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RESEARCH AND BREEDING PROBLEMS 

In order to plan intelligently a method of attack upon the problem 
of breeding an improved variety of wheat, plant breeders should 
have a knowledge of the manner of inheritance of the characters in 
question. Many characters that have to do with the reaction of the 
plant to its environment may be complicated in inheritance. Because 
of this, much research is needed to arrive at a thorough understand­
ing of these factors. 

The purpose of the present study was to obtain more fundamental 
information on the inheritance of winter hardiness, winter-spring 
growth habit, and rust reaction, and the interrelations of these char­
acters in a winter X spring wheat cross. These characte.rs are 
influenced by environment, and a study of their inheritance is 
difficult. 
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mSTORICAL .REVIEW 

has been done already on the inheritance of the more 
characters involved in this study, i. e., winter hardiness, 

winter habit, and stem-rust reaction. 

WINTER HARDINESS 

Winter wheats vary greatly in their ability to resist cold and to 
survive the winter. Many reports have been published on the 
relative resistance of varieties of wheat to killing by cold, but few 
data are available on the inheritance of this character. Nilsson­
Ehle (30)3 crossed two- varieties of intermediate hardiness and ob­
tained some lines that were more hardy and other lines that were 
less hardy than the parents. He concluded that winter resistance 
behaved as other quantitative charac:ers, being controlled by several 
genetic factors. Akerman (4-) also crossed two varieties inter­
mediate for resistance to cold with much the same results. 

F,IJm a Turkey X Odessa cross, Hoyes and Garber (19) reported 
the uevelopment of new wheats more cold resistant than the Odessa 
parent. One of the wheats, l\Iinhardi, was deterinined by Olark, 
.Martin, and Parker (8) to be the most hardy winter wheat tested in 
the United States and Oanada. 

Goines as reported by Schafer (35) found that hardiness was reces­
sive to lack of hardiness in a cross, Turl:ey X Jenkin. 

Martin (24-) studied F3Iines of Kaured X lvIinhardi for hardiness, 
but was unable to determine the number of genetic factors involved, 
although most of the strains were intermediate between the parents 
in resistance to cold. 

Hayes and Aamodt (18) reported a study on the inheritance of 
cold resistance and growth habit in. a cross of Marquis (spring) and 
Minhardi and 11inturki (winter) wheats. This work was continued 
from the Fl through the F4 generation. They agreed with Nilsson­
Ehie that cold resistance is inherited in the same manner as other 
quantitative characters, although they, lilmwise, were unable to 
determine the number of factors involved. The relation between cold 
resistance and winter-spring growth habit also was studied, but due 
to the large number of plants eliminated in F2 from fall-sown ma­
terial a definite inheritance could not be established. They did find 
a close correlation in Fa between spring-growth habit and low 
winter resistance. Some lines were obtained, however, which were 
cold resistant and which headed when spring sown. In all cases 
these cold-resistant spring wheats were later in maturity than Mar­
quis, the spring parent. 

Summarizing 10 years' work on breeding for winter hardiness, 
Quisenberry and Olark (33) concluded that the winter-hardiness 
character, while heritable, is very complex and is greatly influenced 
by environment. From a large number of crosses between winter 
wheats of varying degrees of hardiness, segregates were obtained 
which were as hardy as, and in some cases hardier than,the hardy 
parents. Most of the lines obtained were intermediate .between the 
two parents. 

As pointed out by various workers (24-, 33), relative cold resistance 
often is rather difficult to determine in the field. The winter may be 

• lttllic number(inIIlI\renthescs refer to Lltomturo Cited, p. 43. 
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"mild and little or no killing will occur, or a severe winter may wipe 
out an entire experiment. S!ilinon (34) points out that winterkilling 
may be due to any or all of the following four causes: (1) Heaving, 
(2) smothering, (3) physiological drought, and (4) direct effect of low 
temperature on plant tissues. The present study, dealing with the 
inheritance of winter hardiness, is not concerned with the nature of 
winter hardinec;;s, and only such studies as bear directly on the 
determination of relative hardiness will be considered. 

Newton (27, 28, 29) attempted to find some chemical or physical 
measure that would give an indication of resistance to cold. He 
used sL~ varieties of wheat of kno\yTI relative winter hardiness­
J\.finhardi and Buffum, both very hardYi Kanred and Turkey, inter­
mediatei and Super and Fulcaster, tender. He concluded that the 
hardier the variety the lower the moisture content of the leaves, and 
that in hardened-off leaves this moisture is held under a greater force. 
He found that the ",olume of press juice per 100 grams of hardened 
tissue was inversely proportional to hardiness. The quantity of 
hydrophylic colloids in the press juice was directly proportional to 
hardiness. 

Martin (74) conducted e..~eriments similar to those of Newton 
and concluded that none of these chemical or physical measures 
offered a more accnrate test of resistance to cold than did a careful 
field study. Martin carried his tests further and made artificial 
freezing studies on a few Fa lines of Kanred X Minhardi, and, although 
these studies were not entirely satisfactory, he concluded that this 
method offered the greatest promise of any laboratory method for the 
study of resistance to cold. Martin pointed out that considerable 
care must be e...~ercised in properly hardening off the material before 
subjecting it to low temperatures. 

Hill and Salmon (22) subjected to artificial freezing a series of 
winter-wheat varieties varying in degree of hardiness. In their 
p.~erirnents Kanred and Kharkof were more hardy than Minhardir
which does not agree with field tests. This result was undoubtedly 
due to the methods of hardening off which ,yere used, since Minhardi" 
seems to be unable to "tithstand sudden changes in temperature until 
after it has been well ha.rdened off. In general, however, their 
results agreed fairly well with field studies. 

Working chiefly with ...TInter wheats, Tumanov and Borodin (38) 
studied laboratory methods of determining hardiness of plants bv 
direct freezing and indirectly by determining the percentage of drY 
matter in the expressed sap and the freezing point of the sap. In 
general, the correlation between laboratory and field. tests was good. 
These workers state that:, the resistance to frost of the seedlings de-­
pended in a high degree on the temperature at which germination had 
taken place. a 

Nilsson-Leissner (31), reviewing a book by Akerman, points out 
that Akerman suggests the use of artificial refrigeration in the study 
of resistance to cold and that by using this method he was able to 
show tnmsgressi've segregation in some hybrid materiaL 

GROWTH HABIT 

Wheats usually are classified (7) as having either \\;inter-gro'wth or 
spring-growth habit. True "...inter wheats do not produce heads if 
sown in the spring. They mayor Inay not have the ability to survive 
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severe winter weather. Spring wheats, on the other hand, head 
normally when spring sown and as a rule do .not survive severe winter 
weather when fall sown. Some workers (10, i3) recognize a third or 
intermediate group, consisting of forms that survive the winter when 
fall sown and head .normally when spring sown. Selections of this 
latter type that bred true were obtained by Hayes and Aamodt (18) 
from crosses of Marquis by Minturki and Minhardi. 

No sharp line of demarcation can be drawn between winter and 
spring wheats, since there is every gradation between extremes of the 
two types, and since environment may modify the expression of this 
seasonal growth character. A slight variation i.n the date of spring 
sowing has a marked effect on the amount of heading that occms, for 
instance, in winter -varieties. As a rule the earlier the date of sowing 
the greater the amount of heading. Earliness is relative, however 
for each variety, and all varieties do not react in the same manner.4 

Several investigators have crossed winter and spring wheats and 
have studied the behavior of the segregating hybrids. Because segre­
gation is so greatly influenced by environment, results have seemed 
contradictory and are not at all conclusive. In some cases (12, 36) 
there was a dominance of winter-growth habit over spring-growth 
habit; in others (6) the Fl was intermediate in time of ripening, and 
in F2 the bulk of the plants were earlier than the late parent. 

Vavilov and Kouznetsov (39) report that in crosses between spring 
and winter wheats spring-growth habit was dominant over winter­
growth habit. In the F2 generation they obtained 9.6 springs t.o 1 
winter. F3lines were obtained which were homozygous fOT different 
dates of heading. They conclude that growth habit is controlled by 
several factors. Aamodt (1) and Gaines and Singleton (14) report 
results similar to those of Vaviloy and Kouznetsov. 

Cooper studied several ,vinter X spring wheat crosses (10). When 
Marquis was used as the spring parent he obtained a ratio of 13 spring 
forms to 3 winter forms. Using Haynes Bluestem (Minnesota No. 
169) as the spring parent, the ratio was 3 springs to 1 winter. To 

. explain these results Cooper assumed that the winter varieties used 
in his crosses had the genetic c('nstitution SSii. Marquis was as­
sumed to be ssIl, the II factor inhibiting winter habit. Haynes Blue­
stem (Minnesota No. Hi9) was assumed to be SSII. 

In crosses of :NIarquis and Kota with Kanred, Aamodt (3) obtained 
in the F2 generation a ratio of 15 springs to 1 winter. In the F3 
generation grown from a random F 2, segregation approximated 7 pure 
springs, 8 heterozygous, and 1 pure winter. The results were ex­
plained by assuming that Marquis and Kota each possess two pairs of 
dominant factors for spring habit, the winter Kanred possessing their 
recessive allelomorphs. 

RUST REACTION 

Several publications giving complete summaries of previous work 
on breeding rust-resistant wheat are available. The interested 
reader is referred to papers by Hayes and Stakman (20); Hayes, 
Stakman, and Aamodt (21); and Aamodt (3). Work similar to the 
present investigations only will be considered . 

• BA.YLES B. B., Bnd MAILTIIf, 1. F. anOWTR RADlT ANn YIELD IN WHEAT AS INFLUENCED BY TIHE or 
SKEDINO. IIn manuscript.] 
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In a NIarquis X Kanred cross Melchers and Parker (26) found a 
single-factor difference for rust reaction, immunity being dominant 
when the plants were inoculated at heading time in the greenhouse . 
.Aamodt (1) and Hayes and Stakman (20) also worked with Kanred X 
Marquis crosses. They found that in the seedling stage one 
genetic factor or a group of factors may control the reaction to several 
physiologic forms of rust. Lines resistant to stem rust in the 
greenhouse may be susceptible in the field, owing entirely to the 
presence of different physiologic forms under field conditions or to 
differences in reaction at various stages of growth. In studying a 
Marquis X Kota cross, Hayes and Aamod.t (17, p. 1011) concluded 
that­
the study of F3 seedlings in the greenhouse in their reaction to Forms XIX and 
XXVII was not satisfactory as a means of isolating F3 lines which would exhibit 
the Rota type of resistance under field conditions. 

Crossing Marquillo, which is' resistant in the mature stage in the 
field but susceptible in the seedling stage in the greenhouse, with 
Marquis X Kanred lines, which are immune in the seedling stage 
,to 11 forms of rust, Hayes, Stakman, and Aamodt (21) found that 
the Marquis X Kanred seedling reaction in the greenhouse is con­
trolled by a single pair of factors. The field reaction of Marquillo 
was best explained as being controlled by two major genetic factors, 
although minor modifying factors were involved. The factors for 
field resistance of t,he 1Ylarquillo parent appeared to be inherited 
independently of the factors for greenhouse immunity of the Kanred 
parent. H:>mozygous types were obtained which combined the two 
types of reaction. 

Aamodt (2) assumed that lines showing immunity or resistance in 
the greenhouse would probably be resistant in the field. 

In a cross of H-4.4. X Marquis, Goulden, Neatby, and Welsh (15) 
found no relation between the greenhouse seedling reactio:.:.:. to forms 
21 and 36 and t::te field reaction of the ma.ture plant. It was assumed 
that different genetic factors controlled resistance in the greenhouse 
and in the field. It was concluded that two genetic factors were 
nllcessary to explain the reactiO!l in the greenhouse to form 36. The 
studies conducted in the field indicated that resistance was con­
trolled by a single pair of factors. 

In crosses of Hope with Ml1rquis and Reliance, Clark and Ausemus 5 

have shown that in the mature stage there are immune, resistant, 
and susceptible stl'llins breeding true and that there are four segre­
gating types. After a study of the F2 and Fa generations of these 
crosses, the results were explained on the basis of a 2-factor difference. 
Phenotypic ratios for the immune, resistant, and susceptible gl'OUPS 
Were approximately 4.: 11 :1. In 11 Hope X Ceres cross, however, 
they found only a single-factor difference or a 3: 1 ra-:;io for the immune 
and l'Csistant groups. 

It is l.-uown that there may be several types of resistance, i. e., 
physiological (37), morphological (23), or functional (16). During 
the seedling stage in the greenh01~!Je the reaction may be due to 
physiological or true protoplasmic resistance. In the mature stage 
in the field the reaction may be due to physiological resistance, to 

I OLARK, J. A., and AUBEllUB, E. n. INIlEIUTANct: OF IbfMUNIT¥ FIWM "LArK STEll RUST, YIELD, AND 
PROTEIN CONTENT IN HOPE WHEAT CROSSES \VITII 8lJSCI~rTIllLE AND I<ESISTANT VAllIETlEl!. Washington,
1928. IMlmeOb'1'Bphed, p. 8.] 
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morphological resistance, such as the size of the collenchyma bundles, 
or to functional resistance, such Rsthe time when the stomata open 
in the morning. Thus the reaction of seedlings in the greenhouse 
and of mature plants in the field may be due .to different phenomena, 
.eRch controlled by independent genetic factors. 

MATERIAL AND METHODS 

The problem in the present study was to combine winter hardiness 
and rust resistance in a single variety. No available winter variety 
possesses the degree of rust resistance desired. It therefore was 
necessary to use a highly rust-resistant spring variety and a very 
hardy winter variety. 

PARENT MATERIAL 

The two varieties used for pn.rents in this study are both common 
wheats, Tt-iticum vulgare Vill. 

MINHARDI 

The winter parent, lvIinhardi, is n. selection from an Odessa X 
Turkey cross made n.t the Minnesota Agricultmal Experiment Sta­
tion, University Farm, St. Paul, Minn., in 1902. lvlinhardi has an 
awnless spike and a soft red kernel. It is susceptible to black stem 
rust. As previously mentioned, this is one of the most hn.rdy vn.rieties 
so far tested in the United StfLtes n.nd Cn.nn.dn.. The Minhn.rdi 
p'.l'entn.l mn.terin.l was from n. single head obtained from the wheat 
classification herbarium in the Office of Cereal Crops and Diseases, 
Bureau of Plant Industry, United Stn.tes Department of Agriculture. 

