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B SUMMARY

?ﬂ)nta relating to the quality chorscterisiies of winfer and spring
wieat are reported for 44 varietics grown in experimental plot and
mysery trials in the western United States, mostly without but in
s@ne cases with irrigation.  Included wore the important commercial
affl & number of new and more promising varietics. The study was
ufdertalien cooperatively by western agricultural experiment stations
and the United States Department of Agriculture. It should be
betne in mind that these samples have been grown under comparable
cuncht;ons whereas commercially some varteties, such as Baart and
‘key, are nearly always grown in the drier areas, while others, such
ymar and Federation, are usually grown in the more humid areas,
J-I‘he results for the feld plot and nursery experiments are in
c¥eéellent agreement as also are those for the irrigated and non-
irrigated samplcs of the same varicties, except for dough-ball time
and for the bread quality of the variety Baact. In\gn,l,mn tended
to reduce materially the dough-ball time of most varieties but had

1 Submitted for publication August 144, ‘The stadies herein reported wern made in the laborntories of
the Gralo Produels Brapch, Ollice of Distrlbotion, Wuar Faod Administration, in conperstipn with the
Division of Cercal Crons and Diseases, Burcou of Plant Industry, Spils, and Agncuir.urn! Engincering,
Agrienllural Ressareh Administration, Credit is dua B. 13, Bu_!,'les, far Illnnnilu;' Lhe experiments and ns-
istinyg in Lhwe inlerprelation of the dats; Lo S. C Salmas, for sinlisticnl ud vice and assistanes in interproting
the dnla; and Lo 4. Sallak, for mest of the caleutladons, Tha esperiments fram which the geain for these
studics was obilained w ¢re cond neled in eooperation with the several State agricultural exporiment stations
jn the region.
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little or no effect on those characterized by & very short dough-ball
time. The loaf volume and the grain-and-fexture scores of the bread
from Baart grown under irrigation were materially less than when
grown without irrigation and cannot be explained satisfactorily by
differences in protein content. The irrigated and nonirrigated plats
were not necessarily comparable in other respects, and hence such
differences 8s were observed cannot with certainty be attributed to
irrigation alone,

Of the 18 varicties of winter wheat tested, the 6 hard winters
averaged slightly higher in protein content and test weight and
lower in particle-size index, had o longer dough-ball time, and pro-
duced better bread but poorer cakes and cookies than the soft varie-
ties. The differences in protein content gencrally were small. In
genersl, more grain protein was retained in the flour of the hard
wheats than of the soft.

Of the hard winter varietics, Turkey and Rio appeared to be best
for bread.. Reliel averaged slightly less than Turkey and Rio with
respect to protemn content and bread quality. Rio and Oro were
relatively low and Relicl high in carotenoid content of the grain and
flour. Ridit, Turkey (Kharlcof), and Rio were the Iowest in flour ash.

Afl the soft winter wheats had a particlesize index of 22.7 or
higher and all produced satisfnclory cakes and cookics. Triples
produced the best cakes, with Geldceoin, Rex M1, and Athena only
slightly inferior. The poorest cake was from Hymar, which had a
refatively low particle-size index. Jeukin, Albit, and Hybrid 128
made the best cookies. The unusually high particle-size indexcs for
Rex, Rex Mi, and Rex M2 may be related to the difficultics in
separating the bran and flour and to the low yiclds of flour often
complained of by commercial millers. With respect to test weight
Triplet excelled all other soft wheats and nveraged practically equal
to the hard wheats. -

Carotenoid content of the flour of the soft winter wheats ranged
from 3.28 p. p. m. for Rex M2 to 1.6G p. p. m. for Elgin. Al varictios
bleached to what is generally regarded as a satisfactory level, bub
varietal differences in the color of the bread weve still evident.

Among the spring wheats the general relation belween hard and
soft varieties was much the same as for the winter wheats, including
& greater preotein loss in milling the soft wheats,

Tests of the few spring varietics, which have hard vitreous grain,
showed neither large nor important differences in bread quality.
The vaviety Baart (which has semihard to hard grain), grown withous
irrigation, produced as good bread as any of the spring wheats.
When grown with irrigation, the bread of Baart was poorer than others
in relation o the protein content of the flour. The quality of bread
and the dough-ball time of Fedawa, a solt wheat, approached that of
the hard wheats, although the flour contained 1 to 3 percent less
protein.

Adl the soft spring wheats produced satisfactory cakes and cookics.
The best cakes were from Pacific Bluestem, Idaed, Union, Dicklow,
Lembi, and Jenkin. Jenkin and Ubnion averaged best for cookics.
Baart was cqual to or superior to any of them for cakes though
inferior lor cookies. :

Baart was among the highest in test weight, Fedawa and
Ridit X Jenkin produced the highest yields of flour, averaging oven
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higher than the hard wheats. The ash content of the flour of Fedaws,
however, was relatively high.

Jenkin, Union, Federation, Onas, and Pilecraw averaged high in
carotenoid pigments, and Baart, Lemhi, and Dicklow low. All
bleached satisfactorily, but the diffcrences tended to be carried over
into the bleached flour. :

The comparative results of the spring wheat varicties Baart,
Federation, and White Federation grown for 3 years from fall seeding
at Davis, Calif., were substantinlly the same as when grown else-
where, except for dough-ball time of Federation, Of the varicties
Ramona, Bunyip, and Poso, grown in California only, none appeared
to be cqual to Baart for bread and only Poso appeared to be equal to
Baart for pastry purposes.

Scatter diagrams and correlation cocflicients caleulated only for the
nursery tests showed some interesting velations.  Yield of grain and

rotein content of the grain and flour were negatively correlated.

ough-ball time and flour protein appeared more wseful than other
determinations except the bread-baking test Tor predicting bread
quality. Taken togcther they accounted for 93.5 percent of the
variation in loal volume in the irrigated spring wheat nurscries but
only slightly more than 50 percent in the nonirrigated spring wheat
and the winter wheat nurseries.  The dough-ball time and loaf-volume
relntions appeared fo he somewhat different for Baart in the non-
irrigated nurseries and for Rex, Rex M1, and Rox M2, in the winter
wheat nurseries s compared with other varietics. These results
suggest that dough-ball time, in conjunction with protein analyses,
may be & usclul fool in breeding varieties of superior quality for bread
when certain parents are used.

Particle-size index is highly correlated with eake grain-and-texture
scores and also with the cooky lactor. It appears to bemore intimately
associated with pastry qualitics than is cither flour protein or dough-
hall time.

The correlations for bread-loal volume on the one hand and cake
grain-aud-texture scores and cooky {actors on the other were negative,
bul not always significant. The data and statistical compufations
show several exceptions lo Lhe assumed negative relation belween
bread and pastry qualities, thus indieating thatl it might be possible to
produce varietics that are reasonably good cither for bread or pastries,
depending upon the protein eoritent of a particular lob of the wheat.

INTRODUCTION *

The Western States produee more wheat then can be used locally,
It is desirable therefore to nuake infermation available ss quickly
as possible concerning the varieties grown in the region, so that
wheat of particular quality characteristics can be utilized for the
purposes (o which it is best andapted. This is purticalarly true under
emergency conditions that involve a shortage of food and feed erains
and the necessity to use rather Targe quantities of grain fov the pro-
duction of industrial alcohol.

This, the first comprehensive study on the quality characteristics
of the wheal varieties grown in the region, will assist millers, bakers,

! Because of the need for conserving paper daring tie war, the progentation of dats In this nublication tus
been reduced 1o the bore essentinls,  Avernges only nre given kn Lie tables and the disenssion of mof liods ia
very brief.  Additienal infermation may be obtnlned on request nddressed to the Division of Cereal Crops
and Disenses, Plant [ndusiry Station, Bolisville, M.
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and the grain trade in properly utilizing the wheat produced in the
area and will guide agronomists in recommending varieties to be
grown under the different environmental conditions.

A comparison of varietal guality is especially difficult when varieties
are grown in arcas having quite different soil and climatic conditions
and different farming methods, as is true of grain reaching the com-
mercial market in this region. This study is concerned with grain
of varicties grown in experimental trial plots and, therefore, undor
nearly identical environment. The results supplement rather than
replace those dealing with commercial lots of grain.

A large mass of data has been carcfully summarized and inter-
preted, so that the tables occupy & minimum of space yet give an
accurnte picture of the results obtained.

Probably no other seetion of the United States grows wheat under
such diverse conditions as those of the area west of the Rocky Moun-
tains, and there is none in which o lorger number of varieties so differ-
ent in quality choracteristics are produced.  All the clgsses of wheat
except durnm and red durum are represented, including white, hard
red winter, hard red spring, soft red winter, and the subclass white
club.  As would be vxpected, problems connected with their market-
ing and utilizetion are unnsually complex.

In 1930 & closely coordinated program for the improvement of wheat
in this region was undertaken by the State agricultural experiment
stations and the Division of Cereal Crops and Discases, Bureau of
Plant Industry, United States Department of Agriculture.  Although
this program was principally concerned with o comparison of the
agronomic and pathologic characteristics of old and new varieties
grown, provision was made for studies of grain-quality character-
istics.  The purpose of this publication is to present the pertinent
data relating to these Iatter studies and to interpret lhem, cspe-
cially in relation to the improvement of varieties for the ragion. The
data are limited to the 5-year period 1935-39.

