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ABSTRACT 

An Inheritance Study of Sedimentation Values 

In Three Win ter Wheat Crosses 

by 

Douglas J. Bake r, Master of Science 

Utah State University, 1969 

Major Professor: Dr. Wade G. Dewey 
Department: Plant Science 

Three crosses were used to study the inheritance of the sedi-

mentation properties in hard red winter wheat. The parents of the 

vii 

three crosses were the variety Delmar, and the breeding lines 217-61-

7-14 and 217 - 19- 5 . Delmar has high sedimentation properties, 

217-6 1- 7-14 is intermediate, and 217-19-5 has very poor sedimenta-

tion qualities. 

Sedimentation tests were run on five replications of the parents 

and 300 samples of the F
3 

populations in each cross. A semi-micro 

sedimentation test (a one-fourth scale t est) was run on 200 F
2 

plants 

a nd the F1 's from each cross. The distributions from each cross were 

ana lyz ed and the type of gene action and possible number of genes 

involved were estUnated. 

There were two general trends apparent in the progeny of all 

three crosses. (1) In the F2 generation there were more low parental 

types than high parental ty~es recovered. This situation was re -•. 
versed in e8ch of the F

3 
populations where more high parental types 

were recovered than the low parental types . (2) All three F
3 

means 
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were about lO units higher than their respective F2 means. 

The type of gene action appeared to be mainly additive but with 

some partial dominance for the high pare nt in each cross . Depending 

on the cross, from one to three genes were estimated to be function

ing in the determination of the sedimentation properties. 

(54 pages) 



INTRODUCTION 

In rece nt years qual ity has become an importa nt factor i n wheat 

breeding programs. Howeve r, breeders have been hampe r ed by the lack 

of simple, quick tests which will accurate ly measur e the baking po

t entia l of their breeding l ines. The only sure tests that will show 

the actua l baking quality of wheat are the mixing and baking tests 

thems e lves. It would facilitate breeding for quality if the bread

making characteristics of breeding l i nes cou ld be determined in 

early generations; however, at this stage there is usually not e nough 

wheat to perform the actual mixing and baking tes ts. 

The sedimentation test has been sugges ted as a quick test to 

estimate bread-making qua lity. This test is based on measuring the 

volume of a sediment res ulting from acidulating a water-flour mix 

ture. Since it r equires a relatively sma ll amount of wh ea t, it is 

particularly useful for estima ting quality in ea rly generations. 

There has been conside r a ble researc h done on the s edimentation test 

itself a nd how we ll it corre lates with actual mixing and baking 

t ests , but little is known a bout the inheri tance of the factor or 

factors that determine the sedimentation properties . 

The r e a re two main reaso ns why the inheritance of the factor or 

factor s regulating the sedimentation properties of wheat needs to be 

investigated . The first is that there is li tt l e known about the in

heritance of the factors invo lved . Th e second is that this know l edge 

would be of practical use to wheat breeders i n cross i ng a nd selection 

programs involving parents with different sedimentat ion properties . 
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REVIEW OF LITERATURE 

There have been many tests developed throughout the years by 

cereal chemists and wheat breeders to help determine wheat and flour 

quality. Miller and Johnson (1954) and Hehn and Barmore (1965) dis-

cuss severa l of these tests. Some of them are the protein, farina

graph, loaf volume, mixograph, and wheat meal fermentation time 

tests. No one of these t ests has yet proven to be a panacea. Each 

has weak points in that they require elaborate and expens ive equip

ment, highly trained personne l, too much wheat, or some other 

undesirable features . 

Tl1e sed imentation test was developed by Zeleny (1947) as a 

quick test for estimating the bread - baking and gluten qua lities of 

wheat flour without expensive machinery or trained perso nne l. The 

test is based on the rate of sedimentation of the solid phase from 

an acidulated suspension of flour in water. The rate of sedimenta

tion is dependent on the rate and amount of hydration of the glutens 

in the flour. Gartner and Doherty (1918) found that glutens from 

strong flours have more rapid rates of hydration and higher hydra

tion capacities than do glutens from weak flours. Rapid settling of 

the solid phase has been found to be associated with poor gluten 

quality, because of l ess and slower hydration, while slow settling 

is associated with good g lut en quality because of greater and faster 

hydration. 

Several researchers have indicated that the original test can 
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be modified and sti ll obtain similar results . Pinckney, Gree naway, 

and Zeleny (1957) modified the test to make it applicable to soft as 

wel l as hard wheat. Preliminary tests by Zele ny et al. (1960) indi

cate that two grams of wheat can be used in a semi-micro test by re

ducing the amount of flour and all reage nts to one-tenth and by using 

a 10 ml grad uated cylinder instead of the 100 ml cylinder used in the 

standard test, then by multiplying the sedimentation va lues by ten. 

The values thus obtained closely approximated the values obtained by 

the standard procedure. 

Wise, Sneed, and Pope (1965) used five grams of wheat in a micro 

test. They a l so r educed their amount of flour and reagents one-tenth 

and used the 10 ml cylinder. Afte r multiplying the va lues by ten, 

the values correlated closely with the standard test but were slightly 

lower. 

Wise, Sunderman, and Sneed (1966) compared the accuracy of 

macro, semi-micro and micro sedimentation tests. The s t andard test 

was designated as the macro test. The semi-micro test was performed 

by reducing the amount of flour and reagents by one-fourth and by 

using 25 ml stoppered graduated cylinders. The micro test was a one

tenth scale test using 10 ml cylinders. 

In using the standard test, Dewey ( 1963) reduced the amount of 

wheat from 200 grams to 40 grams. The sedimentation va lues obtained 

when using 40 grams averaged 4.3 points lowe r than when 200 grams 

were us ed. 

In August 1961, the U. S , Department of Agriculture announced 

that, starting with the 1962 crop, sedimen tation value rather than 
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protein content would be used as a basis for premiums in connection 

with the government's wheat price support program. This announceme nt 

started a widespread and keen interest in the sedimentation test. 

Many researchers immediately began extensive studies to see if the 

sedimentation test provided a valid estimate of the baking quality 

of wheat. 

Many opinions were formed--some in favor of the test, others 

strongly opposed. Findley (1962), Pratt, Thornby, and Schlesinger 

( 1962), and Sibbitt and Gilles (l962a) indicated, from their s tudies, 

that the protein test is a be tter l.ndicator of loaf volume a nd that 

the sedimentation test appears to add nothing above that provided by 

the protein test . 

Harris and Sibbitt (1956) said that sedimentat ion values gave 

closer correlation with loaf vo lume than did expa nsion volume or 

protein content. Zeleny (1962) published a large review s upporting 

the sedimentat ion test. 

Great concern arose whe n wheat was found to have lower sedime nta

tion va lues afte r it had bee n in storage for extended periods. Mat

tern (1967) indicated that the protein particles in wheat occur as 

sing l e particles attached to starch. There are more single par ticle s 

soon after harvest than there are after a storage period. Afte r 

storage the larger particles, protein plus sta rch, do not all go 

through the sifter; consequently, they al l do not get into the sed i

mentation test. Studies by Austin and Jhamb (l96l) s howed that the 

gluten was not affected during the first l3 weeks of storage. Zeleny 

(1963) found a loss of 1. 4 units in six months. He considered this 
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to be a small and almost negligible change. Greenaway et al. (1963) 

found changes of three units but considered them not significant be

cause they were within the experimental error of the test. They 

also pointed out that a large increase in fat acidity or a large de

crease in viability will ordinarily also r esul t in a decrease in 

sedimentation value. 

