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1. 

CORRELATION OF PHYSICAL CHARACTERISTICS OF WAT WI'llI 

THEIR GLUTEN CONTENT 

...:: ::...... 

INmor)uc TION 

There are great differences in the protein or gluten 
content of wheats. Soììe samples contain as low as 4 percent, 
others as high as 22 percent. For flour purposes, wheats with 

the naximum amount of' protein or gluten, provided it is In 

the best. forr for bread raking purposes, are the most valuable; 
hence it is highly desireable to be able to distinguish wheats 

of high from those of low gluten content by the appearance 

and general character. It was the aim in this investigatIon 
to study the characteristics of wheat kernels with the object 
of determining the physical conditions assoLiated with high 

and low gluten content. Because of the excessive use of wheat 

flour for food purposes, it is unnecessary to suggest the im- 

portance of this matter when it is recalled that wheat of maxi- 

mum gluten content contains as much protein as average beef, 
(16.98;) while that of minimum content contains no more than 

rice (4%). S 

A more thorough knowledge of the various physical cliarac- 

toristics of wheats will aid niaterially in the selection of 

wheats for flour purpoes. It wiJ1 also aid in the selection 
of the most desirable varieties for seed purposes. 

Viith these facts nd questions in mind, this study of the 

content was underta1n. 
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OB JEC T 

The object of this investigation is to attempt to 

arrive at answers to some of the following lines of experimets: 

1. Relation of weight per bushel to gluten content. 

2. Relation of hardness to gluten content. To determine 
whether hardness can be used as a means of quickly de- 
termining the gluten content of wheat. 

3. Relation of color of ;ibeat to gluten content. 

4. Relation of cross-sectional appearance to gluten content. 

5, Relation of plumpness to gluten content. 

6. F1elation of size of sred to gluten content. 

7. Relation between moisture content of wheat and its 
gluten content. To determine whether or not the mois- 
ture content of wheat may be used as an indicator of 
its gluten content. 

8. Relation of gluten content of variety to environmental 
factors such as character of soil, amount of rainfall, 
temperature, and previous crops. 

9. Relation between gluten content of different varieties 
under similar conditions to determine which varieties 
have most favorable gluten contents for flour purposes. 

lO.Relation between gluten content of ground wheat with 
and without bran. To determind whether it is necessary 
experimentally to remove the bran, or whether compar- 
able results may be obtained without its removal. 

ll.Effect of the application of sodiwn nitrate on the tex- 
ture avi structure of ;iheat. 

....:: ::.... 



REVIEW OF LITATURE 

Considerable investigational work has been done by 

nurnerous investigators pertaining to the influence of soil 

and cliiiate upon the composition of grain. The results of 

these investigations have been quite contradictory, and have 

resulted In a wide divergence of opinion as to the factors 

vthich influence the gluten content of 7heat. In oractically 

all of these studies, the plan has been to transfer the seed 

from one point to another and çovr it under a variety of con- 

ditions, and from the results so obtained atempt to draw 

conclusions as to the influence of environment upon the corn- 

position of the grain. Plants are so sensitive to a change of 

environment that it is difficult to say which of the environ- 

mental factors have the greatest influence. Many investigators 

seem to think that the climate has the eatest effect upon 

the composition of the crot. Others believe that the sil has 

the greatest influence. It is a well laiown fact that true 

varieties when groin in the serie environment have a tendency 

to produce a like product regardless of the original so ±1. 

The following is an account of some of the important in- 

vestigations pertaining to the Influence of different factors 

upon the physical characteristics of wheat and their gluten 

content, which have been reported. 

As far back as 1857, Laws and Gilbert (1) found from their 
experiments at Rotharnsted that the length of the growing pe'od 
after heading influenced the plumpness and ttteñ content of 



the wheat; tnat is, a long period gives a plump grain, with 

a 1oi percentare of f'luten. 

Exneriments were started some twenty-eight or more years 

ago by Richardson, under the dfrection of H. . Vliley (2), Chief 

of the Bureau of Obemistry, United States Department of Agrie- 

ulture, to test. the influence of environment on the composi- 

tion of cereals. These consisted in growing the same varieties 

of wbeat in different localities, and Richardson concluded 

from the data obtained that the soil exerted the greatest in- 

fluence on the composition, that is, wheat grown In Colorado 

would have anroximately a constant percentage of glutn. In 

an article on this subject published in the Yr Book of the 
u 

Department of Aricult.ure for 1901, iiiley concluded fror:i a 

further series of experiments that the length of the growing 

period was the determining factor in influencing the composi- 

tion of viheat, a short period of growth and a cool climate 

producing a hirh trotein content and vice, versa. 

In 1893 Schindler (3) attributed the by, percentage of 

gluten in wheat to the long growing period from the time o' 

bloom to rireness. 
Climate conditions have thus been given the most credit 

for influencing the composition of plants. Jensen (4) pointed 

out that the size of the grain decreased as the climate bacne 

more flcontinentaltt in character, and. with the decrease in size 

the percentage of gluten increased. This is shown by the fact 

that wheatd gÍown in the northvrecter part of the United States, 

and in Manitoba, Russia, and Hungary (all having continental 

climates, that is, cold dry winters, rain in late Spring and 
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early Summer, and high temerature at harvest) contain a high 

percentage of gluten and .re hard and almost flinty in charac- 

ter; whereas insular, or coast climates produce wheats high 

in starch, low in gluten, but plump and soft. 

In an article ori agricultural research A. C. Hall (5) 

calls attention to the fact that climate produces greater changes 

in composition than do fertilizers, soil, date of seeding, etc. 

Bogdan (6) found that increase of salt content of alkali 

soils produced an increase in the nitrogen and ash contents 

of the grain grown therein, though the absolute amount of these 

constituents decreased, due to the fact that the absolute 

weight of the grain diminished. This, he says, explains the 

good quality of the rather nall grains of wheat grown in South- 

eastern Russia, Northwestern American, and Hungary, when the 

soil is rich in soluble salts, especially nitrates. It has, 

however, generally been assumed that fertilizers influence the 

yield considerable and to a smaller extent the composition. In 

a like manner, soil is one of the lesser factors affecting the 

composition of wheat. This is the opinion of Laws and Gilvet, 

Hall, llhleyand eClerc (7), Vlohitmann (8), ca'ried on ex- 

periments extending over several years on the influence of 

weather conditions on the conmosition of cereals arid found that 

rainy, cloudy summers decreased the percentage of protein and 

that dry sunny and warm summers increased the gluten content. 



METHODS AND iAThRIALS 

A. Methods -- Vieigt per Bushel 

The apparatus used in test±ng the weight per bushel, 

consisted of the test kettle, v,ith a special beam, and hopper, 

through which the grain was allowed to flow into the kettle. 