H-44 

The spring pn.rent, H-44, is n.n unnamed selection from a 11arquis X 
Yaroslav-emmer cross made in 1916 by McFadden (25). The 
selection H-44, made in 1923, has been grown n.t University Farm, 
St. Paul, lvlinn., since 1925. The H-44 is bearded, has a hard red 
kernel, and is highly resistant to stem rust, leaf rust, loose smut, 
and bunt. It is susceptible to black chaff and root rot. The H-44 
strain and Hope, a named selection from the same cross, seem to 
possess much of the disease resistance of emmer. The H-44 parental 
material used in crossing was from a plant selection made in the fall of 
1925, obtained from B. K.. Hayes, University Farm, St. Paul, Minn. 

CONTRASTED CHARACTERS 

The contrasting charn.cters of the parents are as follows: 

Chnrocters lIflnhnrui II-44 

Winter hardiness ___________ Hardy__ '_______________ ' Tender. 
Growth habit. _____________ Winter_________________ , Spring. 
Stem-rust reaction __________ ' Susceptible_____________J Highly resistant,
Heading period_____________ ' Lnte___________________ 1 Early. 
Awnedncss__ _ _____________ Awnlcted_ .. ____________: Awned. 
Coleoptilc color _ _ _ _________ Grecll __________________! Purplc, 

I._----_._.-----­

http:Cn.nn.dn
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METHODS 

Orosses were first made by the writer in a. greenhouse at the 
Arlington EA-periment Farm, Rosslyn, Va., during the winter of 
1925-26. Reciprocal crosses were made by G. F. Sprague at North 
Platte, Nebr., in 1926, and by V. H. FloreU at Davis, Oalif., in 1927. 
Seven Fl plants of the Minhardi X H-44 cross were grown from 
spring seeding at Bozeman, Mont., in 1926. These plants matured 
so late that the seeds were badly frosted before harvest with conse­
quent reduction in germination to about 40 pel' cent. A number of 
Fl plants of the cross were grown in a greenhouse at the Arlington 
Farm during the winter of 1926-27. Additional Fl plants were grown 
from spring seeding at Moccasin, Mont., in 1927. 

The F2 generation was grown from fall seeding at Davis, Oalif., 
during 1927-28. The kernels were spaced 6 inches apart in rows 1 
foot apart, and the crop was irrigated as necessary, in order to obtain 
as much seed as possible from each plant. At this station both winter 
and spring wheats survive from fall seeding, and all types head at 
nearly the same time in the spring. A. random selection of the. F2 
population was made as a basis for continuing the study in the F3 
generation. 

In the fall of 1928 the Fa generation was sown at University Farm, 
St. Paul, :Minn. From the seed of each F2 plant, duplicate 5-foot 
rows were space planted with 25 kernels each. A .few rows were 
similarly planted with Fl kernels and some with F2 kernels. Oheck­
rows of 11inhardi were sown every tenth row, and every fiftieth row 
was sown with H-44. 

A duplicate planting of the Fa material was made at the Judith 
Basin substation, :Nloccasinl 1/[ont., except that the Fl und F2 mate­
rial was not included. In so far as seed was available, each Fa line 
was sown in duplicate 5-foot rows at both stations. 

For determining segregation for growth habit, 50 kernels of each 
Fa line were sown in a single 10-foot row at University Farm in the 
spring of 1929. More Fl and F2 material also ".-as grown from spring 
seeding. A. check of the H-44 parent was grown in every tenth row, 
and the },Ilinhardi parent was grown in eV'ery fiftieth row. 

At University Farm artificial stem-rust epidemics were produced 
on both the fall-sO\vn and the spring-sown material, by transferring 
wheat seedlings covered with urediniospores from the greenhouse 
to the field. When the hybrid plants were starting to shoot they 
also were sprayed with a suspension of urecliniospores. For pro­
duciJlg the artincial epidelnic in the field, about 15 physiologic forms 
of stem rust were used. 

For the greenhouse rust studies, known physiologic forms were 
used, the plants being inoculated when the fuHt leaf was about 2 
inches long. The physiologic forms of rust for these studip.!,!, were 
supplied and jdentified by E. O. Stakman and M. N. Levine, Ulli­
versityFarm, St. Paul, Minn. 

For laboratory freezing tests the plants were grown in 4-inch pots, 
five plants per pot. When the plants were 6 weeks old they were 
exposed to artificially produced low temperatures and then allowed 
to recover. The methods 11sed in conducting this phase of the 
experiment are explained by presenting the results. 
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From the foregoing outline it will be seen that a good yield of seed 
from each F2 plant was necessary in order to carry o~ the Fa tests. 
From the seed of each F2 plant 100 kernels were sown ill the fall, 50 
kernels were sown in the spring, 60 kernels were used for the freezing 
tests, and between 40 and 80 kernels were used for the greenhouse 
rust studies. By growing the F2 material at Davis, Oalif., under 
irrigation, it was possible to obtain the necessary seed, but it was not 
possible to obtain F2 data on most of the characters, the study, of 
necessity, therefore, being based upon Fa results. For the study of 
winter hardiness in fall-sown material and the study of growth habit 
in spring-sown material all the F2 plants t.hat matured sufficient seed 
were continued. For the laboratory studies a random sample of the 
F2 plants was taken. 

RESULTS 

Experimental results on winter hardiness, growth habit, rust reac­
tion, heading period, coleoptile color, and awnedness are presented in 
this same order. 

WINTER HARDINESS 

The following method was used in taking the notes on winter 
hardiness: Before growth stopped in the fall, counts were made of 
the total number of plants in each row. In the spring, after growth 
was well started, the number of surviving plants were counted. The 
surviving plants were classified as "strong" or "weak," depending 
upon the vigor of growth. In obtaining a mathematical measure of 
survival for each row the number of strong plants was multiplied by 
1 and the number of weak plants by 0.5. The sum of these two cal­
culations divided by the total number of plants in the row, in the fall, 
ga.ve a survival percentage which was weighted for the spring condi­
tion of the plants. This percentage is termed hardiness index, and 
although arrived at in a slightly difl'erent manner, is the same value 
as that used by Hayes and Aamodt (18). 

AT ST. PAUL. MINN. 

The entire nursery at University Farm was sown on September 7, 
1928. A week of cool, damp weather immedIately following caused 
poor germination, resulting in a reduced number of plants per row. 
In general the fall was mild, and while there were nights when the 
temperature dropped below freezing, there was no subzero weather 
until December 5, when -1°F. was recorded. Throughout the early 
part of December them \vere several light snows, but the ground 
was not covered long at a time. Temperatures below zero were 
recorded on two occasions when little or no snow covered the ground. 
An inspection of the nursery on December 27 showed that the plants 
apparently were still in good condition, although a fow H-44 plants 
showed signs of killing. The weather was very mild from December 
24 to 29, and nearly all the snow melted. Following this mild weather 
it suddenly turnecl very cold, the mean temperature for January 
being 1.9°, with a low of - 24°. Throughout this cold weather, how­
ever,there was a good covtlring of snow over the entire nursery. The 
weather remained cold through February, with no thaw occurring 
until early in March, when the weather warmed up and the snow 
quickly melted. It was feared that the cold weather of January 
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following so quickly the thaw of late December might have killed 
the (entire nursery, but apparently the plants were well hardened off, 
and with ,the protection afforded by the snow cover some plants were 
able to survive. 

In Table 1 are given the survival data for fall-sown Fl and F2 
plants compared with parent plants grown in adjacent rows. None 
of the H-44 plants survived, while the Minhardi parent had a sur­
vival percentage of 90.8 and a hardiness index of 89.6. Only four 
]j\ plants came up .in the fall, and all of these died. The hardiness 
index of the F2 plants was 48.4, this being about halfway between 
the indexes of the two parents. A.pproximately half of the surviving 
F2 plants were classed as "strong." 

TABLE I.-Hardiness indexes of faU·sawn parents and F1and F2 plants of Minhardi 
X H-4-4- crosses grown at University Farm, St. Paul, llifinn., winter of 1928-29 

Number oC plants classi· 
fiedas­ Percent- Hardi·TotalVariety or cross 	 age oC nessplants . I survival 	 index 

Strong : Weak Dead 

------------1---1--;---\-------- ­H-44______________________________________ 81 1__________ ; ___ ..______ 1 81 0, ° 
MinbardL.______________________________ 163 i H4 , 4 I 15 00.8\ 80.6 
Minhardi X H-44 F ,_____________________ 3,4 I1----------'".------2-3--1..1 1694 5°1.-1 408.4Minl1ardi X H-44 F.____________________ 0 158U 

A. total of 620 F3 lines were gro,,,-u in the field-hardiness study. 
Because of poor germination the number of plants per line was 
smaller than anticipated, but it is believed that numbers were large 
enough to give an indication of the relative resistance to cold of the 
different lines. The hardiness index was determined for each row, 
and the duplicate rows Df a given line were averaged to obtain the 
hardiness index for the line. In Table 2 these data are arranged in 
frequency distributions. 

TABLE 2.-Hardiness index classes of parents and 620 Fa lines of H-44 and j~[in­
hardi wheat crosses grown at University Farm, St. Paul, Minn., 1928-29 

1 

Number oC lines with hardiness indexes indicated !Total 

Variety or cross I ell ' Ig~;';;r Mean 

H-"-_______________.: : -';-i]:::::~'J_~__~! __~__ "__:__I_:_~ "'::' 0 >CO , 
MinhardL.________________..:.::::: _____ :::::i:::::I-----::::: -----1_1~~; 41 I~ 88.3± .5 

,- --------------1=-----­
H-44 X. MinhardL________! 33 f 60 as~. ! 29, 32 24 I 21 17 11 I' 5! 293 : 31. 6±1. 1 
MinhBrdi X H-44 _________~7	I 68 57 30 I 26 24 15 I 28 20. 16 6 327 30. 6±1. ° 

-- 1-'--1- ~ .
Total bybrids________ , 70 1128 05 53\ 55. 56 30 i 49 37 271 11:: 620 31.1±. 7 

I 	 I I I' 

Fifteen rDWS of H-44 were grown in each replicatiDn. In Dn~ Df 
these rDWS Dne plant survived, and it was classed as "weak." This 
plant ,did nC1t mature. Minhardi had an average hardiness index 
of 88.3. An inspectiDn Df Table 2 shDws that the Fa lines ranged 
frDm thDse tDtally killed to' thDse that were as hardy as the wint.er 
parent. Of the total numbel· of hybrid lines grown, 31.9 per cent 

13217-31-2 
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had a :hardiness index. of 5 or less, which was the range of the spring 
parent, 18.3 per cent fell within the range of the winter parent, and 
49.8 per cent were intermediate. The distribution on a percentage 
basis is shown graphically in Figure 1. This distribution is a little 
difierent from that usually obt.ained from quantitative characters. 
As a rule one would e}..--pect to have more piling up in the intermedia:~e 
classes. 

It is impossible to know whet,her any of the Fa lines were less hardy 
than H-44, since in this test practically all plants of this strain were 
killed. The Minhardi parent had a rather wide range of survival, 
many of the rows having a hardiness index of 100. A total of 11 F3 
lines had a hardiness index above 91, and, of these, two were above 95. 
In no case did an Fa line have a hardiness index of 100. It seems safe 
to conclude, however, that.lines as hardy as the Minhardi parent were 
obtained. 

As noted previously, each Fa line was grown in duplicate 5-foot rows. 
Replication is desirable in the study of a character such as resistance 
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FIGURE I.-Hardiness indexes of paront and F, lines of H-41 and 
Minbnrdi wbeat crosses grown at St. Paul, Minn" 1928-29 

to cold, since soil or slight topographic vru'iations might cause differ­
ences in killing not due to heredity. In this study there was some 
variation in survival between the replications, 8.S there were spots 
.in the field where killiTl~, based on the behavior of the checkrows, 
was much greater than ill other places. In a few cases a line was 
completely killed in one replication and had a good survival in the 
other replication. In general, however, the results were fairly con­
sistent, as the hardiness index of each F3line in the first replication 
when 00lTelated with that of the second replication gave a value of 
r= +0. 631 ±O. 017. 
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AT MOCCASIN, MONT. 

At the Judith Basin substation,s Moccasin, Mont., only Fa and 
pal'ental material was grown. All of the Fa lines of which there was 
sufficient seed were sown in duplicate 5-foot rows. The nursery was 
sown August 23-24, 1928. Germination was very good, many of the 
rows having perfect stands. The plants made a vigorous fall growth 
and went in,to the winter in good condition. The winter ,vas long and 
cold, but with a heavy snow cover. The deep snow gave enough 
protection to the plants, so that killing was rather light. 

In Table 3 are presented survival data of the 608 Fa lines and their 
parents. Fifteen rows of H-44 were grown in each replication, and 
in 7 of these .rows there were surviving plants. The average hardi­
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FIGURE 2 • ....:JIllrdlness indexes of parent and F, lines o[ JI-44 and Min· 
bardi wheat crosses grown at MoeCllSin, Mont., 1\l2S-2\l 

ness index of H-44 at Moccasin was 2.3. The 90 rows of :Minhardi 
had a hardiness index ranging between 91 and 100, that of the majority 
being 100, shO\ving that killing was much less severe than at St. Paul. 
Of the 608 F3 lines, 5.9 per cent had a survival ",ithin the range of 
H-44, 41.9 per cent were within the range of :Minhardi, and 52.2 
per cent were intermediate. In Figure 2 are shown the distributions 
by hardiness indexes of the parents and hybrid lines charted on a 
percentage basis. In this case there. is a piling up on the hardy end 
of the curve, while at St. Paul the piling up was at~he opposite end 
of the curve. 

• Thtt writer wishes to thank B. B. Bayles and J. L. Sutherland for growing tllc material and taking the 
'IUl'Vival notes at Moccasin. 
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TABLE a.-Hardiness index classes of parents and 608 F3 lines of H-J,J, and Min~ 
hardi wheat crosses grown at the Judith Basin substation, Moccasin, lIfont., 
1928-29 

Number of lines indicated with hardiness Indexes Totall 

Variety or croSs g~tl Meen 
o 5 15 25 35 j 45 55 65 '75 85 I95 lines 

fr--l~---Il-r-d-C-::-:-::-::-::-::-:-::-::-:I_-_-_~____~_ :::::::::: :::::,::::: ::::: ::::: ::::: :::J-w- ~, 9~: 3:1:0. 4 

H-,!4 X MlnbardL _________ -92Z15117181"I, ~r.27187282161.4:1:1.3
IvIlnhardiXH-44___________ ~~-==--==-~ %6 ~~~ 326 j0 _5 76.1:1:: .9 

Total hybrids_ _______ 9 27 !IS / 33 20 / 26 48 52 48 56 i 255 608! 69.3:1: .8 

The average hardiness index of all Fa lines grown at Moccasin 
was 69.3, while at St. Paul it was 31.1. The smaller amount of 
killing in Montana is a reasonable eA-planation for the different types 
of distribution of the hybrid lines obtained at the two places. At 
St. Paul killing was probably due chiefly to low temperature, while 
at }'10ccasm additional factom may have been of importance, par­
ticulady drought, soil blowing, and root rots. 