MATERIALS

The coordinated program provided for growing zll the important commercial
varieties of the region, both winter and spring, in uniform sets at severa) locations.
These sets inelnded 23 varicties of spring wheat grown in irrigated nurseries; 16
varietics of spring wheat and 18 of winter wheat in nonirrigated nurseries; 8
varieties of winter wheat in field plots; 7 varicties of spring wheat in irrigated and
5 in nonirripated ficld plots; and 6 varieties of spring wheat seeded in the fall at
Davis, Calif.  Most of the varieties sceded in ficld plots aiso were included in the
nurseries and all those grown without irrigation were included in the irrigated
nurseries. A tofal of 44 distinet varietios were included in the siudy, These
experiments are designaled as uniferin plot and nursery tests, because the saine
varieties in each case were grown nt n number of locations and for several years.

The location in the region ab which these varieties were grown include the State
agricultural experimeni{ stations, branch stations, and outiyving experimental
fields &t or near Pullman, Lind, Prosser, Pomerov, and Walla Walla, Wash.;
Pendieton, Moro, end Union, Oreg.; Moscow, Aberdeen, Sandpoint, and Telonia,
Idaho; Bozeman, Mont.; Logan and Clarkston, Utah: Davis, Calif.; and Hesperus,
Colo. The grain at Aberdeen, Bozeman, Prosser, and Logan was grown with
irrigation.

As the pritrary purpose of the stbudy was to characierize and evaluate varisties
from the viewpoini of varicinl improvement rather than to study the effeet of
cavironment on quality, composite samples of grain were used in those tests in
most enses, These were made up by thoroughly mixing cqual pasts of grain of
cach variety lrom cach station or location, so that all variety compnarisons were
strictly comparable.

Tt should be noted that varieties differ widely in their adaptation and that in
practice they nre grown under very dilferent conditions of climate and soil, Dif-
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ferences in the quality charsctefistics of varieties, as received at the terminal
markets, are related both to varietal characteristics as such and to climate and
soil. Far this reason the protein content and other guality characteristics of the
varietics as received at the terminal markets may be quite different from that
reported here. This is especially true of the varietics Baart and Turkey, which
are grown most extensively in relatively dry areas,

METHODS

Quality characteristics of some varictics had been studied by the agrigultiral
gxperiment stations and the United States Depariment of Agriculture previous
to the inception of the present program. These, however, were limited in extent
and usvally included a few chemieal determinations and bread-haking tests only.
Guality eharacteristies in relation to pastry uses received little or no consideration.
Sinee most of the varieties grown in the region nre soft and the grain is relatively
low in protein content, it appearced that attempts should be made to evaluate the
variefies for pastry purposes as well as for bread, 7r -:tting up the new program,
therefore, an attempt was made to develop adequate methods of characterizing
varieties in relation to their suitability for speeifie purposes, ineluding pastries,
as well as to compare the quality characteristies of varieties by conventional
bread-baking tests.

Determinations made included: Test weight of grain: flour yield; ash content
of flour: pretein conient of grain and of flour; earotencid econtent of grain, of
unbleached four, and of bleached flonr; particle-size index; gassing power;
dough-ball (wheat-meal fermentailion} time; loaf velume and grain and. texture
of bread-, cake-, and cocky-baking tests.

All lots were cleaned, scoured, tempered, and then milled on an Allis-Chalmers
experimental unit in such way as to obtain from each sample what was heolieved
tn be the maximum quantity of good quality flour.  When milling was compiated
5 percent of the lowest grade flour was discarded, the rest being used for all the
flodr deterininations,

All chemieal determinations, ingluding protein and ash of the wheat and flour,
were made aecording to the official method (2)* and are here reported on a 13.5-
percent moisture basis. Carotencid content of the grain and flour was deter-
mined by the meihod deseribed by Ferrard (7)) with some minor modifieations as
suggesied by Geddes, Binnington, and Whiteside (5). TResults are reported as
parts per million (p. p. m.) of earotenovid pigment. The particie-size or granula-
tion test developed by Cutler and Brinson (&) was used, cxcepe thaé the guaniity
of material that passed through the flour sieve into the pan, expressed as a per-
centape of *he wheat meal, is reported as the particle-sizg index.

The dowzh-ball-time test was made by the method deseribed by Cutler and
Worzella (6) with certain modifications suggested by Bayfield (3) to avoid error
due to the dough balls sticking to the sides of the beakers, Gassing-power tests
were determined by the methed deseribed by Bondstedt and Blish (70).

Bread-baking tests were made in accordance with the methods of the American
Asszociation of Cereal Cheinists (2), with such modifieations as seemed necessary
to bring out the polentialities of each lot of Aour. What may be referred to as a
commereial formula, ineluding dried skim milk, shortening, sugar, salt, and yveast,
wag used. .No bromate was used, as geoerally none is needed with low protein
flours. Deughs were generally, though not always, mixed 2 minutes and then
fermented, proofed, and baked in the usual manner.

Quality for cake was determined by baking yvellow loaf cakes, the single-stage
method being used with flour bleached with bera chlora (a mixture of nitrosyl
chioride and chloring) to a pil of 5.1 to 3.2. Cookies were made by the method
deseribed by Alexander (1} with slight modifications. Results are reported as the
rafio of width to thickness and referred to as epoky factor.

EXPERIMENTAL RESULTS

The data consist of various physical and chemical determinations,
as noted above, of the several varieties grown in uniform plot and nurs-
ery experiments in n number of locations and for scveral years.
Carotenoid-pigment content of the flour and gassing-power determing-
tions were not made in 1935, and the bread- and cake-baking tests for
that year were considered unsatisfactory. The more pertinent data
are presented in tables 1 to 6.

1 Itslic numbers in parentheses rofer to Litersture Cited, p. 35,
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TaBLE 1.—Yield and quality characteristics of varieties of spring wheal grown in uniform ifrigated nurseries; averages 1936-39, inclusive1
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1The grain of each variety used in these studies was grown at several loeations ench 2.0, 1. refors to accession number of .the Division of Cereal Crops and Discases.
year and thoroughly mixed or composited by variety belore milling, In each composite 3 Dockage frec. -

the quantity of grain from each location was the same for all varietics, but because of 4 Moisture-free basis.,

§imited supplies not always the same for each location.. The grain was grown at the 5 13.5-percent moisture basis.

ollowing places: 1936, Aberdeen, Idaho, and Logan, Utah; 1037, Aberdeen, 1daho, and ¢ Carptenoid content expressed as carotene parts per million; naphthasalcohol extract.
Bozeman, Mont.,; 1938, Aberdeen, Idaho, -Logan, Utah, Bozeman, Mont., Prosser, 7W/T, ratio of width to thickness.

Wash,, and Hesperus, Colo.; 1939, Aberdeen, Logan, Bozeman, and. Hesperus.
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TaBLE 2.—Yield and quality characleristics of varieties of spring wheal grown in wniform nonirrigaled nurseries; averages 1 936-39, inclusive
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! The grain used in these studies was grown at several locations and composited hy
variety as noied for table 1. It was grown at the following places: 1936, Pullman, Wash.,
Pendleton and Union, Oreg., and Moscow, Ldalio; 1937, Pullman, Pomeroy, and Walla
Walla, Wash., Pendletor and Union, Oreg.; 1038, Pullman, Pomeroy, Walla Walla, and
Lind, Wash., Pendleton and Union, Oreg., and Davis, Calif.; 1939, Pullman, Pomeroy,
Walla Wsila, and Lind, Wash., Pendleton and Union, Oreg., Sandpoint, 1daho, and
Davis, Calil.

1 See footnote 2, table 1.

3 Dockago free.

4 Maoisture-free basis.

513.5-pereent moisture hasis.

8 Carotenoid content expressed as caroteng parts per million; naphtha-aleohol extract.

T/, ratio of width to thickness.

¢ Grown in 1937, 1938, and 1430 only. ‘The data given are the averages for Foderation for
the full 4-year period, plus the algebraic differences between the averages for Federation
and Lemhi for the 3 years in whieh Lemhi was grown.
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TaBLE 3.—Yield and qualily characierislics of varieties of winter wheat grown in uniform nonirrigated nurseries; averages 1936-39, inclusive!
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1 The grain-of each variety used In these studies was grown at several loeations each
year and thoroughly mixed or composited by varietyy, as noted for table 1. It was
grown at the fo* ving places: 1936, Pullman, Pomeroy, and Walla Walla, Wash,, and
Pendléton, Orco .. 1037, Pullman, Wash., and Pendicton, Oreg.; 1038, Pullman, ’eme-
roy, Walla Walla, and Lindl, Wash., Tetonis, Tdaho, and Clarkston, Utah; 1939, Pull-
%an, Pomeroy, and Walla Walla, Wash., Moro, Oreg., and Moscow and Sandpoint,

aho.

1 See footnote 2, {able 1.

2 Dockaue free.

4 Moisture-free basis.

8 13.5-percent moisture basis.

¢ Caroienoid content expressed as caratene parts per million; naphtha-alcohol extract.

W/, ratio of width to thickness:

§ Grown in 1037, 1938, and 1939 only. "The data given are the averages for Turkey
(1442) for the full 4-year period, plus the aleehraic ditferences between the averages for
Turkey (1442} and Ridit for-the 3 years in which Ridit was grown.

* No determinations were made f{or carotenoid content of grain, absorption, and for
loaf volume, grain and texture, and crumb color of bread in 1938, The data given are
the averages for Turkey (1442) for the full 4-year period plus the algebraic ditferences
between the averages for Turkey (1442) and Turkey (8175).for the 3 years in which
Turkey (6175) was grown. )
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8

TUANINOIYOV JO ‘IdHd S "0 ‘288 NILITIAL IVOINHOIL




Taste 4.—Yield and quality characteristics of varieties of winler wheat grown in nonirrigated field plols; averages 1936~39, inclusive !

e lt’é?lttc(lw'r] Lon - Garotenoid content of 0 Bread Cake

. Test {Floug; SO Dough- Cooky
Typeand variety weight 3 yield ! tl,;}!; o t??xﬁv Girain Lont |irainl ot
flour $; Wheat!Flour;Wheatibleached mﬁ%ﬂ}c‘l %23 vol- ?:&

flour fure ume | 2%

&——9¥=,019229

Hard red winter: Bu. | Lb.
Turkey {(Kharkof) ... 3 2.9
Ridit. . ocroiccaceao ] 8 . 62.9

Soft red winter: .

