-ruast classes

-

40 50 G0

i

—
o
2
=
o
&5

[ =4
=

=
=Y
(=]
[=

Average infection for 1930 ¢

¢
v

Hon (percent)

Nunhbr

Correeted Ty distritie-

Akronn (numher)

Nimbuey
Number
Numiwe
Pereent,

Bereent

’ [ Nuwmher

l Percent
] Numlwr

-

15 pateent.
20 percent
23 pereent,
30 pareent
35 percent., _
40 percent

bt b b

el B st

wm

45 percent
5 percent

B ] g ] e | 0000 O || B

& gt

33309 0 450100.0] 43

Prreent | Percent | Percent | Peveent Percent
Average rust in Fy A 21, 9] 2. 5 28,08 ! Fs S0, 0150,
Originnl 1924 Fa distribution . EI| BT BV 1 U YO Lol

' Calenlated [rom actoal values.

The standard deviation {for rust infection of each strain and parent
row was caleulated as hefors for a comparison of variability. These
standard deviations and the average rust infestion are shown in table
7. Most of the hybrids were much more variable than the Pentad
parent, ond many of them were more varlable thar Akrona. The
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" data, s & whole, indicate that the reiation between rust infection and
its variability is not linear, the strains intermediate for rust reaction
tending to have o higher standard deviation than the resistant or the
susceptible strains. This shows that the intermediste rust classes
i?clude 3 larger proportion of heterozygous strains than do the extreme
clagses.

The Akrona checkrows have a higher standard deviation than the
Pentad checkrows. Akrona can scarcely be considered any less
homoezygous than Pentad. If s variety were immune, its standard
deviation would be zero. Therefore, 1t appears that with increasing
quantities of infection an increasing value should be taken as the
maximaum standard deviation consistent with homozygosity, With
this in mind, 2 line, 2y, was drawn in table 7, laying off the maximum
standard deviation of the parents.

TapLe 7—Relation belween average stem-rust infestion and slandard deviation for
rust infection of Eurtmi checkrows and of 160 Fy strains of Pentad X Akrona grouwn
at Langdon, N.Dak., 1930 ¢

Rows having indieated standerd deviziion Aver—

Aver-[Total aza
Purent of wross and pereentage of il - AEa | nem- *

stem rast davi-| bee off TR

" - - ceniago
25|8.5{4.5) 55 )6.5] 7.5| 85| 9.5|10.5{11,5]12.5] ation | rows of rust

Pentadd:

Totnl
Hobrids:
5

[ P

ORI AT @
RN e T A

/

U o Bl e e 1B £ Rl

8

Bee fooinote 1, table 4, for explaration of riles around Agures,
1 {plevleted frein actus] volues.

On this basis, 57 out of 150 strains may be assumed to be homozyg-
ous for their rust reactions, since their sfandard deviation was less
than thatlaid off by line oy, Thisincludes 38 percent of the I, strains
and leaves 62 percent which are apparently heterozygous. Since the
reaction of the ¥, strains was used to determine the genotype of the
T, plants, these percentages refer to proportions of the ¥, population
as represented by the Iy strains. However, the I'; strains grown were
not g random sample of the ¥y population in that they contained a
deficiency of strains in the 30 percent group. Since the very extreme
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strains tended to be more nearly. homozygous than those intermediate
- for rust infection, it is reasonsble to expect that a strictly random
sample of the F, population would have produced a smaller propor-
tion of homozygous strains than was actually obtained.

According to Hayes and Garber (8, p. 112), two genetic factors
would preduce 25 percent of homozygous ¥, plants, or Iy strains, and
a single genetic factor would produce 50 percent. If, as suggested,
less then 38 percent of the ¥, population were homozygous, then two
genetic factors for stem rust is the most likely explanation of the
reactions observed,

This arbitrary method of determining the homozygous strains is
admittedly open to criticism. 7The homozygous and heterozygous
strains probably overlap in standard deviation, and for this reason an
arbitrary line cannot effect an accurate separation. However, if two
dominant genetic factors for susceptibility is the essential explana-
tien of the genetic differences in this cross, it is pronable that the two
factors differ in amount of effect, as evidenced by the large number of
homozygous intermediate strains having different amounts of infec-
tion. The resistance of Pentad was more difficult to recover than
would be expected with two simple major genetic factors. This sug-
gests the possible presence of modifying factors.

Twenty-seven K, plants showing only 2 percent of rust were saved
for growing as F, families to determine whether they were honiozygous.
Accordingly, in 1931 they were space-planted in rod rows, and the F,
Tamilies were classified for stem-rust reaction. The distribution of
the average infections of 27 families in the F, generation showed that
5 fell within o 2} percent class, 16 in o 71 percent class, 3 in a 12%
percent class, and 3 in a 17)% percent class.