Because of ali the controversy about whether the sedimentation 

test was sufficiently stable, and whether it actually represented an 

improvement over previously used quality tests, it was dropped from 

the price suppor t program in 1965 . Today the sedimentation test is 

used mainly by wheat breeders as a rapid, simp le method of screening 

breeding se lee ti.ons . 

Literature relating directly to the inheritance of the sedimenta

tion properties is rather scarce. Zeleny et a l. (1960) studied the 

sedimentation values of 159 samp les of hard red spring wheat repre

senting F3 generat ion lines. These lines were obtained from a cross 

between Conley, a strong gluten variety, and P. I. 56219-12, a weak 

gluten stra in. Sedimentation values of Conley and P. I. 56219-12 

were 69 and 26, respectively, a nd all but one of the F
3 

ge neration 

lines had va lues intermediate between the parents. The values of 

the F
3 

lines tended toward a bimodal distribution. A large peak 

occurred between 35 and 44 units and a smaller peak at 60-64 units . 

Lebsock et a l . (1964) reported further on this cross grown from F
3 

through F
6

. Heritability values for sedimentation values were 56 

percent for F
3 

vs F
5 

and 60 percent for F
3 

vs F
6

. 

Kaul and Sosuiski (1964) s tudied the variation in sedimentation 
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va lues in segregating popula tions of trre cros s Se lkirk x Gabo. They 

fo und from the P
1

, P
2

, F
1

, F2 , sc
1

, and sc
2 

populations that high 

sed ime ntat ion value was partially dominant, though trre F2 distribu

tion indicated a 1:2:1 segregation . Trrey calculated trrat two genes 

were responsible for the determination of sedimentation. Trre 

rreri t abi lity of ~rris quality crrarac ter ranged from 79.68 percent to 

92.15 percent, depending on trre met rrod of calculation. 

Sosul s ki and Kaul (1966) found a partial dominance for high 

sed imentation va lue in a Conley x Ceres cro ss . The rreritability of 

this cross figured from the varia nc e of the F
2 

and backcross popula

tions wa s 50 . 2 percent. The heritability values obtained fro~ the 

Conley x Ce res cross and the Selkirk x Gabo cross indicate the 

pre se nce of considerable genetic variability for this quality test. 

In a related inrreritance test, Worzella (1934) determined the 

g lut e n strength by the wheat-mea l ferme ntation time te st. Trre dis

tr ibution of the F
2 

population indicated partial dominance of st rong 

g luten. He indicated that there we re probably more than three 

factor pa irs involved in the inherit ance of qua lity. 

Hey ne and Finney (1965) dis ag reed witrr Worzella. Trrey c onclud ed, 

by the use of the wrreat meal fermentation time test, that quality of 

trr e poor parent appeared to be partia lly dominant. 



METHODS OF PROCEDURE 

Parent s a nd source of seed 

Three pare nts were used in this study. These were crossed in 

a ll possible combinations in 1965 . The three parents were the 

vadety Delmar , a nd the breed ing lines 217-6 1·· 7-14 and 217 -19-5 . 

All three a re ha rd red winter wheats. Delmar is a strong sediment a 

tion type, 217-61-7 -14 i s intermediate a nd 217-19-5 has very weak 

sed ime ntat ion properties . Figure l shows the approxima te sedimenta

tion levels of the three parents. The cross De lma r x 2 17-19-5 was 

designated as cros s number 849. Delmar x 217-61-7- 14 was designated 

as cross numb er 848 a nd the cross 217 -6 1-7- 14 x 217-19-5 as nLlmber 

847. The t wo selections from cross 217 have the ped i gree (Ridit x 

Relief) x (Orfed x Elgin) . 

Field proc edure 

The parents, F1 's, F2 's and F3 's, were a ll grown on the Evans 

Experimental Fa rm during the 1967-68 winter wheat crop year. The 

nurseries were planted in mid -October 1967 with a 4-row V- belt. 

seeder . The parents and 300 F
3

's from eac h cross were pla nt ed in 

5-foot headrows . The pare nts were r eplic a t ed five times . Three 

hLlndred F2 plants were space plant ed a pproximate ly l foot apa r t in 

order to obta in adequa te seed for sedimentation testing on a sing l e 

plant basis . The F1 's were a l so space pl anted. A bord er row was 

planted on both sides of the F
3 

nLlrsery to e l iminate possib l e border 

effects. 



Figure l. Graduated cylinder s showing the app roximate amoun1t of 
sed iment of each parent. 

8 
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The following spring about 70 pounds of nitrogen pe r acre were 

applied as a side dressing to make sure the protein content of th e 

wheal would be adequate for meaningfu l sedimenta tion tests. (If the 

protein l eve l falls below approximate ly ll to 12 percent, sedimenta

tion va lues are often erratic.) 

Each headrow was harvested sepa r a t e ly by hand with a sickl e and 

tied in a bundle. These bundles were l ater threshed individua lly 

a nd about 200 grams of seed were put in a n e nve lope to be us ed for 

the sedime ntation test. Two hundred of the largest F2 plants wer e 

individually pulled, threshed and put in separate envelopes. Each 

replication of the parents was harvested, threshed, and put in 

separate e nve lopes . The F1 plants with e nough seed for a separate 

sedime nt at ion t es t were ke pt se parate ; th e others were combined to 

get sufficient s eed for the test. 

The sed ime nta tion te s t 

The proc edures , reagents, and equipme nt outlined for the sta nd ard 

sedimenta tion test by America n Association of Cerea l Chemists (1962) 

(see Appendix l) were followed as c lo se ly as po ss ible with the fol 

Lowing exceptions. None of the sedime ntation values were corrected 

to L4 perce nt moisture, but we re used directly as read from the 

cylinders. This was done because of insufficient wheat in the F
1 

a nd F2 samp le s for the moisture test. The author also felt that to 

take a n ave rage moisture perc e ntage a nd apply to all samples wou ld 

introduce more errors . The moi s ture percent age was dete rmined on 

severa l F
3 

samples . The moisture pe r centage varied by on l y 2 percent 

in a ll samples. Sibbitt a nd Gi lles (l96 2b) indicated, from their 
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studies concerning the moisture correction factor, that in general 

the values used as read showed smaller deviation from the mean value 

than did the corrected or 14 percent moisture basis expression. 

They suggested a re-evaluation of the accuracy of the moisture cor

rection factors. 

The amount of wheat used for the standard test was 60 grams 

instead of 200. The author felt justified i n doing this because al l 

the F3 rows did not produce 200 grams . Also, this would l eave some 

wheat for corre l ation tests and repeated tests, if necessary. Dewey 

(1963) indicated that the sedimentation values obtained when using 

40 grams averaged 4.3 uni ts lower than when using 200 grams, but 

that the values from replic a tes of the 40 gram samples were as con

sistent as va lue s from the replicated 200 gram samp l es. 

