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Conley, a new variety of hard red sprmg wheat, was released from North
Dakota Experlment Station in 1959. Because of its relatlvely fair resxstant to

stem rust (Puccinia. graminis trztzcz) and excellent milling and bakmg quallty," :

it has served as the basic varlety for crosses. in  the North Dakota hard red
spring wheat 1mprovement program ‘ , .
The ‘wheat varieties used in crosses Wlth Conley Were (ND105><ND1) and
ND113.  They were so used because ‘they were derlvatlves from: the 15B rust
program. They happened also to have two dlstmctlve botanical characters, ie.
leaf sheath barbs and hairy auricles, as well as reaction pattems to 15B- stem !

rust and “black ¢haff”. - All these were contrastmg characters Wlth respect to
those of Conley.

, Material and 'Methods

The parental varieties used in this study . were ‘Conley, (ND 105><ND 1) and ND 113 ,
Conley was a descendant from RL 2526 x Lee maturmg about 105 to 110 days One of its

~ancestors was varlety McMurachy which was assumed to be the main source of its 15B

stem rust resistance. However its weakness; susceptibility to “black chaff” was considéred
to be the drawback of this good variety. (ND 105 x ND 1) and ND113 both were unreleased -
varieties derived from a cross between Lee and ND'34. ~The contrastmg characteristics-in

~the parental varieties are as follows:
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Characters ’ Conley | ND 113 or (ND 105xND 1)
Leaf sheath -7 Smooth : Barbed
,f:,;Auriole et e b e Bmoothy e S Villous
: :Stem ust ’_“Resmtant | Resistant . -
""“Black chaf® Susceptible pan Resi’stant :

Leaf sheath barbs were dense stiff hairs on the leaf sheath whlch was most notlceable
on the sheaths of lower internodes.  These “barbs” pomted downward ‘whereas “barbs”
che awn po;nted upward. It'was known that auricle hairs were extensions of some of the
epidermal cells of the outer'edge of the auricles. ~"As the plants aged, auricle hairs were :
easily broken: off by movements of thé plants which were ‘inducéd by wind.. The expres-
sion vﬂlous” was given to hairy auricle ‘and “smooth” to hajrless type. The Fy nlants
were given a gennotyplc clasmﬁcatlon based on the ‘phenotypes observed in Fy progenies. - 3
Since stem rust infection was simply too light for the mature plant in the field, the reac--
tion of the Fy' progenies was determined by seedling tests during the fall of 1959. Tnasmuch
as a rmxture of blotypes might cause a more confused host reaction, only a single culture
of rust was used. This was stem rust 15B subrace 32-S-15. Sseds of parental varieties and
Fs progenles ‘of “these ‘crosses were planted for: the seedling rust reaction test.. ‘About 12
S to 15 seeds were used to grow: seedling plants of each : progeny in-a 3%-inch pots. . From
< séven to elght days after plantmg under a temperature of 75°F these seedlings had a’ -
smgle leaf about three inches in length: This was the suitable stage for inoculation. The inocu:
lation was performed. by " the mobilsol oil method. The seedling pots were left 24 hotirs
in the moculatlon chambers, under 100.percent 'relative humxdlty and 68°F temperature.
Then they were transferred to the greenhouse where the temperature was maintained" at
72° to T5°F. Generally, 10- to 12 days after inoculation, the optimun stem rust reaction was
ready. for reading.’ Notes were taken on pustule types: which were deséribed by Stakman
(1944). ! :
i “Black chaff” dlsease of Conley wheat %lght affect various parts of a plant The ﬁrst
stage was the dying of ‘the leaf-tlp and leaf necrosis. Dark dlscoloratlons of stems below
the “nodes were characteristic. Usually, dark. discoloration appeared. also on the rachis,
lemma and other glumes. ‘When Conley plant'was severely affected by “black . chaff”’, kernels
~.might be shrunken and the yleld of grain  was reduced accordingly. ' The classification of
“black chaff” reaction followed “the ‘system which was suggested by Ebeltoft (1957). “In
‘the greenhouse; the reaction was induced by raising the temperature 90-100°F for 48 hours
about two weeks: ‘after: first heading. A week after the. hlgh temperature treatment, the.
,symptoms of tl’lIS dlsease “showed up on leaves, stems and peduncle However, the symp-
toms on the stem, mostly below the nodes and rach1s showed up later. .

