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OF F 22 X DIClG.Oil 11. IT 

7his paper reports a study of the i nher i tance and of the correlated 

inheritance in certain observed and measured p l ant characters in a cross 

between a hybrid from Di cklow x Sevier , (F22) and a pure line from Dickl ow , (D#3 ) , 

one of the original parents of F 22 . 

Literature 

cfuyes and Garber(3), Clark(l) , and Stewart( B) have recent l y compiled 

bibliographies of literature relating to the inher i tance of characters in Yrheat 

herein reported. On this account literature citat i ons are limited to those 

that refer directly to the materi al studied . 

Description of Parents 

F22 is a segregate from the cross , Sevier x Dickl ow, and was deve l oped 

by Stewart at the Utah Exper i ment St at i on . The str aw i s much stronger than the 

Sevier parent but not .as strong as the Dickl ow parent . The glumes are l i ght 

bronze in color . I t i s a fully awned wheat . 

Measurements of the parent rows are sllii1tllarized as follows : 

Length of longest culm to base of sp i ke --- ------ 108. 43 L 6, 06 em. 
Spike density - lenGt h of one r achi s internode -- 2. 56 L . 249 em. 
Number of culms per pl ant --- -------------------- 11 . 61 L 3 . 44 

Di cklow is a favorite spring wheat on the irri gated farms of Utah . 

T~i s popul arity is due to i ts abi l ity to resist lodging under irrigation and to 

produce a high yi el d. It has a medium t all , stif f straw. The spikes are 

beaked with short anus . The glQmes are white in color . The grain shatters 

fro the s:;ilce r ather easily. 

Leasurements of t he parent rows follow : 
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Len~th of longest culm to base of sp i ke ------- 103 . 84 L 4 , 80 em. 
Spike density - lengt!1 of one r achis internode 5. 03 L . 502 !lli!l. 

liumber of culms per pl ant --------------------- 9 . 43 L 2. 70 

These measure~£nts indicate that F 22 has a culm l ength aver aging 

4 , 59 L 6. 06 centimeters loneer than Dicklow. The di fference is le~s than the 

' probable error . The ranee for the longest culm is 92. 5 to 123. 0 em. for F 22 

and from 93 . 5 to 117.4 for Dicklow. In spike density Dicklow , ranging from 

43. 47 em. t o 64 . 75 em. is twice as l ax as the F 22 parent whose range is from 

23. 83 t o 28 . 05 em. This measurement considers ten r achis internodes . The t wo 

p r ents ui ffe r but slightly in number of culms produced. F 22 produces an 

aver age of 11. 61 L 3. 44 culms with a range from 9. 3 to 15. 7 per plant . The 

Dicklow parent has an average of 9 . 43 L 2.70 ran~ing from 7. 7 to 11. 4 per plant . 

Experimental Procedure 

The cross between a pure line of ]' 22 and Di cklow, D/13 , ~las made in 

1925 at Loc~~ , Ut~~ . The F1 pl ant s were grown in 1926 . The year followi ng , 

the F2 fami lies were grown. One of the most vigorous of the F2 families was 

chosen to conti nue the study. This family consisted of 248 plants . Each of 

t hese pl ants was classified accordi ng to avm class, glume color , and spike 

densit y. The spike density f i gure vms obtained by measuring the length of ten 

r a chi s int ernodes . Gr a in fr mn each pl ant seeded an F3 progeny row in 1928. The 

kernel s were spaced about three inches apart with 40 to 50 in a row except where 

an F2 plant furni shed fewer kernels . The rows were one foot apart , 

~fter each t enth progeny row the parental variet i es F 22 and Dicklow 

r1e r e sovr.::t side by side in the same manner and at the same ti!lle as the progeny 

rows . In all there were 25 parent rows . Two of the Di cklor1 parent rows wer e 

destroyed thru accident and are not included in the calcul ations reported . This 

planting arrangement made it possible to study the progeny characters in rel at i on 

to the parental characters . 
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When the grain was ripe each F3 and parent row was carefully harvested 

by pullin,; the plants individually i n t he row. The plants of each rou were 

bundled , t ied and l abeled . The material was worked in the l aboratory during the 

winter months . 