To show the segregation patterns, F
2 

plants were tested indi

vidually. Semi-micro tests, as described by Wise, Sunderman, and 

Sneed (1966), were used on these F2 plants because of insufficient 

wheat produced by each plant for the standard test to be used. One

fourth the amount of flour and reagents was used and put in 25 ml 

cylinders. Figure shows the cylinders used for the standard a nd 

for the semi-micro sedimentation tests. 

Special refilling pipettes were used to dispense the water and 

acid-alcohol so lutions for the semi-micro tests. These pipettes 

were used because they cou ld be calibrated to dispense a fraction 

of an ml needed in the semi-micro tests with very little error . 

Figure 3 shows this apparatus. 

The F1 procedure was the same as the F
2 

except the amount of 
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Figure 2. Small cylinders used for the semi-micro te s t shown in 
contrast with the regu l ar cylinders used for the standard 
test. 



Figure 3. Specia l pipettes, cylinders and apparatus used for the 
semi-micro sedimentation tests. 

12 
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wheat used per sample varied from 10 to 30 grams. The mechanical 

shaker was altered by an insert which changed the depth of the rack 

to accommodate the 25 ml cylinders. The rolls on the grinder were 

cleaned after each sample with a nylon bottle brush to prevent carry

over effects from samp l e to sample. Dewey (1963) showed that there 

may be a considerable carryover effect if the rolls are not cleaned 

after each sample. 

Other related tests 

Moisture and tempering tests . Before the sedimentation tests 

were s tarted, severa l samples were brought into the lab and their 

moisture percentage determined with a Steinlite moi sture meter. If 

the wheat is too dry, values are often erratic and meaning less. 

~oisture percentages falling much below 10 percent should be tempered. 

ro determine if the samples wou ld have to be tempered before running 

the sed iment ation test, some of the se samples were divided into two 

1ubsamples. One s ubsample was tempered overnight to a moisture per

:entage of about 14 perc ent a nd the other l eft untempered . Sed imen

:at ion tests then were run on a ll subsamples and the results 

~xamined. 

One-half versus one-fourth amount of flour and reagents. Enough 

' lour could be obtained from the F
2 

samples to use one-half the 

<mount called for in the standard test . If this were done, the l arge 

<y linders would have to be used . To find out if one-half the amount 

:n the l arge cylinders would be more reliable than one-fourth the 

<mount in the small cylinders, sever a l F
3 

samples were run using 

Each method. The results were then compared with the result 



14 

obtained from the same F
3 

sample using the standard test. 

Semi-micro corre l ation tests. To be able to correlate the 

va lues of the semi-micro tests with the standard test va lues, 100 F
3 

samples were ru n using both the standard and the semi-mic ro tests. 

F1 co rre lation tests. To see if the va lues obtained from the 

10 gram F1 samples were reliable and wou ld correlate with the standard 

test, severa l F3 's were re-run using 10 gram sample s. 

Statis tical procedures 

The correlation coefficient, r, was calculated for a ll correla

tion tests. The ana lys i s of varia nce was calculated using the va lues 

obtained from the correlation tests. The analysis of variance was 

a l so run on the tempering experime nt . 

The variance, standard deviation, and coefficient of variation 

were run on the sedimentation va lues obtained from the parents and 

progeny of the three cro sses. 

The numbe r of factor pairs affect ing the inheritance a nd the 

t ype of gene action were a l so es t i mated using formulas s uggested by 

Burton (1952). 



15 

EXPERIMENTAL RESULTS 

Moisture and tempering tests 

The moisture percentage of the samples tested ra nged from 11.5 

to 13.5 percent. The sedimentation va lues that were obta ined from 

both tempered and non-tempered samples are li s ted in Table l. 

Table l . Sedimentation values a nd means obtained from samples when 
one-ha lf of each sample was tempered to approximately 14 
percent moisture and the other half left untempered 

Sedimentation vaLues 
Sample number Not t empered Tempered 

L 25 27 
2 55 57 
3 39 38 
4 52 52 
5 54 48 
6 52 50 
7 64 61 
8 51 44 
9 42 37 

lO 56 53 
ll 32 30 
12 .2..2. §]_ 

Mean 49.3 Mean 47.2 

The a nalysis of variance of the tempering tests is given in 

Table 2. The differences in the mea ns and th e individual sample 

values were not considered to be large enough to warrant tempering. 



Table 2 . Analysis of variance of the sedimentation va lues of 
tempered versus non- tempered samples 

Source of variation 

Treatment 
Experimental error 

Degrees of freedom 

l 
22 

One-half versus one-fourth amount 
of flour and reagents 

Mean square 

26.04 
157.27 

16 

F 

. 166 

The sedimentat ion va lue s obtained from these tests are shown in 

Table 3. 

Table 3. Sedimentation values and mean differences obtained when a 
one-half scale test and the semi-micro test (a one-fourth 
sca le test) were compared with the standard test 

Sample Standard l/2 seale Semi-micro 
number test test ( l/4) test 

l 51 44 54 
2 66 52 64 
3 57 42 50 
4 45 40 45 
5 44 36 42 
6 43 36 39 
7 40 34 40 
8 40 32 38 
9 44 34 43 

lO 67 56 64 
ll 34 26 32 

Mean 48.3 Mean 39.3 Mean 46.5 

Mean differencea 9.0 Mean difference 
b 

l.8 

:standard test mean minus l / 2 scale test mean . 
Standard test mean minus semi-micro (l/4) test mean. 
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One of the values from the one-fourth test was three points 

higher and the rest ranged from zero to seven points lower , averaging 

1.8 points lower , than va lues in the standard test. 

The ana lyses of variance for these two methods compared with the 

standard test are li sted in Tables 4 and 5 . The F test in Table 4 

shows significance at the 5 percent l evel, indicating that sedimenta-

tion va lues obtained by ti1e one-half amount procedure differed sig-

nific ant ly from those obtained by the standard method . The lack of 

significance in Table 5 indicates that results obtained by the semi-

micro (1/4 amount) procedure did not differ significant l y from those 

obtained with the standard t est . The corre l ation coefficients for 

the one-half test and the one-fourth test , >Then compared ,;ith the 

Table 4. Analysis of variance for one-half the amount of flour and 
reagents in the large cylinders compared with the standard 
test 

Source of variation Degrees of freedom Mean sguare F 

Treatment l 445.50 4.59* 
Experimental error 20 97 . 12 

*Significant a t 5 percent leve 1. 

Tab l e 5. Analysis of va rianc e for one- fourth amount of flour a nd 
reagents in the small cylinders compared with the standard 
test 

Source of variation 

Treatment 
Experimental error 

Degrees of freedom 

1 
20 

Mean square 

18 . 90 
113 . 01 

F 

. 167 
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standard sedimentation test, are 0 . 966 and 0 . 981 , respectively . 

Both of these tests, there for e, show a close corre lat ion with the 

standard t es t. On the basis of the r esults of this comparative test, 

the author decided to us e the smal l cylinders with one - fourth the 

amount of flour and reage nts inst ead of one-ha lf the amount in the 

l arge cylinders for the F
2 

samples. 