It is significant that all of the 27 fumilies proved comparatively
homozygous for degree of resistance. The plants of the F, strains
could always be classified in three percentage classes and generally in
two. Thus the strains appeared as homozygous as standard named
durum varieties, It is of further significance that most of the plant
selections bred true for a comparatively strong resistance. None of
the strains averaged more than 20 percent infection, and only two con-
tained any F, plants with as much as 30 percent infection, Twenty-
one famihes had an average rust infection of less than 10 percent, and
these were similar to Pentad both in amount of resistance and in
homozygosity.

These results show that in the Pentad X Akronga cross it is possible
to recover in a Lomozygous condition the resistance of Pentad to
stem rust,

In another test there were selected from the apparently homozygous
F, strains four that were representative of each of the rust classes
from 10 to 60 percent. A bulk sample of the seed from each was
space-planted in an F, row in 1931, the object being to see if the strains
would breed true. Pentad, Nodak, N.D.R. 216, Mindum, Akrona,
and Peliss No. 14 were included for comparison. The vesults are sum-
marized in table 8.

The epidemic was not so severe in 1931 as in 1930, but it is clear
that there was o very definite correlation between rust reaction in Iy
and F,. A single strain with an average of 17.7 percent infection in F,
is a partial exception. However, it was later found that this strain was
one from which eleven 2 percent plants had been selected for another




STEM-RUST REACTION IN DURUM-WHEAT CROSSES i3

study, aud thus the seed which was sown was not a random sample.
Therefore, this strain was not included in the sverage. Pentad,
Nodsak, N.D.R. 216, Mindum, Akrona, and Peliss No. 14 were gTOWIL
to represent different degrees of resistance and susceptibility. In
comparison with the named varieties, most of the hybvid strains
studied could be considered homozygous.

TasLeE 8. —Stem-rust reaction in Fy of PentadX Akrona sfrains apperently homo-
zygous in Fy, compared with varielies wilk various degrees of resistance and suscep—
tebility

Average Fu siraing or rows grown from purents In
indicated Fi stem-rust classes

i
% E 0} Average

Fs regction classes or varlely

10 percent,

20 percent..
30 percent. .
40 pereant. .
50 pereent..

G2 o B pud

O = [ g S A B EN (T D0
T o b e L0 D s D

Mo Lol B bt

# This strain was not inaluded in the avernge because it was found later that it was 6ot & random sample,

This experiment demonstrates that F, strains may be obtained that
are honozygous for various degrees of resistance or susceptibility
intermediate between the parents.

Thé results of the studies on the Pentad X Akrona cross for rush
reaction may be summarized ss follows: The corrected F.reaction
indicaies 8 somewbat intermediate inheritance, although susceptibil ity
is partiaily dominant; the F, plant reactions bore a fairly close rela-
tion to the breeding behavior of the F, strains; the proportion of
heterozygous strains, as determined by the standard deviation for
rust, suggested the presence of two major dominent genetic factors
for susceptibility; it seems likely that these factors differ in amount of
effect; F, studies showed that it is possible to recover the resistance of
Pentad in & homozygous condition; homozygous F, strains remained
constant in ¥, for difierent degrees of resistance and susceptibility
intermediate between the parents.

WODAK X ARRONA

The Nodak X Akrona cross was handled in the same manner as the
other crosses. One hundred and eleven plants were grown in Fy, and
their distribution for stem-rust reaction in comparison with that of
the parents is shown in table 5. An intermediste inheritance is indi-
cated, only a single plant being found in the extremely susceptible
parental rust class. The average infection of the hybrids was 34.5
percent, which is almost exactly midway between the parental
averages of 18.4 percent for Nodak and 50.9 percent for Akrona. A
total of 56.7 percent of the plants was included in the rust classes
represented by Nodak and 43.3 percent in those represented by
Akrona.
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" TABLE 9.—8egregation for slem-rust reaction of Fy plants in comparison with the
%agsin of the parenis in the durum-wheat cross, NodakX Akrona, af Langdon,
ak., 1985

Number and percentags of pileets in the

stam-rust olass Average

percent-
aga'of

30 50 rust

Parent ar cross

Nodak:
MNumber, B 1 - 5
Porcentago. | 24, : X 100

Hybrids:

e Nnmher i1
Pﬂﬁﬁntﬂgﬁ- - L & . 2. 6.8 3 106 |

- 7 ] 15 L
Porcentage.. .. TP V8|85 100

TABLE 10.—Average stem-rust infection of 99 Fy sirains of Nodak X Akrona in
comparison with ihat of the parents and the oviginal and corrected F, frequency
distribution at Langdon, N.Dak., 1928 and 1530

Stem-rust infeetion in Fsstraius grown from
parents in mndicated Fa stom-rust closses

. . 20 kil 40 50 41}
Avarage infection for 1530 '

Nadak (number)

Number

Akrons fnumber)

Qorrected F: distribu-
tion rpereent}

Percent

[Tl 11 . -] B~

20 percant..
26 percant_.
3¢ percent

A5 pereeni. .
40 pereant. .

Totzl

Bxonson | jrot

45 percant

#) petcent..
55 percont..
80 percent..

Totni

£ pmd Pk bt

a5 percant
70 pereont. .