Culms length was measured by placing t he root end of the i nd ividual 

plant against a foot board and extendi ng the culms along a table board marked in 

centimeters . The longest culm was measured to the base of the spike and recorded. 

l'he number of dwarfs were determined by counting . The nUI!lber of culms were 

counted with the precaution of avoiding second growth culms , that sometimes appeared 

at the base of the pl ant . Each plant was examined for its awn behavior. Those 

that approached the F 22 parent were classified as o.wn cl ass 4 , or simply awns 4 . 

Those that approached the Di cklow parent were called awn 2. Rows that produced 

both awn 2 and 4 were said to be segregating . Spike density was determined by 

measurinc ten rachis internodes i n the middle of a typical spike on each plant , 

This avoided the extremes of laxity and density found on opposite ends of the 

sp i ke . Each plant was cl assified for gl ume color as whi t e or bronze which was 

det ermiped by inspect i on. 

The data v1ere so t aken and recorded that all data from eacl: plant 

could be readily traced to that pl ant and to the row from which it came . This 

permitted the study of correlations . 

The usual number of plants in each progeny was 30 t o 35 . In some 

progeni es there were f ewer than this and in others there were more. The parental 

rows averaged approx i mate l y the same number of plants . Measurements and classifi 

cat i ons Vlere made on the basis of genetic material in evidence in the plants . 

l o t heory of inheritance was advenced unt i l all data were taken, recorded , and 

calculated . 



~:Perimental Results and Their Interpretation 

.tl...fter the data were assembled and recorded , classifications and 

cal culat i ons were made . he raean length of the longest culm was calculated 

for each progeny. The sa~e calculation was made for number of culms , The 

progeny rons were classified into segregating and true -breeding groups for 

dwarfs, for arms , and for glume color , The mean spike density of each progeny 

was obt ained as well as the coefficient of variability for each row. \fnen 

correlati on studies were made the mean values for the F3 progenies were the 

figures used, This was regarded as more accurate t han the individual figures 

for the F2 plants. 

Inheritance of I ndividual Char!cters 

Inheritance studies were made for the f ollov1ing individual pl ant 

characters : Culln l ength , dwarf:; , number of cullna, avm classes , spike density , 

and color of glume . 

Culm Length. - Table 1 compares the distribution of F3 progenies for 

cu l ength and coefficient of variability vnth that of the parental rows , 
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The range for F 22 parents is from 92 , 5 to 123 L 6. 06 centimeters; that of the 

Dicklon pa:.."ent from 93 , 5 to 117 . 4 L 4 , 80 centimeters , The range of the two 

parents is allnost i dentical but the F 22 parent avereees somewhat taller than 

the Dicklow. The range in culr,l length for the F3 progenies is from 88. 0 to 1 28 . 0 

L 5 , 77 em. There were more i ndividuals considered in the progenies than there 

were in the parental rows . The distribut i on shotm fails to indi cate segregatinG 

groups . 

Dwarfs . - The F3 progenies segregated for tall and dwarf plants as 

follows : 99 were segregating f or either 3 tall to 1 dwarf or 13 tall to 3 

dwarf pl ant s; 30 proeenies were segrega·ting 1 tall to 3 dwarf plants ; ll were 
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horr.oz~·.:ous :!:or the dr~ar:' character and 108 were horJozygoua for the tall characters. 

These data sema to indicate a 13 tall to 3 dwarf segregation . 

·;:uo factors are involved in this explanation of dwarfness . (l] . Ii 

an iru1ibitor factor which prevents the expression of dwarfness when the dominant 

I is present either in the heterozygous or in the homozygous condition; and (2) 

Dd, c. dVTarf fact or which , in the dominant condition, produces dwarfs when in the 

homozygous or heterozygous condition . 