Semi-micro correlation tests 

Once it was decided to use the semi-micro test on the F
2 

samp l es, 

a more detailed correlation study was undertaken to arrive at a more 

precise re l ationship between the semi-micro and the standard tests . 

One hundred F3 samp l es were ana l yzed by both me.thods. The data and 

their ana lysis are given in Ta bles a nd 7 . The semi -micro va lues 

ave raged 0 . 8 points lower than the values from the standard test. 

The corre l ation coefficient in this study is .987 which shows a close 

corre l at ion between the va lues for the two methods . The statistica l 

a na lyses of the data indicate that the sedimentation va lues obtained 

by us ing the semi-micro sedimentation test on the individual F
2 

ol ants are reasonably good estimates of the actual value and cor

r e l ate closely with th e F
3 

dat a. 

?1 correlation tests 

The sedimentation values obtained whe n 10 grams of wheat and 

•ne-fourth the amount of flour and reage nts were used are tabulated 

.n Tab l e 8 along «ith the value s obtained from the same samples using 

·he sta ndard test. The sedimentation va lues obtained when 10 grams 

of wheat were used were highly erratic, ranging from 2 to 17 points 
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Table 6 . Sedimentation values and means obtai ned wh en the standard 
test and semi- mic ro t es t were run on 100 F3 samples 

Sample Sample 
no . Standard Semi- mic ro no . Standard Semi-micro 

1 31 29 46 36 34 
2 64 55 47 46 48 
3 56 55 48 37 38 
4 42 41 49 45 43 
5 20 21 50 36 35 
6 63 61 51 58 59 
7 64 57 52 63 56 
8 65 65 53 41 38 
9 60 57 54 56 53 

10 56 55 55 56 60 
11 50 54 56 70 69 
12 65 62 57 45 50 
13 56 57 58 45 43 
14 63 60 59 57 58 
15 63 63 60 69 69 
16 63 61 61 69 64 
17 46 45 62 63 62 
18 61 59 63 68 68 
19 59 60 64 28 27 
20 44 43 65 27 25 
21 28 28 66 67 66 
22 44 45 67 43 45 
23 56 61 68 53 54 
24 60 60 69 70 68 
25 40 36 70 38 37 
26 65 63 71 55 54 
27 61 60 72 53 54 
28 44 46 73 60 57 
29 39 38 74 64 63 
30 58 58 75 51 52 
31 52 52 76 48 48 
32 40 38 77 40 38 
33 60 58 78 35 34 
34 47 47 79 65 65 
35 45 46 80 40 41 
36 44 40 81 35 36 
37 56 58 82 44 39 
38 51 51 83 61 52 
39 56 57 84 62 62 
40 52 48 85 49 50 
41 44 40 86 52 54 
42 43 43 87 68 64 
43 62 60 88 40 40 
44 25 25 89 61 60 
45 48 44 90 28 28 
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Table 6 . Continued 

Sample Sample 
no. Standard Semi- mic ro no . Standard Semi- micro 

91 46 46 96 58 57 
92 65 65 97 27 27 
93 45 44 98 35 35 
94 70 73 99 34 34 
95 40 40 100 .§2 62 

Means 50 . 9 50.1 

Table 7 . Analysis of variance for the study comparing the standard 
sedime ntation test and the s emi-micro test 

Source of variation Degrees of freedom Mean square 

Treatment 
Experimental error 

1 
198 

38 . 72 
148 . 54 

Table 8. Sedimentation value s and means obtained whe n the 
test was compared with the semi-micro test using 
grams of wheat 

Sample Standard 10 gram Sample Standard 
number test semi-micro number test 

1 62 46 15 45 
2 25 23 16 45 
3 48 43 17 57 
4 36 31 18 69 
5 46 42 19 63 
6 37 31 20 68 
7 45 35 21 28 
8 36 32 22 27 
9 58 44 23 67 

10 63 48 24 53 
11 41 32 25 70 
12 56 40 26 38 
13 56 45 27 55 
14 70 53 28 53 

Means 50 . 6 

F 

.26 

standard 
just 10 

10 gram 
semi-micro 

36 
34 
44 
56 
51 
56 
24 
23 
56 
45 
62 
34 
50 
39 
41.3 
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lower thaa the values from the staadard tests, with aa average of 

9 . 36 poiats lower. In spite of this rather wide dive rgence in the 

actual values obtained by the two me thods, the correlation between 

them was high ( . 962). This can be attributed to the fact that the 

values from the 10 gram sample s were consiste ntly lower than the 

corresponding values obtained by the standard method. The analysis 

of variance is presented in Table 9 . The F test shows significance 

at the 5 percent level, ind icating that sedimentation values result-

ing frotn the 10 gram semi-micro test are poor estimates of those 

obtaiaed by the standard test . 

Table 9 . Analysis of variance for the correlation study between the 
semi-micro test using 10 grams of wheat and the standard 
test 

Source of variation Degrees of freedom Mean s guare F 

Treatme n t 1 1,225 . 79 8.249** 
Experimenta l error 54 148 . 59 

'*Significaat at the 1 perce nt level. 

rhe sedimea tation test 

The raw data obtained from the sedimentation tests as they were 

:un on the parents and proge ny of each cross are presented i n Table 

tO. The mea ns, variances, standard deviations, and coefficients o f 

•ariation for each group are given in Table 11 . Tables 10 and 11 

7ill be considered in de tail in the Discussion section. 
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Table 10 . Sedimentation va lues and their frequencies for the 
parents, F1's , F2 's and F

3
's of eac h cross 

Sed irnen- Fre uenc 
tat ion Delmar 217-61- 217-19-5 847 848 849 
values 8 7- 14 F l F2 F3 F l F2 F3 F l F2 F3 

10 2 
ll 4 
12 3 
l3 l 
14 L 8 
15 l 6 2 
16 2 9 l 
17 6 l 
18 12 2 
19 9 3 
20 12 6 l 
21 6 3 3 
22 17 5 4 
23 7 6 3 2 
24 20 9 3 2 
25 12 5 6 2 
26 16 7 8 
27 9 5 6 6 
28 9 6 ll 4 
29 4 6 8 
30 8 16 l lO 5 
31 4 8 2 7 3 
32 3 17 3 9 7 
33 2 19 3 5 6 
34 3 15 l 12 9 
35 l 14 l 9 7 
36 5 14 2 l 8 7 
37 l 7 3 2 7 4 
38 18 3 ll 2 
39 8 7 5 
40 16 2 10 ll 
41 6 l 5 7 
42 9 5 7 3 
43 2 13 3 3 8 
44 6 4 3 13 
45 6 2 4 2 ll 
46 7 2 10 2 3 
47 8 l 5 l 4 
48 3 9 4 6 
49 6 5 2 5 
50 l 8 4 
51 3 3 l 7 
52 3 12 2 7 lO 
53 2 3 4 ll 
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Table 10 . Continued 

Sed i me n- Fregue nc y 
tat ion De lmar 217- 61- 217- 19- 5 847 848 849 
values a 7- 14 Fl F2 F3 Fl F2 F3 F l F2 F3 