The hopper had an opening of one and one-quarter inches in dia- 

meter at its base and was firmly supported two inches above the 

test kettle. The excess grain from the top of the overflowing 

6. 

kettle was removed in a uniform rrianner with three zig-zag motions 

with the sides of the special stroker held vertically and 

guarding against the jarring of the contents. Duplicate tests 

were made of each sample and the average of these vias considered 

as the actual weight per bushel. 

Percent of Gluten: The percent of g'uten present in 

each sarn"le was determined by taking fifty grwis of the ground 

wheat to be tested and washing the meal under a small stream of 

water by kneading process which removed the bran an: starch 

and other non-luterì compounds. The sample was kept over a 

fine silk cloth so as to guard against the loss of any visible 

gluten which might drop in the process of kneading. The washing 

was continued unti' all the bran and starch had been removed and 

no noticeable nnount could be detected in the sample. Each 

sample was weighed before and after drying. The wet weight of 

the gluten was made after all the removable water that was present 

had been removed by working the sample in the hand and leaving 

it, sufficiently moist so that it would not stick to the fingers. 

The dry weight was ¡nade after the sample had been dryed in an 
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electric oven at a temperature of 90°F. for a period of 

twenty-four hours, then cooled and weighed. All the samples 

were run in duplicate and the average considered as the actual 

weiht of the sample. The amount of gluten was calculated 

in percent of wet and dry gluten. 

In making comparative tests of ground wheat with and 

without bran, the bran was removed by placing the ffty grar.is 

sample of ground wheat in a small metal container the bottom of 

which was perforated with small holes one millimeter in dia- 

meter. The flour was removed by shaking the container over a 

porcelain plate thus allowing the flour to pass through and 

leaving the bran behind. Tests were made of the flour as 

outlined above. 

Hardness: The relative hardness of each variety 

was determined by placing one hundred kernels of the particular 

variety crease J.own on a scale, then applying pressure with a 

piece of wood on each kernel and noting the number of pounds 

of pressure on the scale required to crush the kernel. Te 

average of the one hundred kernels was considered as the rel- 

ative hardness of a given variety. 

Color of the Grain: The color of grain in each 

variety was determined by taking at random duplicate samples of 

fifty kernels and classifying each kernel according to its color. 

The classification included the following colors of kernels: 

':hitish, Yellowish, Clear amber, Dull amber, Clear red, and 

Dull red. 

CRoss-Sectional Appearance: The cross-sectional 



appearance of the kernels In each variety studied ws 

deter'mined by cutting duplicate samples of fifty kernels 

in each sample with a special ddvice made for the purpose 

of examining the cross-sectional appearance of the kernels. 

The average of the tests were calculated in terms of percent; 

as, percent very horny, percent horny, percent dull, and 

percent starchy. 

Plumpness: Plumpness is indicated b' the condition 

of grain as observed at the laboratory "P" signifying plump; 

"ss" slightly shrrniken; "S" Sh'uiken; and "BS" badly shriveled. 

Duplicate samples of fifty kernels in each sample were ta:en of 

each variety and classified according to the above classification. 

The results are expressed in ternis of percent, ad the average 

of the duplicate tests considered as the plumpness of grain in 

each variety indicating the percent of different colored kernels 

prese::t in the sample. 

Size of Seed: The relation of size of seed in each 

sample was ascrtaind by measureing the entire width and length 

of twenty-five kernels in a row on a white piece of paper. In 

measureing the width or the diameter, the kernels were placed 

side by side, groove down, the same end in each kernel pointin 

the same direction and the lenth of the kernels was determined 

in a similar manner, but the kernels were placed end to end in 

row, the brush end of each kernel adjoining to the germ end of 

the other kernel. The length of the entire row was measured 

with a metric ruler. Duplicate tests were made in both cases 

and t1 averae diameter and length of one kernel considered 

as the average size of the seed in each sample. 
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Moisture Tests: The percent of moisture was deter- 

mined with the Brown-Duvel Moisture Tester, using loo grams 

of grain and 150 cubic centimeters of oil, and extinguishing 

the flame when the thermometer registered 1800C. All grain 

samples viere run in duplicate. 

Soil and Thvironnental Influence: The influence 

of soil and climatic conditions on 1uten content of wheat was 

determined by testing the gluten content of similar varieties 

grown under different soil and climatic conditions in the 

State of Oregon. The effect of the following factors were 

studied as to the gluten content of wheat: Charater of Soil 

Railfall, Temperature, Eastern and 7estern Oregon conditions, 

Previous Crops, and the effect of application of nitrate of soda 

on the soil and its effect on the gluten content of vrheat and 

its physical characte:dstics. 
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METHODS AND ÌiATERIALS 

B--. Materials: 

The \Theat used in this investigation includes the 

leading soft wheat varieties grown in the State of Oregon. A 

sample of the different varieties was obtained from the 

prsns named below, and the condit±ons of growth and location 

indicated. Each sample was kept at least tbre weeks in the 

laboratory so as to become properly adjusted to the proper 

storeage conditions before any tests were made. The grain vías 

thoroughly cleaned with a seed cleaner so that al the broken 

kernels, foreign seed, and inert matter was removed before any 

weights or measurements were taken. Beginning with table 5 in 

this investigatIon all the wheat used In the experiment were 

grown in the O. A. C. Experiment station faxn. Same varieties 

were grovm in soli in which a small application of nitrate of 

soda had been applied and also in soil in wbich no nitrogenous 

fertilizer was used. By growing similar varieties in this 

manner, the effect of nitrate of soda on the grn can be corn- 

pared with the grain of the same variety gron in the untreated 

soil. The varieties grown under different climatIc and soil 

conditions and locations are as follows: 

Sample No. 1-Turkey Red 1heat from Moro plot, Eastern Oregon, 
good tillage, Dry land. 

2eTurkey Red from Moro Plot, Eastern Oregon, 
poor tillage, Dry land. 

3Spil1man No. 1-Red Chaff Club; Nathon Daron Cove, 
Bottom, irrigated. 

4-Spïllman No. 3-MarquIs; Henry Lovins;Cove;bottom, 
irrigated. 

5-Spillman No. 2-Marquis; J. Deore; Union, Raymo flat. 
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Sample No. 6. Spiliman No. 4; Bluestem San Avers; Cove 
Eot;o:, irr1ga1on. 

7. tI 5; Little Club; II.C.::eyor Jnion 
Typical Bottom, Irrigation. 

8. 6; Forty-Fold; Win Haertr; Union 
High valley. 

9. '7 

7; Marquis; F.Ross; Union; High valley 

lo. ti 

8; " Joe Yarrington; Elgin;Dry land. 

li. " 
9; Jones winter Fife: J.L.Burnaugh 

Elgin,3000 Lt. dry land 

12. " 10; Forty-Fold; Wm.Roulett; Elgin 
3000 ft. elevation; dry land. 