Tatal
Totat . . alice. g .o 1ol gl 1l1oo. o

Percent Pereent | Percenf
Aversge rust iz X 31.7 3. 44, 7| 57.0) 60 0
Original 1928 F: dlstr!but.ion 0.4 X 32, 0.9

t Caleniated from actusl vaiues.

Only 99 F, plants were selected for growing as ¥, strains. The
average stern-rust infection in F; as compared with the F. plant
reaction is shown in table 10, The correlation coefficient for reaction
of F; plants and the average infection of ¥, strains was +0.472+
0.053. {See table 14.) This is not so high as the corresponding
coefficients for the two crosses previously discussed, but doubtless
there was & direct relation, 'The corrected F; distribution shows that
2.8 percent of the plants were similar to Nodak in their reaction,
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51 percent were intermediate between the parentis, 40 percent were
similar to Akrons, and 6.2 percent averaged more than Akrona, the
susceptible parent. This again suggests transgressive segregation for
stem-rost infection, butno further evidenceis availsble since no strains
of this cross were tested in Fy. Two major genetic-factor differences’
are strongly indicated. However, the difficulty of recovering strains
resembling the weak resistance of the Nodak parent suggests the
presence of the two minor factors of the Pentad X Nodak cross or
additional medifying factors.

The standard deviations for rust rexction of each strain and parentel
row.were also calculated for this cross and are shown in tfable 11,
Ninety of the ninety-nins hybrid strains had a higher standard devia~
tion than Nodak, and fifty-two had = higher standard deviation than
Akrona. 'The susceptible parent again had a higher standard devia-
tion than the resistant parent, and for this reason the method
explained in the Pentad X Akrona cross was used to lay off arbitrarily,
the maximum standard deviation in the hybrids consistent with:
homozygosity. On this basis, 30}¢ strains, or 30.8_percent, were'
comparatively homozygous for stem-rust reaction. Probably these
strains include o few near the border line that are not entirely homo-
zygous. If & single factor for rust reaction were present, 50 percent of
the strains should have been as homozygous as the parents. There-
fore, if the standard deviations are a fair indication of the hetero-
zygosity of the strains, at least two genetic factors are necessary to
explain the inheritance of rust reaction.

TaBLE 11 —Relotion belween average slem-rust infection end standard deviation of

parent checkrows and 99 F; strains of Nodek X stkrona grown at Lengdon, N. Dak.,
1830+

Rows having indicsted standard deviutlon Totall Aver-

Farent or cross and percentafe DN - HER PeT-
stem rost ber ofj centace

3.5} 4.5}3.56. 51 B.5 | 0.5310, 5|41, 8)12, 53. L rows

g
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| See fostnote 1, tahie 4, for explanation of rules around fgures. 7 Caleulnted from getual values.
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The average standard deviation for groups of strains in the respec-
tive rust classes increases in value with the heavier infections Until
the classes are reached containing the Akrona parents, when it
decreases. In this cross very few intermediate strains appear homo-
zygous. This indicates that more genetic factors are involved than
in the Pentad X Akrona cross. That susceptibility to rust is partly
dominant is further indicated by the number of the heterozygous
strains that average as high as Akrona.

The results of the studies on the Nodak X Akrona cross for stom-rust
reaction may be summarized as follows: The reaction of the F, plants
was only = fair indication of the breeding behavior of the F; strains;
susceptibility was partly dominant to resistance; evidence of transgres-
sive segregation was more pronounced than in the Pentad X Nodak
cross, as already discussed; the proportion of homozygous strains, as
measured by the standard deviations, indicates that tﬁe parents may
differ by twe major genetic factors. The difficulty of recovering
strains resembling the resistant parent, and the fewer homozygous
intermediate strains, suggest the presence of the two minor factors of
the Pentad X Nedak cross or additional modifying factors.

BUMMARY OF THE THREE CHROSSES

The results of the studies of stem-rust reaction in the three crosses
are summarized in table 12 and are shown graphically in figure 2,
The data show that rust reaction was inherited in a quantitative
manner and that no rust-free or immune plants were obtained. The
strong resistance of Pentad was not inherited a3 a dominant character,
as was the near immunity of Hope. The different degrees of resistance
of both the Pentad and Nodak parents were inherited as recessive
characters in crosses with the suseeptible Akrona. The resistance of
the parents was recovered in the hybrids, although more resistance
than that of the resistant parent was not obtained.