In the Montana experiments the F3lines of H-44 X Minhardi had 
an average hardiness index of 61.4 ± 1.3, while the average for the 
Minhardi X H-44 lines was 76.1 ± 0.9. This difference, 14.7 ± 1.6, 
might be considered significant, except that at St. Paul the reciprocal 
crosses had nearly identical averages. There was some variation in 
hardiness index between the replications,~l'own at Moccasin, although 
in general the results agreed fairly well. The correlation between 
the hardiness indexes of the Fa lines in the first and those in the 
second replication was l' = +0:552 ± 0.018. The killing seemed to be 
heaviest, however, in the series where the first replication of the 
H-44 X Minhardi cross was so\vn. Both replications of the Min-' 
hardi X H-44 cross were grown under slightly more favorable con­
ditions. This probably accounts for the difference in survival between 
the reciprocal crosses at Moccasin. 

RELATION BETWEEN HARDINESS AT ST. PAUL AND AT MOCCASIN 

Since the same Fa lines were grown at both St. Paul and Moccasin, 
it is possible to correlate survival at the two places. In Table 4 is 
presented a correlation surface showing the relation of hardiness 
indexes at the two places. A total of 607 Fa lines were used in this 
comparison, in which r = +0.416 ± 0.023. The correlation ratio was 
0.422±O.023, and the difference between TJ2 and r2 is 1.9 t,imes its 
probable error. This value, while not large, shows that lines hardy 
at one place tend to be hardy at the other, indicating that the same 
factor, low temperature, was the chief cause of winterkilling at both 
places.

" 
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TABLE 4.-Correlation between the hardiness indexes of Fa lines of H-# and Min­
hardi 1vheat crosses grown at l\foccasin, .Mont., and the hardiness indexes of the 
same lines grown at St. Paul, J1,[inn., 1928-29 

Hardiness index at :Moccasin i
!Total 

Hardiness index at St. num 
Pan! (percent) i , , I I I! ! '-,--I-Iberoi 

________I_O_'_5_;~i~l~i-=:-L~~.J~:~L~llines 

ii===::::==:::===::======t; __~_ ~ 3;: ~: Ii3 ,I IiI 3,~). d: 46;j 1941\ JII ~~ 11:5225 __________________ •_____ 1 3 I 2 r B: .2 I, I 
35_______________________ . 2 ______ 3 i 3 r----- 2: 3 5 r 7 ' 4 25 54 
45__________________________ 1 --____ 1 I 1 I 1 1 : 3 4 : 5 i 13 I 25; ~ 

f===f~~~~~~~F1:,~~!::~~::1:1:=:h::L:::~i=J:i iI ij i ~ 

Totallines__________; 9 I 27. 25 1 33 I 29 1 26; 48. 52; 47 I 56 1 255 1 607 

T1~-T2 
r=+O.416±O.023. ~=O.422±O.023 . .P.E.=I.P. 

A study of the correlation surface gives a possible explanation as 
to why the coefficient of con-elation was not higher. Many of the 
lines that had low survivals at St. Paul had high survivals at Mocca­
sin. Of the 191 lines ".-hich at St. Paul fell in the hardiness index 
classes 01 5 and less, 99 had hardiness indexes of 65 or more at .Moc­
tnaln.. Among the more hardy lines the correlation in survival at 
the two places was greater. In other words, the test in 110ntana 
was not severe enough to kill many of the less hardy lines. 

From the data on winter hardiness obtained in the field the com­
plicated nature of the character is ShO\Vll. It is easily seen that 
environment greatly influences results, making any detailed explana­
tion of inheritance out of the question. It is probable, however, 
that several factors are involved, their eA-pression being greatly 
influenced by environment. 

LABORATORY STUDIES 1 

Laboratory freezing tests were made on 118 F3 lines of the H-44 
and. Minhardi wheat crosses, selected at random. Each of the lines 
used Eor this test also was grown from fall seeding in the field at bQth 
St. Paul and Moccasin. A large number of plants of each parent also 
were grown in the laboratory. 

Four-inch clay nots were filled with steam-sterilized soil, made up 
of a mi.x-ture of 3~ parts loam to 1 part sand. After the pots were 
filled they were thoroughly wet down previous to so\\'iug on Novem­
ber 6. From six to eight seeds were placed in each pot in order to 
insure a uniform stand of five plants per pot. 

A total of 12 pots were sown for each line. In order to overcome 
variations in growth due to difference in light and temperature at 
various places in the greenhouse, the pots of each line 'were systemati­
cally distributed in groups of three each at four di:fferent places on 
the greenhouse benches. Parent check material was similarly 
distributed so as to be wholly comparable. 

1 The writer expresses his appreciation to R. B. Hnryey, University Fnrm, St. Paul. Minn., for his valua­
ble suggestions and kind cooperation In conducting these te.~ts, lind to S. C. Salmon, Kansas stllte Agrl­
cl)!turnl College, Manbattan, Kans., for suggestions in planning the experiment. 
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Germination was slow and mice caused some damage, making 
necessary a small amount of reseeding and some transplanting in 
.order to have a uniform number of plants in each pot. The tem­
perature was held near 70° F. until emergence was complete on 
'November 14, II;nd then lowered tv between 55° and 60°. It was 
.desired to maintain a temperature as near 55° as possible, but during 
'the middle of the day the temperature occasionally went up before 
the ventilators could be opened and the heat shut off. There were 
no automatic controls in the house in which this material was grown, 
:making close regulation of the temperature difficult. 

By November 21 the plants had reached the second-leaf stage, 
:and from this time on the temperature was slowly lowered until 
December 2, when the mean temperature was below 40° F. In 
Figure 3 is presented a curve of the daily mean air temperature from 
November 6, the'date of planting, until December 14, when the 
last pots were frozen. On December 4 the minimum temperature 
dropped to 28°, causing the plants and soil to freeze. The tem­
perature was raised in order to thaw out the plants and soil, and 
afterwards the temperature was held between 32° and 40° as far as 
possible. Owing to a very mild spell of weather, it was very difficult 
to maintain the desired low temperature. On clear days, between 

i 
?p.~ [Ii' 
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~ -, !--t-­?O. r-.. J/t-.. 

';>P"", ~0;: 'Ilo, "~(>\!1-~ t-.!O~ ~ ~ 1'1') ,!ot-.!Il " '" r, q. '" '" 1\ 'Il <>, S\" ~ (>\ l> 

FIGURE a.-Daily mean air temperature in tho greenhouse during tho period of growing the 
plants for freezing studies 

10 a. m. and 2 p. m., the temperature would go up above 40°, but 
would fall quicldy after the sun went down. It will be seen from the 
chart that the mean temperature was below 40° from December 2 to 
9, when the weather warmed up again, and as a result the greenhouse 
temperature went up, although all heat was shut off. 

Throughout the period of growth the pots were watered whenever 
they seemed to be dry. No attempt was made to give equal quantities 
of water to each pot, but the pots were kept uniformly moist in so 
far as it was possible to do so from inspection only. 

The low-temperature equipment of the department of botany, 
University of Minnesota, was used for the freezing. Preliminary 
tests were run on parental material to determine the proper tem­
peratures and duration of eJ..,})osure, as the amouI),t of hardening off 
would largely determine how Iowa temperature the plants would be 
able to withstand, 

From these preliminary trials a 23-hour exposure at 14° F. was 
chosen for the fll'st test. On the evening of December 10 four pots 
of each of the F3 lines, one from each replication, together with 
parent checks, a total of 600 pots, were placed in the cold room at 
the same time. The pots were allowed to remain in the low-tem­
perature' room for about 23 hours. Owing to unavoidable accidents, 
good temperature control was not obtained. During more than 6 of 
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the 23 hours the temperature was below 14° F. For 4 hours the 
temperature was below 10°, dropping as low as 3° for about 2'0 
minutes. Temperatures were automatically recorded. every 10 min­
utes, and the mean of all these readings was 11.5°. After removing 
the pots from the cold room, they were placed in a greenhouse to 
thaw out. 

The second test was set for 23° F. and ran for about 23 hours. As 
before, 4 pots of each of the Fa lines, with parent checks, a total of 600 
pots, were tested. Temperature control again was poor, and for 6 hours 
the temperature was below 10°, being as low as 1° to 2° for about 40 
minutes. The average temperature for this test was 15.6°. 

A third test, using the final 600 pots of Fa hybrid and parent 
material, also was set at 23° F. In this test the temperature remained 
relatively constant, varying only about 5°, the mean temperature 
for the entire 23-hour period being 23.5°. 

After freezing, the material from all three lots was placed in a 
.greenhouse, held at a temperature of 55° to 60° F., and kept well 
watered in an attempt to revive the plants. Ten days after freezing, 
records were taken on plant condition. These records took into 
account numbers of living and dead plants and also the degree of 
injury in surviving plants. A number of pot cultures selected to 
show the different degrees of killing are illustrated in Plate 1. In 
arriving at a numerical measure of condition, the plants in each pot 
were graded according to the criteria given in Table 6. Ii all five 
plants were uninjured, the condition value for the pot was 5 X.20, 
or 100. Ii the pot had two dead plants and three weak plants the 
value was 2XO+3XS, or 24. The average value for the four pots 
of each F:; line was taken as the measure of hardiness for that line in 
the test concerned. 

TABLE 5.-Pot cultures bIj wheat plants graded to show different degrees of f,:"illing 
caused by exposure to artificially produced freezing temperatures 

Condition' SumVlll 
10 days : ao daysPot :No. Parent or cross after ; after 
freezing , freezing 

i 
Per cent 1 Per cent 

1...................................: H-4l .••••••••••••""""""'" •••••••••• ot o 

2•••••••.••••_•••••••••.••••••••••• .' H-l-l X .\Unbardi F,•••••••.•••••.•••••••• Wi o 
3•••••••••••••••••••••••••••••••••••. ,••••CI) .•••.•• , ••••••••••••••••••••••••••. ­ 481 o 
.1. ••••••••.•••••••••••.•••••••••••• , .•.•.lIn. '" ••••• " ••••••.••••••••••••••"". 20
,5 .... __ ...___ .... _.. ___......_... ________ • ___ ... ~_;.____ do ___ .. _v ~" ............................. ___ ... _________ • ~I eo

11 ........... __ ...__ ...._.. __ ~.., __ ............. __ ..... _............ _ "_~ __ t!o_ ~ ~ ~ ...... ______________ .._..... __ ... _........ __ .. f 
 CO: 100-; ______________..... _____ ..... ,.,"'_ ..... __ ........ ..... ,..z _____ ._"' ... ________ .. _ .. __ ........ ___ _
_~,..do f., I 100 
8................................... :\liubardL .• '''''' ...•.••••••••••••••.••• 100100 . 

TABLE B.-Criteria for evaluatt"ng plant condition 10 days after ezp08ure to low 
temperature 

; Assigned 
Description Visible crlterin : numerit'll! 

. value 

;~n~~~........... ~~•••~.-••_•••~•• ; ~o 5i~~Of life•••••••~~~=~~~:~=~.==~~~_=.-.~_=r·-- o 

Very weak.......................... l ~bowlng onlysmnll nmo.unts~ot Ihing tissue._•••••_•• 4 

\Venk...............................: Leaves more than b!llf killed•••••••••••••••••••••••••• 8 

Henvy Inlun·.......................: I.eaves about bnlfktlled_••__••••••••• _•.••.••.•_..... 12 

Ligb~ injury_.......................! Tips oflenves killed................................... 16 

No Injury ••••••••••••••••••••••••••., ~o sign of killing••••••••• , ............................ 20 


_.-..:1:...... ~.,...•....••_ •.. "" ............._._.~_____.____ 
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A second observation was made 30 days after the freezing test. 
At this time the plants were classed as dead. or alive, no attempt 
being made to segregate the livino- plants as to vigor of growth. It 
seemed certain that by this time ;n the plan.ts that had not {lied were 
not injured severely enough to prevent ultimate recovery. 

Data on plant condition 10 days after freezing are presented in 
Table 7. In the first test, at a mean temperature of 11.50 F., the 
H-44 plants were nearly all killed, the average condition being only 
0.5, while the Minhardi plants had an average condition of 67.8. 
The condition of the 118 F3 hybrid lines ranged from 0 to 52..5 per 
cent, some lines being as tender as H-44, none as resistant as Min­
hardi, and the majority falling into the less resistant classes. In 
the second test, at a mean of 15.60 F., the average condition of H-44 
was 0.9 and Minhardi 79.1, Minhardi being considerably higher than 
in the first test. In this test also some of the F3lines were as tender 
as the H-44 parent and two lines were within the limits of Minhardi. 
The general distribution for the F3 lines in the two tests was about 
the sarno. 
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l'ADLE 7.-Gondition value8 for plants of parents and 118 Fa lines (If I1-44 and ,Minhardi wheut croBses, 10 days after frefilling >f, 

-:----------.-----,--"~."-"-"-"'--~-----~----~..,....,-,...,..~-
l-' Number of lines hnvlng Rvenlgc comlltlou VII!UOS (per couL) of- Totlll 1\' c· 

t-:l Test nnd vnrlcty or cross •••." ----" - ..--- '-'-"--" - .• '- ....~. _ .• -.--~ ~.--_ \l • d I Hon " ~. =I~~ r' r___...._~_~__.~_ ..__ ,0 ~5_ ~~t~:5 ~ ~2.5 ~: ~2.51~ "~:fi ~ ~~.fi ~ o~..~II'n7'51~1~~j~~~187'~102'~1~2~. Ir:e~r ~ 

~I Flrsh~rf~.I::.=:~.......__..................... IS ~ •••••1........................ .1................................. , ..................... 1..... ..... 16 
 0.6:\:0,2 


Mlnhnnll.................................. ••..·1····· ••••••••••••••••••••••••••••••1.............. "'" 2 ·1 J ·1 3 a..... ..... ..... ..... 10 07.8:1:1.1 
 !
H-H Ilnd Mlnhnrdi crosses................ 1 I 17 15 18 18 11 5 10 7 7 5 ·1 ..... .......... ..... ••••• ..... ••••• ••••• ••••• 118 2O.4:\:. U 


~ BCC~~J~ts:~:~:.~~.:............................ 121 3 IL.......................1..... "'" ................................,., ..... ..... ..... ..... 16 .p:\: .3 . 