13. " 11; Red Chaff Club; Peter .,estenskovr; 
Imbler; Clover Soil, bottom sandy 
loam, irrigation. 

14. " 12; Forty-Fold; \V. Roulett,Elgin, 
dry land 

15. " 13; Odessa; I-I.Sto;ve, Elgin, 3000 ft. 
elevation, Dry land. 

16. " 14; Forty-Fold; A.E.Hill, Elgin, 3000 ft. 
elevation, Dry lend 

17. " 15; Red Chaff Club; Meyer; Summerville 

18. " 16; Little Club; J.H.ickens; Elgin 
3000 ft elevation, Dry land. 

19. 17; Forty_Fold J..Garn; Imbler; 
Typical Sand Ridge. 

20. " 18; Sonora; A.Briggs; Elgin. 3300 ft 
elevation, Dry land. 

21. " 19; 11orty-Fo1d; Sam Brooks. Imbler 
Typical Sand Ridge 

22. t? 20; Forty-Fold; .'ta1ter Pierce, LaGrande; 
Sandy loam botton, irrigated. 

23. " 21; Red Chaff Club; walter Pierce, Larande; 
sandy loam bottom, irrigated. 

24. " 22; Red Chaff C1ub Rout MoKinnon, Alice 
Alfalfa sod. Typical sand ridge, dry land. 
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DISCUSSION OF RESULTS 

RELATION OF TEIGHT PER BU. TO GLUTEN CONINT 

The results are presented chiefly in tabular form. 

In tables i and 5 are shown the correlation of weight per bushel 

to gluten content. It was found that there is a considerable 

relationbetween the weight per bushel of wheat and the percent 

of gluten. Of the fifty-six samples tested, forty-four, or 

78.57% showed a clear graphic relation between the amount of 

gluten in the different samples and the weight per bushel. As 

the weight per bushel increased or decreased in the different 

samples, in a like manner the gluten content was found to con- 

form with the weight of the grain. Graphic representation of 

weight per bushel and gluten content in indicated in charts 

i and 3. 

Relation of Hardness to Gluten Content: By the 

method employed in determining the hardness, it was found that 

many of the soft wheat varieties used in the second series of 

the experiments did not conform with the percent of gluten 

in the different varieties. That is, the samples having a high 

breaking point had a low percent of gluten. This may be due to 

the fact that the wheat used in this series remained only about 

5 weeks in storage after harvest, before the hardness tests were 

made, therefore, the excess amount of moisture in the grain 

caused the soft kernels to remain unbroken and become almost 

flat when pressure was applied before the crusing point was 

reached. On this account some of the soft wheats had a high 
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breaking point of hardness, and a lori Percent of gluten, the 

contents of the kernels being composed mostly of starch. 

Of the 32 samples tested, only 20 samples howed a 

uniform relation of hardness to gluten content; the percent of 

gluten increasing or decreasing as does the hardness of the grain. 

The wheat used in the first series of tables remained a 

longer period of time in the laboratory after harvest before the 

hardness tests were made. This allowed the grains to become 

thoroughly dry and break more readily. Thus producing a more 

uniform relation between the hardness and the gluten content. 

Of the 24 samples tested in this series 19 showed a definite 

relation between hardness and gluten content. This relation is 

indicated more clearly in tables i and 5; and graphically in 

charts 2 end 5. 

Re1tion of color of wheat to Gluten Contnt: In tables 

4 and 8 the wheats are classifies accor.ing to the percent of 

different colored kernels in each sample. It will be observed 

in comparing these tables with 1 and 5, that the samples contain- 

Ing the greatest oercent of kernels as being dull red or dull 

amber in color contain the highest percent of gluten. This 

Ofli applies to the two varieties of Turkey I-ed and Marquis 

wheats, which were the only hard wheat varieties in the expe:i- 

ment. 

Of the white varieties the highest percent of gluten was 

found to be in those samples that were uniform in color or all 

of one color. The highest percent of gluten in any one y riety 

found to be in the Bluestem and the color of the kernels in 

this sample w.s 100% Whitish. The samples having two or more 
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grades of color in the same variety contained a smaller per- 

cent of gluten than those that wore moì'e imiform in coloì, 

or "True to Color". 

Relation of Cross-Sectional Appearance to Gluten Content : 

The coss-sectioned appearance of most of the soft wheats were 

either dull or starchy, or both types were found in majority 

of the samples. The varieties containing the greatest per- 

cent of gluten. Varieties having a high per'cent of starchy 

kernels had a low gluten content. 

Relation of P1tnpness of Seed to Gluten Content: 

Tables 2 and 6 show the relation of plumpness of grain to its 
gluten content. In ncrly all of the samples tested the 

grain was found to be plump or slightly shriveled. Some 

samples having a greater percent of shriveled and badly shri- 

veled kernels, also had a marked reduction in the amount of 

nuten. The highest percent of gluten was found to be in 

those samples which were classified as being plump, or slight- 
Jy shriveled. Both conditions were present in the samrles 

that contained the highest percent of gluten; the majority of 

the grain giving the highest gluten tests was composed of a 

sample having a greater percent of the kernels In the plump 

condition and the iialler proportion in the slightly shriveled 

condition. Thïs was found to be true in amples of diTeret 
varieties as well as different samples of the same variety. 



TABLE I. Weight Per Bushel, Relation of Hardness and Percent of Gluten 

Lab. : 

No. : 

: 

weight Por : 

Bushel : 

: 

Relation of 
hardness in 
pounds 

: ieight of 
: wet Gluten 

: 

grams 

: e1ght of : 

: dry Gluten : 

: 

in rrams 

Percent : 

of vret : 

Gluten 

Percent 
of dry 
Gluten 

- 
I 61.75 : 34.8 : 13.94 : 5,15 : 27.88 : 10.3 
2 : f30. : 32.12 : 8.93 : 3.33 : 17.86 : 6.70 
3 : 59.5 : 20.84 : 5.21 : 2.37 : 10.42 : 4.74 
4 : 61. : 26.44 : 6.49 : 2.68 : 12.98 : 5.36 
5 : 61.75 : 26.75 : 7.89 : 3.32 : 15.78 : 6.65 
6 : 61. : 23. : 13.64 : 5.36 : 27.28 : 10.72 
7 : 56.5 : 18.24 : 7.66 : 2.99 : 15.32 : 5.98 
8 : 56.85 : 19.8 : 8.52 : 3.45 : 17.04 : 3.90 
9 : 60 : 26.68 : 8.22 : 3.51 : 16.44 : 7.02 