TaaLe 12.—8ummary of stem-rust infection of zareﬂts and the corrected Fa frequency

distributton of & wheat crosses, at Langdon, N.Dak., 1830
i

" Pentad | Nodak Pentad X [Pentnd X | Noduk X

Percentago of plants of parent or cross

Percentagn of stem rust
Nodak | Akrons | skirona
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A somewhat intermediate inheritance was shown in the Pentad X
Nodak eross between strong and weak resistance, slthough the average
more nenrly approached that of Nodal, the weakly resistant parent.
There was evidence of transgressive segregation for a greater infection,

by
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3
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i
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!
z‘cfi \
E b,
0 \Fcy e
O F JO A5 2P0 25 F0 I3 #O F5 S0 35 60 65 70 25
STEN LUST INFECTION (PEE CENT)

Ficrag ¥ —Frequency disttibution of the correctnd Fioof threo wheat crosses and Lhe pargots, togother
with their avernge Infection, nt Longdon, N, Dak., 1030,

Pentad and Nedak appesr to differ by at least tweo minor geuebic
factors, ench variety apparently carvying s single dominant factor for
infection which differs in nmount of eflect, in accordance with the
difference between the parents,
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The Pentad X Alrona cross revealed that susceptibility was incom-
pletely or partly dominant and that the parcnts appeared to differ by
at least two major factors, Akrona carrying both dominant sus-
ceptible factors.

The Nodak X Akrona cross more strongly revealed susceptibility
partly dominant to resistance. Two major genetic factor differences
are indicuted. Transgressive segregation was obtained for a greater
infection and was more pronounced then in the Pents.d X Nodak cross.
This, together with the diffieulty of recovering the wealk resistance of
the Nodak parent and the fewer number of intermediate homozygous
hybrid strams than io the Pentad X Akrona cross, suggests the pres-
ence of the fwominor factors of the Pentad X Nodak cross or additional
modifying factors.

Any genetic Interpretation of the results for the three crosses must
be based upon the assumption that susceptibility is partly dominant
and that several genetic fnctors are involved. The factors may all
differ in amount of effect. Two minor factors appear to account for
inherent differences between the strong resistance of Pentad and the
weak resistance of Nodak. Two major factors appeer to separate the
susceptible Akrona from the resistant Pentad. At least 2 major
and possibly 2 miner factors appear to separate the Nodak and
Akrona parents. It is recognized that these are not factors for rust,
as such, but rather are factors controlling merpbologic or physiclogic
responses of the plant, the expresston of which appesars as rust
infection.

OTHER CHARACTERS

Ipasmuch as segregation of the hybrids for quantitative charncters
other than stem-rust reaction did not furnish data which eculd be in-
terpreted to show their method of inheritance, this discussion will be
limited to & summeary of the average results. The number of plants
studied, the mean, and the standard deviation for each of the charne-
ters of the F; hybrids and the parents, so far as they are available, ave
presented in table 13.

Inheritance of reaction to stem rust has been discussed, but belrre
proceeding with the other characters it is important to note the aver-
age vahes for rust infection that have a bearing on the differences in
other character means. Pentad is strongly resistant, averaging 7.1
percent of rust infection, while Nodak is weakly resistant, averaging
10.8 percent. Akrona is susceptible, averaging 50.7 percent infection.
The hybrids in cach case carry an average stem-rust infection some-
what Intermedinte between the parents. The Nodak X Alrona
eross was significantly more susceptible than the Pentad X Akrona
cross. It also is shown that the wvaviability, as measured by the
standard deviation, was high as compared with that of the parents in
crosses with Akrona, while but little more variability was shown by
the cross between Pentad and Nodak than by the parents in segrega-
tion for rust reactioun.
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TaBLE 13.—Number, mean, and standard deviation of row-mean disiribulions for
ihe characters studied on Fj strains and parenis of lhe {riangle crosses with Pented,
Nodak, and Akrona durum wheats at Langdon, N.Dak., 1930

Pented W | Nodak X
Akrona Akrota Pentad
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The average yields per plent were In inverse relation fo the stem-
rust infections. Pentad was the highest yielding parent, averaging
4.4 & per plant, Nodak averaged 3.7 g per plant, and Akrona averaged

" 2.4 g Pentad X Nodak, the most resisfant cross, yielded 4.5 g per
plant, the Pentad X Akrons cross yiclded 3.7 g, and Nodak X
Akrona, the most susceptible cross, yielded 2.4 g per plant. The
yields of Pentad X Nodak cross were the least variable, while those
of Nodak X Akronsa were the most variable, which might be expected
from the respective effects of rust in the three crosses. The standard
deviations of the parents were alike within the limits of random
eITorS.

The results for test weight per bushel are incomplete because of
inehility to obisin weights on the Akrona parent, the Nodak X
Akrona strains, and on some of the Pentad X Akrona strains. The
Pentad parent sveraged 58.8 pounds per bushel, which is significantly
higher than that of Nodak, averaging 57.8 pounds.

Pentad had the plumpest kernels, averaging 85.4 percent, while
those of Nodalr averaged 80.5 and those of Akrona averaged 61.9
percent. Akrone was much more variable in plumpness than either
Pentad or Nodak, and this variahbility probably is the result of the
more variable rust infection of Akrona.

The menn and the standard deviation for the hybrids were also in
inverse relation to the average rust infections. The Akrona rows
also were high in variability of mean kernel weight, which is another
measure of plumpness. The parents varied inversely for kernel
weight in relation to stem rust, as would be expected. Thus Pentad
sveraged 36.7 g per 1,000 kernels, Nodak 32.5, and Akrona 28.9.
Size and specific density of karnel, as well as the shriveling caused by
rust, enter into this character. The hybrids were intermediate be-
tween thie parents in this respect, but the average weight of the
kernels of Pentad %X Akrona was nearly as much as that of the kernels
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of Pentad. Many of the Pentnd X Akrona strains had heavier
kernels than those of Pentad.