1\1inhnrdL ......................................... "'" ..... ••••• ••••• ..... ........... ..... ......... .•••• ..... I 3 7 1 a I ..... 1(1 70.1:1::1.1 

ll-l4nndMlnhllrdicrosscs................ 2' fi lfil13 12 15 0 II 0 6 10 5 2 a I. 1 ......................... 11826.0:1::1,0
'I'bird test. 23° F.: 

U:-lL........................._..........................,.......... "'" .... , "'" _.... ..... ..... 3 a 5 4 I •••••••••T ....." __ ...•. 111 01.6:\:1.0 

Mlnhllrdi...................................",••••_......1...........,.,. ,.,•••__................. _............... '''' .... ..... .......... I I~ ta 1l7. ~~ ,2 

1£-1·1 nnd Mlnhnrdi crosses ...............................1......................... "'-' ..... "'" ..... ..... 4 J:l 18 ~7 22 21 2 1 JJ3 78.3:1:: <4 ~ 


AVCn'~4~~~1~~~.~~~.~~~~~~.t~:~:....."....... 10 0 .................. ~................1.............. __...,.......... _.... ..... ..... ..... ..... ..... 16 .0:1: <,2 _

~linhnnli.................................................:..............................1..... ..... ..... ..... I a 5 " 3 .......,.. ..... 16 74.1:1::1.0 t:l 

H-I4nod l\llnbardi crosses .....................1 5 ~'() I 16 20 11 0 7 l 0 0 0 6 0 2 ..... ..... ..... ••••• ••••• ..... ..... 118 2·1.0:1::.0 :.!1 
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. In the third test, at a mean of 23.5° F., the material was not 
frozen lIard enough to give good differentiation between the hardy 
and nonhardy lines. The data, however, show no F3lines less hardy 
than H-44. While there was not the wide difference between the 
two parents shown by the tests at lower temperatures, the general 
trend of the hybrids was similar to that in the other tests. 

Data .from the third test Yv'r)re not averaged with those from the 
mst and uecondtests, since they did not show sufficient killing or 
differentiation. The average data of the first two tests show that 
five F3lines fell within the limits of the H-44 parent and two 'within 
the limits of Minhardi, the remainder of the lines being intermediate 
between the two parents. Data on parents and hybrids are presented 
graphically in Figure 4. 
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FIGUB& 4.-Condltion of parents nnd F. lines of R-44 nnd .l\finbnrdl 
wheat crosses 10 days after freezing 

Despite the slightly different temperatures of the first and second 
tests, the correlation for the 118 F3 lines in the two tests was highly 
significant, r= +0.822±0.020. This correlation is higher than that 
between replications in the field or between the data from St. Paul 
and from Moccasin. 

{ Data taken 30 days after freezing are presented in Table 8. Data 
from the first two freezin&, tests only are given, since in the third test 
practically all plants survIved. No H-44 plants survived in either of 
the two tests, while Minhardi had an average survival of 86.3 per cent. 
The spring parent and some F3lines were totally killed, while in both 
tests a few hybrid lines had survivals within the limits of lvIinhardi. 
Averaging the two tests, 10 lines had no survivals and 5 lines had 
survivals within the limits of Minhardi. The correlation between 
the percentage of plants alive in the first freezing test and in the second 
was r= +0.761 ± 0.026. 



'.fABLE B.-Survival of parents and 118 Fa lines of H-44 and .Minhnrdi wheat C!'OS8CS SO days aflcr fl'co~~no 

Test and varIety or cross 
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FlrsfI~l~:~:.:::............"............._.: 
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Numher oC lIncs h/wlng survlvnl (por ~Ilt; ~c:"'-' 1'1:' I· 1 

o n I MeRn'. .. . . ... numhor. . I


I I I' ! I I 11 Burvlvn
.2.~ 7.5! 12:5 17.51~27:5i 32.5 37.5 t 42.5 ·17.5 52.~ 57.5 62.~ ~7~~ 72.5 ~~.~ ~.2~~J~~.5 .~:5 n7.51~r,::,~,__~ 
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l\I1nhnrdL_.....__._........_..........'.........-'._••.!...._........., __ ..+...'...-.I.....,..-..j--...I•• -•. II ••••T--.. 1 2 2: 7 a L 
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irTherelative value of the two sets of hardiness data, the one taken 
, 	 10 days and the other 30 days after freezing, is of interest. Using av­

'erages, in both cases, the correlation between condition 10 days after 
freezing and survival 30 days after freezing was r= +0.910±0.011. 
This high correlation indicates that either method can be used to 
measure hardiness. 

RELATION BETWEEN FIELD AND LABORATORY HARDINESS RESULTS 

Although freezing studies can be conducted in the laboratory under 
.' 	 controlled conditions, the results are of practical value only in so far 

as they are cOlTelated wit.h field results. In these studies the same 
Fa lines were e)...-posed to freezing temperatures in the laboratory and 
were grown from :{all planting in the field, both at St. Paul and at 
Moccasin. Since plantcondit.ion 10 days after freezing and survival 
30 days after freezing were highly correlated, only one of these criteria 
need be considered in determining the conelation between field and 
laboratory studies. Survival 30 days after freezing seems to be more 
comparable with the field results and is used in comparing the labo­
ratory and field methods. Survival in the laboratory when cOlTelated 
with the hardiness index IlS determined in the field at St. Paul gave a 
con-elation 7' = +0.582 ± 0.041. Survival in the laboratory correlated 
with the hardiness index in the field at Moocasin results in a slightly 
higher Goefficient, l' = +0.629 ± 0.038. Using the averllge of the har­
diness indexes at :MoGcasin and St. Paul as the measure of the field 
reaction and con'elating with survival in the laboratory, the coeffi­
cient is still higher, 1'= +0.713 ± 0.031. The correlation surface for 
this comparison is show'll in Table 9. 

TABLE 9.-Correlation between at/erage field hardiness index and laboratory survival 
30 days after freezing for 118 Fa line.~ of IJ-J,4 ctnd Minharcli u'heal crosses .~ 

1-r'
r=O.713±O.031. 11=0.776±0.025. 'l>::E. =2.0. 

In general, the relation between field and laboratory tests is very 
good. The five .lines with outstanding hardiness in the field also 
showed a high degree of resistance to artificiaily produced low tem-4 
peratures. Kone of the lines with a low survival in the greenhouse 
were hardy in the field, but a Iew of the lines which appeared to be 
resistant to cold in the greenhouse were not hardy in the field. From 
this rather limited test it would seem that artific.ial freezing offers 
considerable promise in eliminating hybrid lines susceptible to cold. 
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By subjecting hybrid material to artificially produced low tempera­
tures it should be possible to select the more cold-resistant lines, and 
these could then be tested m the field for final selection. Freezing 
tests CM be conducted during the winter regardless of extreme changes 
in temperature and without the danger of failing to get a test or of 
losing all of the plant material. 

GROWTH HABIT 

Growth habit designates the general characteristics that separate 
\vintp,l' and sprmg wheats. True spring wheats when spring sown 
will produce heads, while true winter wheats renlall vegetative and 
produce few if any heads when spring sown under Minnesota con­
ditions. This study of growth habit is based almost entirely on 
spring-sown F3 material, grown at University Farm. Some data 
were obtained, however, on the behavior.of FJ and F2 plants, grown 
with the F3lines. 

The absence or presence of heads and the date of heading were 
used to separate the winter, sp:;:ing, and segregating lines. Three 
days after the first head appeared all plants upon which at least 
one head had completely emerged were tagged. Three days later 
all the plants that had headed since the tagging of the first group 
were tagged. This method of tagging was continued for eight periods 
or .24 days agel' the first head appeared m the nursery. By this time 
the number of plants heading had decreased so materially that the 
tagging was continued only at 6-day intervals, designated as periods 
10 and 12. The plants that hafl not headed by the twelfth period, 
36 days after heading started, were considered to be ·winter plants. 
Such plants began to die at this time. 

Of the 3,608 plants of the H-44 parent grown as checks with the 
F J, F 2, and F3 material at University Farm, 57.8 per cent headed in 
period 1,32.8 percent in period 2,8.9 per cent in period 3, and 0.5 
per cent in period 4. Not a single plant of the Minhardi parent 
produced heads, and after the twelfth period they all (hied up, due 
to hot weather and a heavy epidemic of leaf rust. 

Data on the growth habit of FJ and F2 hybrids and of some parent 
material arc presented in Table 10. Of the 267 plants of H-44 grown 
in rows adjacent to the FL and F2 plants, most of the plants headed 
in thefu'st two periods, a few in period 3, and 1 in period 4. A 
total of five FJ plants were grown, all of which headed somewhat later 
than the spring parent. Other FJ material grown from spring sowing 
in previous years behaved in about the same manner. In 1926 
seven FJ plnnts grown at Bozeman, Mont., hended 10 days later 
than the H-44 parent. In 1927 nn FJ plant grown at Moccnsin 
from spring sowing headed 13 days later than the spring parent. 
A number of ]\ plants grown in a greenhouse at the Arlington Ex­
periment Farm hended slightly earlier than H-44 plants sown at the 
same time. These obsC1'yations indicate a dominance of spring­
growth habit in this cross. 

http:behavior.of


'22 TECHNICAL BULLETIN 218, U. S. DEPT. OF AGRICULTURE 

TABLE flO.-Growth haliit oj Fland F2 hybrids and parents oj H-44- and Minhardi 
wheat crosses grown at St. Paul, Minn. 

" 

Number ofplants of heading period stated 
1---------------;--1 Totnl 

numberVariety or cross Spring period _. of 
1_..,---,--._.,---,--,._,..--..,--,-_1 ,'1Dter plants 

" 12134j51617,8110112period 

J-:r-44-_-_~-_-- -.--._-- -_--._--__ __ __ -_-- -_11-3-8 107 ----=~---E--.:==-;;____ __ __ __ __ __ -_-- -__ __ __ 1-; -;C~= 
MinhnrdL_________________________________,:::: ---- ---- --__1____ ---- -------- ---- ----I i4 f 74 

jt!4f~<}!I~~;at: k:::::::::::::::::::::E ::::I::::--i-d_:::: ::=:':::: :::: :::t:::::~I.-J 
Minhardi X H-41. F.______________________~~31138 3~ :3711212,.-8-1612:--2-2[--wi
H-44 X lvlinbardl. F:______________________ 2 14 39 31: 38 18 I, 16 .21 11 I 20 ! .223 

Totnl F. hybrids____________________ -3 45177 6oT75"/ao14; 24 37 23i~;--W 
I • I I 

Of the 439 F2 plants, 48 headed in periods 1 and 2, resembling 
the H-44 parent. A total of 221 plants, or more than half the popu­
lation, headed in periods 3, 4, and 5, resembling the Fl' Some 
plants headed in periods 6 to 12, or much later even than the Fl' 
Only 42 true winter plants failed to head. 

The F2 data, grouped on the basis of spring and winter types, 
together with theoretical numbers calcula},Qd from several ratios, 
are presented in Table 11. The obseryed numbers do not fit closely 
the calculated numbers for any of these theoretical ratios. The 
observed number of winter types falls nearly ha1f way between the 
calculated numbers for a 15: 1 ratio' and a 55: 9 ratio. Although the 
deviation of observed from calculated is lowest for the 15:1 ratio, 
the odds favor the 55: 9 ratio. 

In 1927 a small F2 population was grown from spring sowing at 
Moccasin, l\10nt. Here the obseryed ratio was 175 spl'illg to 6 
winter. The deviation from the calculated 15:1 mtio, 5.3 ± 2.2,

I, was oLly 2.4 ·times its probable error. . 

TABLE ll.-Segregal:"m oJ 439 F2 l)lants oJ JI-1,.1,. and klinhardi wheat CI'OSSCS 

jor growth habit, compared with calculated 1l.wnbcrs jor 15:1,13:3, and 55:9 
ratios 

Number of F, I I I 
plants having I I' . 
growth habit of- .. IProbable DevmtlOn+ 

Theoretical ratio 
_____ > ,DcvlBtIon I error I p~~~~le Odds 

Silring Win tor ! 1 I 
~---~-t ~---j ~ -~ l---

I , 
15:1:Observed._______________________ 397.0OalcUlated_______•_______________ 411.0 ~U -------i:rii-\----T42- ---------4:3-!-----267:i 

IJ3:3:Observed________________________ 42.0 __•• ____• __+________________________________
307.0CBlcUlated_______________________ 
356. j 82.3 40.3 I 5.52 7.3 High.

65:0: 

Observed-_---------------------- 307.0
'Oalculated_______________________ :'i: ~ -------i9:7-1-----4:01- ---------4:ii- -----i42~i377.3l 
In the Fa generation grown at St. Paul from spring seeding, there 

were 622 lines which were selected entirely at random. These lines 
when separated into the two phenotypic-growth habit groups give 
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589 spring to 33 winter. These numbers are compared with the theo­
l"eticalratios, 15: 1, 13: 3, and 55: 9, in Table 12. In this case the 
fit to a 15: 1 ratio is very close. Since an Fa test is more reliable 
than an F2 test, it would seem that segregation for growth habit in 
'this cross be;;tfits a ratio of 15 spring to 1 winter. Two genetic 
factor pairs therefore .are necessary to explain the segregation. 

TABLE 12.--Segregation of 622 ]/'3 lines of H-J,J,. and Minhardi wheat crosses for 
fJrowthhabit, compared with calculated numbers for 15: 1,13:3, and 55:9 ratios 

. , 
: NumoorolF,lines : 
I having growth: ' 
: b:!.bit of-: 'Probable; Deviation

Theoretical mtio __--,-___ Deviation. error ,+p~~~~ble Odds 

Spring Winter 

--------------------- --1----1--­
15;1; 

589.0 33. 0 ------------,--------i-----------~- -________g~~e~d::==:======::::::::========; 583.1 38.9 5.9 4.07\ 1.4 1.9:1 
13:3: :observed______________________ 33.0 ____________.__________:______________________ _ 

Calculated _______________________ . 589.0 I
505.4 116.6 83.6 i 6.57 J 12. 7 High.