54 6 4 3 7 
55 4 2 6 
56 12 1 18 
57 2 4 4 
58 7 3 6 
59 8 4 3 
60 14 8 3 7 61 4 4 4 1 10 
62 5 12 4 
63 6 9 9 64 6 11 8 65 2 5 20 11 66 6 15 4 
67 8 28 8 68 10 28 5 69 6 32 3 70 4 42 6 
71 2 35 l 72 3 27 2 
73 5 

aA11 F
1 and F2 values record ed in this table have been mult iplied by four . 
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Table ll. Means, variances , standard deviat ions , and coefficients of 
variation of the parents, Fl 's, F2 's and F3 's of eac h 
cross 

Parents and Standard Coefficient 
generation Mean Variance deviation of variation 

Delmar 7l.6 . 25 .5 .7 

2l7 - 6l - 7- l4 38 . 4 23 . 75 4. 87 l2 . 68 

2l7 -l9-5 l4 . 2 6.2 2 . 49 l7. 53 

847 Fl 24.7 . 5 . 7l 2.88 

847 F2 22.9 36 . 23 6.02 26 . 32 

847 F3 35.9 82.03 9 . 06 25.27 

848 Fl 49.6 36 . 7 5 6.06 l2.22 

848 F2 55 . l 73.49 8 . 57 l5 .56 

848 F 
3 

66.9 23 . 29 4.83 7 .2 

849 Fl 39 . 7 5 . 55 2.36 5.94 

849 F2 35.0 85.94 9 . 27 26.49 

849 F3 49.0 l65. 7l l2 . 87 26.29 

A peculiar phenomenon was observed in a few of the samples in 

cros s 847. During the time of sett ling, some of the sediment floated 

to the top of the liquid while the r est settled to the bottom. When 

this happened, the sample was run again so a correct reading might 

be obtained . Possibly the poor gluten quality that is exhibited in 

this cross contributed to thi s situation. 
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DISCUSSION 

The frequency distributions of the three c r oss es are so dif

ferent that no one type of gene action nor ratio has yet been dis

covered by the author wh ich adequately expl ains all the r esults and 

distributions obtained . 

As the frequency distributions from the crosses are examined, 

there are many not iceable peculiarities. These will be discussed 

ind ividually a nd possible explanations wi ll be presen t ed . 

Sedimentat ion values of the oare nts 

The sedimentation values obta i ned f rom each of the pa r ents 

indicate that Delmar and 217 - 19-5 are probably true breeding for the 

genes involved in the determi natio n of sed imentation qualities. The 

coefficient of variation of the three parents are 0 . 7, 12 . 68, and 

17.53 for De lma r, 217-61-7 - 14 and 217-19-5, r espect ive l y (Table 11). 

The range of varia tion within De lma r and 217- 19-5 is relatively 

narrow (De lmar, 2 ml; 217-1 9-5 , 7 ml) , i ndicating that their observed 

variation is probably due mainly to environmental effec ts. 

The author is fully aware that environmenta l effects during the 

growing season are not the only causes of non-genetic var iation. 

The precis ion with which the sedimen ta tion t ests can be run is good 

but varia tion, usually not more than three units, occ urs which does 

caus e a l itt l e variat ion. 

The variation wh i ch occurred in 217-6 1-7- 14 (a range of 12 m1) 

seems too wide to be due just to env i ronmenta l e ffects and 
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experimental error because the three parental rows we r e planted side 

by side in the five replications. If it were due just to these two 

factors, it seems reasonable to suspec t more variation in the other 

two parents than occurred . One possible explanation for this is 

that the 217-61- 7- 14 parent might still be segregating for the 

factors which govern s ed i mentat i on prope rtie s. 

Sosulski and Kaul (1966) a l so obse rved a wide parental range in 

two of the ir crosses {up to 14 ml) . They s ugges ted that the wide 

range indicates a marked response to variations in plant environment 

or a lack of genetic uniformity in each variety. The ir values, how

ever, were obtained from single plants only while the individual 

parental va lues in this study are from a composite of many plants in 

a 5-foot row. Th e environment would tend to cause greater extremes 

in variation on a single plant basis than it would in a 5-foot row, 

which i s a composite of 50- 100 plants . 

If most of the variation was due to environment, the question 

may be asked as to why this particular parent varied the most . A 

possible explanation is that Delmar and 217-19-5 are at the extreme 

e nds of the sedimentation sca l e and variation would likely be limited 

mostly to one side, the uppe r side of 217-19-5 and the lower side of 

Delmar . 217-61- 7-14, be ing right in the midd le, has an equal chance 

of variation on eithe r side. Possibly the genotype of this parent 

is also more susceptible to e nvironmental influences than the other 

two. 

Sedimentation value s of the F1's 

In orde r to inte. rpre t the F 1 data and to correlate it with the 
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rest of the data, a correction factor will have to be introduced. 

The va lues obtained from the F
1 

corre lation test (Table 8) were too 

erratic to enable the values to be used as they are . Even though the 

mean difference was 9 . 3 points lowe r with the 10 gram samples than 

with the samples analyzed by the standard method , there was a general 

tendency for the variation to increas e as the sedimentation va lues 

increased. Thus this mean difference cannot be used as an over-al l 

correct ion factor. 

If the genes were acting in an additive manner with no domin

ance, the theoretical mean of cross 847 F
1 

should lie midway be tween 

the parental means and would be about 26.3. The correlated values 

around this region were from two to four units l ower for the 10 gram 

samp l es, so if we add three units to the observed mean (25), we ob

tain a corrected mean of 28 which is slightly above but r easonably 

close to the theoretical mean . 

The theoretica l mean of the 848 F
1

, with the same assumptions, 

is 55. The deviations in this region of the correlation test were 

about nine points lower for the 10 gram samples . This wou ld make 

the 848 F1 corrected mea n 59, which is a little above the theore tical 

mean but stil l close to it. The differences between the theoret i ca l 

and corrected means in crosses 847 and 848 probably are not signifi

cant. 

The F1 mean of cross 849 approaches the theoretical mean l ess 

closely (again assuming simple additive gene action). The average 

deviation observed in the 10 gram versus 40 gram samp l e correlation 

test for values in the range of the 849 F
1 

mean is about five units. 
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When this is added to the observed mea n it becomes 38. The t hea-

retical mea n is 43. In contrast to crosses 847 and 848, the 84 9 

corrected mean is several points lower than th e theoret i ca l mean. 

There may be some significance in the differenc es betwee n the 

theoretica l and corrected means but this is doubtful because of the 

relatively small numbe r s, especially in 847, and because of the 

e rratic va lues obtained when using only 10 gr ams of flour. 

Sed ime nt a tion values of the F2's 
and F3 s 

Cross 847. The frequency dis tribut ions of t he parents and 

progeny of cross 847 have been tabulated in Table 12. The distribu -

tions of the F2 and F
3 

populations are a lso s hown in Figure 4 in 

graphic form. The class interva ls span fiv e sedimentation units 

(ml). A class interval of five units was chosen so that it would 

be large enough to avoid the overlapping of experiment a l e rrors but 

small e nough to point out genet ic trends. 