10 : 61.9 : 25.27 : 8.52 : 3.61 : 17.04 : 7.22 
li . 60 . 26.8 . 9. : 3.55 : 18. : 7.10 
12 : 59.25 : 25.6 : 7.53 : .l0 : 15.06 : 6.20 

lq) : 60. : 27.78 : 10.705 : 4.16 : 21.57 : 8.o2 
14 : 59. : 10.8 . 8.6 : 3.4 : 17.2 6.8 
15 : 5). : 18.52 : 7.57 : 3.28 : 15.14 6.56 
16 : 59. : 21.88 8.905 : 3.965 : 17.81 : 7.93 
17 : 61.5 : 25.68 11.675 : 4.38 : 23.35 : 8.76 
18 59.25 : 16.24 8.49 : 3.20 16.98 6.40 
19 60. 18.92 7.90 : 3.095 : 15.80 6.18 
20 : 61. 20.96 8.95 : 3.53 17.90 : 7.06 

21 59. 18.32 7.48 2.915 14.96 5.83 
22 : 59. 21.84 14.145 5.04 28.29 10.08 
23 : 58.5 : 19.12 8.i2 3 16.24 6. 
24 : 59. : 19.84 9.695 3.645 19.39 7.39 

H 
rn 



TABLE II. Relation of Plumpness and Cross-Sectional Appearance of Grain 

Lab : Percent : Percent : Percent : Percent : : Percent : Percent : Percent : Percent 
N. P SS S 

: 

BS 
: 

horny : horny : dull : starchy _ 

i : 40 : 60 : .... : :: 100 : .... : ... : 

2 : 48 : 52 : .... : :: .... :14 :60 z 26 
3 : 96 : 4 : .. : :: .... : ... : 3 : 97 
4 : 5 : 88 : '7 : :: .... :80 :14 : 6 
5 : 55 : 45 : .... : :: 20 :40 :19 : 21 
6 : 17 : 83 : ¿... : :: .... : .... :76 :24 
7 : 91 : 9 : .... : :: .... : .... : i : 99 
8 : 89 : 10 : i : :: ... : ... :65 ::35 
9 : 97 : 3 : :: 25 : 24 : 40 : 11 
10 : 75 : 15 : 10 ; ; : : 17 : 21 : 36 : 26 
li : 60 : 25 :15 : :: ... : ... :67 : 33 
12 : 91 : 9 : .... : .. :: ... : ... :16 : 84 
13 : 84 : 14 : 2 : :: .... : 3 :75 : 22 
1 4 : 86 : 14 : : . : : : : . : : 

15 : 93 : 7 : . . : . : : : . : 6 : 94 
16 : 93 : 7 : .... : : .... : ... :11 : 89 
17 : 87 : 13 : .... : :: ..... :25 :60 : .5 

18 : 18 : 82 :18 : :: .... : .... : 7 : 93 
19 : 88 :: 12 : .... : :: ..... : ..... : 9 : 91 
20 : 92 : 8 : ..... : :: .... :25 :75 : ;... 
21 : 93 : 7 : . . . . . : : : . : : 4 : 96 
22 : S.L : 9 .... : :: .... : .... : 20 : 80 
23 : lo : 40 :4Q :10 :: .... : .... :17 : 83 
24 : 85 : 15 : .... : :: .... : ..... : 3 : 97 

H 



TABLE III -- Relation of ::oisture and Size of Grain to Gluteïi Content. 

Lab. : : : 

No. : Variety : 
Percent : Length of : 

Diameter of 
: 

. 

: I\olsture : Grain nnn : Graihnim 

1. Turkey Red 9 : 6.22 2.9 
2. : Turkey Red : 8.4 : 6.62 : 3.16 
3. : Red Chaff Club: 8.7 : 6.34 : 3.36 
4 : Marquis 8 : 5.52 : 3.08 
5 : Marquis : 8.7 5.72 : 3.2 
6 : B].uestem : 8.6 : 6.92 : 3.4 
7 : Little Club : 7.9 : 6.28 : 3.2 
8 : Forty-Fold 7.9 6.76 : 3.62 
9 : Marquis : 8.2 : 5.64 : 3.7 
10 : Larquis 8.6 5.58 : 3.16 
11 :Jonos!interFife: 7.6 : 6.2 : 3.62 
12 : Forty-Fold : 7.9 : 6.86 : 3.29 
13 : Red Chaff Club: 7.8 : 6.22 : 3.14 
14 Fort--Fo1d ;: 7.5 : 6.79 : 3.18 
15 : Odessa : 8.3 : 6.2 : 3.26 
16 : Forty-Fold : 8.6 : 6.72 : 3.48 
17 : Red Chaff Club: 7.8 : 6.12 : 3.2 
18 : Little Club : 8.2 : 5.92 : 3.14 
19 : Forty-Fold : 8.3 : 6.66 : 3.4 
20 : Sonora : 8.7 : 5.8 : 3.26 
21 : Forty-Fold : 8. : 6.04 : 3.56 
22 : Forty-Fold : 8.5 : 7.0 3.5 
23 : Red Chaff Club: 8.8 : 6.3 3.2 
24 : Red Chaff Club: 8. : 6.28 : 

______ ___ __ ___ ___ ___ T 

H 



TABLE IV. -- Color of Grain 

Lab 
' 

I 

percent 
' 

percent 
' 

percemt i percent 
' 

percent 
' 

percent 
No. 

' 

Variety 
' Whitish' Yellowish 

I clear dull ' clear dull 
I t I s amber amber ' red I red 
I t I I I I 

' 4 96 
1. ,Tu.rke7Red , .... .... ... .... t 

2. Turkey Red 18 ' ... 10 69 ... , 

3. Red Chaff Club 100 . . . . . . . i . . . . . . . 

I 

Marquis 
t t 2 28 

t 70 4. ...... 

5. t Larquis t .. U t 35 30 .... I 35 

6. t Bluestem t J_00 t . . .. i . . . . . . s . . . I . 

7. Little (Jiub 100 i . . . . 

I 

. . 

8. 

I 

Little Club 
t t 

t 

9. Marquis 
I .. I 

... . t 25 ... 
, 

75 

10 IVarquis 
I I I 

i 75 . 

I t 

25 

11. Jones Winter Fife ' 10 ' 55 t 35 I t 

12 u Forty-Fold t 100 i . t . u ... t 

13 Red Chaff Club 100 
t s t i . u i 

a i . . . 

14. Forty-Fold 100 
' 

, 

15 Odessa .... 33 . ' 67 . . 

16 
I 

Forty-Fold 
I 

100 
I . t 

i . t . t 

17 ' Red Chaff Club ' 89 ' I I t 

18 i Little C] I 77 
.. 

I 23 t 
I i 

92 8 19 1Forty-Fold i i .... i ... i .. i 

20 Sonora 9 91 . 

21 Forty-Fold 100 I 

22.. ?ortyFold 89 . i 11 

23 ' Fed Chaff Club 19 41 40 
I . 