'l'he recombination of these factors would produce all tall plants in 

F1 but calls for t Tio phenotypes in F2 , tall , and dwarf , which would behave in 

F3 as follows : 

F22 IIDD x Dicklow iidd 
IiDd All tall 
~~ 

l IIDD (tall in F2 , tall in F3 ) 
2 IIDd (tall in F2 , tall i n F3 l 
2 IiDD (tall in F2 , segregate 3 tall : l dwarf i n F3] 
4 IiDd ( tal l i n F2 , segregate 13 tall : 3 dwarf i n F3 ) 
l I I dd ( tall i n F2 , tall i n F3 ) 
2 Iidd (tal l i n F2 , tall i n F3 ) 
l i i dd (tall in F2 , tall i n F3) 

3 Dwarf Pl ants 

l iiDD (dwarf in F2, dwarf in F ) 
2 iiDd (dwarf in F2 , segregate ~ dwarf to l tall i n F3 ) 

It was i mpossible from inspection to separate the 13 : 3 and the 

3 : l segrega:ting groups , therefore the segregation wao made by the Dev. /P .E. 

method and is summarized in Tabl e 2. The Dev. /P. E. calculation was made for 

each progeny considered on the basis of a 13 :3 segregati on and also on t he 

basis of a 3 : l segre ation. The f i nal segregation was made on the basi s of 

the smallest Dev . /P .E. calculation. By this calculati on 46 progeni es wer e found 

to be segregating for the 3 : l rat i o; 53 f or the 13 : 3 gr oup ; 30 for the l : 3 

eroup ; 11 vrere homozygous for the dwarf character and 108 were homozygous tall. 

In this instance x2 : 9 . 903 and P : , 042 which is not a good f i t . 
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Tabl e 1. Parental rows and F3 prQGenies arrangeQ according to meens of culm 
lengt h and according to the coefficients of variability (C. V. ) 
classes .. (Cross 35 c; grown i n 1928 at Logan, Utah) 

(Length of longest culln) 

Class : c.v.: Total 
85 : 90 : 95 : 100 : 105: 110: 115: 120: 125: 130:Total:Class:Individuals .. 

Dick- 1 2 4 2 9 4 

lOVT 
4 4 3 1 12 8 
1 1 12 23 
1 1 16 

'1lean 6. 94. 

1 1 2 4 
1 1 8 1 4 2 1 l8 8 25 
2 1 3 12 
1 1 2 16 

:11ean 8 . 46 " 

3 6·. 8 7 12 7 2 45 4 
1 2 9 39 29 30 20 i2 2 2 146 8 
1 4 8 11 4 6 2 4 40 12 237 

1 1 1 3 16 
2 1 3 l8 

:! ean 7.95: 
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Table 2 . Segrecation for normal and dwarf p lants in F3 progenies fron normal 
Fr plants , crouped into two classes determined by the nature o:f' the segregation 
o normal to dwarf plants (a } 13: 3 , (b) 3:1 

Family 35 c; ,grown in 1928 at Logan , Utah 

Normal Dwarf Ca lculated :Dev. Cal . 3:1 P . E . :Dev . /P. E . 