- Akrona was earlier in heading und ripening and shorter in fruiting
period than either of the other parents. The two crosses of Pentad
and Nodak with Akrona were significantly shorter in fruiting period
than the Pentad X Nodak cross. Correlations discussed later
indicated that this was not caused hy their greater susceptibility to
stem rust.

In gasoline color value, Pentad and Nodak were very low, while
Akrona was bigh. Nodak has generslly been thought to carry more
vellow color than Pentad, but the results here reported show Pontad
to be slightly higher in color value, the difference being barely sig-
nificant. Moreover, this difference in the parents was borne out by
a comperison of the average gasoline color values for the hybrids of
Pentad and Nodak with Akrona. The Pentad X Alrona strains
averaged significantly higher than the Nodak X Akrona strains, smd
the Pentad X Nodak material, of course, was very low in color value.
The distribution of the hybrid strains in comparison with that of the
parents showed a tendency for low content of carotin to be dominant.

Of the parents, Pentad was the highest in protein content, aver-
aging 15 percent; Nodnk averaged 14.7 and Akrona 13.7 percent.
In cach case the average for the hybrids was intermedinte between
that of the parents. The Nodak X Akrons strains averaged sig-
nificantly higher than the Pentad X Akrona strains, in spite of the
fact that the Pentad parent was significantly higher in protein than
Nodak. Because of the complex nature of these characters, 1t was
not possible to draw more specific conclusions as to the nature of their
mheritance, but this summary ol the results should be important in
suggesting how and to what extent these characters ave inherited.

CORRELATION OF CHARACTERS

Correlation coefficients were ealculated for the possible pairs of
characters studied by using the mean character values for each I,
strain and the F. plant reaction in the case of stem rust. These
coeflicients are shown in table 14. Certain partial correlations also
were determined and are mentioned in the text wherever they throw
furtherlight on the relations.

TasLe 14—8imple correlations of characlers in the triangle crosses with Pentad,
Nodak, and Akrona durum wheals at Langdon, N.Dak., 1930

Wikth average stem rost per Fy strain !

1
Pentud X Nedak | Pentad 3 Akrona | Nodak X Akrona

Charneters correlnloed

Num- Num- 2y [N HTR.
ber P.BE.r lior PEr ber PEr

Avernpe slom rust of Fastroins:
Rust per Ty p} +0. 508£0, 950 0. £68:L0, b3t ~H2. 4720 053
Averago yiold per Fy plant. — .05 67 3324 .40 — 825k (41
Test weight of Iy strafu.. ..., L4830k L QA
Pluinpness, Pereent L3024 M2
Waoight per 1,000 kernels. S 43
Heading dpte par stoain A2 05
Riperping dote of straln AL L 055
Fruiting period e 058
Gascline color valuo .- 082 L 05
Protein content, percont_, ... .. L3684 LB

! The statistically signifiennt values are showa in boldface type.
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TaBLe 14.—-Simple correlations of characters in the lriangle crosses wilh Penlad,
Nodak, and Akrona durum wheals al Langdon, N.Dak., 1930—Continued

Wiih average stem rust per Fistrnin

Characters correlated Pentad X Nedok Pontad ¥ Akronon Nodak X akrona

Nbu;:"‘ r PEr Néle?- P.Er "xi;‘e?- P.Er

Average yield per ¥y plant:

Test welght of strain 3 | 0. 23540, OF) 7 ! L -0, 2880, 075
Plumpness, nercent.. . L4523 _HE
Weight per 1,000 kernels. _
Teading date_

Ripening date

Fraiting period

Gusoline color v

- 48, 0430, Q4T
+ 45 LSk L 074
052
053
6

Proteln content, peroent ..
Test welght per bushel:
lumpiess, porcent
Welght per 1,000 kernels. -
Treading atéommu_cae ...
Ripening data___
Frufting period
Gasoline color vajue..__..
Protoln contant, percent_.
Pluompaosess of keroel:
Weight per 1,000 kernels.
Heading dnte
Ripening dato, .
Fruiting period
Gasoline color value,
, Frotein content, percent
Welght per 1,000 keraals:
Heading date
ipening date.
Fruiting period. ..o ooocnoo|
Oesotine color value
Protein content, percont
Data of herding:
Date of ripening
Casoling color valte. ..
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A b
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Protein content, fereent_..
Date of ripening:

Gasoling color velog......