55:0: .ObSl?rvcd_______________________ _ a3. 0 ,____________ '__________!__________________
589.0 i

Calculated_________------____---- 53-1.6 1 87.4 54.4 5.89 I 9.2 High.
1 

In order to analyze the F3lines more fully they were classified into 
si.~ genotypic groups, depending upon their breeding behavior. The 
groups are distinguished as follows: 

(1) Early spring, where all plants headed as early as the spring parent. 
(2) Late spring, where all plants headed during a relatively short period, but 

later than the spring parent. 
(3) Segregating spring, where aU plants headed but the heacling extended over 

several periods. 
(4) Segregating like F 2, where all types appeared in proportions similar to 

theF2• 

(5) Segregating spring and winter, where segregation occurred for late spring
and winter types. 

(6) Wfuter, where no plants headed. 

While it is net desirable to give all the data obtained on growth 
habit, a few examples of the various types of segregation arc given in 
Table 13. In making up this table an attempt was made to give a 
reasonable example of the method of classification. It will be seen 
that Fa lines were recovered which headed within the limits of the 
spring parent, also spring lines which were apparently homozygous 
for later heading. The amount of variability present also can be 
seen from the data in this table. In Plate 2 the different types of 
growth habit are illustrated. 
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TABLE l3.-Types o/segregation for growth habit obtained in Fa lines of H-44 and 

Minhardi wheat crosses in comparison with the parents 


Number of plants of heading period stated 

~'- Total 
1\'ame of parent or hybrid No. Spring period num­

1--.----,--,--,--,----;----,--,---,--1IWinter lv.lr of 

________________1_~ _3_ ~I-=- _6__7_~ ~I~ period plants 

Parents: 

F.l~~~~~J:~~~~~--~~:~-- :~::~ ~J~ ~~~~- -~~ -:~ ~~ ~~: ~~= ~:::~~~ i 

Early spring­

41 

40
i§:EE:::::::::::::::::::=::==:: 19 ~ 1i ==== ==== ==== ==== ==== ==== ==== ======== 36
Late spring- ---- ---- ---- ---- ---- ---- ---- -------­

38 

40
S fg:ttg~=============:===:========= ====1==== =~~= =~~= __ ~_ -~r -loT ==~= =~== ======:=1 
44 


e~~~~~~~:~~~=-____________________ 5 I 6 15 9 1 2 1 ____________________ 

10-2-6_________________________~ ___ ________ 15 11 6 7 1 2 ________________ 39 


42
10-1-101.____________________••____ i 1 1 5 16 11 4 1 1 

40
Segregating liko F.- -.,. -.- ­

4 43 

5 3~

Segregating~gj~6=====:=====================spring and winter- i i~ lr 3 ~ 6 ~ -'r ~ ..:- i 
2 42 


10 

26 42 

17 40 

12 35
win~!~~==:=====:==:====:======:==== ==== :==: =:=: :~~: '1 ~ ~ -T .-~. 1~ 

10-1-92__ ._._._••__ ••___• _____• ____ __ • _______., ____ ._•• _____._. _••• _______ _ 48 


42 42
.i~~i============================I==== ==== ==== ==== ==== ==== :=== :=== ==== ~=== 2D ~ 

The number of Fa lines that could be placed in each of the six 

growth-habit groups enumerated above are given in Table 14. The 

data show that 40 lines were classed as early spring, 68 late spring, 

33 winter, and the remainder in the segregating groups. Sinee the 

number of early spring and winter types each closely approximate 

one-sixteenth of the total, calculated numbers based on a 1 : 2: 4: 4: 4: 1 

genotype ratio were obtained. The observed and calculated num­

bers, compared by the goodness-of-fit method, are shown together in 

Table 14. The value of P=0.38 indicates that 38 times in 100 trials 

a. poorer fit than the one obtained would be expected, due to chance 
alone. 

TABLE 14.-Segl·egation of 622 Fa lines of H-44 and MinlULrdi wheat crosses for 

growth habit, compared by the goodness-of-fit method with a calculated 1 : 2: 4-: 4 : 4-: 1 

genotypic ratio 


Fa lines (0- G)'Growtb-habit groups 0-0 
 --0-
Observed Calculated 

Number Number
Early spring_______ ••__._•••__•••______••___•______.___ 40 38.0 1.1 0.03 

Late spring ______ ••••___ •• _______•___•__ •••_.____._____ 68 77. i -9.7 1. 21 

Be.gregat!ng sP.ring._. ___ ._.______••• _____••••• ____ ._.__• 100 155. j 4.5 


~egrega~lng hk~ F'--(j-T"i--·-···----------·---------- m i~~' g ':8: ~ 2. ~ 
wf~~~~..~:.~~:~~.~~._~~.~.~~=::==:=:::::::::=========:1___3_3+__3_8:_9_1 ___-_5_._9_1 ____:_89 

TotaL___ ••••_._ ••••••_.__••_••••_.________._.__• 622 622.0 

x'=5.2D. .P=O.38. 

.13 
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The follo\ving hypothesis is suggested to e:\.-plain the observed 
:segregation: Assuming spring-growth habit to be' dominant and two 
factors necessary to explain the segregation, the early spring parent, 
H-44J may be considered to have the genotype AABB and the 
.MJnhardi winter parent the genotype aabb. The Fl would be AaBb 
..and head as a late spring wheat. The F2 genotypes and their breed­
ing behavior in the Fa generation would be as fo¥ows: 

F, genotype Parts of 10 Dreeding in FJ as­

. A.ABB _______________ .. _____ _ 1 Early Rpring . AAbb_______________________ } 

2 Late spring. 
.aaBB_____ ___ -- _--- __ -- --- --- __ I 


AABb______ __ --- --- __ -- -----I} _ 4
AaBB___ ___________________ Segregating spring. 


.I1aBb____ _------ -- -- ----- ___I 4 Segregating like F 2 •
Aabb _____ ___________________ 

·aaBb_______ .. _________________ } 4 Segregating spring and winter. 


·aabb __-_- ___ ----- ___ ------ -- _I 1 Winter. 

In general, it seems that the 2-factor hypothesis here advanced 
satisfactorily explains the results obtained, although the writer 
believes that such a definite interpretation might not always hold 
true, since expression of the growth-habit character is so greatly 
influenced by environment. It is possible that in a different season 
,01' with different dates of seeding the segregation might have been 
materially changed. In grouping the Fa lines it was necessary to 
keep constantly in mind the fact that environmental factors, such as 
'Soil, moisture, and stand, had a considerable effect upon growth 
habit. In general, the results obtained on growth habit agree with 
the work of Aamodt (3) and of Vavilov and Kouznetsov (39). 

RELATION BETWEEN WINTER HARDINESS AND GROWTH HABIT 

Since each of the Fa lines was fa11 sown at Moccasin and St. Paul 
.a,nd 'spdng sown. at St. Paul, and all the lines tested for hardiness in 
the laboratory were spring sown, it is possible to determine the 
relationship between growth habit and hardiness, as determined both 
in the field and in the laboratory. 

IN THE FIELD 

The data for hardiness indexes are given by growth-habit groups 
in Table 15. Hardiness data for both St. Paul and Moccasin and 
the average for the two stations are given. The data from each sta­

• -tion and the averages show the same general relations, regardless of 
the fact that killing was much less severe at Moccasin than at St. 
Paul. The lines classed as early spring had the lowest average hardi­
nes.s indexes, although some of these lines were more hardy than the 
spring parent. The lines classed as late spring were more hardy on 
the average than the early sprulg lines. At St. Paul the lines classed 
.as segregating spring were less hardy on the average than the late 
spring lines, while at Moccasin the reverse was true. For the average 
of the two sta,tions the segregating spring and late spring lines are not 
significantly different as to hardiness indexes. 'rhe lines segregating 
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like F2 were still more hardy, as were the lines that segregated for lat.e tf springs and wintera. The lines classed as winter, while few in num­

hi, ber, .had the highest average hardiness indexes. At St. Paul about
:\ half of the lines classed as having winter-growth habit were less hardy Ij

than :the lower limit of Minhardi. Spring lines more hardy than the 
it· ·spring parent were obtained. Some early spring lines were obtained 
~'. that were as hardy as some of the winter lines. The segregating lines 

that contained some winter types were more hardy than the lines 
having no winter types. , In Figure 5 the average hardiness indexes at St. Paul and Moccasin 

Iv by growth-habit cl~sses are shown graphically. 
, 

AYE,R/1GE H/1£P/IYESS /IYPEA:; PER CEIYT 
17 117 20 317 4t:7 517 6"17 7t:7 817 917 

f .~ EA£L.Y sp,e/IYG-------••$1. 
IS 4RTE Sp,R/IYG---------......... 
"; ~ . ,. 

" ~ SEG,REGA77.1,1G SPR/IYG-~."•••"_ 

.... ~ SEGREGAT/IYG L./KE-7-............. 

~ SGGREGA77IY6' ,S"PR/IYG- , ................
~ AIYP n--/IYTER...-----II 

~ »7IYTER..--------------••••••••••••••• 

FrGURE 5.-Diagram showing the average hardiness indexes of F3 Jines of n-4'J nnd Minhnrdi whent 
crosses by growth-habit groups 

TABLE I5.-Relation between hardiness inde-l'cs and growth habit oj 1Ja1"Cn/s and F3 
lines oj JI-44 ancl11Iinhcmli wheat C1'osses grown in the field at St. Paul, Minn .• 
and at Moccasin, l'flonl., in 1929 

Number of Jines with hardiness index of- l;otal: 11[::-
Parents and F, Jines by growth-habit ,num- 'hardinesf. 

b'fOUPS 0 5 \15 25 35145 i.5516.5 ,75 851951~r~~fl indexes 

-1-'--1 ~-j------'--

,St·l>i~~~dC~~==================== _~:___ ~1== ==== ====I=):)--i-:-iii- -3/;) ~~!~: ~~o: ~ 
lFa lin~s- " IEarly spring_____________________ 10 16 12 2 ____ ----1.___________________ 40 i.8:1=. 7 

Late spring______________________ 8 22 12 12 5 3 ' 2 1 2 1 : ___ _ 68 19.3:1=1.6
Segregating spring_______________ 32 44 2:1 17 9 8 5 5 1 1 , ____ 145 16.7:1=1.1
Segregating like F,_______________ 15 35 34 12 20 22 11 14 '. 6 5 '____ 174 29. 1±1. 2 
Segregating spring and winter ___ 6 10 13 9 16 21 15 23: 2~ 16 I 8 1.59 51.2:1=1. 4 

MO~~~t~~------------------------- ---- 1 I 1 1 I 5 1 1 6 61 5 4 '. 3 33 60. 2±2. 7 

151 2.3±.4 
90 I 95.0. l\~inrdC~~====:=============== __~___~_:====I====C= ====1==== ======== ==== -90-! 

1 

F,liIies- ,I , 
Early spring_____________________ 4 8! 5 9j 4 5 iII 1 2: 41 I28. 7±2. 7 
Late spring______________________ 3 81 7 9 4 5 9 7 2 2 11 I 
Segregat!ng spring_______________ 2 10 8 12 11 12 16 W 1~ 8 35 1~~ 1 ig: g~i: ~ 
Segregatmg like F,_______________ ____ 1 I 5 3 9 6 11 17 23 28 69 172176. 2±1. 2Segregating spring and winter _______ ----1--- ____.1 3 7 8 10 16 108 153 87.9±. 7,.1 31 94.7±. 2Avera:ifo~ehoiiistiitioiis:------------- ---- ----1---- ----1---- ---- ---- ---- ---- 1 30 I 

F.lInes- , I ! 
:,.. Early spring_____________________ 2 13 12 41 5 3 1 ---- ----.---- ----

Late spring______________________ ____ 9' 13 I 14 10 5 7 4 3 2 ___ _ ~~: JU~U 
Segregating sp.ring _______________ ---- 9 18 123 31 28 22 6 4 2 1 I 144 37~ 5±1. 0
Segregating hke F,_______________ ____ 1 7 9 21 36 34 34 19 8 3 172 53.3±.9
Segregating spring nnd winter__ _ ____ ____ 1 ____ 3 14 28 25 27 38 17 153 70.5±.9Wintcr____________________________+ ____ ---- 1 5 7 12 6___________1 31 80.5±1.3 
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IN THE 1.ABORATORY 

The relation between the percentage of plants alive 30 days after 
freezing and growth habit is sho'\\""ll in Table 16. As in the field, the 
average resistance to cold is in direct relation to lateness of heading 
or to the percentage of winter-habit plants in the class. The early 
heading group, however, contains some lines ·with greater resistance to 
cold than the H-44 parent. The winter-habit lines gave the highest 
average survival of any of the growth-habit groups, altbough the 
difference between the winter group and the segregating spring and 
winter group is not significant in the light of its probable error. 

It would have be/1m desirable to test a larger number of early 
spring and winter lines, but when the laboratory e~-periments were 
made information on growth habit was not available and of necessity 
the selection of line.\\ was entirely at random. 

Both field and la00ratory data show a relation between growth 
habit and winter hllrdiness. It is possible that a factor or factors 
responsible for winter-growth habit also may be responsible for 
resistance to cold. It also is possible that factors for growth habit 
mnd factors for resistance to cold are linked. This linkage, if present, 
knot complete, or it would be impossible to obtain spring lines more 
hardy than the spring parent or winter lines less hardy than the 
winter parent. Because of the complicated nature of resistance to 
cold it would seem that many factors are invol,ed in the e~-pression 
of this character, and undoubtedly factors other than those having to 
do with growth habit are concerned. 

The relationship of hardiness and growth habit also is of some 
importance with spring wbeat. The production of hardy wheats 
having a spring-growth habit should be of considerable economic 
importance in extending wheat production into higher latitudes or 
altitudes. In practice the extreme recombinations are probably 
lost in large part, since spring wheats will not survi,e se,ere winters 
such as are encountered in :Minnesota; and the tender winter segre­
gates are lost, since they do not head from spring seeding and are not 
able to withstand the 'severe ",-blters. 

STEM-RUST REACTION 

One of the important phases of the present study is the l'eaction of 
the hybrid lines to black-stem rust, Puccinia graminis tritici. Studies 
were conducted in the grcenho;~~ on F3 lines only and in the field 
on all the mate:'ial growing at St. Paul. The field studies did not 
cover a true random sample of the hybrid population, since many 
plants and lines were lost from winterkilling in fall-sown material, 
and some spring-sown lines and plants failed to head and rust notes 
could not be obtained. 