27 5 6 l 1 . 49 . 67 
38 4 7.9 3 . 9 1 . 71 2 . 27 
31 4 6 . 6 2 . 6 1.56 1.66 
31 5 6 . 8 1.8 1. 58 1.13 
40 l 7 . 7 6 .7 1 . 69 2 . 91 
25 l 4 . 9 3 .9 1.34 2 . 91 
32 3 6 .7 3 .7 1.56 2 . 36 
34 7 7.7 . 7 1.69 . 4 1 
23 3 4 . 9 1. 9 1 . 34 1.41 
44 6 8 . 6 2. 6 1. 79 1. 55 
34 5 7 . 3 2 . 3 1.64 1 . 4 
37 6 8 . 06 2. 06 1.73 1 . 19 
27 l 5 . 3 4 . 3 1.39 3 , 09 
36 6 7 . 9 1 . 9 1.71 1.11 
31 5 6 . 8 1.8 1 . 58 1 . 13 
32 2 ; 6 . 4 : 4 . 4 1. 54 2 . 85 
24 3 5 . 01 2 . 01 1 . 37 1.46 
40 6 8 . 6 2 . 6 1 . 79 1.45 
40 3 8 . 06 5 . 06 1 . 73 2 . 92 
36 5 7 . 7 2 . 7 1 . 69 1 . 59 
25 3 5 . 3 2 . 3 1 . 39 1 . 65 
29 2 5 . 8 3 . 8 1.47 2 . 58 
37 7 8 . 3 1 . 3 1.75 . 74 
27 6 6 . 2 . 2 1 . 51 . 13 
32 5 6 . 9 1.9 1 . 60 1 . 18 
38 5 s .1 3 .1 1.73 1. 79 
33 8 7 . 7 . 3 1.69 . 17 
40 3 8 .1 5 .1 1.73 2 . 94 
33 4 6 . 9 2 . 9 1 . 60 1 . 8 1 
34 7 7 . 7 . 7 1.69 . 41 
40 3 8 . 1 5 . 1 1".73 2 . 94 
27 3 5 . 6 2 . 6 1.44 1 . 80 
35 5 7 . 5 2 . 5 1.66 1.50 
25 5 5 . 6 . 6 1 . 44 . 41 
37 9 8 . 6 . 4 1.79 , 22 

37 9 8 . 6 . 4 1 . 79 .22 
40 14 10 . 1 3 . 9 1 . 93 2 , 02 

28 6 6 . 4 . 4 1. 54 . 25 
40 10 9 . 4 . 6 1 . 86 , 32 
27 7 6 . 4 . 6 1. 54 .38 
22 6 5 . 3 . 7 1. 55 . 50 
35 8 8 .1 . l 1.73 . 57 
40 10 9.4 .6 1.86 . 32 
29 9 7. 1 1 . 9 1. 62 1 .17 
34 8 7 . 9 .l 1.71 . 58 
40 11 9 . 6 1 . 4 1.88 . 74 

(Cont . ) 
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Tabl e 2 . (Cont .) 

Normal Dwarf Calculated :Dev ,Cal. 3 : 1 P .E. :Dev. jP.E . 