Protein eonlent, percent. . -
Fruiting period: r

Gasoline color vaiue. 9B . L 0G2

Protein content, percent o] RIF="I it . 055
tiascllue eolor value:

Prptein eontent, percent 08 . KN L 068 L1564 G54
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STEM.RUST REACTION AND OTHER CHARACTERS

As previously noted, the coeflicients for the stem-rust reaction in
F, wnd those in I for the strains of Pentad X Nodak were +0.506 x
0.050; for those of Pentad X Akrone, +0.668£0.030; and for those
of Nodak X Akrona, +0.472+ 0,053,

As would be expected, the relation of yield to rust depends upon
the susceptibility of the hybrids. Thus, an insignificant coeffi-
cient, —0.085 = 0.067, was obtained for the Pentad X Nodak strains,
whereas those for the Pentad X Akrona strains and the Nodak X
Akrona sirains were —0.332+£0.049 and —0.625+0.041, respec-
tively, These coefficients were not affected significantly by elimi-
nating by means of partial correlation coefficients the effect of the
iruit_ix:l% peried, the most important other factor studied in relation

o vield.

Rust also reduced the test weight, as evidenced by the correlation
coefficients of —0.200+0.069 for the Pentad X Nodak strains and
—0.430£0.065 for the Pentad ¥ Akrona strains. Most of the
Nodak X Akrons strains were so injured by rust thet they did not
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produce sufficient grain for test-weight determinstions, but the
coefficient, if available, would no doubt have been high and negative.

Because of the small range in plumpness of strains of Pented X
Nodsk, correlation coefficients with plumpness were not warrented
nor sigmificant. That rust decreased the plumpness of kernel is
indicated by the negative correlation coefficients, —0.502+0.042 for
the Pentad X Alrona strains and —0.505+0.060 for the Nodal X
Alkrona straiss.

Weight of kernel was snother charzcter severely affected by
stem rust. The coefficients are —0.14V+0.066 for the Tentad X
Noduk strains, — 0.494 +0:043 for the Pentad X Akrona strains, and
—0.757 £ 0.046 for the Nodak x Akrona strains, being in each case
slightly higher than the correspending coefficients for yield.

The more susceptible strains slso fended to be lower in protein
content, the coeflicients being — 0.278 £0.063 for the Pentad X No-
dak cross, —0.364:+0.048 for the Pentsd X Akrona hybrids, and
—0.277+0.064 for the Nodak x Akrona progenies. This relation
between protein content and rust infection may appear contradic-
tory to the generally accepted ides that shriveled grain is higher in
protein content than plump grain. Shollenberger and Kyle (11)
found, however, thet the relation between protein snd test weight is
curvitinear. They found that in semples weighing more thon 53
pounds & bushel the correlation between test weight and protein was
negative, while in samples weighing less than 53 pounds & bushel the
correlation was positive. They observed that test weights under 53
pounds were rarely found except under conditions of severe rust,
end concluded that rust was respomsible for the jowering of protein
in those cases, The lowering of test weights to about the 53-pound
level was atiributed to lack of moisture, which arrests growth and
shortens the fruiting peried. 1t would appear in the Penfod X Akrona
cross that rust rather than moisture was the limiting factor, and hence
the negative correlation between rust and protein agrees with the
tesults cited. Possibly nitrogenocus compounds, either intended for
the kernel or already stored in 1%, arc appropriated as food by the rust
fungus before they have been transformed into the final stage of
protein in the kernel.

Heading and ripening dates, fruiting period. and gasoline color
values were not consistently related to rust reaction.

YIELD AND OTHER CHARACTERS

The average yvield per F; plant and test weight per bushel were not
closely related in the Pentad X Nodak strains, but in the Pentad X
Akrounn strains the correlation coeflicient was +0.232+0.075. A
partiel coefficient eliminating the effects of rust and fruiting period
reduced the value to —0.029£0.079. This indicates that the rela-
tion between yield and tfest weight was due to the dependency of
both characters on rust infection and fruiting period, chiefly the
former.

Yield and plumpness were rather closely associated. Thus in the
Pentad X Alcrone strains the corvelation coefficient was +0.452 %
0.045, and in the Nodalk X Akrona strains it was 4-0.643 £0.047.
The values were somewhat reduced by climinating the effect of rust,
but they were not significanily changed by holding constant the effect
of fruiting period. The magnitude of the net correlntions suggests
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that plumpness may be considered s fairly reliable index of the prob-
able vielding ability of any durum-wheat strain regardless of variations
in rust resction or in length of fruiting period.

As would be expected from the previous abservations, the yield per

plant also was positively correlated with kernel weight. Partial
correlation coefficients indicated that stem rust and fruiting period
played somewhat greater parts in this relation than in the relation
between yield and plumpness, but nevertheless it seemed that kernel
weight might be an important index to the probable yielding ability
of new strains.
.~ Yield was negatively associated with date of heading. The earlier
" g strain headed, the higher it tended to yield. In each case the
partial correlation, holding constant the effect of ripening, give a
value higher than that of the simple correlations.

Date of ripening was positively correlated with yield, the later
ripening strains tending to be the higher yielding. These values were
greater when the effect of date of heading was eliminated, suggesting
that fruiting period and yield are positively correlated.