Tab l e 12. Frequency distributions of sedime ntation values of parents 
and progeny of cross 847 

Parents and Class cente r s (in ml) 
2roge ny ll 16 21 26 31 36 41 46 51 56 61 66 

217-61-7-14 3 

217 -1 9-5 4 

F1 3 

F2 10 41 51 66 21 11 

F3 4 23 32 66 68 52 30 15 3 
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Figure 4. Frequency distributions of sedimentation values in F
2 and F3 populations of cros s 847 . 

The parental ranges are 32-43 for 217-61-7-14, and 10-16 for 
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217 -1 9-5. In the F2 progeny of this cross, 16 plants had sedimenta-

t i on va lues that reached the range of the high parent, while 33 

reached the low parental range . This is a total of 49 out of 200 

plants in which we apparently recovered the parental combinations . 

Recovering this many pare ntal types tends to indicate that there are 

possibly only one or two gene diffe r e nces in this cross which are 

affecting the sedimentation va lues. This wou ld appear reasonable 

since this cross involved the clos e ly related parents 217-61-7-14 

and 217-19-5. 

The pare ntal recove ry in the F
3

's , however, is much more fre-

quent and this time the high parenta l combination predominated. The 
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frequency of picking up the high parenta l range was 156 times out of 

300 . On l y two values reached as low as the low pa rent . Fifty-six 

values were obtained which we re higher than the high parental range 

making a t ot a l of 214 samples reaching or surpassing the parental 

ranges. This is the only cross which s howed such a great amount of 

transgress ive segregation. Both Table 12 and Figure 4 show this 

transgressive segregation ve ry plainly. 

The F2 mean i s 22.9. The correlation tests betwee n the semi

micro (F2) and t he s tandard (F
3

) tests showed that the values from 

the semi-micro test s averaged about . 8 po i nts lower than those from 

the standard test. Using . 8 as a co r rect ion factor and adding it 

to the F2 mean, the corrected mean becomes 23 .7. This is slightly 

lower but close to the mean which might be expected (26 .3 ) if the 

genes were acting in an addi tive manner with no dominance present. 

This is in contrast to the F1 corrected mean which is 28 and the F
3 

mea n which increased to 35 . 9. Figure 4 shows this increase of 11 

units in the F3 mean over the F2 mea n quite clearly. This increase 

of the F3 mean over the F2 mean is obvious i n a ll three crosses. 

This shif t of the mean toward the high parent might indicate some 

partial dominance. 

Cross 848 . The parents of th is cross, Delmar and 217-61-7-14, 

have sedimentation values which range from 71-72 and from 32-43, 

respectively. The fr equenc y distribut i ons of the parents and progeny 

of thi s cross are shown in Tab l e 13 . The F
2 

and F
3 

distributions 

are s hown in graphic fo rm in Figure 5 . 



Table 13 . 

Parent s and 
Eroge ny 

De lmar 
217- 61 -7- 14 
Fl 
F2 
F3 

145 
140 
135 
130 
125 
120 
115 
llO 
lOS 
lOO 
95 
90 

>. 85 
g 80 
~ 75 
g' 70 
~ 65 

60 
55 
50 
45 
40 
35 
30 

Fr equency distr i butions of sedimenta t ion values of 
parents and progeny of cro s s 848 

Cl ass cente r s {in ml} 
26 31 36 41 46 51 56 61 

3 
2 5 1 4 1 

lO 11 32 31 31 37 

66 

35 
1 7 12 37 102 

--------
25 /' 

31 

71 

5 

11 
141 

20 // ' 
15 / ' 
lO J ' 

~t-i:--~-~-~--~p=·~·=·~fl~l~i=-~6~1-=7i-~lf~==~~==~----~----4-----D~e~l~m:a~r~H 
26 31 36 4 1 46 51 56 61 66 71 

Cl as s centers (in ml) 

Figure 5. Fr equency d is tr i butions of cross 848 F2 a nd F
3 

popu l ations . 
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This cross had relatively fewer parental types appear in the 

segregating populations tha n d i d 84 7 , In the 200 plants selected 

from the F
2 

population, only one had a value that reached the high 

parent, which is Delmar . There w~re 22 plants which were in the 

lowe r parental range, with one plant be ing just below this. This 

makes a total of 24 plants out of 200 which r eached or exceeded the 

parental ranges . 

There was a shift in the frequency of samples reaching the 

parental values in going from the F2 to the F
3

. In the F
3 

there 

were 62 values in the upper parental range, while only one was with

in the low parental range (in the F
2 

only one segregate reached the 

upper parental range and 22 fell within the low parental range). 

There were also five samples that had a sedimentation value of 73, 

which is one unit higher than the De lmar range, making a total of 67 

out of 300 samples that reached or surpassed the values of the 

parents. The high proportion of samples near the Delmar region 

makes a skewed distribution which is clearly shown in Figure 5. This, 

again, is suggestive of partial dominance for high sedimentation. 

The number of parental types recovered in the F
2 

and F
3 

in this cross 

suggests at least two genes are invnlved. 

The mean of the F
2 

is 55 . 1, and adding the correction factor of 

. 8 obtained from the semi-micro correlation tests for the F
2

's, it 

becomes 55.9. This becomes .7 units above the theoretical mean and 

is probably not significant. The polygon representing the F2 popula

tion in Figure 5 approaches a normal distribution but is skewed 

slightly to the right . 
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Cross 849 . Very few sample s in the F
2 

and F
3 

distributions in 

this cross r eached the ranges of the parents, Delmar and 217-19-5 

(Tabl~ 14 and Figure 6). In the F2 gene ration, on ly t hr ee plants 

had sedimentation values in the range 217 - 19-5. The r e were none in 

the De lmar range . This situat i on revers ed i t se lf in the F3 , where 

three samples had the same values as De lmar and only one was as low 

as 217-19-5. 

Table 14. Frequency distributions of s edimentation values of parent 
and progeny of cross 849 

Parents and Class cente rs (in ml} 
££Qg~y__ ll 16 21 26 31 36 41 46 51 56 61 66 71 

Delmar 5 
217-19-5 4 
Fl 9 3 
F2 6 Ll 34 39 47 32 12 10 5 4 
F3 1 5 14 21 29 34 37 37 41 33 36 12 