Tripleta . coocmaecoan — 63.1

White:
ReXoociioimmmeocacinan 3 61.8
Golden A 60.8

White club:

Gl 9

Afbito... . 5 | 45 61.3
Hymar 8 5 . GL.8

Pet. | Pet, pan.| P.p. m P.p.m. o | Ain. | Mm, Score Ce. | Scoret WIT1
0.40.7 10.6 . 0.72 4. 94 a7 79 51 801 79 4.75
L4371 10.4 .81 . 313 : 70 902 78 4.79

.36 9.7 .60 . 204 71 955 96 5.22

451 10.4 .83 .7 232 68 943 94 5. 58
.41 10.3 .67 216 &3 944 094 5. 67

.42 1 10.6 172 85 923 91 5.86
4L ] 1001 200 68 940 94 5. 98
.48 9.9 109 G 6L 916 89 6.08

S8 8 a8y
e

W IO OO M G T

.73
.M
1.0

Peo PO ® oo
fe =12 ~Is3 <

126919

o
oS K=

898

tThe grain used in these studies was grown at several locations and composited hy 1 Moisture-free basis. 5

variety as noted for table 1, It was grown at the following places: 1936, Pullman, Wash., 3 13.5-percent moisture basis.

Pendleton and-Union, Oreg., and Moscow, Idaho; 1937, Pullman, 'Wash,, and Pendleton, ¢ Carotenoid content expressed as carotene parts per million; naphtha-aleoho! extract.

Oreg.; 1938, Pullman, Wash., Pendleton and Union, Oreg., and Moscow and Sandpoint, TW/LTY, ratio of width {o thickness.

1daho} 1939, Pullman, Wash., Pendleton snd Union, Oreg., and Moseow, Idaho. ¢ Grown in 1937, 1038, and 1930 only. The data given are the averages for Hybrid 128
1 See footnote 2, table 1, for the full 4-year period, plis the algebraic differences between the averages for Hybrid
¥ Dockage free. 128 and Hymar for the 3 years in which Hymar was grown.
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TaBLE 5.—Yield and quality characteristics of spring wheat varieties grown in irrigated and nonirrigated field plots; averages 1936-39, inclusive 1
IRRIGATED

Pt?;fio"r on- | Carotenoid content of 6—

Ash

Test |Flour| 00 Cooky
weight 3yield factor
Bleached

of
flour

Type and variety

Un-
flour 8| Wheat Wheat{bleached
flour

P.pmg P,
2,46

2.45
2,60
. 28
. 8
-7
L1

.| P.p.m.
0.76

RL2BBZ 83

Dicklow 8.
Lemhi 8

=30
MNNNNoo oF
Nt~y o™
d i

NONIRRIGATED

617 [ 7LO . 5 2.46 . 0.78 [ 13.1

Baart. 3 62.6 { 70.6 | . . 3 2.31 . .63 | 27.6
White Federation. L 61.6 | 70.8 . 3 2,62 . .74 1 151
Federation - . 59.7 | 70.4 5 5 3.58 5 J95 ) 26,1
O 60.0 | 70.2 | .54 5 X 3.19 3 .78 40.3

L.The irrigated grain used in these studies was grown at Aberdeen; Idaho, only in 1936, ? See footnote 2, table 1.
and at Aberdeen, Idaho, and Bozeman, Mont., in 1937, 1938, and. 1930, It was not com- 3 Dockage free.
posited before milling, and the data fer the iatter yeats are averages of the results of the + Moisture-free basis.
two stations, 8 13.5-percent moisture basis. -
The nonirrigated grain was grown as follows: 1936, at Pullman, Wash., Pendleton and ¢ Caratenoid content expressed as carotene parts per million; naphtha-nlcohol extract.
Union, Oreg., and_Moscow, Idaho; 1937, Pullman, Moscow, Pendleten, and Union; 7 W/, ratio of width to thickness.
1938, Pullman and Lind, Wash., and Pendleton, Oreg.; 1939, Pullman and Lind, Wash., & Not grown in 1938 and 1939. - The data given are thé averages for Federation for the
and Pendletoni, Oreg. In 1938 the grain from each station was milled and the flour baked - full 4-year period plus the algebraic differences between the averages for Federation and
separately. The data are averages of the results, In all other years the grain was com- = for Dicklow or Letnhi, as the case may be, for 1936 and 1937,
posi*;d by variety before milling, as noted for table 1.
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TABLE 6.—Yield and quality characteristics of varieties of spring wheat seeded in the fall in nonirrigated field plots at Davis, Calif.; averages
1936-38, inclusive

Protein con-

tent of — | Carotenoid content of 3—

Par- Gass-
Typeand variety Te?t,t \ - tsxlczlg- ping
weigh n- . ower
Wheat| Flour|Whoat/bleached Bleached | index
our

3

=~ RO AT 00T

Pet.
16.3
17.9 90
26.3 - | 103
13,3 ) 78
28.3 5 004 98

27.6 2 100

‘White Federation
Federation.........
Wh%e club (subclass):

© NwEmooS

[&]

! Sec footnote 2, table L. 413.5-percent moisture basis. L .
2 Dockage free. 3 Carotennid content expressed as carotene parts per million; naphtha-aicohol extract.
¥ Moisture-free basis. 83W/T, ratio of width to thickness.
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Because of space limitations, averages only are reported, and in
order to avoid confusing the reader, those for the 4-year period only
are given, except at Davis, Calif., which are for the 3-year period,
A carcful comparison of the 4- and g-year averages, where both were
available, revealed no important differences. Also, the comparative
rtlajsltllts for the different varieties for individual years were surprisingly
alike.

A few varieties were grown for less than the 4-year period, or for
varicus reasons data are not available. In such cases, interpolated
values are given in the tables. They were devived by comparing the
average for the available years with the average for the same period of
o similar variety for which date are available for the qul 4-year
period. The data given in the tables are the averages for the 4-year
period of the variety used for comparison plus the algebraic differences
between the averages of the two varictios for the shorter period. The
variety used as o basis for compauison is inclicated it {footnotes to the
tables in each case. For the kind of data hare considered, this method
of interpolation is thought to be more relinble than others commonly
used, as it involves no assumption othor than that the variety heing
considered and the one with which it is compared respond alike to
differences in season. As noted above, this appears to be o valid
assumption for most.of the data, even for dissimilar varietics. In the
tables the varicties are arranged first as to mavket class and within
each class from top to bottom according to decreasing protein content
of the grain. The source of the grain in cach ease is indicated in
footnotes to the tables.

AGREEMENT BETWEENY FIELD AND Nunsiuy axp IRRIGATED AND
NoNirriGaTED TESTS -

A comparison of varictics and of methods of evaluating them can be
made to best advantage after considering the same varietics grown in
different sets of plots and in differeni enviconments. As noted above,
the 8 varieties of winter wheat in field plots were included also in
the uniform purseries. A comparison of 4-year averages of the yield
ond quality characteristics for the varictics grown under these 2
environments is shown in figure 1. Likewise, 15 varieties of spring
wheat were grown both in the uniform irrigated and nonirrigated
nurseries.  Five of these also were grown in irrigated and nonirrigated
plots, making possible a comparison of 4 sets of data for each of the
latter varioties. The 4-year average results for the 15 varicties grown
in irrigated and nonirrigated nurseries are compared in figure 2, and
for the 5 varicties in irrigated and nonirrigated uniform nurseries and
in field plots, in figure 3. These graphs are based on the data in
tables 1 to 5. :

The results from the different tests agree remarkably well consider-
ing the differences in the cenvivonments. In comparing the different
scts of data, it should be remembered that the sources of variation
are more numerous than may at first be apparent, especially with
respect to the irrigated and nonirrigated grain. Ior example, such
differences in quality characteristics as are evident in these figures
are due not merely to irrigation and to the fact that the grain wag
or was not grown in nursery or field plots but in some cases at least
to differences in location, soil type, and land management.
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In view of the sources ol variation, it seems doubtful whether any
of the differences between the quality characteristies of field- and
nursery-grown varieties of winter wheat for which data are presented
in figure 1 are of any practical significance. The discrepancies with
respect to the protein content of wheat and flour appear to be greater
than those for other characteristics and are greater than it would
seem rTeasonabie to attribute to random Iaxboratory errors; but they
are not reflected, as would ordinarily be expected, in bread-loaf vol-
ume diflerences. It scems reasonable, therefore, to attribute them
to the sum total of sampling crrors, including field and laboratory
doterminations.

Somewhnt greater and more numerous diserepancics are apparent
for the spring wheat varieties [or which data are given in figures 2
and 3, and some rather wide differences in protein content are evi-
dent. It is interesling to note that, contrary to usual expectations,
the irrigated grain and its flour averaged slightly higher in protein
content than that from the nonirrigated plots.

The bread-baking data (loaf volumes and grain-and-texture scores)
also indicate that there is n differing response of varicties to Lhe con-
ditions represented by the two sets of data.  Thus, irrigated grain of
the hard spring varieties {Thatclier, Marquis, Ceres, Hard Federa-
tion 31, and White Federation) produced somewhat better loaves than
the nonirrigated grain, whereas the reverse was true for moss of the
solt varieties. This difference may be explained in part hut not en-
tively by differences in protein content, which, in turn, are in part due
to dillerences in yield. The bread quality of Baart, seems to have
been adversely affected by irrigation.  This will be discussed in greater
detail later.  Altogether 1t appears that the differences in bread qual-
ity, as between spring varieties grown in the irrigated and nonirrigated
nursery plots, can be partly but not entirely explained by differences
in protein content and this in turn partly, but not entirely, by differ-
ertces in yield.