This suggestion is borne out by the correlations between yield and
length of fruiting period, the values being +0.337+0.060 for the
Pentad X Nodek sirains, +0.394+£0.046 for the Pentad X Akrons
strains, and +0.505+0.087 for the Nodak X Akrona strains. These
values arve greater than the partial coeflicients mentioned above.
Holding rust constant did not significantly change the relation between
yield and fruiting period.

The coefficients for yield and gasoline color value and for yield
and crude protein in most cases were not significant and in all cases
were not important.

TEST WEIGHT AND OTHER CHARACTERS

The relations of test weight to yield and rust have been discussed.
In only one of the crosses, namely, Pentad X Akrona, were the data
such o5 to permit the caleulation of the correlation cocflicients for
tost weight and plumpness. This value is +0.627 £0.048. Holding
rust constant reduced the value somewhat, but holding constant the
length of fruiting period had no effect.

The coefficient for test weight and weight of kernels was not sig-
nificant in the Pentad X Nodok cross, but in the Pentad X Akrona
eross the value is +0.468 % 0.062, which was only partly lessened by
eliminating the eflects of rust and length of the fruiting period.

Test weight gave indications of being related to heading, ripening,
and length of fruiting period in the same manner as was yield, but
lnck of parental differcnces in test weight in the Pentad X Nodak
cross, and Iack of any test-weight data on the Nodak X Alkrona cross
prevents the drawing of o clearer picture of these relations. In the
Pentad X Akrona hybrids, test weight was correlated with heading
date to the extent of —0.251+0.074 and with ripening date to the
extent of +0.226+0.075. Each of these values was increased by
helding constant ripening date and heading date, respectivety, but
not enough to equal the coefficient for test weight and length of
fruiting period, which is +0.388£0.067. This latter relation held
with the eflect of vust eliminated.

Test weight was not significantly related to gasoline color value
nor to protein,
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PLUMPNESS AND OTHER CHARACTERS

The correlation coefficient between plumpness of kernel and weight
per 1,000 kernels was high, the simple coeflicients being +0.635 4 0.034
for Pentad X Akrona and +0.756=0.034 for Nodak X Akrona. It
may be concluded that the estimates of plumpness were fairly accu-
rate, since a perfect correlation between plumpness and kernel weight
would not be expected bLecause some portion of the wvariability in
kernel weight must be attributed to variations in size and shape of
kernel. This is especially true in the Pentad X Akrona cross in which
the parents differ markedly in these respects.

The relation of plumpness to dates of heading and ripening and to
length of fruiting period is not definite, and plumpness of kernel was
not significantly correlated with gasoline color value or protein

content. .
WEIGHT OF KERNELS AND OTHER CHARACTERS

There appears to be a tendency for the early-heading strains to be
higher in kernel weight, as determined by weight per 1,000 lcernels.

No significant values were obtained for the relation between weight
of kernel and date of ripening, but the coefficients for kernel weight
and fruiting perind were +0.275+0.063 for the PentadX Nodak
cross and + 0.37820.049 for the Pentad X Akrona cross.

The apparently inconsistent values for the correlation between
kernel weight and protein may be explained by differences in the rust
susceptibility of the hybrids. Thus, in the Pentad X Nodak cross,
in which rust is but an insignificant fector in kernel weight, the
negative correlation of —0.236 +0.0684 indicates the usual condition—-
that when rust is not the main factor the lighter grain generally
contains & higher percentage of protein. The partial coefficient
holding constant rust infection raised the value to —0.288+0.062,
In the other two crosses rust is n more important factor, however,
and since it lowers both kernel weight and percentage of protein,
these characters tend to be positively correlated. The coefficient
for the Pentad X Akrona strains was +0.184=0.055 and for the
Nodalt X Akrona strains, +0.175::0.078, the latter not being sig-
nificant. These values were reduced almost to zero by holding
constant the rust reaction.

No correlation was found between kernel weight and gasoline color
value in any of the three crosses.

DATE OF HEADING AND OTHER CHARACTERS

A consistent positive correlation was found to exist between date
of heading and date of ripening. This is in line with field observa-
tions that the wheats which head early tend also to ripen early.

Pentad X Nodak was the only one of the three crosses that showed
a correlation between date of heading and gasoline color value, and
this is barely significant.

The relation of date of heading to protein content also was not clear
from the different significant correlations, which were —0.238 £0.052
for Pentad X Akrona and +0.229 £ 0.065 for Nodak X Akrona,

DATE OF RIFENING, GASOLINE COLOR YALUE, AND PROTEIN CONTENT

There appears to be some tendency for the earlier ripening strains
~of the Pentad X Akrona cross to be higher both in gasoline color
value ‘and in protein content, but this was not true for the Nodak X




STEM-RUST REACTION IN DURUM-WHEAT CROSSES 25

Alrona cross, any relation that exists possibly being obscured by the
tendency of the very rusty strains of this cross to dry up and vipen
prematurely.