24 i Red Chaff Club ' 89 . I t I 

i t I I i i 
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Relation of size of Seed to Gluten Content: It is almost im- 

possible to dravr any definite conclusion as t.o the relation 

of the size of the seed to the gluten content of the grain on 

account of so fevi samples of any one variety was tested. In 

order to base any definite conclusion as to their relation 

it 'iould necessitate one to use a large number of samples and 

determine the average size of the different kernels in each 

sample and from them try to draw the relation existinr betieen 

the size of the seed a'd its luten content. Since the size 

of the seed is influenced by the soil and climatic conditions, 

this relation can only be made lYr determining the size of 

several samples of the same variety grown under same soil and 

climatic conditions, and front the average drawyour conclusions. 

This should be determined separately in the different con- 

ditions of rowth as the different soil and climatic con- 

ditions influence much the size of the grain and its 

gluten content. Tables 3 and 7 shoi the different varieties 

of 'iheat and their size of kernel and f ro the date therein 

presented it 'rould indicate that the medium size grain in 

each variety has the greatest gluten content. 

Relation betveen the Moisture ontent of TTheat 

and its Gluten Content: Tables 2 and 7 show the percent of 

moisture in the different varieties and samples, and in corn- 

paring the percent of moisture iith the percent of 1uten 

it was found that there is no correlation bet7een the per- 

cent of moisture in a given sarnle and the amount of gluten. 

some of the samples having a high gluten content sho7red a 

low percent of moisture, while others having a low gluten 
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gluten content contained a higher percent of moisture. It 

is true that the amount of moisture in the grain depends upon 

the length of time the grain has been in storage after harvest 

and the conditions of storate. Samples that were tested four 

weeks after harvest had a higher percent of moisture than those 

that were kept a longr period of time in dry storage conditions. 

Graphic representation of the percent of moisture and 

the amount of gluten in the same samples is shown in charts 

3 and 6. It will be observed that there is practically no 

relation whatever between the percent of gluten and the amount 

od moisture in the samples tested. 

Relation of Gluten Content of Variety to Environmental 

Factors, Such as Character of Soil, Amount of Rauf all, per- 

ature and Previous Cro: It will be observed that there is 

a considerable difference in the amount of gluten in the same 

and different varieties of wheat when r'rown under different 

soil and climatic conditions. The same varieties of wheat 

when grown in Eastern Oregon dry land conditions were found 

to have over 2% moro gluten than the same variety grown in 

estern Oregon conditcis. .arm climate with high temperature 

was found to produce wheat with a higher gluten content than 

the wheat grown under conditions of low tempert3 and high 

rail fall. Good tillage was found to improve and increase 

the percent of gluten, while poor tillage decreases the amount 

of gluten. The elevation did not seem to affect the amount 

of gluten in the different varieties. There the previous 

crop had been alfalfa or some other liguminous crop follovrd 

by wheat the amount of gluten in that crop of wheat was found to 

be greater than in the wheat which did not follow alfalfa. ThIs 
is hown more clearly In Table 13. 



TABL1 V. Lot //2. 

Effect of Sodium Nitrate on ,7oi,ht Per Bushel, Relative Hardness_and Percent of Gluten _________________ 
Lab. 
:To. Varietj Treatment 

Jeiht 
Iper u.0 

, un Lbs 

el i 

aru. 
In Lbs 

et 
Gluten 

-rme 
' 

d:rlT 

1.Çluten 

% 
Of wet 
G1uten 

¡Jf dry 
tUutei 

I 

]_ I 

- 

Forty-Fold ----- 
- 

Untreated 

-- 
I 

I 

58.7 

I 

23.08 I 5.685 
I 

2.025 
I 

11.37 I 4Q5 
2 i 

ft freated 
I 

25.2 , 6.175 ' 2.22 
' ' 12.35 , .44 

3 
I 

Little Club - Untreated I 59 21.44 7.425 ' 2.67 14.65 5.34 
' 

4 
u Treated ' 59.8 21.73 7.49 s 3.295 i 14.98 6.59 

5 
I Red Russian - Untieated , 

56.6 22.04 ' 6.36 2.53 12.72 
' 

5.06 

6 
' t' Treated 56.4 ' 21.92 ' 6.26 2.465 12.52 ' 4.93 

7 .3 Aeton -------- Untreated , 

55.5 u 19.2 t 3.62 
, 

1.4 '7.24 i 2.80 
- I Treated 

I 

56 21.04 t 4.91 ' 1.925 ' 9.82 3.85 
9 White 7inter- - - - ntreated ' 55.85 24.94 5.665 ' 2.355 t 11.33 4.71 

I 

10 H Treated i 20.04 4.885 I 2.115 i 9.77 
t 

4.23 
11 

' 

1hThitC inter- - - -Untreated I 
55.4 21.52 5.67 2.28 11.34 ' 4.56 

12 ' 
u Treated 18.24 I 5.l 2.10 10.02 ' 4.20 

13 i Blue Stem ----- Untreated I 

60.8 t 24.96 t G.06 3.44 
, 

16.12 t 6.88 
14 

i 

'T Treated 
I 24.96 7.25 ' 3.08 ' 14.50 6.16 

15 Webb Challenge Vihite Untreat'd t 56 
. 

24.4 5.935 t 2.535 t 11.87 5.07 
16 t? Treated i 57 20.96 o.02 i 2.62 i 12.04 5.34 
17 

' Rd Fife ------ Untreated 59.5 t 26.28 ' 7.12 
, 

3.13 14.24 ' 6.26 

18 ' 
'I Treated 59.8 ' 24.4 ' 7.49 3.235 14.98 I 6.47 

19 I Turkey Red - - - -Untreated 
t 

61.4 i 27.6 i 6.6 2.71 
' 

13.2 5.42 
20 

t 

'T Treated I 60.9 26.56 a.05 2.47 ' 12.10 4.94 

21 Surprise ------ Untreated 1 555 21.8 5.84 I 2.535 i 11.68 5.13 

22 
II Treated u 59 21.92 6.775 i 3.11 u 

13.55 
' 

6.22 

23 Hendrick's ----- Untreated 
I 

29.8 ' 5.18 2.325 10.36 ' 4.65 

24 ' 

tt Treated 50.1 I 21.76 ' 5.50 2.43 11. i 4.86 

25 t queen i1he1mina - Untreated 
I 

t 19.6 u 4.875 
' 

2.15 975 430 
26 t' Treated I 56 18.68 

, 

5.855 2.58 11.71 5.16 

27 Golden Cross- - - -Untreated ' 59.2 22.36 7.41 ' 3.455 ' 14.82 6.91 
' 

28 II Treated u 59 24.28 6.51 2.855 13.02 5.71 

29 Big English- - - - Untreated 55.6 ' 22.28 ' 7.485 
, 

2.89 
, 

14.97 ' 5.78 

30 ' t? 

. 