F2 
48 F3 
44 /"-
40 / ', 
36 ~ 

/ 

' » 32 I u 

" 28 "' " 24 ' 0' \ 
"' 20 ' \ " I 
~ 16 I 

12 I \ --217 - ..J 

~~~/ ', ..._ __ 
Delmar H 

0 ll 16 21 26 31 Jb q L q(> 51 56 61 66 7l 
Class intervals (ml) 

Figure 6. Frequency distributions of cross 849 F2 and F3 populations. 
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This reversal pattern of switching from more low parental types 

in the F2 's to more , especially in c ross es 847 and 848, in the high 

parenta l range in the F3 's in all t hree crosses is a perplexing prob

lem and a satisfactory answer wh i ch fi s all three crosses is not 

immediately apparent . 

The ad jus t ed F 2 mea n is 35 . 8, which is 7. 7 po ints lower than 

the theore t i cal mean (43.5). This would t end to give the impression 

that the low pare nt is partially dominant, but as we examine the F
3 

values we again see the F3 mean seve ral points h ighe r than the F
2 

mean. The F3 mean in this c ross is 49.0, ind icating a partial 

dominance for the high parent. Table 14 and Figure 6 show this shift 

from the F2 to the F
3

. 

Estimate of the type of action and 
numbe r of genes involved 

The author has spent a conside rable amount of time going over 

many of the countless pos sib l e diffe rent genetic actions and rations 

which might be involved in these c rosses and in reviewing other 

quantitative inheritance work in ord e. r to come up with a reas onable 

hypothesis and ratio wh i ch would fit the data of all three crosses 

and which would explain the action invo lved. 

Two of the ways wh c h are used to estimate the number of genes 

involved i n inhe ritance stud ies are : (l) spec ial formulas , and (2) 

observing the numbe r of parental type s r ecove red in F
2 

popu lat ions. 

Bo th of these methods we r e us ed by the author to estimate the pas-

sible number of genes involved in the three cross es in this study . 

Th• formula suggested by Burton (1952) was us ed . The formula and 
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its components are listed below: 

n 

p l the mean of the smallest paren t 

p2 the mean of the largest paren t 

F l the mean of the Fl populat i on 

F2 th e mean of the F2 population 

When values were substituted i nto this formula, cross 849 was esti-

mated to have at l east t hree genes involved, and 848 and 847 both a 

minimum of one gene involved in the determinat ion of the sedime ntat i on 

properties. 

According to the number of parenta l types recovered i n the F
2 

generation of the three crosses, it is es timated that cross 847 had 

at l east one and possibly two genes involved . Cross 848 is estimated 

to have at least two genes invo lved, whi l e 849 is estimated to have 

a minimum of three genes segregating for s edimentation properties . 

These estimates agree qu ite clos e ly with the estimates obta ined from 

using the formulas above. 

Kaul and Sosulski (1964) estimated that t wo genes were r esponsi-

ble for the determination of sedimentation prope r ties i n the crosses 

they studied . 

The author spent many hours trying d iffe rent gene comb i nations 

and putting diffe r ent weights on the genes suc h as simple additivity, 

geome tric, major and m~nor ge ne s, and guess ing d i ffe rent va l ues 
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which the different genes might possess, but none of these manipula-

tions would fit all three cross es . 

Burton (1952) suggested a me thod whe r e by the t ype of action of 

the genes, whether arithmetic or geomet ric, cou ld be calculated . 

The formulas used are listed be lotv: 

Theoretical Arithmetic 

Theoretical Arithmetic 

Theoretical Geometric 
log P1 + 2 log F

1 
+ log P

2 F2 ; Antilogarithm of 
4 

The symbo l s used are the same as in the equation used to estimate the 

numbe r of genes above. 

If the theoretical arithmet ic means we r e closer to the actual 

mea ns than the theoretica l geome tric means, then the type of actio n 

was supposed to be additive . If the theoretical geometric means were 

closer to the actual means, the action was estimated to be geometric. 

This was calcu l ated for each of the three crosses involved in this 

study but no real conclusion could be drawn on the basis of the 

answers obtained from the formulas. In cross 847 the answers both 

we re just above the actual mean, i n cross 848 they were just below, 

and in cross 849 they split the diffe rence , one be•ng above and the 

other below. This likely indicates that both are acting. 

The F1 and F2 means suggest that the type of action by the 

genes is mainly additive ; however, the F
3 

means show a considerable 

trend toward the high parent, whic h might indicate partial dominance 

for high sedimentation. Kaul and Sosulski (1964) also found the 
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high sedimeatatioa values to be partially domiaaat. 

Some authors have used backcross data to aid ia the iaterpreta

tioa of geaetic data. There were no backcrosses mad e in this study. 

Had backcross data been avai lable, they may have beea helpful ia 

clarifying the observed segregating patteras. 

The author coaclud es from the data that there are probably one 

or two genes involved ia cross 847, two ge nes involved ia cross 848, 

and three ia cross 849 . The type of gene action appears to be 

primarily additive, but with possibly partial domiaance for the high 

parent in each cross. 
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SUMMARY AND CONCLUSIONS 

Three parents were crossed in a ll possible combinations a nd the 

inhe r itance of the sedimenta tion properties studied in the F
1

, F
2 

and F3 generations. The parents were the variety Delmar (high) and 

the breeding lines 217 - 61 - 7- 14 (medium) and 217 - 19- 5 (low). 

217-6 1-7-14 x 217 - 19- 5 was designa t ed as cross 847, Delmar x 

217-61-7-14 as cross number 848 and Delmar x 217-19-5 as 849. Sedi

mentation tes ts were run on five rep l icat ions of the parents and 300 

samp l es of the F3 populations in each cross. A semi-micro sedimenta

tion test ( a one-four scale test) was run on 200 F
2 

plants in each 

cross and on a few F1 's . The distributions in eac h of the crosses 

were analyzed and the type of gene~ction and possible number of 

genes involved were estimated. 

The sedimentation values ranged from 71- 72, 32-43 and 10-16 for 

De lmar , 217-61-7-14 and 217-19 - 5, respectively. The F
1 

means a pproxi

mated the midway point be t ween the parents in each cross. 

The number of samples in the F2 population in cross 847 which 

reached the pare nt a l r anges indicated that there are possibly only 

one or two genes segregating for sedimentation in this cross . Con

siderable transgressive segregation above the high parent was ob

served in this cross . 

The frequency distributions in the F
2 

and F
3 

populatio ns in 

cross 848 are skewed toward the high parent which suggests partial 

dominance for high sedimentation . The numbe r of parental types 



recove r ed in the F
2 

and F
3 

generations suggest at Leas t two genes 

are invoLved . 
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In cross 849, the F
2 

mean gives the impression that the Low 

parent is partiaLLy dominant, but the F3 mean is severaL points 

above the mid point between the parents which indicates partiaL 

dominance for the high parent. Thr"~· genes are estimated to be in

vo Lved in this cross. 

Two generaL trends are present in the progeny of aLL three 

cross e s. (L) In the F
2

, there are more Low parentaL types than high 

pare ntaL t ypes recovered, then in the F