FRUITING PERIOD, GASOLINE COLOR VALUE, AND PROTEIN CONTENT

The negative coefficients for fruiting period and gasoline color value
suggest a tendency for durum wheats with a short fruiting period to
be higher in gasoline color value than those with a longer fruiting
period, although the coefficients in all cases are small and in one case
not significant. This bears out previous observaiions that, the earotin
content is higher in wheat that matures quickly in a hot, dry season

than in wheat that ripens more slowly because of cooler temperatures.
/  The relation bhetween frniting period and protein content was not
definite. Only the Nodak xAkrona cross gave a significant negative
value, —0.272x0.064. As might be expected, the value of the co-
efficient was increased somewhat by holding constant the effect of

rust. :
GASOLINE COLOR YALUE AND PROTEIN CONTENT

As both gasoline color value and protein content are the results of
many and diverse factors, there may be no marked or consistent rela-
tion hetween them. Onlyin the Nodak xAkrona strains the correia-
tion, - 0.261 £0.064, is significant and shows a tendency for the sérains
low in gasoline color value to be higher in protein content. Such z
correlation does not necessarily indicate any definite relationship
between the two characters but, rather, is suggestive of contrasting
responses to Any common ceusal fnctors,

SUMMARY

Segregation of, and associations among, the characters of stem-rust
reaction, yield per plant, test weight per bushel, kernel plumpness,
kernel weight, date of heading, date of ripening, length of fruiting
period, gasoline color value, and erude-protein content were studied in
the three crosses involving Pentad, Nodak, and Akrona durum wheats.

Data on stem-rust reaction were taken in both F. and F;, but for
the other characters the results from the Fy strains only were used.
The parents exhibited three degrees of rust reaction—Pentad was
strongly resistant, Nodak was weakly resistant, and Akrons was sus-
ceptible. Major ¢onsideration was given to the inheritance of rust
reaction and its relation to other characters.

In all three crosses reaction to stem rust was inherited in & quanti-
tative manner. No rust-free or immune plants were obtained. The
different degrees of resistance of the Pentad and Nodak parents were
inlierited as recessive characters. Susceptibility was incompletely or
only partly dominant over resistance. The average infection and
proportion of heterozygous strains, as measured by the standard
devintions for rust infection of each F, strain from the Pentad x
Akrona cross, indicated that the resistant and susceptible parents
differed in at least two major genetic factors. In the Peniad X
Nodak cross the pavents appeared to differ by two complementary
minor fnctors differing in amount of effect. The Nodak X Akrona
cross showed the most complicated inheritance, although two major
factor differences are strongly indicated. There was a tendency
toward transgressive segregation in the direction of susceptibility in
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both the Pentad X Nodak anu the Nodak x Akrona crosses. 'This,
together with the difficulty of recovering the resistance of the Nodak
parent and of the few homozygous intermediate strains, also suggested
the presence of the two minor factors of the Pentad X Nodak cross
cr additional modifying factors in the Nodak x Akrona cross. The
F, plant reaction was & fairly rveliable indication of breeding behavior
iz F;, and se)zcted F; strains of Pentad X Akrona tested in Fy proved
homozygous for degrees of infection intermediate between the parents.

The segregation of the other characters was indicated by averages
and standard deviations of the rew-mean distributions. In most cases
the character means of the hybrids were intermediate between those of
the parents. Ocossionally & hybrid exceeded one or both parents, but
it was not determined whether this was owing to transgressive segre-
gations or to other causes. The range of the hybrid averages of yield,
fest weight, and plumpness and weight of kernel tended to widen
when stem rust was an Important factor in the variability. Although
their manner of inheritence appeared complex and their expression
was influenced by environment, it scems reasonable to conclude that
all the characters considered in this study are fundamentally heredi-
tary and are transmitted in the same manner as are botanical char-
acters.

The associations among the characters were studied by means of
simple and partinl correlation coefficients. The corrclation between
the reaction to stem rust of I, plants nnd the behavior of their proge-
nies in I, was consistently significant and positive. Negative correln-
tion coefficients demonstrated that rust reduced the yield, test weight,
plumpness and weight of kernel, and crude-protein content.

Partial correlations showed that the positive correlation between
yield per plant and test weight per strain is caused largely by the
reduction of both characters %y stem rust.

Partial correlations slso indicated. that the high correlation between
yield and kernel plumpness was rather independent of fluctuations in
rust or in length of fruiting period. The positive correlution between
yield per plant and weight of kernel was considerably affected by the
common relation of these characters to sbem rust. Yield was favored
by early heading and late ripening, that is, a long fruiting period, and
these relations were little affected by variations in stem rust.

The relation of plumpness nnd weight of kernel to test weight was
moderately close and only partly caused by variations in rust and in
length of fruiting period. ~As in the casc of yield, the strains that
headed earlior and »ipened later, or that had longer fruiting periods
tended to show higher test weight. :

Plumpness was closely correlated with kernel weight. Both kernel
plumpness and kernel weight tended to show the same relations to
heading and ripening dates and length of fruiting period as did yield
and test weight.

There was o consistent positive corrclation between heading and
ripening dates. 'This masked the truo relation of either to such char-
acters as yield and test weight, which were related negatively to
heading but positively to ripening. Shorter fruiting period tended to
favor higher gasoline color values.
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