There can be little doubt that dough-ball time is affected by the
environmental conditions here represented and that varicties responed
very differently in this respect.  Dough-ball time for the hard spring
wheats averages 75 to 100 minutes longer for the nonirrigated than for
the irrignted plets, whereas the difference Tor the soft varicties tends
to be less and for some is clearly within the limits of random errors.

There is some evidence of differential response with respect to test
weight, carotenoid conteni of the grain and unbleached flour, and ash
content of flour, but the differences, if any, are small and unimportant
so far as the present, study is concerned,

The data presented in figure 3 arc of special interest, since they
represent four different sets of plots: Irrigated and nonirrigated field
plots and irrigated and nonirrigated rurseries. The data for the
nursery-grown varieties represented in figure 3 are the same as those
for the nursery-grown varicties represented in figure 2, but are repro-
duced in figure 3 to permit & comparison of all four sets of plots.  As
previously noted, the environmertal conditions of the wheat grown
in the four types of plots were very different. This is indicated by
the rather marked differences in yvield and in certain other character-
istics, especially the protein content of grain and flour and the dough-
bali time,

622670°—45——3
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With few exceptions, however, these differences appear to have
affected all five varicties subsb‘mtmdy alike. The wheat and flour
protein of Marquis and Baart are relatively higher for the irrigated
field plots than for other varicties, but the differences, especially for
Baart, have not been reflected in loaf volume of the bread. The
average loal volume of Marquis in the nonivrigated nurserics is low
in relation to elher varictics. It was less than that of Banrt in 3 of
the 4 vears {data nol shown). The marked differential response
between the varieties with respect to dough-ball time indicated in
figure 2 is rather generally lacking in the data presenled in figure 3,
probably hocause of the fower varieties represented.  In general, the
results from the plots for whiclh: data are submitted in figure 3 sub-
stantiate the results presented in figure 2 in indicating thab most
varietal churacteristies are relalively mueh the same, vegarcdless of how
the varieties are grown,

The very general agreement between the various sets of data for
most of the determinations is, of rourse, fortunate lvom the viewpoint
of variclal characterizalion awd evaluatien. Tt means that vareties
can be relinbly evaluated from cither field-plot or nursery-grown
samples and, for the most part, regardless of whether grown on 1rri-
zated or nondrigated Iand. Tt alzo means that a comparison of aver-
ages in the present study is a valid procedure. exeopt for those cases
in which there is clear-cut evidence of differential response. It would
scem to indicate, also, that dilferences helween varicties recorded in
these studies may be expected te prevail generally for most of the
conditions where the varietics are likely to be grown.

COMPARISON OF VARIETIES OF WINTER WIIEAT

The varieties of winter wheat grown i the western United States
represent 3 commoereinl clazses: Ilard ved winter, solt red winter,
white, and the subclass white ¢lub.  Of the 18 warieties studied, all
but one (Rex M2) are grown conuncercially in the avea and all hut three
{(lox A2 At]mnﬁ, and Elein) are grown rather extensively.

Hard red winter wheat, as arown in the area, 15 used mosﬂy for
bread.  The bread-, cooky-, and calke-haking data presented in tables
3 and 4 indicate, as would be expected, that this is the proper use for
this kind of wheat. None of the six vavielics produced satisfactory
culkos or cookies, and all have o low particle-size index (indicating
Inree flour particles), which, as will be indieated later, appears to be a
very reliable indication of poor pastry qualilies. In this respect the
bard and the solt winler wheats ave very distinel, since the highest
particle-size index for the hard wheats in the nursery plots, for example,
18 16.3 for Rio, as compared with 22.7 for Hymar, the lowest for the
soft wheats.

The Lard wheais as o group averaged high in test weight, although
no higher than the senvhard vatiety, Tnplct also sho-hi,ly higher 1n
pmtem contend of grain and four, gassing power, and Ionv with
respect to dough- balt time. The profiein differential as Dobween
grain and flour is less for thoe hard wheats; that is, more of the protein
is retained in the flour of the hard than i the sofl wheats.

Of the varieties of hard red wintoer whenls, the two sirains of Turkey
(C. 1. 6175 ad 1442) and Rio produced the best loaves of bread on
the average. Ridit appears to be substantially equel lo Turkey.
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The relatively low loaf volume of Rehef can be explained by =2 lower
average protein content of grain and {lour, but neither of these lower
protem contents explaing the low bread-loaf volume of Oro. Since
all varicties were comparably grown, it must be assumed that the
low protein of Reliel and the low loal volumes of Relief and Oro are
inherent in the warieties themselves snd are expressed when grown
under the conditions of these experiments. It is of Interest to note,
however, that Ore grown in the Great Plains compares favorably in
bread-loaf volume with other hard winter varvieties. Relici, it should
be noted, is consistently high in carotenoid content of the wheat and
of unbleached flour, and gencrally produces bread with a distinet-
yellow color (not shown in the tables). Rio and Oro appear to be
relatively low in carotenoid content of grain and unbleached four.

All the soft winter wheats produced satisluctory cakes and cookics,
and some of them seem to be about us good for brend as the hard
wheats at the same level of protein. Tor example, Rex in the Aeld
plots (table 4} and Rex M1 and Kex M2 in the nursery plots {table 3)
had the highest average loatf volumes of any vaviety, including the
hard wheats. The bread grain-and-texture scores weve relatively
low, howevoer, suggesting that the high volumes were obtained at the
expense of internal loal ¢quality. Hwven so, it seems likely that these
varieties ave not greatty mferior to the hard wheats for bread.  Triplet
also produced bread nearly equal to the hard wheats in loal volume,
although somewhat inferior in gramn-and-texture scores; and Albit
with a slightly lower flour profein content appears to be about equal
to Relief. The remaining varteties produced poor bread, which it
appears can be attributed in purt though not entirely to o low pro-
tein conteat. Geolden and Goldeoin, for example, produced loaves.
with the lowest average volume and grain-and-texture scoves of any
variety, although they were not the lowest in protein content.  The
differences in quality characteristies for thiese last two varieties are
very consistent from year to year.

Although all varieties of soft whent produced satisfactory cales,
some appear Lo be somewhat bettor in this respect thun others.
Triplet, as judged by the grain-and-texture scores, produced the best
cales of any variety, both in the plot and nursery ftrials and con-
sistently so in the latter. Eymar, Hybrid 128, and Albit were
cenerally poor in cake quality, alihough m the 1939 field-plot tests
they weve rated with the best.  The remaining varietics appesr to be
cqual in cike quality within the limits of experimental evror.

The best cookies on the average were made from Jenkin, which
was included in the nursery plots only, and frem Albit and Hybrid 128
in both field and nursery plots. These three varieties appear to be
distinetly better than most others for this purpose, although the
difference, as compared with Rex and Hymar especially, is probably
not significant.

Although the differences in particle-size index do not appear to be
consistent among the hard wheats, they are very marked among the
soft; the index for Hymar, for example, is 22.7, as compared with 34.3
for Rex M1. Rex and its near relatives, Rex M1 and Rex M2, are
exceptions in several respeets; although very soft they are character-
ized by o long dough-ball time, a relatively high protein content, and
bread-loaf velume similar to the hard wheats. Possibly the hieh
particle-size index of Rex is associated with or is the cause of the



http:experiment.nl
http:lJl'tt.cr

20 TECHNICAL BULLETIN 887, U. 5. DEPT. OF AGRICULTURE

“fluffy™ nature of the flour and the difficulty encountered in bolting
that is often compirained of by millers. _ :

The semihard variety Triplet, as previously noted, averages with
the hard wheats in test weight, being considerably superior in this
respect to the true soft wheats, with the exception of Rex M1, which
is nearly as good. Golden and Athena, cspecially, tend to be low.

The flour yields of Triplet, Golden, and Rex, both in feld-plot and
nursery tests, appear to be distinetly low, whereas those of Hymar,
denkin, and Elgin {grown in nursery tests only} appear to be dis-
tinctly high,

- The ash content of the flour is unusually and characteristically low

for Triplet, both in field and nursery plots. This in part ‘can be
attributed to the lower flour yicld already noted. Other varieties,
including Rex, however, which were also low in flour yield, are not
low in ash, and some of those, including Elgin, which were high in
flour yield, arc not conspicuously high in ash. The consistency of
some of these differences suggests they are definite varietal charne-
teristics, but since all lots of grain were milled on an experimental
mill the differences should not he emphasized until verified by com-
mercial expericnee,

Differences in carotenoid content of the wheat and unbleached flour
are especially marked. Jenkin averages the highest in carotenoid
content with Rex M2, Rex, Hymar, and Rex M1 not far below.
Those having the least carotenoid pizment are Gelden, Goldeoin, and
Elgin. Bleaching reduced these pigments to a sabisfactory level,
although & tendency is evident for the high carotenoid pigment of the
grain and unbleached flour of certain varieties to caxry over into the
bleached flour. There are rather marked and characteristic diffor
ences in gassing power of the soft wheals, but their significance, if
any, is unknown.