Treated 55.8 i 21.88 I S.30 3.22 15.60 i 6.44 

31 i .'arauis ------ Untreated ' 

61.2 a 27.64 7.075 2.915 ' 14.15 5.83 
fleated 62 29.04' 7.815 3.32 I 15.63 6.ô4 

32 

H 



TABLE VI. Lot 2 -- Effect of Sodium Nitrate on Plumpness--Cross Soctional Appearance 

I I I II I t 

Lab . t I 

.: 
cl c ( Vry ç! 0' I crf 

No. Variety Treatment t ? 
t____ 

¿2 j S 
t , it 

1s Horn i i° 
t 

Horny 
I 

¿P 
Dull 

/ 

Starchy 

1. 

I 

t Forty-Fold ----- Untreated I 

i 

I 

t . . t 

it 

. . ti . . i . . i 2 98 
2. u Treated 93 7 . .. .. . 

I 
14 

' 

3. Little Club- - - Untreated t 62 2 t 97 
4 

I 

. 

t, Treated 31 39 . . . . . . 

¿ 

. . 8 i 92 
5 

I Red Russian- - - - Untreated 91 
' 

9 
' 

. . 

t ti t I 

8 92 
6 

t, Treated 89 t ]] t 
t ti t I 5 95 

7 I At,eon ------- Untreated S 93 7 t i ti t t . 100 
8 i 

It Treated 81 11 . 

I 

100 
9 

I 

:miite .inter- - - -Untreated I 93 7 
t t 

t Qo 
10 tt 'eated i 92 8 . 

ti 

t 100 
11 

' 

white 1inter- - -Untreated 03 7 ; i ti t t 

100 
12 t, Treated 91 9 i ti t t 100 
13 i Blue Stein ----- Untreated 97 i 3 t t tt . i t 13 87 
14 u 

" Treated 92 8 ' 

It t i 
16 84 

15 ,1ebbChallenge .Thite - Untreated I 99 I 2 ' 98 
16 Ii eated i 92 8 . t 3 u 97 
17 Red Fife ------ Untreatd t 89 11 

i 

tt t 

18 21 61 
18 ' It Treated 84 t 16 I ti I ' 

t 40 37 
19 t Turkey Red ----- Untreated 80 t 20 i . ii i 17 t 22 61 
20 t 

t Treated 87 13 . 
li 

18 43 
t 

39 
21 Surprise ------ Untreated ! 89 11 t 

I 

5 

22 ?1 Treated t 83 17 . . 8 t 92 

23 Hendrick's ----- Untreated 91 
' 9 II 

2 
' 

i 
i 

6 
, 

91 

24 ' t, Treated 89 ]] tt t t 10 90 

25 I 1ueen ilhe1mina Untreated 91 i 9 t ii t t 2 98 
26 u Treated 89 

i 
11 il 

t loo 
27 Golden Cross- - -Untreated ' 92 8 . 

t 10 t 90 

28 tI Treated i 91 9 
' 

. t . . g 92 
29 

' 

Big Bnglïsh- - - - Untreated 80 13. 
' 

7 
It I 

I 

30 't Ireated 85 ' 9 .3 
tt I t 3 

31 i 

Marquis 
------ , 

Untreated 95 t 5 i ii u 14 i 37 49 

32 ___ Treated 
' 

88 
_ 

22 
! 

_ L.. 24 _ 35 _ 41 



TABLE VII. Lot 2 
Effect of Sodlun Nitrate on the Moisture Content 

- 

c.d the Size of Grain. & 

Lab. .-- .o. Variety Treatment 
/L) 

.oisture Lenth of 
t CTain mm 

Diamotei of 
Grain ni 

I 

1. 
. Fort-..o1d ----- Untreated 

I 

11.0 7.06 
I 3.4 

2 II Treated 10.8 6.96 I 

3 ' Little Club - -Untreated ' 11.2 ' 5.02 I 3.12 
4 I Treated I 10.15 i 594 I 2.94 
5 I fled Russian- - - - Untreated i 10.4 I 6.8 .58 
e 

'I Treated , 
10.55 6.84 3.5 

'7 
I 

Aeton ------- Wnt.reated 10.7 6.16 3.5 
8 II Treated I 10.8 6.1 1 3.48 
9 Jute '.Jinter- -Untreated ' 10.8 ' 6.22 ' 3.42 
lo ' 

n Treated i 10.45 i 6.3 I 3.44 
il i hite Winter- -Treated 11.55 3.64 3.4 
12 't lUntreated 10.3 5.44 3.44 
13 l3luestem ----- Untreated 10.6 6.64 3.36 
14 1? Treated I 10.5 ' 6.64 t 3.4 
15 ' 

11'JebbChallenge '.Thite-TJntreated I 10.9 ' 6.18 ' 3.46 
16 I Treated ' 11.2 6.22 3.4 
17 ' Red Fife ----- Untreated lo.6 6.16 3.24 
18 i 

I? Treated 11.5 I 6.2k 3.16 
19 Turkey FLed- - - - Untreated 11.7 t 6.8 3.16 
20 tI Treated t ]1.5 t 

6.56 I 3.1 
21 Surprise ----- Untreated I 10.85 6.68 t .48 
22 I Treated t 10.8 6.66 3.5 
23 i Hendrick's- - - - Untreated , 10.6 6.48 3.34 

24 II Troatec1 10 ' 6.5 3.36 
25 Q.ueen \ilhe1m1na -Untreated 10.5 t 6.92 I 3.58 

26 
' 

t' Treated I 10.3 6.8 I 3.52 
27 Golden Cross- - - Untreated 10.3 6.46 i 3.36 
28 Treated 10.1 6.64 3.42 
29 t Big English- - - -Untreated 10.4 6.74 
30 i 

ti Treated 10.8 i 6.76 3.4 

31 Marauis ----- Untreated 9.0 5.76 t 33 
32 __ Treated 9.7 

, 

5.7213.28 __ 



TABLE VIII . Lot / 2 -- Colorof Grain _____________ 
Lab. 

I 

I -- s 

M' I cf / 

" f1 
: 

Variety eatrtient .[h'itish Ye11'ovrish 
: 

i Forty-Fold - - - -Untreated I ' 

2 
' 

I 1 
I 

. . . . . . 

2 t! 2Treated t 96 4 I 

. . 
t 

. 
t 

. . . . . 

3 LiLtie Club- - - -Untreated ' 81 t 19 i 
. . . . . . i . . . u .. 

4 
t 

t? Treated 80 s 20 
t 

t I . . . 
t , 5 I Russian- - - -Untreated t ]Ø' 

6 I 
n Treated . . a .12 .. 88 

7 t Aeton ------- I 

Untreated 100 
t 

t 

. . . . . . . 

t I 

. . . 

8 t? Treated I loo . . 

t 

. . . 
t 

. 
I 

t 9 7hite :inter- - Untreated t 100 t 
i 

i i 

lo 
I 

Treated 100 t . 