40 8 9 . 0 1.0 1. 82 . 54 
36 8 8 , 3 .3 1 . 75 .17 
25 6 5 . 8 .2 1. 47 .14 
40 10 9 . 5 . 6 1 . 86 . 32 
32 8 7 . 5 .5 1 . 66 . 30 
40 g 9 . 2 .2 1.64 . 12 
¥._ 14 13. 5 . 5 2 . 15 . 23 
33 10 10. 8 . 8 1 . 92 . 41 
34 13 11. 8 1 . 2 2 . 00 . 60 
34 14 12. 0 2. 0 2. 02 . 99 
33 15 12.0 3 , 0 2 . 02 1 . 48 
27 16 10. 8 5 , 2 1. 92 2. 70 
24 10 8 . 5 1.5 1 , 70 . 88 
32 10 10. 5 . 5 1. 89 . 26 
38 11 12. 3 1. 3 2. 04 . 63 
28 17 11. 3 5 . 7 1. 96 2, 90 
38 13 12. 8 . 2 2 . 09 . 95 
28 16 11. 0 5,0 1. 94 2. 57 
34 14 12.0 2, 0 2. 02 , 99 
37 11 12. 0 1. 0 2. 02 . 49 
29 11 10.0 1 . 0 1 . 85 . 54 
40 15 13. 8 1. 2 2 . 17 . 55 
31 13 11. 0 2. 0 1. 94 1. 03 
28 13 10. 3 2. 7 1.87 1. 44 
31 9 10. 0 1.0 1 . 85 . 54 
27 12 9 . 8 2 , 2 1.82 1. 20 
27 10 9 . 3 . 7 1 . 78 . 39 
20 8 7 . 0 1. 0 1 . 55 . 64 
31 16 11. 8 4 . 2 2, 00 2. 10 
37 11 12. 0 1.0 2. 02 . 49 
27 14 10. 3 3 . 7 1 . 87 1.97 
19 9 7 . 0 2. 0 1 . 55 1.29 
29 10 9 . 8 . 2 1 . 82 . 10 
24 13 9 . 3 3 . 7 1.78 2. 07 
35 10 11. 3 1 . 3 1 . 96 , 66 
29 13 10. 5 2. 5 1. 89 1 . 32 
24 7 7.8 .8 1 . 63 . 49 
23 7 7. 5 , 5 1 . 60 . 31 
36 12 12. 0 .o 2. 02 .oo 
26 10 9 . 0 1. 0 1 . 75 . 57 
38 14 13. 0 1 . 0 2.11 . 47 
40 14 13. 5 . 5 2. 15 . 23 
22 8 7. 5 . 5 1 . 60 . 31 
29 12 10. 3 1 . 7 1.87 . 90 
25 11 9 . 0 2. 0 1. 75 1.15 
24 10 8 . 5 1.5 1 . 70 . 88 
37 12 12 . 3 . 3 :: 2. 04 . 15 

39 14 13. 25 . 8 2. 13 .37 
27 13 10. 0 3 , 0 1. 85 1 . 62 

19 7 6. 5 . 5 1. 49 , 33 
29 11 10.0 1. 0 1 . 85 . 54 
27 15 10. 5 4 . 5 1 . 89 2. 38 
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Since sene difficulty was experienced i n segregatinG the 3 : 1 and 

13 : 3 groups (llld a very poor fit was ob t ained , these two groups were considered 

a s one and cotrpared nith a 13 3 ratio for goodness of fit . By this grouping 

99 progeni e s were sec;regating 3 1 and 13 : 3; 30 were segregating 1 t all to 

3 dwarf plants ; 11 were honozygous for the dwarf character and 108 v;ere homozygous 

f or tallness . By t his calculation x2 : 1. 7256 and P = . 7395 , which is a very 

good fit . These comparisons a:re swn:narized i n Tabl es 3 and 4 . 

Table 3 . Closeness of fit of five c;roups on a 13 : 3 segregat ion 
~'anily 35 c ; grown in 1928 at Logan , Utah 

Group c 0 0 - c (0 - c)2 

Segregat i ng 3 1 31 46 15 225 7. 2580 
13 3 62 53 9 81 1.3064 

1 3 31 30 1 1 . 0322 
Homozygous Dvrarf 15.5 ll 4 . 5 20 . 25 1.3064 
Homozyc;ous Tall 108 108 0 0 0 

x:- .. 9 . 9030 
p = . 0402 

Tabl e 4 . Closeness of fit of four groups on a 13 : 3 segregation. 
Combining 3 : 1 and 13 : 3 segregat i ng groups 

2 ~ 
Group c 0 0 - c {0 - C) c 

Segregeting 3 : 1 l3:l: 93 99 6 36 . 3870 
1 : 3 31 30 1 1 . 0322 

Homoz gous Dwarf 15 . 5 ll 4 . 5 20 . 25 1 . 3064 
Homozygous Tall 108 lOB 0 0 0 

x2 = 1. 7256 
p . 7395 

The theory f i ts the observations so well that in about ?3 cases out of 

100 a wider devi at ion mie;ht be e:::pected due to chance alone . The evidence seems 

to beru.· out the t heory of one dor.,inant factor and an inhibitor factor operat i ng 



i n the inheri t ance of dwarfs but also i ndicates the difficulty of sep~at ing 

simi l ar croups . 