CoMPaRISON OF VARIETIES OF SPrING WHEAT

All but 1 of the varietics of spring wheat included in this study fall
into 2 market groups: Hard red spring and white, including white
club.  These are represented by 3, 17, and 3 varicbies, respectively,
The hard red springs, of course, are characterizod by hard grain, as
also are some of the common white varietics, principally Hard Fed-
eration 31, White Federation, and some of the newer hybrids. Baart
is usually classed as semibard or hard, though the grain has many of
the characteristics of a soft wheat.

Most_of these vericties were grown both in irrigated and non-
irrigated nursery plots and five of thern in irrigated and nonirrigated
field plots. As pointed oul sbove, all appeared to respond alike to
environmental conditions, except that the dough-ball time of all
varieties except Jenkin, Lemhi, and Union was reduced by irrigation
and also that the bread-loaf volume of irrignted Baart was considerably
lower than that of nonirrigated Baart. This latter difference may be
of some importance from a breeding point of view, although it probably
should not be emphasized until more clearly established. Since, with
these exceptions, quality characteristics were much alike for Che
different tests, the discussion of varictal characteristics will he based
lnrgely on averages of all tests.
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The hard red spring wheats like the hard winters are regarded.
primarily as bread wheats. The data cbtained in these studies are in
accord with this usage. It appears, however, that the generally
superior bread produced from them {tables 1, 2, and 5}, 28 compared
with most other varicties, is due mostly to their higher protein con-
tent, which in tum appears to be.lsrgely a result of relatively low
yields. The white varieties with hard or semihard grain, Hard
Federation +31, White Federation, and Baart, averaged somewhss
higher than the soft wheats in protein content and nlso produced
better bread. Baart was fully equal to the hard red spring wheats:
when grown without irrigation, but for some unknown reason it has
been consistently poor when grown under irrigation. Very poor
bread was produced by all the soft varictics, but the protein content
also was very low—well below that usually eonsidered necessary for

cod bread. Of the well-known or standard varicties, the poorest

read was made from Jenkin and Union, although they were not the-
lowest in flour protein. Ideed and Fedawa, on the other hand,
produced somewhat better bread than thewr relatively low protein
content would suggest. It appears, therefore, that while most of the
diffevences in bread quality can be explained by differences in protein
content, this probably is not truc for the four last-mentioned varietics.

In general, poor cakes and cookies were made from the hard wheats.
and good or at lesst satisfactory cakes and cookies from the soft.
wheats, This is in agrcement with the particle-size indexes, the com-
mercial usage of these varieties, and also with the resuls reported
above for winter wheat. Baart produced good cakes, but the cookies.
from this variety on the average were no better shan those fromr
Marquis,

Of the soft and semihard varieties, Baart, Pacific Bluestem, Idsed,.
and Union were the best for cakes, and rather consistently so. Abten--
tion is called to the fact that good cales were made from Baart, which
in the nonirrigated plots and nurseries also produced excellent bread.
The cake gram and texture for Fedawa fluctuated considerably from
year to year, both in the irrigated and nonirrigated tests, and averaged.
about the same as other soft wheats except that wheress most of them
were somewhat better from hrigated land, Fedawa from the non-
irricated plots was best.  Additional studies will be necessary to de-
termine whether there is any real difference in these respects.  Neither
of the new varielies Baart X Fard Federation or Federation 3 Dick-
low was outstanding. Lemhi, which was grown in irrigated nurseries
in all years and in irrigated plots for 3 years only, appears to be equal
to Dicklow, one of its parents.

Of the well-known verieties, Jenkin appeaved to be superior for
cookics to all others included in both the irrigated and nonirrigated
nurseries but not consistently better than Dickiow, which was grown
under irrigation only. Lemhi averaged slightly inferior to Dicklow,
although the difference is neither great nor consistent.

Baart was substantially equal to the highest or had the highest.
average test weight of all varieties and with few exceptions was equal
to the highest in this respect in all plots and in every year. The hard
wheats tended to have higher test weights than the soft or semihard
varieties, though the differences are neither so great nor so consistent.
as might be expected. Of the varicties grown in all plots, Federation
and Onas averaged lowest and, excepting Dicklow and Lemht, which
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‘were grown in irrigated plots and nurseries only, snd Pileraw and Hard
Federation X Dicklow (C. I. 11427), grown in the irrigated nurseries
ounly, tended to be the lowest of all varieties. Lemhi was rather con-
sistently higher than Dicklow in test weight.

Fedawa averaged highest in four yicld of all varieties in both
irrigated and nonirrigated nurseries and was consistently high in all
years. Pileraw and Jenkin X Ridit, grown only in the irrigated
nurseries, were among the highest three in flour yicld.  Other differ-
ences appear te be well within the limits of experimental error,

Some of the differences in ash content are greater than can readily
be explained by random errors. Fedawa, Federation X Dicklow,
Onas, and Jenkin averaged highest. High flour yicld is & possible
explanation for the high ash of Fedawa but does not explain the others.
Idaed, on the other hand, was consistently low in ash and averaged
lowest of all varictics both in urrigated and nonirrigated nurseries;
the flour yield was low but no lower than for some others. Tt seems
probable that there are inherited differences in spring as well as in
winter wheats with respeet to flour ash, but forther studies will be
necessary to determine whether they are real or due to experimental
errors incidental to tecliniques necessarily used with small lots of grain.

Jenkin and Union were high in carotenoid pigments both in the grain
and in the unbleached flour, with Federation, Onas, and Pileraw not far
below. Daart, especinliy, was low, as alse were Lemhi, Dicklow,
and Baart X Hard Federation (C. 1. 11615). All varieties bleached
to a satisfactory level,

There were marked differences hetween varieties in dough-ball time,
s was true for the winter wheals.  Varietal response to the diverse
cnvironmental conditions was, lhowever, quite different, ns noted
above. Dough-ball time for most varieties was much longor for the
nonirrigated than for the irrigated grain, except for the two variclics
Jenkin and TUnion. The hard spring wheats tended to have longer
.dough-ball time than the soft wheats, though IFedawa and Onas,
both soft wheats, avernged bigh.

The gassing power of spring whent was affected very little by en-
vironment. There were consistent diffevences helween varicties, as
was found for the winter wheats, but in contrast with the latter
there appears to be no consistent relation between gassing power and
hardness of grain. The significance of the differences, if any, is not
known.

VARIETIES IN CALIFORNLIA

Although six varietics included in these studies grown uniformly
for each of 3 years at Davis, Calif., were true spring wheats, the
were grown from late fall sceding, as is the commeon practice in Cal-
ifornia. Threc of them—DBaart, White Federation, and Federation—
grown throughout the region were included, bué the other three—
Ramona, Bunyip, and Poso—wvere grown in the California tests only.
“The data are presented in table 6.

The general characteristics of the grain and flour were much the
same as for the spring varicties. Yields and test weight were high
and profein content low. Dread quality therefore was poor, though
on & par with wheat grown clsewhere with comparable protein content.

Baart, though not the highest in protein content, produced the
highest average loaf volumes and grain-and-texture scores, and was
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the highest every year except for Bunyip in 1938, White Federntion
and Poso were the poorest. The differcnces with respect to relative
bread quality were rather consistent from year to year, bub the period
of testing was too short to permit final conelusions.

Baart and Poso produced the best calkes, though they probably were
not significantly different {rom Federation. Reasorably good cookies
were made from Federntion and passable cookies from Baart and
Poso. Cookics mude from the other varietics were poor. The
particlessize determinations are in accord with these evaluations
especially with respect to the indieated value for cakes.

Bunyip and Ramona averaged high in flour yield, though probably
they werc not significantly diflerent from the others, with the possible
exception of Poso, which was consistently low. Ash contcnt was
generally high, especially for Baart and White Federation. Because
of the cxperimentsl milling techniques used in these studies the
differences in their yield and quality characteristics should not be
regarded boo seriously.

Carotenoid pigments were high in Federation, low in Ramona and
Bunyip, and intermediate in Banrt and Poso,  Considering the simi-
larity of varietal responses in these wheats and other tests noted, these
differences must be regarded as indicative of inherited charncteristics.

A relatively long dough-ball time appears to be charncteristic of
White Federation and Ramona and a short time for Poso.  Gussing
power was much tlie same for all varietics, though White Federation
averaged higher than any other variety and was higher than most
varieties every year; Poso tended to be low.

COMMERCIAL UTILIZATION AND EXPERIMENTAL CHARACTERIZATION OF
VARIETIES

A consideration of the commereis) uses made of the various varicties
in relation to their characteristics as revealed in these studies is_of
interest.  Unfortunately, reliable information as to such use of specific
varictios is not gencrally nvailable except for a very fow,  Crawford {4
bas recently assembled the available information as to many of the
characteristics considered likely to limit their ubility and has made
cortain recommendations as to the probable value of certain varicties
for speeilied uses.  These recommendations are based v part on the
general experience of commercinl milling chemists of the Pacific
Northwest, in part on the data here included, and m part ou data
previously reported in mimeographed form by the writers of this
bulletin. ~ His conclusions, therefore, are not entirely independent
of thosc given above, Also it should be repeated that, whereas the
data in this publication are for varietics grown under strictly com-
parable conditions, this is not true of those that reach the terminal
markets. Since environment is known to have a very marked cffect
on wheat guality, cspecially with respect to protein content and test
weight, perfeet or even good agreement between experimental data and
commereinl experience should not be expected if these differcnces are
not taken into account.

The hard red winter wheats of the region are used mostly for bread,
and the soft wheats generally but not exclusively for cakes, crackers,
cookies, and other pastries.  If sufficiently high in protein, or more
Yikely if blended with high-protein hard wheats, the soft wheats may
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be used for family-trade Aour, which means they may be used for bread
also. The experimental data are in agreement wish this nsage.,

As to the commercial utility of different varieties of the hard red
winter whents, there appears to be little information available. Tu rley
is bighly regarded. Rio is often marketed as Turkey and apparently
1s comsidered its equal. Ridit is regarded as satisfactory, but accord-
ing to Crawford (4) not so good as Turkey, and the limited data for
Oro indicate it is not equsl to Turkey. The slightly lower protein
content, deficient loaf volume, and yellow color of bresd from Relief,
as shown in the experimental trials, appesr to have been recognized
by the trade.