I 

. 

11 white iiiter- - - Treated 98 I 

12 I Untreated 100 .. . t 

t 

13 I Bluesten ----- Untreated 92 
t 

8 
14 t, Treated I 90 ' 

. 
t 

. . . 
I 

I 

15 WebbChallengeVihite-Untreated i 96 t 
. . . 

i 
. . . 4 . . . 

16 I, Treated 
I 9 

t 
. I .. 4 . 

I 

17 ' Red Fife ----- Untreated I 13 81 
18 I Treated i 4 ' 16 . . . 80 
19 t Turkey Red- - - -Untreated I 

, 

t I 

19 
' 

. . 81 
20 'I Treated I t 11 ' 

. . 
' 

. 
I 79 

21 Surprise ----- Untreated u 53 i 47 i 

I 

i 

22 
' n Treated 20 28 . 

I 

. .. 
23 Hendrick's- - - -Untreated . ' .11 . 89 
24 I Treated 6 .. . . 4 . . 90 
25 t Queen iilhelmina-Tjntreated t 

100 ' I 
I t 

26 t, Treated I loo t I 
I 

t 

27 
, 

G-1den Cross-- - Untreated u .. 91 I . 9 . , 

28 I 

Treated 90 10 
29 ' 

Big English- - - Wntreated 53 47 
30 t 

" Troatod 31 .. 69 .. 
31 Marquis ----- Untreated I I I 55 ' 

32 Treated I i 
i .. 40 .. ____ 



TABLE IX. Gluten Tests .!lth and ..ïthout Bran -- Lot 

Lab. with or 
No. Variety without VIet wt. Dry wt Percent Porcent bran of Gluten - f Gluten VIet Gluten Dry Gluten 
15 Odessa with 7.4Z5 3.215 14.87 6.43 
15 tI without 7.57 3.25 15.14 6.56 
16 Forty-Fold with 9.075 3.295 19.15 6.59 
16 tI without 8.905 3.965 17.81 7.93 
17 Red Chaff Club with 11.78 4.05 23.53 8.10 
17 I? v:ithout 11.675 4.38 23.35 8.76 
18 Little Club with 8.075 2.965 16.15 5.93 
18 II without 8.49 3.20 13.98 6.40 
19 Forty-Fold vrith 8.12 3.05 16.24 6.10 
19 , without 7.90 3.095 15.80 6.18 
2G Sonora viith 8.845 3.505 17.69 7.10 
20 t' without 8.95 3.53 17.90 7.06 
21 Forty-Fold with 7.74 2.975 14.48 5.95 
21 without 7.48 2.915 14.96 5.83 
22 Forty-Fold with 1125 4.09 22.65 8.18 
22 11 without 8.12 3.00 16.24 6.00 
23 Red Chaff Club with 10.79 3.68 21.58 7.36 
23 't withait 11.38 4.39 22.76 8.78 
24 Red Chaff Club with 9.035 3.31 18.39 6.62 
24 without 9.695 3.645 19.39 7.39 

Cil 



TABLE X. GLUTfl TESTS VJIflI AND ::ITH0UT BRAN -- LOT '/ 2. 

h iithou. wet wt. Drj wt. Percent Percent 
Variety Bran Of Gluten Of Gluten Wet Gluten Dry G1uti 

L. Forty-Fold with 5.685 2.025 11.37 4.05 1. t1 ViithOUt 6.315 2.625 12.63 5.25 2. Forty-Fold with 6.175 2.22 12.35 4.44 2. t, without 7.20 2.57 14.40 5.14 
3. Little Club with 7.425 2.67 14.5 5.34 
3. t' w vithout 8.14 2.92 16.28 5.84 4. Little Club vïith 7.49 3.925 14.98 6.59 
4. II without 8.625 3.06 17.25 6.12 
5. Red Russian with 6.36 2.53 12.72 5.06 
5. !1 without 6.825 2.49 13.65 4.98 
6. Red Russian with 6.26 2.465 12.52 4.93 
G. 't vrithout 6.65 2.57 13.30 5.14 
7. Aeton with 3.62 1.4 7.24 2.80 
7. tI ':rithout 5.825 2.025 11.65 4.05 
8. i\eton vith 4.91 1.925 9.82 3.85 
8. 't viithout 6.28 2.14 12.56 4.28 
9. Thite Winter with 5.665 2.355 11.33 4.71 
9. U without 7.125 2.51 14.25 5.02 
10. White Vithnter with 4.885 2.115 9.77 4.23 
10. 11 without 7.00 2.51 14.00 5.02 

CT) 



Table XI Lot. 1. VARIETAL COMPARISON OF GLUTEN 

Lab.No. Variety Percent of Percent of Av. % of Av. of 
Wet Gluten Dry Gluten Wet Gluten Dry Gluten 

1 Turkey Red 27.88 10.3 
2 17.86 6.79 22.87 8.545 

4 arquis 12.98 5.36 
5 n 15.78 6.65 
o 16.44 7.02 
10 t' 17.04 7.22 15.56 6.56 

3 Red Chaff Club 10.42 4.74 
13 " t, H 21.57 8.32 
17 " t t' 23.35 8.76 
23 ' lt lt 16.24 6.00 
24 ' 1 t? 

19.36 '7.39 18.18 6.24 

8 Forty- Fold 17.04 6.90 
12 ". 

'7 

15.06 6.20 
14 " 

.. 

n 17.20 6.80 
16 " 't 17.81 7.93 
19 " ?1 15.80 6.18 
21 14.96 5.83 
22 " " 28.29 10.08 18.62 7.13 

7 Little Club 15.32 5.98 
18 n 16.98 6.40 16.15 6.19 

6 i3luestern 27.28 10.72 
11 Jones Vinter Fife 18.00 7.10 
15 Odessa 15.14 6.56 
20 Sonora 17.90 7.06 

Total 435.70 168.18 18.13 7.007 



Table 12 LOt 1. COMPARISON OF GLUTEN IN DRY LAND AND IRRIGATED THEAT. 