FIEI,D STUDIES 

When grown in the field, R-44 shows a high degree of resistance to 
stem rust, while Minhardi is very su:"ceptible. The field-rust notes 
were taken about one week before the plants were ripe, and are 
designated as the mature-plant reaction. In taking notes the plants 
were classed inthl'ee rust-reaction groups~resistant, semiresistant, 
and susceptible. Plants that showed littl.e or no rust were called 
resistant, those heavily rusted were classed as susceptible, and the· 
plants having an interme(liate infection were classed as semiresistant. 
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TABLE 16.-ifelatw/I between survival 80 days afler freezing and growth 1whit of 1)arcnls anci F3 lincs of j[-44 and .Minhardi wileat crOBBes ~ 
--'-~-.~----~..------'--~--~--.-.--* .~" ~ ~- -,..,...,.~---~--~-.-~ .... -.--.<.-.--" ... -.- -~..--- •. -.-.-. 

00 
.~ 

NumiJer of lines IUI\'Ing 0 pcrccntngo of surylvnl o£- Totol IMenn 
Parents nnd }'allnes iJ" growth·hublt "roups I -~--.~. --.•• -~ .-~---.--. . . ••- ____ . - . -." -' .,_ _ _. num· survival '" ~ 

' b I' I I I' '! I I ber of 
o I 2.51 7.5 12.5. Ii.S 22.SI27.5 32.5 37.5; ·12.5 47.5 52.6 i 57.5 62.5 Oi.5 72.6 7i.6 82.5 87.5 92.5 97.5 lines (por cent 
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ScgrrgntingsprJng............. "....... 2 41 4 U 51 .1 

Segregntlng IIk~ 1<',.......... ...... ....... 1 1 I "I 5 51 3

S~f,rcsl'tlllI!S(lrlllgnnd wlnll·,................ '.....! 2 3 2 ..... 

'\ liter.......................................1..... (.... .... ..... ..... 
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SPRING-SOWN MATERIAL 

The H-44 parent grown in rows adjacent to FI and F2 plants was 
classed as resistant. (Table 17.) None of the Minhardi plants 
headed and no rust data were taken on them. 

TABLE li.-Rust reaction of F'i and F~ plants of H-.g and .\linhardi wheat crosses 
and (he H-# parent grown from spring sowing 

Xumbero( plants 

Yariety or cross 
'Resistant Semiresist- Suscepti. 1 Totall10t ble I 

i ---------------------.. --- --·~-i 
.Parent: R-l-t__ __ .. _... ____.....___...... _______.... _..__..____... _,~___ ~ 2r>7 ,._ ~ _..... _,..,_ ... ____... ______ .. ",_' 267 

ll-44 X :.\l1nbardi FI.________________________________________._ _ __________ ._ _ 
~inhardl X R-4l FI_-________ • ___________________ •• _.__•___ •• :I ..________ •• \ 3 
~~ • I 2 

1I-44 X ;\Iinhardi F,____...______________•• ____.___ 39 ' 109 .55 1 203 
:\!inhardl X H-44 F ....__________________._._______ 49 I}! 51 I II}! 

Total F, hybrld5._______________________________ &5 i 203 100 ; 3117 

.--.--~--

Five FI plant-s were grown from spring sowing, and these were all 
classed as semiresistant or intermediate in rust reaction. Rust notes 
were obtained on a small F2 population of 397 plants. The 88 resist­
ant, 203 semiresistant, and 106 susceptible plants approach a theo­
retical1:2: 1 ratio. Comparing these data ",jth those calculated on 
a 1:2:1 ratio by the x: method (Table 18), the value P=0.41 indi­
cates that 41 times in 100 trials a worse result would be expected, 
owing to chance alone. 

TABLE 18 -Goodness-of-fit to a 1;2:1 ratio for rust reaction of F'1 generation of 
H;"44 and J[inlwrdi wheat crosses groltmjrolll spring sowing 

} 
Class Observed : Cl1lculated 0-0 

i 
-----!---,-~--

i 
Nu.mba! NumberResistant_. ____•___•__•________ .._._-_________ - •• _•• ___ 203$ ,; 1981)0),.25 -1l.25 ' 1. :l8Semfresisron t ___ •______ •• ___ • ___________ • ____ • ______ "_ 50 .t.M 1 .10Ilu-'Cepiible_ ••• ___ •___ •_______________________ •___•••___ 10D: 99.2.'; 6. 75 ~ .46 

----~c-------------------TotaL ____________________________•____ •_______ ._ 3971 397.00 __ •_______•• , ____________ 
, 

>.'=1.84. P=O• .Jl. 

A Stunrnru-y of the data from the spring-sown 113 lines is shown in 
'Table 19. The Fa plants lVere described as resistant, semiresistallt, 
and susceptible, and the lines later were classed as to breeding behavior 
into the SL"{ breeding groups shown in the table. The rust epidemic 
was fairly hern'""}," in some parts of the nursery, while in other parts 
the infection was much lighter. Since the Fa families were gmwn 
only in single l'OWS, it is possible that the true rust reaction o(some 
families was not obtained. 

http:1981)0),.25
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TABLE 19.-Rust reaction of the parent H-44 and of 589 F3 lines of H-44 and 
~Iinhardi wheat crosses grown from spring sowing 

Numbnr of lines hnving breeding behnvior of-

Segregating , Total 
Variety or cross i number 

'Resist- Semire- 1 ' ; Susccp- of lines 
, But sistant Resi~tn'!t to Resistunt tol Semiresist- tibIa • 

semlreslSt-1 susccptibl'j' nnt t~ sus­
ant e, ccptlblc ! 

-------,---I--~-- --·-·~--l ~ - ..----
Pnrent: H-H__________________, 04 --------r------------I------------I ____________ '_________ ~ 
Hybrids: I i 

IT-H X Minhardi F,_ _____ 72 21 27 Ij 122 i 10 43 276 
l\Uuhnrdl X II-!4.F,______ 92 1 : 16 j 174 : 5 . 25 313 

'l'otal F, IInos___________ -w:I---a! 131 296 ; 15 68 589 

The data in Table 19 do not indicate a simple single-factor inheri­
tance, because in the extreme classes there are too few susceptible 
and too many resistant lines, and also because three families bred 
true for semiresistance. There were segregabing lines containing only 
resistant and semiresistant plants and others containing only semi­
resistant and susceptible plants. It is impossible, therefore, to explain 
these data on the basis of a single genetic factor difference between 
the resistant and susceptible parents. 

FALL-SOWN ~[ATEIUAL 

Rust data were taken on the few F2 plants of the Minhardi X 
H--44 cross that survived the winter at St. Paul, nnd these are given 
in Table 20. The Nlinhardi plants, which were grown in rows 
adjacent to the F2 material, were all clussed fiS susceptible. Of the 
159 F2 plants, 90 were resistant, 35 semiresistll.llt,' and 34 were sus­
ceptible. Combining the resistant and semiresistll.l}.t against the 
susceptible plants, the numbers nre 125 to 34. The deviation from 

. a calculated 3 : 1 ratio is 5.75 ± 2.24, indicating a very good fit, although 
for a single-factor eA"Planation to be tenable there should be no more 
resistant than susceptible plants. 

TABLE 20.-Rust reaction. of the parent Minhardi and of 159 F~ plants of the .il'Iin­
hardi X H-lt4 cross grown from fall sowing 

Number of plnnts having reactiou , 
clnss oc- Total num-

Vnriety or eross 1-------, ber of 
i plnuts

Resistant : Semi resist- SusccPtlblel 

-----.1 1 nnt -~"-l---
M'nhardL-------------------------------------------I------------f.----------- 109 109 
lI-linhardl X U-H F,__ -------------------------------. 00 I .~!~~_~___..~ 

The rust data from the F3 material are summarized in Table 21. 
In a total of 492 F3 families, 100 were classed as susceptible, suggesting 
an I!-p'proach to one-fourth of ~he .lines. J;!owev~I:, there were 25 lf3 
families that bred true for smUll'eslstll.nCe, 14 families that segregated 
for resistant and semiresistant plants, and 44 families that segregated 
for semiresistant and susceptible 'plants only. A single factor dom! 
not explain this segregation, for It could not account for the lines 

~ 

\~ 

)1 
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breeding true for semiresistance and those segregating for only two 
'of the three classes. 
TABLE 21.-Rust reaction of the parent Minhard1: and of 492 F3 lines of H-44 and 


jl-linhardi wheat crosses grown from fall sowing 


Number of F, lines bavlng breeding bebavior of­
1_.__.. _-_ .. _--._--_._---------

Segregating Total 
VnrietF or cross number

'Resist- Semi-; •. Susrcp- oOines 
ant ~~t l Resistant Ues!stnnt ~em!rc- tibia 

to scm!- to suscep- sistant to 
: resistant {filII! susceptible 

Parent: ;\rlnbardL__~~.~_~~__ :-------------- ~~_~~____i------------ ~~~=------___=--=--=-=---=--~-=---:':::=s;=lF'-=~~-S=9 
lIybrids: : I 

R-4l X ;\IlnbnrdL ________, 1337 ' 36 22?>Unbardi X lI-4L________, " 50 12 as S5 22 

Total F, lines_________J Si 2.1 , i4 162 44 100 492-------------------------~-I ~ 
A single-factor segregation is suggested by the data obtained from 

the F2 grown from spring sowing and also from the number of sus­
ceptible plants from the fall-sown F 2• In the Fa generation from both 
fall and spring seeding, how-eyer, lines were obtained which so beha\~e 
that a single-factor eA])lanation is inadequate. 
RELATION BETWEEN RUST REACTION OF FALL-SOWN AND SPRING-SOWNllATERIAL 

Since all the F a lines were grown at SL Paul from both fall and spring 
seeding, it is possible to compare the rust reaction of a line when fall 
sown \'lith the reaction of the same line when sown in the spring. 
Plants of 466 Fa families beaded from both fall and spring seeding, 
and the rust reactions of tbese lines are shown in Table .22. While 
there was some correlation between the J'ust reaction of a line when fall 
sown and when spring sown, the correlation was not absolute. For 
example, of the 86 families that were classed as resistant in the fall­
sown nursery, only 45 were also resistant when spring sown, 3 being 
susceptible and the remainder segregating in ,anous ways. There 
were 94 Fa families that were susceplible when fall sown, and of these 
32 were susceptible when spring sown and 8 were resistant, 1 semi­
resistant, and 53 segregated in various ways. 

TAllLE 22.-Gomparison of the rust reaction of Fa lines of H-44 and Minhardi 

wheat crosses grown from fall and spring sowing 


; Number of lines h~Vlng rust r~~~es wben SPrin~ sown~! 

Rust reaction of lines wbcn i f \ Segregating i Total 
, II I' number
ill~ ~~~, ~~~~ 

ant ! reslst- . Resistant Ueslstunt: Semire- tibia 
1 ant to semi- to suscep- ; sistanl to I 11 

resistant tlble I susceptible I 
_~_________._.__ ""1-~___' ____!"_"'~__""'''_'., J___ _ 

Reslstunt_____________________ . 45 :_________1 6 30 : 2 ' 3 86 

Semlresistant________________: 4 ',1 1 !J. 1__________2__'.. _--_-__--___--_-_ 25
 
Reslstunt to semlreslstunL ____: 40 :_._______ 6 .u . 72_ 

Reslstunt to susceptlblc _______· 34 t---------, 10 86 4 I 7 150 

Semlreslstunt to suscepllblc ___ ' 4 iI, 1 24 i ____________ ' 0 30
Susceptlble____________________: S ; 1 I 3 45 , 5 I 32 04 

m _________ 36TOtnl__ ___ m : 135 ! 3 ! 2281 51 46613 
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The exact cause for the difference in behavior is not known, al,.. 
though there are several possible explanations. Since the nurseries 
were about a mile apart, it is possible that different physiologic forms 
of stem xust were present, although the epidemic was first started in 
the guard rows surrounding the fall-sown nursery, and inoculum from 
these xows was used in starting the epidemic on the spring-sown ma­
terial. It is possible that different genetic factors are involved. The 
same factor or factors that control rust xeaction when the plants are 
spring sown may partly control the reaction when they are fall sown. 
In addition to the main factor or factors, however, there may be 
additional factors of minor importance which operate when the 
material is grown over a longer p~riod from fail sowing. It also might 
be possible that factors for rust reaction are linked with factors for 
growth habit. The f(tct that in the spring-sown material there were 
proportionately more resistant F3 lines and in fall-sown material 
more susceptible lines would tend to support such a conclusion. How­
ever, when the rust data from both fall-sown and spring-sown ma­
terial were recorded by growth-habit classes there was little or no 
indication of any gradual change in rust reaction as the groups 
changed from spring to winter growth habit. 

Because of the natme of the material, a complete study could not 
be made. The data cover only a part of the population, since the 
less hardy lines were eliminated from the fltil-sown nursery by winter­
killing, and the winter types wm·e eliminated from the spring-sown 
nursery by their failure to head. Rust, readings could not be obtained 
for the F3 lines thus elimi.nated, and eyen for many of the lines on 
which data were taken the lllmlbers of plants surviving the winter or 
heading from spring seeding were probably too small to give a true 
picture of breeding behavior. In disease reaction two organisms, the 
plant and the pathogene, are involved, both of which are influenced by 
environment. In this particular case the inadequacy of the material 
due to environmental effects and the complicated nature of the 
character involved certainly justify no definite conclusions. 

LABORATORY S'l'UDIES 

Rust studies, usin$ known forms of rust, were made in the green­
house on seedling plants of parents and F3 hybrid lines. For this 
study stem-rust forms 36 and 60 were used. The methods of con­
ducting such greenhouse seedling rust tests and the taking of data 
have been described (1,21). 

REACTION TO FORM 00 

In the seecliing stage H-44 is highly resistant to form 60. A. total 
of 972 plants of H-44 were infected with form 60, and of these 933 
were classed as type 1 in reaction and 39 as type 2, both being resist­
ant reactions. :Minhardi, on the other hand, was very susceptible to 
this form of rust. A. total of 980 plants were infected, all of which 
had a type 4 or s\lsceptible reaction .. (PL 3.) 

The data from the greenhouse studies with form 60 are shown in 
Table 23. In ali, 264. F3 lines of H-4.4 X MJuhl1rdi and 216 Fa lines 
of Minhal'di X H-44 were grown. Since the rel1ction WI1S very dis­
tinct, it was comparatively easy to separate the F3 lines into three 
breeding groups~resi~tl1nt, segregl1ting, I1nd susceptible. (PI. 3.) 
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The number of families falling into each group were 114, 265, and 
101, xespective1y. These are compared in Table 24 with a similar 
,total calculated on' a 1:2:1 xatio, using the goodness-of-fit method. 
The value of P=O.05 indicates that only 5 times in 100 trials would Il. 
xesult as bad or worse be eA-pected due to chance alone. The poor fit 
is due chiefly to the fact that there were too few susceptible and too 
many segre(7ating lines recovered. Although the agreement between 
the observe~ and the calculated xatios is not good, the writer believes 
that a single-factor difference is largely responsible for the results~ 
since only one type of segregation was observed in the heterozygous 
lines. 