None of the soft winter wheats are rated by Crawford as good for
bread. Al are grown in the more humid parts of the arca and are
generally lower in protein than the hard winter wheats, which are
grown in the drier areas. The experimental date indieste that ab
equal protein levels Triplet is about equal to the hard winter wheats for
bread, as also is Rex. For pastry purposcs the commercial cereal
chemists rate Rex as somewhat inferior to Goideoin. The experi-
mental date indicate that Rex makes poorer cakes than Goldcoin but
indicate no significant differences in cooky quality.

Albit is rated by commercial chemists as superior to Hybrid 128 for
cake and cockics, but no consistent differences were noted In the
experimental tests. The particle-size index, however, is higher for
Albit, which is in accord with the commercip] rating. Hymar is also
rated above Hybrid 128 for cake, according to commoercial chemists
but not in the experimental trials.

Of the spring wheat varieties included in.the present study, Mar-
quis, Baart, White Federation, and Pacific Bluestem arc regarded
primarily as bread whents; Baart is highly vegarded as a cake flour
also, but according to Crawford (4) is only fair for cookics. Pacifie
Bluestem is generally rated for bread as inferior to Baart. These
various ratings are in accord with the experimental data. White
Federation is often regarded as a poor milling wheat in California,
where it is principally grown. The objection to it seems to apply
to the milling rather than to the characteristies of the flour. No
milling dillicultics in White Federation were obscrved in this study.
Some mills, it has been reported, do not object to its milling properties
but do not like it for bake-shop use. Crawford (4) reports that
limited data indicate it to be unsatisfactory for these purposes. The
. grain of this variety is very hard and would probably be found objec-
tionable by some millers who normally mill soft wheat, even though
not by others,

Dicklow has long been highly regarded for making pastry flonr, and
Lemhi is being accepted as a satisfactory replacement for Dicklow.
"This aceeptation is in accord with the experimental data, The yellow
flour of Federation and Jenkins, as indicated by the high carotenoid
content, has long been known to the trade. Whether the apparently
superior characteristics of Jenkin for cockics is recognized in com-
mercial channels is not known. So little is now grown commercially
that it probably loses its identity before it gots to the bakeries,

If the differences in protein contens caused by differences in environ-
ment and probable experimental errors arc aceounted for, the experi-
mental data indicate that the commercial uses of the various classes
and varieties essenlially are in accordance with the findings of the
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study. This, of course, is encouraging support for the belief that the
methods that have been used are at least reasonably satisfactory and
that reliable characterization and evalualion of new varieties by
similar methods may be expected.

~

INTERRELATIONS OF QUALITY CBARAGTERISTICS

A knowledge of the interrclations of qualily character in wheat is
hclpful in a study of characteristics and in evaluating varieties,
Correlation coeflicients have been calculsted for all the interrelations
it is desired to considor in detail, and scatter diograms with regression
lines {figs. 4, 5, and 8) arc presented for a fow of the more interesting
and important ones. These caleulations, based on the 5-year avernges,
inchude only the nursery data, since the number of varieties in field
plots was loo small. Even for the nurseries the numbers involved
are very small. . .

Jn this bulletin ouly the coellicients “within years’” are presented.
Others, 1. ., “ within varictics” and “residun}” were caleulated for the
spring wheat nursery, and all with one unimportant exception were
found to be less than the corresponding *within years” coeflicients;
generally they were much lower and frequently indicated no signifi-
cant correlation. This result would be expected in the light of the
similarity of most of the various determinations for different years,
as previously pointed out.

Tror these coefficients separate calculations were made cach year
for 25 pairs of characteristics each for the irrigated and nonivrigated
spring wheat and for the winter wheat nurseries.  There were thus
75 seis of cocflicients allogether, each set including cocflicients for
anch of 4 or 5 years according Lo the data available.  The coeflicients
of each set weore then tested by means of the 2 test, to determine
whether they differed significantly from cich other. At the 5-percent
Ievel there was a significant difference between the cooflicients for
different years in only 3 of the 75 sets compared. Since this is no
more than would be expected as a result of random fluctuations, all
of each sel were regarded as belonging to the same population, and
new correlation cocfficients were caleulated from the averages of the
4 or the & years, as the case might be. These coefficients are given
in table 7. Scatter diagrams with regression lines and regression
equations are presented in figures 4 to 6 for what are believed to be
the more important relations, .

These coelficients and the regression equalions must be interpreted
cautiously, and especially so when considered individually. Each
set includes varieties from widely different market cinsses and hence
the data cannot be regarded as strictly homogeneous. With certain
exceptions, to be mentioned later, however, they appear to be suffi-
ciently homogeneous for the purpose of the present siudy. The
numbets in each set entering into the ealeulations arc small and the
use of composites made up of different numbers of samples for the
different years might be expected to interfere slightly with conven-
tional statistical tests. Whalever may be said of these methods, it
is apparent that the corrclation coefficients and regression lines
provide a convenient way of summarizing and reducing the data to
the point whers they can be visualized and discussed. For this
purpose and to indicate some of the broader relations, there appears
10 be no satisfactory substifute,
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TasLE 7.—Correlation coeflicients ! for various qualily characteristics for varielies of spring and winter wheat (based on averages for 4 or &
' years)

Cake Carote-

griin Cooky | Qassing [ noid con-[ Test

and factor tentof | weight
{exture grain

vield | Protein | “Loaf | Dough- [ Particle-
per nere conient | volume hall size

Quality character and nursery
of flour | of bread index

Protein content of grain: DBii. Ce. din., . Score wjr:
Irrigated spring wheat nursery._ .. —0. 661 R -40.805 N . —0.562 |  —0.723
Nonirrigated spring wheat nursery.... ~. 847 . 4,454 . .732 —- 620 —.721
Winter wheat nursery - . 058 +4-.608 +. 683 —. 430 —. 572

Protein content of flour:
Irrigated spring wheat nursery . . . —, (35 —. 750
Nonirrigated spring wheat nursery.. L 5 LTl —. 747, .70
Winter.wheat nursery . -. 650

Loal volume; :

Irrigated spring wheat nursery . . —. 681
Nonirrigated spring wheat nursery..__ . —, 282
Winter wheat nursery Y . —.319

Dough-ball time:"
Irrigated spring wheat nursery._. . —.
Nonijrrigated spring wheat nursery. . —, 702
Winter wheat nursery . —~.423

Particle-size index:

Irrignted spring wheat nursery
Nonirrigated spring wheat nursery..
Winter wheat nursery

Cakegrain and texture:

Irrigated spring wheat nursery...
Nonirrigated spring wheat nurse
‘Winter wheat nursery

Carotenoid content of unbleached flo
Irrigated spring wheat nursery
Nonirrigated spring wheat nursery.
Winter wheat nursery .

Flour yield:

Irrigated spring wheat nursery_ ...
Nonirrigated spring wheat nursery
‘Winter wheat nprsery

SHILATIVA LVEAHM J0 SOILSIUAIOVIVHO AIITIvAD

1 The first figure for each pair of characteristics is for the irrigated spring wheat nursery (N=23), the second for theé nonirrigated spring wheat nursery (N=16), and the third for
the winter wheat nursery (N=18). Allcoeflicients except for o few varictios involving bread-loaf vohume, cake grain.and texture, gassing power, and carotenoid piznients are based on
averages for 4 years; all others for 5 years.  Coefficients above 0.41 for the irrigated spring wheats, above 0.50 for the nonirricated spring wheats, and above 0.47 for the winter wheats
differ significantly from zero at the 5-percent level, - Corresponding coeflicients above 0,53, 0.62, and-0.59 are sighificant at the 1-pereent level.

1 W/T, ratio of width to thickness, N

62
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Of the 75 coefficicnts in table 7, only 12 are below the level of signifi-
-eance at the 5-percent level. These include the coeliicients for test
weight and flour yield in all 3 nurscries. As previously pointed out,
high test weight 1s gencrally characteristic of the region under dis-
-cussion, and in the present study all lots of grain with very low test
weights were excluded.  As a result, the range is much less than that
which in other circumstances might be expected and the eorrclation
-coefficients are low, no doubt largely for ihis reason.  All coefficients
for the irrigated spring wheats, except that for flour yield and test
weight, ave significant at the 5-percent level. TFor the nonirrigated
-spring wheats those for flour yicld and test weight, loaf volume of
bread and grain and texture of cake, and for protein content of grain
and loaf volume of bread are below the level of significance.

LEight of the 25 cocflicients involving winter wheat are below the
level of statistical significance. These are for protein content of
‘grain, correlated with particle-size index and with cake grain and
texture; loaf volume of bread, corvelated with particle-size index, with
cake grain and texture, and with cooky factor; dough-ball time,
-correlated with particle-size index and with eake grain and texture;
and flour yicld, correlated with test weight. Also, the statistically
signifieant coeflicients for winter wheats fend to be smaller than the
corresponding coefficients for spring wheats., The tendeney toward
higher coefficients for spring as compared with winter wheats may
be the result of the generally greater range in values for the charac-
teristics that are correlated, duc in turn to inclwding in the spring
‘wheat nurseries o number of varietics not well adapted to the region.