3 

this situation is reversed 

and more high parental types are recovered than Low parenta L typ es. 

(2) ALL three F
3 

means are about lO units higher than their respec

tive F 
2 

means. 

It is concluded that the gene action tends to be additive but 

shows some partial dominance for the high parent in each cross. It 

is aLso concluded that the probab Le number of genes involved in each 

cross are one or two in cross 847, two genes in 848, and three in 

cross 849. 
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Sedimentation Test for Wheat 

Apparatus 

1 . Mill, motor - driven, with corrugated stee l rolls equiv. to 
Tag-He ppe ns ta ll mois t ure me t e r ro lls for small grains . {The distance 
between the rolls of the three mills app roved for making this test 
by the U. S , Departme nt of Agr ic ulture a r e 0.023 ± 0 . 002 in. for the 
Tag Mill, 0 . 030 :l: 0 . 002 in . for the Strand Ro ll Mill, Model SRM, and 
0.045 ! 0 . 002 in. for the Straub Whea t Mi ll, Model W- l.) If the Tag
Heppenstal l moisture me t er rol l s are employed, the flaxseed shims 
may be us ed to help attai n the des ired c l ea rance . 

2. Sieve, LOO -mesh (U . S, Std . No. LOO woven wire cloth), diam . 
8 inc . , equ ipped with bottom pan. Openings, 149 u. 

3. Sieve shaker . The mechanical sieve shaker should have a 
horizont a L circular motion such that a ny point on sieve wi LL describe 
circ les about 2 in. in diam . at rate of about 200 rev. pe r min . (see 
Note 3). 

4 . DuaL - chambered automatic pipets, 25- and 50-mL. capacity, 
which should empty and fiLL in Less than 10 and 15 sec . respectively. 

5. Glas s or Teflon- stoppered 100-mL . graduated cylinder, 
prefera bly made from precision- bore tubing having a dista nc e of 180-
185 mL. be t"·een zero mark at bottom a nd LOO ml. 

6. Stop-watch or interval timer. 
7 . Mixer. Rack approx. 23 by 12 by 2 in. is pivoted at center 

of eac h end and oscillates thru 60 degrees , 30 degrees each side of 
horizont a l position, at rat e of ca . 40 times per min . Rack is so 
designed t ha t eight graduated cylinders can be quickly and securely 
placed whi l e mixer is in motion. Power is s upplied by small electric 
motor. 

Reagents 

l . Isopropy l ale . , 99- LOO % N. F . or equiv. 
2. Distd . or d e ionized water. ALL water used to make reagents 

and hydra tion wa t er should contain no more tha n 2 p.p . m. of mineral 
rna tter. 

3. Hydration water (bromophenol blue so ln.): add bromophenol 
blue to distd . wate r so t hat it wiLL contain 4 mg. per Liter . 

4. Lactic acid stock soln. Dilute 250 ml. U. S . P. 85% Lactic 
acid to L Liter with distd. wa t er. Reflux dild. acid 6 hr . without 
Los s of vo L. (see Note 2). 

5 . Reagent: Mix thoroly 180 mL. Lac tic acid stock soln . 
(reagent 4), 200 ml. isopropyl a le . (reagent L), and distd. water 
to make L Liter. Let sta nd 48 hr . Stdze. to 0.50 ± 0.01 normal 
against O. LO sodium or potassium hydroxide. Specific gravity shou ld 
be 0.985 t 0.001 at 60/60° F. Protect against evaporation. 



Procedure 

l . Grind ca . 200 g. clean wheat by passing it thru mill five 
times. If moisture has been detd . on Tag - Heppenstall moisture 
meter, the crushed wheat should still be passed thru mill five 
times. If the ground wheat flakes, it should be crumbled with the 
fingers between passes. Ro lls should be brushed between millings. 

2. Place ground wheat on 100- mesh sieve equipped with bottom 
pan, and shake mechanically for 90 sec . 
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3 . Weigh 3.2 g. flour and place in 100- ml. stoppered, graduated 
cylinder . 

4 . Simultaneously start timing and addition of 50 ml. brom
phenol blue water . Mix f lour and water thoroly by moving stoppered 
cylinder horizonta lly lengthwise, alternately right and left, thru 
space of 7 in., twelve times in each direction in 5 sec . Flour 
should be completely swept into suspension during mixing. 

5. Place cylinder in mixer (about 15 sec. required to this 
point from addition of water). Mix until period of 5 min. has 
elapsed. 

6. Remove from mixer, add 25 ml . l actic acid reagent (4) and 
return to mixer unti l period of 10 min. has e lapsed from start of 
timing. 

7 . Remove from mixer. Immediately place cylinder in upright 
position and let stand exactly 5 min . 

8. At end of exactly 5 min. read vo l. in ml. (estimating 
tenths of ml.). This is uncorr. sedimentation value . 

9. To obtain corr. sed. val . (14 m.b.) multiply uncorr. sed. 
va l. by appropriate factor in table below (see Note 7). 

Wheat Wheat Wheat 
Moisture Factor Moisture Factor Moisture Factor 

% % % 
8.0 l. 14 ll. 0 1.00 14.0 l. 00 
8.5 l. 10 11.5 0.99 14.5 l. 02 
9.0 l. 07 12 .0 0.98 15 .0 1.04 
9.5 l. OS 12. 5 0. 98 15 .5 l. 07 

10.0 l. 03 13.0 0. 98 16 .0 1.10 
10.5 1.0 l 13.5 0 . 99 

~ 

l . The sedimentation test reflects differences in quantity and 
quality (from bread-baking standpoint) of gluten in wheat (or flour) 
and hence is a rough measure of baking strength . 

2. Coned. lactic acid normally contains. associated molecules 
which on diln. gradually dissociate in part until state of equilib
rium is reached. Attainment of equi lib rium after diln., which is 
necessary for consistent sedimentation test results, is greatly 
hastened by refluxing . Refluxed stock so ln. shou ld be ca. 2.78N. 
The mineral cont ent of lactic acid may vary . It is importan t that 
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total minerals should not exceed lO p . p . m. in the stock or 2 p . p. m. 
in the reagent . The isopropyl alcohol should be mineral-free also. 

3 . Be certain sieve is clean before using. Materia l passing 
thru sieve is essentially a white flour and is used for sedimentation 
test. Flour must be thoroly mixed before testing. Flour yield 
should be about 30 g. 

4. If suitable automatic pipets are used for dispensing so l ns. 
tests may conveniently be run in groups of eight . Lacking automatic 
pipets, it is best to measure correct amount of reagents into small 
beakers or graduates and to make delivery from these containers at 
the appropriate time interval . 

5 . Deviations of l0-l5 sec. during stops 4 thru 7 are not 
serious. It shou ld be emphasized, however, that reading of uncorr. 
sed. val. (step 8) must be made exactly 5 min . after final mixing. 
The 5-min . period of settling must be very accurately timed, since 
at this stage sedimentation may still be progressing rapidly. 
Readings taken at longer time interva l s show smaller differences 
betwee n wheats of good and poor baking quality . Readings at shorter 
intervals are sometimes not clear. Line of demarcation between 
sediment and supernatant liquid in cylinder is ordinarily sharp and 
distinct, so that readings may be made directly to nearest ml . and 
estimated to nearest O.l ml. Duplicate detns . of sed. val. usually 
agree within less than l ml . Temp. of reagents within range of 
65°-95°F. have no significant effect on resu l ts. Sedimentation 
readings range from l ess than 20 for low-protein wheat of inferior 
bread-baking strength to maximum of 78 for very high-protein wheat 
of superior bread-baking strength. 

6. Moisture content of wheat when ground as directed partly 
dets. content of ash and of protein in resultant f l our . Ash, pro
tein, and granu l arity of flour influence sed. results. Factors in 
table are designed to compensate for effect of variations in the 
three variables and also to correct sed . values to l4% m. b. 

7. See reference for description of hand-shaking and hand 
sieving procedure . 
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