:IUillber of C·Jlms . - Both the F 22 and Dickl011 parents are essentially 

alike in nunber of culms produced. No segregation of the F3 progenies was 

observed . Table 5 and Fi gure 2 summarize the data , The parental types were 

::,oth r eco'rered. The mean coefficient of variability is almost identical for 

both parents;zJ' and for F3 progeny. 

~wn Classes,- Hayes and Garber(3) in summarizing various i nheritance 

stud i es founu awn inheritance to be very s i mple i n some crosses and in others 

-10~ 

ver y complex. They concluded that there may be two or more genetic factors 

involved in awnedness , Howard and Howard(5) obtained sing~e-factor results in 

some crosses, but in others between fully avmed and awnless paren·~s they 11ere 

able t o separ ate the F2 progeny into f ive or s ix classes, which results required 

two f actors to explain. 

In this family the F 22 parent is homozygous for avms 4 and the Dicklow 

parent f or sun 2 . There were 56 progenies homozygous for awn 2, 131 were heterozygous 

f or awn inheritance and 51 were breeding true for awn 4 . \'/hen compared for close 

ness of fit on the basis of a 1 : 2 : 1 segregation x2 
2, 6689 and P = . 2709 

(Table 6) . Th~ fit indicates that the segregation considered is probably correct 

s i nce a worse fit in 27 cases out of every 100 would be expected due to chance 

alone . 

Spi ke Densi ty. - The mean spike densities and the coefficients of 

variability were calculated for each progeny. 'i'he F3 progenies were classified 

into three groups: (1) Those homozygous f or dense spikes, (2) those heterozygous 

for sp ike density , and (3 ) those homozygous f or lax spikes . 

Table 7. compares the spike density classes with the coefficient of 

variability (C . V. ) cl asses of both parents and F3 progenies , 



Ueterozyeosi ty or homozygosity nas indicated by the ai ze of the 

coeffi cient of va:riabili ty. Tho mean coefficient of variability for the 

honozygous F 22 parent was 13 . 68 L 1.428 with a range of 10 . 24 to 16. 25 per 

cent . The sane calculation for Dicklow was 10. 54 L 1 . 018 and ranged from 

7. 7 to 16. 19 per cent . The mean coefficient of variability for the homozygous 

dense croup was 12. 00 L • 739 and ranged from 6. 45 to 22.3); the lax group 

exhibited a mean of 9 . 04 L . 636 and a range from 4 , 1 to 16, 22 and the 

heterozygous croup had a mean of 38 . 15 L 1 . 8182 per cent Tilth a range from 

23 . 33 to 47 . 42 per cent for the same character . These figures indicate that 

the entire ranee of the parents was recovered in the progenies and that the 

true-breeding F3 rows are no r.1ore variable than the parental rows . 

Table 8 proves rather definitely that there were progenies which nere 

hor.1ozygous for dense spikes, others vmich were homozygous for lax spikes and 

- 11-

thct the spilces of intermediate length were heterozygous . The rows of homozygous 

dense p~ogenies tended to be very sir~lar in appearance and density to the F 22 

parent . The heterozygous group was intermediate between the parents and contained 

i ndi vi duals representative of both parental groups indicating segregation. The 

honozy;::;ous lax group exhibited a tendency toward greater laxity than the Dicklow 

parent . In only three progenies was the r.1ean density of the Dicklow spike 

recovered . The ~ean length of each rachis internode in the F3 progenies was 5, 6 

L . 3<J3 =· as compared with 4 , 8 L . 502 nnn. for Dickl ow. These figures indicate 

a tendency toward transgressive segregation in the direction of a more lax spike 

than that nhich characterizes the Dicklow parent , Fi gure 3 illustrates this 

new mean gra.phically, 
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Table 5 . Parental rov:s and F5prot;enies erranged according to nwnber of 
culn classes and accordi ng to Coefficient of Variabili ty(C . V. ) 
classes . 