PROTEIN CONTENT AND YIELD OF GRAIN

Protein content of grain and yicld of grain arc negatively corrclated, the
coefficients in all three nurseries being statistically significant, The lowesst
coeflicient is for winter wheat, only abont 29 perecent of the variation being
-aceounted for in this case, as compared with about 72 percent for the nonirrigated
-gpring wheat. This probahly is dus {0 the greater range in protein content and
yield of the spring wheat varieties for the reasons mentioned above,

It is apparent that noi all ithe cifferences in profein content can be attributed
to grain yieid. This appears to be especially irve for the winter wheat and to a
lesser degree for the nonirrigated and irrigated spring wheat. Tn general, it
appears that the hard wheats, Path spring and winter, tend to have n protein
content sliphtly higher than would ke cxpected from the regression equations and
the soft wheats generally less, although ihere are exeeptions. Aiso, early-
maturing varieties with light vegetative growth tend to have a higher protein
‘content.

Whether (hese explanations are entirely valid must await more exact and com-
prelicnsive studies.  The data are of Interest ehiefy In suggesting that, although
varieties differ in their profein cantent, this difference may he partly but not
entirely explained by differences in yield. An understanding of this relation
-scemns hecessary fto a logical interpretation of varielal gquality insofar as it is
relaled fo protein content, and particularly so as a basis for a logieal breeding
program designed to improve varielal qualify,

TROTEIN CONTENT OF GRAIN AND OF FLOUR

The coefficients for protein conlent of grain and of ilonr are high, as would be
-oxpocted, considering that a part is being eorrelaied with (he whole,

It is perbaps more imporiant fo learn whelher the difflcrenfinl between wheat
and flour proicin iz the samefor all variciies, Caleulaiions showed that the
average pereenlage of proicin in the Hour of all varielies, hoth hard and soft,
was 1,33 pereent lower than the grain protein for the irrigated spring wheat, 1.16
lower for {he nonirrigaled spring wheat, and 1.0G pereent lower for the winter
wheal varieties. Comparing the hard and the soft varictics, it was found that in
each nursery a smaller propertion of the proiein of the grain is retained in the
flour of the soft wheats than in the flour of Lhe hard wheats. TFor example, the
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average differcnce between the protein content of the gra’n and the flour of the
bard wheats in the irripated spring wheat nursery was 1.13% percent, as cotn-
pared with a difference of 1.40 pereent for the seft wheais; that js, the Joss of
protein during milling was greater in the soft wheats,

CAROTENOID CONTENT OF GRAIN AND OF FLOUR

The ceefficients for carotenoid content of grain and flour are extremely high
for the same reason that protein content of grain and flour are highly correlated.
The relationship is so close Lhat determinations of bath grain and flour may not be
necessary as a guide to sclection in breeding.  In all cases the carotenoid content
of the flour was materially less Lhan that of the grain.  The loss was not preciscly
fthe same for all varieties, but Lhe differences in most cases were sinall and probably
of no practical importance. The flour of Rex M1 is considerably lower in earote-
noid content than {hal of Rex M2 or Rex, partly because of the lower earotenoid
conient of the wheat, but also apparcenily beeanse more is removed in milling,
"These differenees, althowgh larger than ean be readily explained by errors in
deterimination, are more interesling than important, sinee, as pointed out else-
where, bleaching removes the excess pigment to a satisfnetory dogree in all the
~varieties studied. Tt should be retnembered also, as pointed aut by Fifield and
wothers (8), that carotencid gonient is considerably influenced by the cobditions
under which the erop is grown, and this influence is probably different for different
wvaricties. i )

RELATIONS INVOLYING BREAD-LOAF YOLUME

Sinec loaf volunwe is usually 1he best single measure of bread quality, it is of
inlerest to note the relations between foaf volume on the one hand and protein
content of the flour, dough-ball lime, particle-size index, and gassing power on
the oiher,

The correlation coeflicients for loaf voluine and flour profein (lable 7) (0.843,
'0.543, and 0.643) for the irrigated spring wheats, the nonirrigated spring wheats,
and the winter wheats, vespeetively, all diller significantly from zero, bub it is
apparent that ouly a part and in some eases only a small part of the variation in
leal volumes (about 28.5 pereent in Lhe nonirrigated spring wheats) ean be ex-
pluined by differences in protein conient.  The corresponding cocflicients for loaf
wolime and dough-ball {ime (0930, 0.718, and 0.604} arc of the same general
order, but in earh ease are slightly or somewhat higher.  The variations in loaf
velumes accounted for hy dogh-ball time are §7.6, 51.6, and 8.2 pereent, as
compared with 711, 20.5, and -11.G percent by flour protein, or gains of 16.5, 22.1,
and 0.6 pereent for ivrigated spring wheat, nonirrigated spring wheat, and winter
wheat, respecetively.

The relation between dough-binll time and loaf volume for Oro in winter wheat
and Baart in nonirrigated spring wheat appears ta be different from that of other
varietics. Oro has a long dough-ball time, but in these studies has been charac-
terized by comparatively low loaf volumes. Daart, on the other hand, has a rela-
iively short dough-ball time bt in the nonirrigated nurseries has the hirhest
averapge loaf volume of any variely. Omitling these variciices raises the eoeflicient
for winter wheats (from 0.684 to 0.811} and for nonirrigated spring wheats (from
0.718 to 0.564).

Since dough-ball fime and flour prolein are themselvhs correlated, it is of
inierest {o determing whether their relations to loaf volume are independent or
due wholly or in part 10 the relation of each io the other. This guestion is
answered by the partial coeflicients of {able 8. The partials for loaf volume and
flour protein with dough-hall 1ime eonstant were found to he 0.684, 0.010, nnd
0.358 for the three sets of varieties, the first mentioned being the only one statis-
tically significant. Similarly, the cocflicients for loaf volume and dough-ball time
with flour protein constant are 0.879, 0.5660, and 0.476. The hArst two are statis-
tically signifcant at the J-pereent level and the third just below the level of
signifieence, Omitting Beart in {he nonirrigated spring wheat and Oro in the
winter had no material effects on the voeflicients for loaf velume and flour protein,
cither with or without dough-bail {imme eonstant, Qumitting thein, however, does
result in a considerable inereasc in fhe partial coefficienis for leaf volume and
dough-ball time.  With flour protein constant, for example, they were inereased
from 0.5060 {o 0.818 for the spring wheats and from 0.47G to 0.897 for the winter
wheats. The relation between loal volume and flour protein and between loaf
volume and dough-hall time, therefore, are apparently determined to some extent
by the relation between flour protein and dough-ball time.

The coefficients for loaf volime and gassing power barcly reached the level of
statistical significance in all three sets of plots, and hence gassing power appears
to have little to offer by way of evaluating varietics.




TaBLE 8.—Pariial coefficients for selected vdriables of spring and winter wheat

Kind of wheat and. constant

Bread-loaf volume and—

Cake grain-and texture and—

Cooky factor ? and—

Flour
protein

Particle-
size
index

Coaoky
factor

Cake
grain and
texture ?

Dough- | Particle-
ball size
tine index

Caoky
factor

Flour
protein

Flour
protein

Dough-
ball
timo

Particle-

Irrigated spring wheat:
Zero order 3
Flour ‘protein constant. .
Dough-ball time constan
Particle-size index constant,
Dough-hall tine and flour pr

Nonirrigated spring wheat:
Zeroorderd, ...

Flour protein conslant

Dough-ball time constan

Particle-size index constant..

Dough-hall time and flour pr
Winter wheat:

Zero order 3

Flour protein constant

Dough-hall time constan

Particle-size index constant

Dough-hall time and flour prot

.
+0.843

r
~0. 787
—. 338

r
-0, 704

1 The levels of significance for the partial coeflicients at the 5-perceiit level are 0.

wheats. At the 1-percent level they are 0.54, 0.64, and 0.61, respectively.

2 These partial coellicients can be caleulated direetly from-the zero order cocilicients giv

based on 4 years' data, whereas some of the zero order coeflicients are for 5 years.
3 The zero order coeflicients gre the same as thosein table 7. They are repeated here for the convenience of the reader.

42 for the irrigated spriug wheats, 0.51 for the nonirrigated spring wheats, and 0.48 for the winter

en in this'and the preceding table; not all the others can be so caleulated sinco they are

H
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-
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Loaf volumes were found to be negatively corrclated (table 8) with particle-
size index, the coefficients {(—0.787, —0.565, and —0.010) being statistically sig-
nificant for the spring wheat but not for the winter wheat. Their prediction
value appesrs to be less than for the corresponding coctlicients for lonl volume
and dough-ball time and loaf volume and Hour protein, When protein content
or dough-ball thne were held constant, all were below the level of sipunificance,
aithough holding both vonstant 2§ the same time resulted in coefficients two of
which atiained the lovel of significance and all of which were posifive as to sign.

Since the characteristics most highly correlated with bread-loaf volume are
douph-ball time and prolein content of flowr, 14 is of interest to determine whether
variations in loaf volwme can bg more completely accounted for by combining
dough-ball time and Hour-protein conlent by means of the muilipie-correlation
techniaque. The cocflicients (/) of table @ are 0.967, 0.718, and 0.748, respee-
tively, for the three sets of plots.  They acconnt for 83.5, 51.7, and 54.8 percent
of the variation in loaf volume, or a gain over the zero order coefficients with
dough-ball time alone of 5.9, 0.1, and 6.6 pereent, and over flour protein alone
of 224, 22.1, and 13.2 pereent.