TABLE 23.-Reaction to stem rust form 60 oj parents and 480 F3 lincs oj JI-44 and' 
il1inhardi wheat crosses grown in the greenhouse 

I 

NumberoClineshn'l"ingreactionoC-\ T I 
, , ota 

Variety and cross ; . ,'--------! number oC 
, Resistant 1Segregating Susceptible i lines 

-----------~--.---~-__:l------l---
Parents: .. I 

~~a;di:=::::::::::::::::::::::::::::::::::::::::'_________::_::::::::::::: --------24- i 

Hybrids:H-H X :\IinlJardi F,_______________________________ 
l\Iinhardi X H-H Fl_____________________________ _ 63, 

51 
145 
120 

56 . 
45 

264 
216 ---Total F, lines____________________________________ 114 ,; 265 ' 101 480' 

TABLE 24_-Reaction to stem rust form 60 f f 480 Fa lines oj 1I-# and j'y[inhardi 
'wheat crosses, compared w·ith a calculated 1 J:l ratio by the goodness-oj-fit method 

Number oC lines 
(O-C)'

Breeding groups o-c -0-'-
Obtained !calculate~ 

--------------------- -,--~- -------
Rcsistant. ____________________________________________ ' 114 : 

120 -6 0.31)
Segregating____________________________________________ 265 ",. 240 . 25 2.60Susceptible_________________________________________• __ 

101 120 , -19 3.01 
Total. _____ •• _______.________ ____________________ --------_.----------480 480 1________________________ 

x'=5.91. P=O.05. 

Some variation was observed ill the expression of resistance to 
form 60 in the seedling stage. It was pointed out that the reaction 
of R--44 was mostly type 1, '.Y-ith some type 2. A majority of the pots 
of H-44 had all plants classed as type 1. Among the 114 resistant 
hybrid lines, 10 lines had all plants classed as having type 1 reaction. 
Fifty-·seven lines had more type 1 than type 2 plants, 47 lines had more 
type 2 than t}'Pe 1 plants, and 1 line was classed as all type 2. 

In the rllst tests one pot of each line was rUll at one time and a 
second pot later, in order to check cer-tain. inconsistencies. The lines 
giving both type 1 and type 2 reaction were separated into two 
groups-those giving the same reading both times and those giving 
.reversed readings in the two tests. If a line had more type 2 than 
type 1 plants both times, it was placed in the first group; but if in the 
first test there were mor.e type 2 than type 1 plants and in the second 
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test more type 1 than type 2, the line was put in the second group. 
Of the 113 lines giving types 1 and 2, 39 showed reversed reaction .in 
the two trials. This indicates that while minor factors may have 
been operating in the resistant lines, environmental :fluctuation was 
so great as to make a study of these minor factors impossible. \ 

I 
\ 

REACTION TO FORM 36 

A second experiment was conducted on 150 hybrid lines to deter­
mine their reaction to form 36. The parental reaction to this fonn 
'was identical ,.,.-ith that for form 60, H-44 being resistant, mostly 
type 1 with a iew type 2 plants, and Minhardi susceptible. The 
hybrid lines were chosen on the basis of their reaction to form 60. 
Sixty lines resistant to form 60, 60 susceptible lines, and 30 segregating 
Hues were selected. In all cases reaction was the same as for form 60, 
indicating that the same genetic factor or factors control the seedling 
reaction to these twoiorms of rust in the greenhouse. 

RELATION BETWEEN SEEDLING AND MATURE-PI.ANT REACTION 

To be of practical yalue, seedling-rust reaction in the greenhouse 
must give an indication of the mature-plant reaction in the field. 
The greenhouse seedling reactions of 459 Fa lines are compared with 
the field reaction of the same lines gr'own from spring sowing. (Table 
25.) Of the 105 lines which were resistant in the greenhouse, only 42,'• 
were resistant when grown in the field, and 7 of the lines bred true for .~ 
susceptibility. More than half of the 257 lines segregating in the '1 
greenhouse also segregated in the field, 65 were resistant and 18 sus­
ceptible. There were 97 susceptible lines in the greenhouse, and of 
these 12 proved to be resistant and 31 susceptible in the field. There 
was some relationship between the greenhouse and the field reactions. 
Itwould seem that the factors or !!roup offactors that control seedlin!!­
rust reaction only partly control the reaction of the plants in the ;~ 
mature stage. In addition there are other indepenchmt factors con-' 
trolling the mature-plant reaction. 

TABLE 25.-Seediino-rllsl reaction in the greenhouse of ;'59 Fa lines of Il-;'4 and 
M inhardi wheal crosscs comparcd 'with the mature-plant field reaction of the same 
lines when spring sown 

-., .-------_._._--------;---
Number of lines having muture-plant field reaction of-

Segregating Total 
Greenhouse seedling renction num­

ber ofSuscep­ Jinestible 
nnt to I' to 5\15- nnt to SUS­

Rg~t :~~t ~~res;~t-I~~:i~:~ l' S~:i~~~s~-
I resistnnt CQptiblc ceptlblc 

'-T--! i \--1--
ResistnnL____________________, 42 1 2 ! ]6 I 37 1 7 lOS 
Segregatlng___________________.! 65 ,_________ 20 , 145 I 9 18 207 
Susceptible--------------------l 12 '---------i fi 1 45 ! 4 31 97 

.rotal____________________\-liilj---2i ·11 1 22i -, 14 ! 56 ~ 

Oomparing the greenhouse-seedling reaction with the matme-plant 
field reaction of the Fa lines grown irom faU seeding (Table 26), there 
is less con-elation than for the spring-sown field material. Of the 
84 lines classed as resistant in the greenhouse, 15 were resistant and 
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.'10 suseeptible in the field. Among the 87 lines that were susceptible 
in the greenhouse, 11 were resistant in, the field and 26 were susceptible. 

TABLE 26.-Seedling-rust reaction in the greenhou8cof 380F3 lines of H-# and 
Minhardi wheat cr08ses compared with the mature-plant field reaction of the 
same lines when fall 80wn 

Number oC lines having mature-plant field reaction oC- I 
____~----~-----------------~----I 

Segregating 1 Total 
Greenhouse-seedUng reaction i num­

Resist- Semira- I , I Susccp- i ~r~~c 
Bnt ! sistant ! Resistant Resistant 'I Semiresist- tible I!to somire- to SlIScep- ant to I 

tible~,.__l_1 sistant ;~usCCPtibl~ _:_=ru
I I , 

ResistanL____________________ 15 I 7 I 16 25 11 I 10 84 
Segregating____________________ 37 i 9 I 27 77 21 1 as ' 209 
Susceptible______________________1_11__6 ! 10 27 7 I 26 ,__8_7 

TotaL__________________ 631 22! 53 ._~1~1~~__~~1~._~~~_~ 

Here again the data indic8.te the presence of additional factors 
for mature-plant reaction in the field. It would seem that in this 
case the additional factors have as much influence on rust reaction 
in the field as the factor for controlling seedling reaction. It is 
hardly possible to eJ..-plain the Tesults on the basis of two independent 
factors, for the reason that a single factor will not explain the results 
obtained in the field. Additional factors would have to be assumed 
for a complete eJ..-planation. 

The conclusion that different factors control the reaction of the 
seedlings in the greenhouse and the mature plants in the field is jn 
agreement with the work of Hayes and Aamodt (17) and Goulden, 
Neatby, and Welsh (15). 

HEADING PERIOD 

It was impossible to make a careful study of the time of heading 
in the fall-sown material, as many plants winterkilled. Early head­

t in.g is an important character in winter wheat, however, and notes 
were taken to determine whether some of the hybTids \VeTe as early 
as or earlier than Minhardi in time of heading. A. single date was 
recorded for each row, being the date when heading was general in 
the row. The data from the two stations are presented in Table 27. 

In the material grown at St. Paul the Minhardi checkrows headed 
from June 17 to June 24, with most of the rows heading between 
June 18 and June 21. Among the hybrids, heading started June 14 
and continued until Jtme 28. The mode and mean dates of heading 
of the hybrids are earlier than for the Minhardi parent. Of the 
surviving lines, 18.5 per cent heeded before the earliest date for 
Minhardi, and 2.6 per cent after the latest date for Minhardi. 

In Montana, Minhardi headed from June 22 to June 28, most of the 
rows heading between June .25 and Jlme 27. The hybrid lines started 
heading on June 16 and continued until June 30. A total of 65.6 
PElr cent of the hybrid lines headed before the. earliest row of the 
Minhardi, and only 1.3 per cent of the hybrid lines headed later than 
the latest ,Minhal'di row. 
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'1',\ llT,E 27.-Dafe of heading of Minhardi and Fa line8 of H-44 and Minhardi wheat crOSBes groWn from fall 8eeding at St. Paul, Minn., and ~ 
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Number or lines hending June-	 ToM Menn tJdnte of Vnriety or cross I. ., . 	 \num­ hending-

Juno 
20 21~ \15 _~6. _~~l~.' 19 I, _~ _L2~ ~~ J..~5 ! 26 1.27 .I~ _~_~O_ .!~~~ ~ 

St. ~1\~imrdL.____ ..___••_.__ ...____••__ •__________---'=::: ______ 61 18 I 25 17 1 15: !i_\ 1 1==1----..1.-----1.....-______ ______ ~5 ! 	 89 19.1i::l::0. 

ll:-l4 X MiuhnrdL__________________________ l' 11 231' 67 ' 49 I 45 13 ; 81 3 I 31 1 i 51 1 ; ______11______ ..____ ______ 230 td18.1:1: •
l\UnhnnU X H:-IL__________________________ 2 I 21 33 79 1 52: 32 17 j 7 9 I 2, 2 ! 4 I 2 ,______ 1 ______ ______ 263 17.0:1: • d 

'r t 11 bid -'--I-'-'--,-·-·q;-j-I'-'-'-I-- -- 18.0:1: • ~onlY r S._____________________________ 3 I 32 50, 146 101 I 77 30. 15 I I. i 5 3 9 - 3 ______ 1 ______ ______ 493 
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U:-I4 X l\linhnrdi. ___________________________ :=::=--2-1--0-'6060 2iTao--ls-"--J3I15i19jI3T171--0- --5-1\--I--WO 21.4:1: .1 
~ 
~l\linhnnU X H--IL__________________________ --____:==__5_1_.!~.L-!J~~,~~i.~.--o-I--7-i~!--O---5-__2_::== ~ 20.2:1: .1 I-' 
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Many mOl'e hybrid lines were earlier than Minhardi at Moccasin 
than at St. Paul. There may be at least two explanations for this 
behavior. At Moccasin killing was less severe and more spring­
growth habit types may have survived, these types tending to head 
,earlier. It is known that under different environments varieties of 
wheat may head at relatively different periods, and it is possible that 
'Minhardi heads relatively later at Moccasin than at St. Paul, thus 
:giving a different standard of comyarison. 

The date of heading at St. Pau was correlated with the date of 
beading at Moccasin for 476 F3 lines heading at both places. The 
-coefficient r = +0.468 ± 0.024 shows a tendency for the lines to react 
the same for date of heading at both stations. This correlation 
between date of heading for the hybrid lines gro\""Il at the' two sta­
tions is slightly higher than that for winter hardiness at the two 
places, the latter correlation being + 0 .416 ± 0.023. 

COLOR OF cOLEOPTILE 

As the young. wheat plant emerges from the soil its first foliage 
leaf is inclosed in the plumule sheath or co]eoptile. N ear the tip 
there is a slit through which the foliage leaf emerges. Percival (32) 
has described the coleoptile in some forms of wheat as pale green or 
·colorless, while in others it is pink. 

The coleoptiles of H-4.4 plants when emerging from the soil in the 
-greenhouse have a rather distinct purple color. This color persists 

t .after the foliage leaves grow out of the coleoptile, and in some cases 
the base of the fIrst leaf shows the purplish tinge. Minhardi, on the 
-other hand, has a light-green coleoptile. In growing the hybrid 
plants for the laboratory freezing tests and for the greenhouse rust 
studies it was possible to obtain data on the color of the coleoptile of 
the parents and hybrids. The number of plants available for study 
in each of the hybrid lines varied from 12 to nearly 100, and in addi­
tion a large number of parent plants were classified. All the studies 
were made on F3 material, but since the lines were selected at random, 
they probably are more accurate than if made on Fz material only. 

The development of coleoptile color proved to be eA"tremely vari­
able, appaJ'ently being considerably jnfiuenced by temperature andt sunlight at the time of germination and emergence. Since pots ox 
the same lines were grown at several different times, it was possible 
to obtain data that revealed the vaJiability of the character under 
varying conditions. All the data for a given F3line were combined 
to determine its breeding behavior. 

The plants were described and grol.lped in three classes-dark 
purple, light purple, and green. The plants of H-44 were classed as 
<lark purple and light purple, there being 1,703 dark purple and 288 
light purple. Minharm plants, of which 2,203 were grown, were all 
classed as green. Out of 480 F3 hybrid lines, 33 proved to be homo­
zygous for green. The ratio of 447: 33 deviates from a calculated 
15: 1 ratio by 3.0±3.58. 

.Although the expression of the purple color was somewhat variable, 
making classifIcation difficult, the F3Iines were classed into six groups, 
.as sbmm in Table 28. The observed numbers are compared with 
calculated numbers based on a 2·Jactor diff.erence. Observed and 
calculated data do not agree very well, the goodness-of.,fit test giving 
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,a value of P=0.09,indicating that 9 times in 100 trials a result as 
bad or worse would be expected from chance alone. The high x! 
and low P values' are caused by wide deviations in the true dark­
:p'urpleand true light-purple groups and in the groups segregating for 
light purple and green. It ie;; believed that these discrepanciec;; were 
caused by difficulties of classification incident to the variable expres­
sion of the purple color. The homozygous grean lines were distinctr 
and the expression of the green color was uniform, so it is believed 
that this group was properly classified. On this basis it seeme;; evi­
dent that at least two genetic factors are needed to explain the results. 