~ Experimental Results
Inheritance of Leaf Sheath Barbs
- Leaf ‘sheath . barbs have not ‘been extensiyely :reported ‘in“the lit'erature.‘
Vazquez (1958) studied the mherltance of barbs in a cross of NDZOXN. /2350.- He'
*determmed that there: ‘was only a smgle genetlc factor palr controlhng the
barb: character m that cross.- Barbed was dominant over barbless."

Two crosses  were studied for leaf sheath barbs, (ND105><ND1)><Conley
(,two populatlon), and ConleyXND113 The study -of these Crosses - was based 2
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on - F; progenies. Ty plants were recorded ‘as " having barbs. "Fs p'roge‘niesu.o'f
the crosses were classified into barbed, segregating and smooth. Table1 shows
that the classification of F; progenies fit a single factor hypothesis very closely.

This analysis strongly supported the ‘hypothesis that a: smgle genetlc factor
palr controlled leaf sheath barbs in ‘these crosses.

T able 1. Segregatlon for Leaf Sheath Barbs in Fs
. Progemes of T hreeCrosses -

s : Fy Progenies : o e E :
: Cross‘ . Barbed gS:tglfIZ Stiooth X R B
‘Ratio ' ‘ 12 ‘ ,
(ND105><ND1) % Conley (summer, 1959) 28 44 28 - 144 050 ‘t'oy "0."2\5
(ND105x ND1) x Conley (spring, : 35 87 | 36 163 }0.50"{0'0.25
greenhouse, 1960) ; e !
B ConlenyD113 (spring, greenhouse; 1960) 10 26 .16 1.38 0,75 to 0:50

Figure 1 shows the contrast in parents for this characte'r.‘
' Inheritance of Auricle Hazrs

Wu{1953) reported that hairy auricle of Mida was differentiated from the
“non-hairy auricle of Lee by a single factor. Dawson (1958) made a similar
~observation in crosses involving Maria Escobar derivatives. 'He: concluded  that

the inheritance of auricle hairs was determined by a single factor pair with
. hairy dominant over smooth. The dominant allele was derived from Seléction
I and recessive from NDS8L. , i ;

The inheritance of auricle hairs was. studled ﬁrst in the progernes of two
Crosses, (ND105><ND1)><Con1ey (two population) and ConleyXNDllB The F,
plants all showed v1llous auricles. - For  this phenomenon, the Vlllous factor'
Would be considered as a domlnant factor. . The F3 progemes of these crosses

Table 2. Segregatlon for Auricle Hairs in F3 Progenies of
Three Populatlons

X : F; progenies
Crosses - - X2 P value
: Barbs' | -Segregating | Smooth
i :
~Ratio 1 2 1

e oy, Canley. 23 47 | 30 | 134 | 075 to 050
(ND 105 xND"1) x Conley ) e

(Jan.-Apr., greenhouse, 1960) 38 75 45 1.02 ’ 0.75 to 0.95
Conley x ND 113 / , : ‘ . : o

Jan-Apr., greenhouse’ 1960) 14 26 12| 015 | 095 to 090

Flgure 2 compares the villous and smooth aurlcle of ND 105><ND 1 and
Conley respectlvely.
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were classified into villous, segregating and smooth. Table 2 ‘shows the clas-
sification of F; offsprings fit a single factor hypothesis very well.

Inheritance of 156B Stem Rust Reaction

Previous genetic studies on the resistance of Conley to stem rust race 15B,
have been made by several graduate students at North Dakota State University.
Ebeltoft (1957) found that one major factor pair, Sr¢ Sr°, controlled resistance in
Conley X P. I 26219-12. Dawson (1958) studied the (MEXE-T)X Conley cross and
found that both parents carried different and _independent major factors con-
trolling 15B stem rust reaction. Sheen (1958) made a cross to combine the major
~ resistance genes from CT 231xConley. He found that CT 231 carried a resis-
tance factor Sr* Sr?, and Conley carried a different resistance factor, designated
Sr® Sr®. Among the progenies of that cross, he identified both transgressive
resistant and transgressive susceptible recombinations.