Lab. DRY LAND Lab. IRRIGATED LAND 

No. Variety % cost % dry 
' N. Variety %et dry 

- Gluten Gluten ' Gluten Gluten 

lo Marquis 17.04 7.22 
: 

4 Marquis 12.98 5.36 
18 Little Club 16.98 6.40 1 7 Little Club 15.32 5.98 
12 Forty-Fold 15.06 6.20 u 22 Forty-Fold 28.29 10.08 
14 " t, 17.20 6.80 ' 

3 Red Chaff Club 10.42 4.74 
16 t' 17.81 7.93 I 13 

" 't t, 21.57 8.32 
19 ' u 15.80 6.18 'i 23 " U 16.24 6.00 
21 " 'T 14.96 5.83 6 Bluestein 27.28 10.72 
24 Red Chass Club 19.36 7.39 ' 

15 Odessa 15.14 G.56 i Total ----- 132.10 51.20 
20 Sonora 17.90 7.06 Average - - 18.87 7.31 

11 Jones Vinter Fift 18.00 7.10 t 

Total- - -185.Zb '14.76 

Average- - -16.83 6.78 

Table 13, Lot 1, COMPARISON OF GLUTEN IN VjFAT GROVTN IN CLOVER AND ALFALFA SOD 
V.1TH CLE SOD - 

Lab. 
No. Variety % wet dry 

Gluten Gluten 

Lab. 
No. Variety % wet %dry 

_____ Gluten Gluten 

13 Red Chaff Club 21.57 8.32 I' 3 Red Chaff Club 10.42 4.74 
(Clover Sod) (Clean Sod4 

24 Red Chaff Club 19.39 7.39 23 Red Chaff Club 16.24 6.00 
(Alfalfa Sod) 

ti 
(Claan Sod) 

Total- - - -40.96 15.71 s Total- - - -26.66 10.74 

Average- - -20.48 7.855 - Average- - -13.33 5.37 - 
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Relation between Gluten Content of Different 

Varieties Under Similar Conditions: Of the different 

varieties of wheat grown at the O.A.C. 7xperiment Station 

Farm, the varieties showing the greatest amount of gluten 

above the others viere Red Fife, Big English, and Forty-Fold. 

Those grown in astern Oregon Dry land conditions haveing 

the most favorable gluten conditions for flour purposes viere 

Turkey Red, Blue Stem and ::arquis. 

RelatIon of Gluten Content of 7eat with and Without 

Bran: In comparing the gluten tests made of same samples of 

flotu with and without bran, it was found that the tests made 

of flour from which the bran had been removed produced a greater 

percent of gluten(by removing the bran before making the test) 

T'.ìjs is bi'obably due to the fact. that in the process of viashing 

small portions of the gluten is washed away with the bran if it 

is not removed before makin the test. The presence of the 

bran prevents the small particles of gluten from bein: worked 

together at the beginning of the washing and consequently a 

small portion of it is lost. 

Tables 9 and 10 show the relation of gluten in ground 

wheat with and without bran. It was also found that the 

duplicate tests of gluten made of flour from which the bran had 

been removed wore much closer, practically no variation was 

found. Tests made of flour with bran had a greater variation 

in the duplicate tests. It niay be said, however, that coin- 

parable results may be secured without removing the bran as the 

difference was so slight in many cases as will be observed 

fron tables 9 and 10 
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Effect of Sodium Nitrate on the Gluten Content of Wheat: 
In order to test the effect of sodium nitrate on the gluten 
content of wheat, two rows of each of the 16 kinds were grown 

at the college Experiment Station Farm. The wheat was seeded 
In the fall and In the srring when the grain was beginning 
to head,a small ciiount of sodiim nitrate ws applied on the 
root of one of the rows in each variety, the other row re- 
named untreated. After the dodiurn nitrate was applied, there 
was v'ry little rain until the grain had reached maturity and 
was harvested. Nevertheless, in making gluten tests of the 
treated and untreated wheat.s, it was found that eleven of 
the sixteen v leties had a higher percent of gluten than 
the untreated wheat. This shows that the application of se- 
dium nitrate in the soil increases the gluten content of 
wheat. No noticeable effect was produced on the b.ardnes of 
the grain, but the weicht of the 'ain exceeded slightly 
the untreated grain. This is shown in table 5. Table 6 shows 
the effect of sodium nitrate on plumpness and. cross-sectioaa]. 
anpearance. It velli be noticed front this table that the 
treated soil produced a hic'her percent of tbe slightly 
shriveled grain c1 also a greater nercent of kernels with a 
dull and horny cross-sectional appearance. 

Table 7 shows that no noticeable effect was produced 
by the application of sodium nitrate on the moisture content 
and size of kernels. 

The color of the grain grown in the treated soil was in- 
creased sliphtly to dull red and dull amber as will be noticed 
in table 8. 
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VARIETAL COMPARISJN OF GLUTEN 

In examining Table 11, it will be observed that the 

soft wheat varieties having the highest percent of gluten 

:1n their order are: HEd Chaff Club, Forty-Fold and Little 

Club. It will also be observed that Sonora, Jones .Iinter 

Fife and Odessa are included in this table but on account 

of there being only one sample of each of these in this 

list, no definite conclusion can be made concerning their 

gluten contents. Turkey Red, Bluestem and i-arauis have a 

high percent of gluten but since they belong to the harder 

class of wheats no comprison can be made with the softer 

varieties. 

COMPARISON OF GLUTEN IN DRY LAND AND IRRIGATED iÏS 
Table 12 shows that the same varieties of wheats when 

grown under Dry land and Irrigated conditions vary in their 

gluten content. Those own under dry land condit:Lons hav- 

ing a higher percent o1 gluten over tii irrigated wheat. 

Compafrison in this table are made with Marquis, Little Club, 

and Red 0haf f Club varieties. 
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SUMMARY 

The data obtained by this study of the correlation 

of physical characteristics of viheats with their gluten con- 

tents would seem to indicate that: 

1. There is a relation between the weIght per bushel 
of wheat and its gluten content--the Ieavier the wheat, the 
higher the gluten content. 

2. There is a relation between the hardness of the 
wheat and its uten content--the harder the wheat, the more 
gluten it was found to contain. 

3. There is a relat1.on between the color of grain and 
its gluten content--Grain uniform in color was found to con- 
tain a higher per cent of giuten than grain containing many 
various colored kernels. 

4. Wheats with a high per cent of dull or horny cross- 
sectIons contain more gluten than wheats having a light, 
or starchy apnearance. 

5, The pltnp wheats in each variety contain more 
,Sluten that the shriveled wheats. 

6. The iedium size kernels in each variety contain 
a higher per cent of gluten than the exceptionally large or 
small kernels. 

7. There is no relation between moisture content of 
wheat and its gluten oontent. 

8. Wheats grown in dry climates with a high temperature 
and a low annual recipitat1on produce wheat with a higher 
gluten ccntent than those grown In moe humid conditions and 
lower temperature. Leguminous crops, such as alfalfa and 
clover prededing a wheat crop, increases the gluten content 
of wheat. Wheats grown in dry land conditions contain more 
gluten than those grown on irrigated land. 

9. The different varieties of wheats having most avail- 
able gluten for flour purposes under western Oregon conditions 
were Red Fife, Bluestem, and iig English; in Eastern Oreion 
dry conditions Turkey Red, Bluestem, Marquis, Forty-Fold, and 
Red Chaff Club. 

lo. By removing the bran before making the gluten test, a 
slightly higher per cent of gluten may be obtained. 

11. Apolication of sodium nitrate in the soil increases 
the cuten content in the wheat crop. 
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