TarLe 9. —>Multiple coeficients for selected voarinbles of spring and winler whea;

Cnke grain and textore snd— Cooky fetor and—

inddex
Flour protein, parli-

angd cooky lactar
index

ox, aml
and HDour profein

dough-tm!] time
,index,

flour pratein, and
dough-hall time

Kind of whoent

Dreal-lagl volume—dnugh-
hall Ume anl flour pro-
Elour protein and
pocticle-stze index
Porlicle-size index and
dough-hall time
protein - end
dough-hall time -
fagior sand
flonr protein
Particle-size index and
dough-lall tmn
protoin  and
dotrgh-ball time

Particle-size
Particle-size
Particle-sizo

Coaky

Flour
Flour

Irrigated spriog R ? " R Fi4 R H
wheat. ..o 0. 9671-4-0. B58|4-0. 870140 360,48, 799, 41 738140, 878 40, 707,

Nouirrigated  spring
‘honk - 7i8] +. 8507 . 84,

I

40, 793 4-0. 785|4-0. 761
830l +. 510l . 7hd| 4~ 803 -{-‘855} +. 856 - 833} 4-.563

i +.
Winter » hest 4, 0 T 4 S -kST-iI 4. G658 . T2 +.\!il| +.TT(}'I +.Sﬁ?} - 673 4. 888

Taken at their face valne, these data suggost that dough-ball time is a bebter
index of loaf volume Lhay is flour protein and that bolh taken together provide &
somewhat better index than cither one alone. Tending to offset this is the
thoroughly cstablished and well-known relation between loaf volumes and protein
content of the flour and the lack of such well-established relations for loaf volumes
and dough-ball time; also the greater expense and time necessary to make the
dough-ball determination snd the fack that protein determinations are made for
other purposes and are usually part of the laboratory routine, whereas dough-balt
time determinations are nof,

Especialty to be considered is the fact, noted above, that the genersl relation for
dough-ball "time and loaf volume apparently does not hold for all varieties,
noticeably the spring wheat Baart and the winter wheat Ore.  Other investigators
have reported similar exceptions. [t would appear that so long as exceptions
such fs these cannob be sabisfactorily expiained, dough-ball time cannot be
regardad 03 a dependablc index of bread-quality characteristics, no matter what
the relation may be in gencral, Neibher should it be disregarded. Douph-ball
time might be very useful to a plant breeder for ident ifying good and peer bread-
quality segregates from a cross between certain parents of known bread-quality
and dough-ball time characteristics, Without this Iatter knowledge ifs value
would seem to be questionable.

The relations considered in this study, it should be noted, are for varieties of
wheat grown under strictly comparable conditions. In the studies with spring
wheat, ircigation tended to reduce the dough-ball timne for most but nob all
varieties, withont a eorresponding reduction in loaf volume. This indicates that
the relations shown in these studies would not * .13 if varieties were not grown
under strictly comparable conditions.

BREAD-LOAF VOLUME, COOKY FACTOR, AND CAKE GRAIN AND TEXTURE

Tt is often assumed that varieties of wheat suitable for hread are nat satisfactory
for pastry purposes and vice verse. This assumption is borne out by the fact: that
the cocfficients for loaf volume of bread and cake grnin-and-texture score and
cocky factor,‘shown in table 7, were negative as to sign. Three of the six coeffi-
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cients, however, are helow the level of significance, the highest (that for bread-loaf
volume and cooky fuctor for the irrigated spring wheats) being anly —0.760,
Of the six partigl coefficients, holding flour protein constant (table 8), only one
reached the level of statistical significance, and the saine is true when dough-ball
time i5 held constant.  Only two of them attain the level of statistical significance
when beth flour protein and dough-ball time rre held constant at the same time,
and these two are varisbie as to sign. It would appear, therefore, that such
relations as exist botween bread-loaf volume and onke grain and texture and
hetween bread-loaf volume and eooky factor can he satisfactorily explained by
differences in protein content and dough-ball fime.

These results arc in accord with those already noted, that several varielics
appear to be satislnetory either for bread or pastry purpescs, depending upon the
protein conient of the lfour.  “Thus Baart produced excellent bread and good cakes.
Triplet in general was the best or among the best for enkes and ecookios and pro-
duced good bread.  Good eakes and cookies were made from the very soft variety
Rex and also bread nearly equal $o that from the hard wheats.

RELATIONS INVOLVING COOKY FACTOR

The characteristic most highly correlated wilh cooky faetor is particle-size index,
the coclficients (table 7) being 0,754, 0.848, and 0.730 for the three sots of varietics.
Holding flour protein constant resuited in eocflicients of 0.409, 0,607, and 0.602,
and holding dongh-ball time econstant in cocflicicnts of 0,348, 0.555, and 0,780,
Holding hoth flour prolein and dough-ball time constant at the same Lime gave
coefficients of 0.276, 0.851, and 3.717. Five of the nine partials are statisticnlly
significant. Contrariwise, the six eocfficients for eooky factor and flour protein
and for cooky factor and dough-hall time, with particle-size index constant, are
with one exception helow the level of significanec,

All the data are in agreement in indicaling that cooky facler is more closely
related o particle-size index Lhan Lo either of the other Lwo warishles, but never-
theless it is not entirely independent of the othors.

Including flour protein with particle-size index resulted in mulliple cocHicients
({table 9) of 0.797, 0.856, and 0.770, and including dough-hall thne with particie-
size index in cocficients of 0.793, 0.856, and 0.867. Tneluding the three inde-
pendent variables gave cocflicionis of 0.761, 0.8G3, and 0.868, These latter ac-
count for 57.9, 74.5, and 75.3 percent of the variability in cooky factors, ns com-
pared with 56.8, 71.9, and 33.3 for particle-size index alone.  These represent gains
of 1.0, 2.6, and 22.0 percent.

RELATIONS INVOLVING CAKE GRAIN-AND-TEXTURE SCORITS

Cake grain-and-texinre scores nlso are more highly corrclated with particle-
giz» indexes than with other delerminations,  The coeflicients (lable 7) are 0.853,
0.887, and 0.868 for Lhe {hree sefs of variekies, Those with dough-bail time for
the spring wheals are fairly high (—0,794, —0.792) and statistically significant,
although not for the winter wheats (—0.423); and those with flour protein arc
statisbically significant for all Lhree sets of varielies, although not sufficiently high
{(—0.635, —0.717, and —0.839) to offor mueh promise for prediction PUFPIOSCR,

The partial coefliclents lor cake grain and texture and particle-size index, hold-
ing flour protein constant, are 0.46, 0.752, and 0.820 {(fzbic 8}, and the corrc-
gponding cocflicients, holding dough-ball thne constant, were 0.584, 0.667, and
0.875. Holding both flour protein and dough-hall thue constant at the same titne
gave cocflicients of 0.618, 0.636, and 0.837. All these partials are statistically
gignifieant. Five of the six coeflicients, wilh particle-size index constant, are bo-
low the level of signifieance and £he sixth barely reaches the level of signifieance.

The multiple eoeflicients for eake grain and texture, flour protein, and particle-
size index were found to be 0.858, 0.889, and 0.9067. Replacing flour protein with
dough-ball time gave eoctficients of 0.876, 0.890, and 0.899, and including the
threc independent variables with cake grain and toxture resulied in cocfficients
{R) of 0.878, 0.893, and 0.011. The percentnges of {he variabilily zecounted for
by the latter are 77.3, 70.7, and 83.0, as compared with 72.8, 78.7, and 75.3 per-
eent for particlesize index alone.  “Uhesc figures represent gains of 4.5, 1.0, and 7.7
pereent for irrigated spring wheat, nonirrigated spring wheat, and winter whealt,
roespeckively, .

The data for eake grain and bexture, like those for cooky factor, show that
particle-size index is more closcly related to pastry qualilies thai are flonr protein
and dough-badl time; that particle-size index is Lo & considerable degree independ-
ent of deugh-ball time and flour protein; and that only a slizht gain in prediction
values may be expected by making use of dough-ball time and flour protein in
addition to particle-sise index by menns of she multiple-correlation technique.
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Particle-size index appears to he more ciosely related to cake grain and texture
than it is to cooky faetor, as shown not only by the higher zero order ceeflicients.
but zise by the higher partial coctficients ebtained when other varinbles ave held
constant, This is in agrecment with the fact discussed in the next paragraph,
that cooky factor is not u very reliable index of eake quality.

CAKE GRAIN AND TEXTURE AND C(SOKY FACTOR

Cookies are more easily made ihan eakes and ean be evaluaicd by objective
measurements, wherens eike gqualily Is to some extent a matter of opinion. The
coelficients belween cooky foctor and cake grain-and-lexture seores are therefore
of interest, Al of these eveliicients, na shown in tuble 7, are statistieally significant
and range from 0.660 (or the winter wheat Lo 0.720 for the irrigated spring wheat.
Only shightly mere than 50 percent of the varinbility in cake-and-texture scores.
is aecounted for in the case of the irrigated spring wheat,  This indieates that
the factors responsible for good cookios ave responsible enly in part for good cakes;
also, that white cookies may be used in 2 general wuy to indieate cake guulity,.
they are by 1o sreans o relinble index, A striking example of this lalier is the:
variety Baart, which genorally makes exeellent enkes but enly fabr-to-poor cookies,

An interesting vesnit is obifioed when enke prain-and-tesiure scoves and
cooky fuclor are correhuted wilh particlessize index, flour protein, or dough-ball
time held constant, singly er topgether,  Of the twelve purtinl coefficients so ob-
tnined (Lable 8), onld Lwo reaeh the lovel of signifivance. Al however, arep ositive
it sign. The [ailure of so many of these partinls Lo reach the level of signifieance
indicates that the renson mest varieties that make good cakes alsy make pood
cookies Is that they are similar as o particle-size index, dough-ball time, and flour
protein.  The faect that some of then are significont and that all are niike us {o
sign supzosts that there are pastry eharacteristies yel Lo be aeconnted for,
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