In this study, the analysis of data on stem rust depended only on F; seedling
tests in the greenhouse. The examination of cross ConleyxND 113 in relation
to pérental reactions, revealed that some progenies were more resistant and
some more susceptible than either parent. The simplest hypothesis to explain
such a phenomenon was that the parents each contributed a different factor
for stem rust resistant, and that these factor were additive in effect.

Based on average seedling stem rust reaction, the fifty two F; lines of the
cross, ConleyXND 113, were classified for supposed genotype and the results
fitted the ratio expected from the two factor hypothesis. The genotypes and
phenotypic reactions are shown in Table 4.

Table 4. Hypothetical Average Numerical Rust Values for Genotypes
Expected, Based on Observed Reaction of the Parents
in the Cross ConleyxXND 113 (72-75°F)

Frequeney F3; progenies Avlzf.lgllfr%?n\i]zslu e Rusf:vf ::cgg on F; Phenotypes
Sr¢ Sr¢ Sr¥ Sr* 7.5 0; tol Super-resis.
2 Sr¢ Sr¢ Sr* sr¥ 6.5 1 to 2- Highly-resis.
1 Sr¢ Sr€ sr¥ sr* 5.5 2- to 2 Resistant
(ND 113)
2 Sr¢ srf Sr¥ Sr*¥ 4.75 2 to 2+ Resistant
4 Sr¢ sr® Sr* sr* 3.75 : 2+ to 3~ Resistant
2 Sr¢ sr¢ sr¥ sr¥ 2.75 ‘ 3- Resistant
1 sr¢ sr¢ Sr¥ Sr* 2.00 3 to 3+ Moderate-res.
(Conley) '
2 sr¢ sr¢ Sr¥ sr¥ 1.00 3+ Semi-susc.
1 srf srf sr* sr* 0.00 3+ to 4 Susceptible
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The P value of the test was found to be between 0.90 and 0.75, supporting
the hypothesis that each parent contributed a gene for stem rust resistance
and that they are inherited independently and had an additive effect. = There
appeared to be no dominance.

A slightly different approach to identifying F, genotypes was made by
classifying all F, progenies into five classes (1) ranging more resistant than
ND 113, (2) like ND 113, (3) intermediate between the parents or segregating
widely, {(4) like Conley and (5) more susceptible than Conley. The test also
gave a P value of 0.90 to 0.75 indicating support of this hypothesis. According
to above analysis, Conley had been shown to carry one resistance gene derived
from McMurachy. ND 113 was presumed to carry at least one other stem rust
resistance gene derived from Kenya AA. The recovery of transgressive resistant
and transgressive susceptible types suggested that the rust resistance genes
were additive in effect. This is encouraging that higher types of resistance
may be created by combining genes already known. Figure 3 shows the
progenies showing transgressive stem rust reaction in comparion with the

parents.
The Inheritance of “Black chaff”’ Reaction

Bamberg (1936) in studying bacterial black chaff disease, stated that the symp-
toms of this disease may differ with different hosts. Hope and H-44 showed
discoloration symptoms near the lower nodes of the stem, while other varieties
showed symptoms on the necks and floral parts. McFadden (1939) concluded that
the so-called “black chaff” of Hope and H-44 wheats was reaction to infection
by Puccinia graminis tritici. Dawson (1958) studied two crosses between(ME x E-T)
X Conley, and Selection IxXConley. He observed a good fit to a 1:2:1 ratio in
both crosses, suggesting a single genetic factor difference for “black chaff”
reaction. Sheen (1958) studied the cross CT 231 xConley, for the inheritance of
“black chaff” reaction. His results indicated that a single partially dominant
factor pair controlled the inheritance of “black chaff’ reaction in this cross.