TABLE 28.-Breeding behavior Jor co/eoptile color oj 480 Fa lines oj H-J,4 and 
J..[inhardi wheat crosses compared with a calculated genotypic 1 : 2 : 4: 4: 4: 1 ratio 
by the goodness-oj-fit method 

Number of lines 
(0-0)'

Breeding behavior for coleoptUe color 0-0 -0-
Ohserved Calculated 

30 -9 2.70~~: fl:r,~~~~l:::::::::==:::=::::::::::::::::=::=:=:: ~ 60 -10 1.67 
Segregating dark purple to light purple________________ 109 120 -11 1.01
Segregating dark purple to green_______________________ 127 120 7 .41 
Segregating light purple to green_______________________ 140 120 20 3.33
True green_____________________________________________ 33 330 .30 

TotaL ___________________________________________ __- ____ __ __ __- - ­I---48Q-11---48-0-1-__- - - -_-_~_--_-__ __ __ 

x'=9.42. P=0.09. 

The following hypothesis is presented. Assuming as present in ~ 
H-44 two duplicate dominant faotors, cumulative in effect for dark­
purple coleoptile (P1P 1P 2P 2), and as present in Minhardi the recessive 
allelomorphs PIPI P2P2 causing greencoleoptile color, the Fl would be 
PIPI P 2P2, while the F2 genotypes and Fa breeding behavior would be 
as follows: 

Parts ofF. genotype Fa hreedlng behavior 16 

1 True for dark purple. 
2 True for light purple. 

4 Segregating for dark purple and light purple. 
4 ' Segregating for dark purple, light purple, and green. 
4 Segregating for light purple and green. 
1 True for green. 

This hypothesis gives the genotypic 1:2:4:4:4:1 ratio used in Table 
28. The discrepancies between observed and calculated data have 
been previously exp~ained as pI'opably due to difP.culties of classifica­
tion due to the varIable expreSSIOn of the pUI'ple color. A 2-factor 
hypothesis, therefore, seems to give an adequate explanation of the 
segregation observed. These results are in agreement with those 
obtained by Goulden, Neatby, and Welsh (15) in an H-44 X Marquis 
cross. 
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AWNEDNESS 

The H-44parent.is awned, while Minhardi is classed as awnless, 
·although there are short awnlets at the tip of the spike. The F1 
hybrid of this cross had slightly longer awnlets than the Minhardi 
p.arent. The F2 plants were, therefore, described in three classes­
awnle.ted like Minhardi, strongly awnleted like Fh and awned like 
H-44. 

The datajrom F2 plants obtained at Davis, Galif., in 1928 and at 
St. Paul in 1929 are given in Table 29. The Davis material was a 
true random sample, there being no elimination due to winterkilling 
or to plants failing to head. In this population there were 501 
awnleted and strongly awnleted to 122 awned. The wide deviation 
from a 3: 1 ratio, 33.75 ± 7.29, was caused by a deficiency of awned 
plants. Inspection of the data shows that the separation of the F2 
material into homozygous awnleted and heterozygous or strongly 
awnleted classes also was not good, as too many were classed as 
awnleted. 

TABLE 29.-Segregation for awn development of F2 plant8 oj H-44 and lYIinhardi 
wheat crosses 

Number of plants 

Cross 
Strongly !Awnleted Awned Totalawnleteu i 

----------------1----1 
Davis, CaliC., 1027-28: !

R-44 X MinbardL ______________________________ " 94 146 ! 53 293 
Minhardi X R-44__________________________________ 106 155 ; 69 330 

Tlltal F,_________________________________________I---200-l---3-01-t----I---­122 623 

96 . 50 I 203 
107 42 I 194 

Total F._________________________________________! 1021--2-03----­
st. ~!Nr~i~it~;~~~=~~~~~===================i ~~ I 

92 j 397 

The F2 material grown at St. Paul was not a true random sample, 
because the winter plants failed to head. In this material there 
were 305 awnleted to 92 awned, which deviated 7 ± 5.82 from a cal­
culated 3:1 ratio. In this case the observed and calculated ratios 
agree reasonably well. 

Data on breeding behavior for awn development were taken on all 
Fa hybrid lines. This made possible a comparison of the F2 classifi­
cation with the Fa breeding behavior and a correction of the F2 
classification. 

The data in Table 30 show that in F2 it was difficult to separate 
the homozygous from the heterozygous awnleted types. Of the 199 
plants classed in F2 as awnleted, 43 produced segregating progeny in 
Fa, while 12 of the 301 plan.ts classed as strongly awnleted bred true 
in Fa. All of the plants classed as awned in F2 bred true in Fa. 

Correcting theF2 ratio of the Davis material on the basis of Fa 
breeding behavior and comparing the observed numbers with a calcu­
latedl :2:1 ratio by the goodness-of-fit method gives a value P=0.008. 
_(Table 31.) This very low probability is due to the small number of 
awned plants in F 2, although all of these when grown bred true. 
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The F j generation grown at St. Paul, while not a true random sample, 
did not show this lack of awned plants. In spite of the apparent lack 
;of agreement in the Davis F2 material, caused by the deficiency of 
true-breeding awned lines, the fact that there was only one type of 
·segregation in F3 makes it almost certain that only a single genetic­
factor difference controls the awn situation in this cross. It is possible 
that this poor fit, as well as those observed for some of the other 
.characters, could be due in part to the abnormal chromosomal behav­
ior of H-44., as repo'rted by Elders (11). This single-factordiffcrence 
is similar to the early results of Biffen (5), those of Hayes and Aamodt 
(17), Gaines and Singleton (14), Goulden, Neatby, and Welsh (15), 
and Clark and Quisenberry (9) in crosses between R\vnleted and 
,awned wheats. 

'TABLE 3Q,-Breeding behavior for awn development of Fa lines of H-44 and jl1inhardi 
wheat crosses compared with the F2 awn classification 

!I Breeding behavior in F,lincs 
'fotal num-Classed in F, as­ bcroflines 

A wnlctcd ScgregatingI AwncdI.-----------1 ~--I J---
Awnleted______________________________________________ i 156 43 '____________1 199 
.Strongly awnlctcd ______________________________________ i 12 289 1------------ 301 

Awnc~~~~~~~~~=~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~: :~:;--------~~T------;;~-i ::1---::­
'TABLE 3L-Comparison of the Fa breeding behavior for awn development of H-44 

and ~Iinhardi wheat C)'osses with a calculated 1:2:1 ratio by the goodness-of-fit 
method 

Number of lines 
(0-0)1

Breeding group 0-0 -0-
Observed ICalculated 

--------------------------------1-------
Awnleted______________________________________________ 168 : 155.5 12.5 1.00

,Segregating____________________________________________ 332 i 311.0 21.0 1. 42
Awned_________________________________________________ 1222 155.5 -33.5 I 7.22 

1---------I------­
622 I 022.0 jTotaL___________________________________________ ------------t----------­

X'=9.64. P=O.OO8. 

CHARACTERS NOT ASSOCIATED 

Throughout the foregoing presentation the more important asso­
ciations of the characters have been presented and discussed. It was 
shown, for example, thllt winter-growth habit and cold resistance 
were associated, as well IlS Qe.taofhellding of fall-sown material and 
hardiness. 

All data were taken so as t'1 m~:. i!possible to study the associa­
tion of the various charar.ters. l'lo relation was found between awn 
type and date of heading in the F2 material grown from spring sowing 
.at St. Paul. This study was limited, of course, to the plants that 
headed. In this same material no si~ficant relation was found 
between rust reaction and date of headmg. There was only a slight 

-tendency for such as~ociation, and this was probably due to the fact 
~that these later plants had a better chance to become infected, sUlCe 
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there was a greater abundance of inoculum present late in the season. 
There also was no relation between awn type and rust reaction in 
F 2 lines. 

In the F3 material there was no relation between awns and average 
hardiness index. There was no relation in Fa between growth habit 
and date of heading when fall sown. The purple coleoptile color of 
H-44 was not associated with seedling resistance to rust. 

DISCUSSION 

A study of the inheritance of hardiness is difficult to conduct. If 
ssudied in the field the work must be done in a locality where differ­
ential killing can be obtained. If the winter is mild, very little or no 
killing will occur, depending upon the hardiness of the material being 
studied. On the other hand, if the winter is very severe, wit.h con­
tinued low temperatures and little or no snow covering, all of the 
matedal may be lost. Such conditions make necessary the growing 
of matedal at more than one place, and, for a thorough test, over a 
period of several years. No chemical test yet devised can be used 
satisfactorily as a substitute for actual freezing, either in the field or 
in the laboratory. The data here presented show that artificial 
freezing in the laboratory may be used on breeding material, with 
reasonable assurance of success. The correlation between survival 
from artificial freezing and survival from field e)..-periments is fairly 
good, even though there is reason to believe nhat laboratory methods 
might be improved. 

There are reasons why field and laboratory hardiness tests may 
neyer completely agree. The laboratory freezing test gives a measure 
of the resistance to cold of a variety or a hybrid strain at the tiine the 
test is made. The weakness of the artificial test lies in the fact that 
it is very difficult to harden off the material thoroughly, in. order to 
get an absolutely correct picture of the reaistance of the strains to 
cold. No doubt yarieties differ greatly as to their speed in hardening 
off and ability to build up resistance. Another disturbing factor is 
that in the field tests, while resistance to cold usuully .is of :first 
importance, there are other factors, such as drought, soil blowing, and 
heaving, which cause ,,,'interkilling. 

The data presented indicate a correlation between winter-growth 
habit and winter hardiness. This relationship seemed to go still far­
ther, since in general the earlier-heading spring types were less hardy 
than the later~heading spring types. This association was not com­
plete, however, since early spring-habit lines were obtained that 
were more hardy than H-44. Winter-habit lines also were obtained 
that were less hardy than Minhardi. This fact is of practical im­
portance in winter-wheat breeding work. For certain areas, espe­
cially in :Montana and :Nlinnesota, it is necessary to have a hardy 
winter-wheat vadety, the date, of maturity being of secondary im­
portance. In southern Nebraska and in Kansas a successful variety 
should have both winter hardiness and early maturity. The data 
indicate that the production of such a variety is difficult but not im­
possible. It does emphasize, however, the difficulty of breeding 
hardy adapted yarieties for the more southern areas when the breeding 
operations are confined solely to those areas. The problem can be 
met, however, by dividing the seed of selected lines, growing part 
where a measure of winter hardiness can be obtained and the other 
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part when there will be a true expression of time of maturity. From 
the two sets of data it should be possible to select among the early 
types adapted to the southern area those that are more winter hardy 
and vice versa. 

SUMMARY 

Crosses were made between H-44, a spring wheat, and Minhardi, 
a winter wheat, and the segregation for. winter hardiness, winter­
growth and spring-growth habit, rust reaction, and other plant char­
acters was determined. 

The field studies on winter hardiness were conducted at University 
Farm, St. Paul, Minn., and at Moccasin, },tlont. At St. Paul the 
killing of the F3 material was heavy, and there was a piling up at the 
less hardy end of the curve. In },tlontana, where killing was less 
severe, there was a piling up on the hardy end of the curve. The 
correlation between the hardiness of the F3 lines at Moccasin and at 
St. Paul, however, was +0.416 ± 0.023, showing that in general the 
same condition, chiefly low temperature, caused the killing at both 
places. The winter-hardiness character appears to be controlled by 
several genetic factors, the final expression being greatly influenced 
by the environment under which the material is grown. 

In laboratory freezing tests the F3 lines varied in cold resistance 
from the tenderness of the H-44 parent to the hardiness of the Min­
ha.rcli parent, with a preponderance of tender lines. A correlation of 
+0.713 ± 0.031 was obtained between cold resistance, as measured 
by the laboratory freezing test, and field survivals, showing that cold 
resistance was the principal character determining winter hardiness. 

Growth-habit studies were conducted on F2 and F3 material. 
Limited F2 data indicated a ratio of 15 having spring growth to 1 
having winter-growth habit. A genetic explanation for growth-habit 
segregation in F3 is suggested by assuming duplicate dominant factors 
for spring-growth habit, H-44 (spring) having the genotype AABB 
and Minhardi (winter) having the genotype aabb. This hypothesis 
gave an adequate ex-planation of the results obtained. The presence 
of a dominant factor or factors gives spring forms varying in earliness 
from those as early as H-44 to those which head very late. 

A correlation was found between winter-growth habit and winter 
hardiness, as ex-pressed by both field and laboratory tests. The asso­
ciation was not complete, since winter forms were obtained that were 
less hardy than :Minhardi as well as spring forms that were more 
hardy than the spring parent. 

Data on rust reaction in the field at St. Paul were nonD too satis­
factory, since from the fall sowing many plants were killed and from 
spring sowing many plants failed to head. A single-factor difference 
for resistance and susceptibility was indicated by the F2 results from 
the material grown from both fall and spring sowing. The F3 studies, 
however, proved such an explanation to be inadequate. In addition 
to the major genetic factor involved, other minor modifying factors 
must be assumed to ex-plain the reaction obtained. 

There ,'ms little relation between the rust reaction of a line when 
fall sown and the same lines when spring sown, indicating the presence 
of clifferent forms of rust or a different expression of the genetic factors 
due to the dillerent length of the growing period. 

In the greenhouse a segregation approximating 1 resistantJ 2 seg­
regating, Ilnd 1 susceptible wns obtained from 11'3 lines inoculated with 
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physiologic form 60 of 'stemrust. There was an indication of minor 
factors influencing the expression of rust reaction, even in the green­
house. The behavior of the lines was the same when inoculated with 
form 36, showing. that the same factor or factors control the reaction 
of the seedlings to these two forms of rust. 

No close relation was found between the greenhouse-seedling reac­
tion and. the reaction of the mature plants in the field. It would 
seem that genetic factors, in addition to those controlling the reaction 
in the seedling stage, are necessary to explain the reaction in the 
mature-plant stage. 

Data on the date of heading were obtained at both stations on the 
Fa lines that survived the winter, a single note being taken on each 
row.. At St. Paul the Fa lines started heading before lvIinhardi and 
continued later. The mode for heading in the hybrids was earlier 
than the mode of tbe winter parent. At Moccasin, the hybrid lines 
started heading sh: days before lvIinhardi, the majority being headed 
before Minhardi started. The correlation between date of heading 
at St. Paul and at Moccasin was +0.468 ± 0.024. 

Greenhouse seedlings of H-44 have a purple-colored coleoptile, 
while seedlings of Minhardi have a green coleoptile. A ratio of 15 
purple or segregating lines to 1 homozygous green line was obtained 
in the Fa, indicating dominant duplicate factors. It is assumed that 
H-44 has the genetic constitution PIPI P 2P 2 and lvIinbardi PIPt P2P2. 

H-44 is awned, while Minhardi is classed as awnless or awnleted. 
Segregation of this character indicates that a single genetic factor is 
involved. 
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