The inheritance of “black chaff” in this study was based on the behavior
of F, plants and F; progenies. The F; behavior to this disease in two crosses,

(ND 105xND 1)xConley (three populations) and ConleyXND 113, showed a
satisfactory, fit to a 1:2:1 ratio. Behavior of F; progenies was tested in the
greenhouse with artifically induced symptoms, and P values were acceptable.
Table 5 shows the segregating F, and F; progenies to a 1:2:1 ratio for “black
chaff” reaction.
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Fig. 1. Comparison of Somoth and Barbed Fig. 2. Comparison of Villous (left) and
Leaf Sheath. Smooth (right) Auricle.
Left, Conley (smooth) Left, ND 113 (villous)
Right, ND113 (barbed) Right, Conley (smcoth)

Fig. 3. Comparison of 15B Stem Rust Reactions on Conley, ND113 and
Transgressive Resistant and Susceptible Lines.
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‘Table 5. Fit of Segregating F, and F; Progenies to a 1:2:1
Ratio for “Black Chaff” Reaction

Black chaff classification
Fy X2 P value
Resistant Intermediate | Susceptible

Ratio 1 2 1
(ND 105x ND 1) x Conley 16 33 20 0.710 | 0.75 to 0.05
(ND 105x ND 1) x Conley]| . 35 83 41 0.760 | 0.75 to 0.05
(ND 105 x ND 1) % Conley 5 14 7 0.769 | 0.75 to 0.05
Conley x ND 113 10 29 13 1.098 | 0.75 to 0.50

Fs Resistant Segregating | Susceptible X2 P value
(ND 105 x ND 1) x Conley, 23 - 28 18 3.23 0.25 to 0.10
(ND 105 x ND 1) x Conley] 44 81 34 1.314 | 0.75 to 0.50
(ND 105x ND 1) x Conley] -9 13 4 1.923 | 0.50 to 0.25
Conley x ND 113 17 22 13 1.846 | 0.50 to 0.25

Association of Leaf Sheath Barbs and Auricle Hairs

The only association was found between leaf sheath barbs and auricle
hairs. The parents (ND 105XND 1) and ND 113 had hairy auricle and barbed
stems whereas smooth phase of each, as found on Conley, had been proved re-
cessive in the F; plants. According to the maximun likelihood method for
coupling phase, cross-over value of 39.18, 29.69 and 25.27 were found for three
different crosses. It was possible that the differences in cross-over values repre-
sented errors of classification associated with two characters which were dif-
ficult to observe, even under microscope, for both hairs and barbs were fragile
in adult plant. However, there seemed to be of no doubt that the controiling
genes were located on the same chromosome.

Summary

1. The inheritance of léaf sheath barbs, auricle hairs, stem rust reaction and
“black chaff”’ disease in wheat was dealt with in this paper, using the variety
Conley and two promising strains in test, ND 113 and (ND 105XND 1), as
crossing parents.

2. Conley had a smooth leaf sheath and amooth auricle. It was resistant
to stem rust race 15B and was susceptible to “black chaff” disease. The other
parents ND 113 and (ND 105XND 1) had barbed leaf sheath, villous auricle,
different stem rust resistance gene and “black chaff” resistance.

3. Barbed leaf sheath was dominant over smooth leaf sheath and proved
to be controlled by a single genetic factor paif (Bb).
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4 Halry auricle (villous) was "alse found to be dominant over smooth
auricle and was controlled by a single genetlc factor pair (Vv) k

5. Stem rust reaction was controlled by two - genetic factor pairs in the

cross. ConlenyD 113, one factor contrlbuted by “each Pparent. Transgressive
segregatlon Was observed

6. “Black chaff” reactlon was controlled by a single. genetlc factor palr as
in former studies: (B¢ Be). [
VES Llnkage was indicated between aurlcle hairs and leaf -sheath barbs

Three dlffermg cross-over values were obtained from three related crosses 399, '

2994, and- '25%. These dlfferencs mlght be attributed to errors in classifying
these minute characters
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