(Cross 35 c; €;r01m in 1928 at logan , Utah) 

(I;umber of CuL"'l Classes ) 

c.v. : Tota l 
6 7 8 9 10 : 11: 12: 13 : 14 : 15 : 16: 17 : Total :Classes : Number 

1 1 2 1 5 30 
Dicklow 2 3 3 1 9 40 

1 2 2 2 7 50 23 
1 1 2 60 

c:ean 42 . 48 

2 1: 3 30 
F 22 2 5 3 3 1 14 40 

1 2 1 1: 5 50 25 
1 2 3 60 

Lleen 44 . 45 

1 1 2 20 
3 :11 4 6 4 1 3 2: 1 35 30 

F 2 3 :15 :25 : 24 :20 8 5 2 1 1 106 40 237 
3 

3 4 :15 :21 :12 5 5 2 1: 68 50 
1 5 3 7 2 1 19 60 
3 1 1 5 70 
1 1 2 so 

!.lean 43 , 96 

Table 6 . Closeness of f i t on a 1 : 2 : 1 segregation 
(Fami ly 35 c; grown in 1928 at Logan, Utab) 

Group C 0 c - 0 
: 2 __l9__:-_()E 
:(C - 0) c 

Homozygous kwn Two 59 56 3 9 .152 
Heterozyg ous 118 131 13 169 1 . 4322 
Homozy~ous Awn 4 59 51 8 64 1 . 0847 

x2 :: 2 , 6689 

p :: . 2709 
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Table 7 . Frequency distri but i on of the r o11s of Dicklmi and F 22 parents 
a.l'ld of ~3 proceni es , arranced int o cl asses accordi ng to t he mean spi ke 
density and accordi ng 100 the Coefficients of Variabili t y (C. V. ) classes 
of the indivi dual r ows of parents and of the F3 hybrid progenies . 

(Fami l y 35 c; grown in 1928 at logan, Utah) 
(Spi ke Density Classes) 

: c.v. :Total No. 
2_Q_: 24 : 28: 32: 35: 40: 44: 48: 52 : 55: 60: 54:Total:Classes : Individuals 

3 : 3 10 
F 22 15 : 5 21 14 25 

1 l 18 
22 

:IJean 13. 58 

4 8 12 8 
D #3 5 2 7 l2 22 

l l 2 15 
l l 20 

:Mean 10.54 

l 1: 2 6 
Homozygous : 12 17 : 29 10 50 

Dense 6 16 : 3 2 27 14 
l l l8 

l l 22 
ean 12. 00 

l l 24 
l 2 4 l l 9 28 

Het erozygous: 2 : l 4 6 3 l 17 32 
1: 3 :15 :13 6 2 40 36 129 

3 :14 :14 6 37 40 
l 8 7 2 l 19 44 
2 2 l l 6 48 

:Mean 38. 15 

.. 2 : 2 4 
Homozygous l 3 15: 6: l 26 8 46 

Lax 4 8: 5: 17 12 
1 : l 16 

:Mean 9 . 04 -- ----



Table 3 . ~'l'eq_uency distribution of the F3 progenies from a cross of 
Dicklow x F 22 , arranged into classes acco=di ng to the mean spike 
densit" anQ according to Coefficient of Variability (C. V.) classes . 
Three classes , (1) those homozygous for dense spikes , (2) those 
heter ozyzous, and (3) those homozygous for lax spikes are plotted 
i n one table to show the well defined margins of the three classes . 

(Family 35 c; grown in 1928 at Logan , Utah) 
(Spike Densi ty) 
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:Total: c.v. :Total Number 
20 24 28 32 36 40 44 48 52 : 56 60 64 : :Classes : Individuals 

.. 
1 1 2 4 6 

12 17 1 1 3 15 6 1 56 10 
6 16 3 1 4 8 5 43 14 

1 1 2 18 
1 1 22 

1 1 26 
1 2 4 1 1 \l 30 

2 1 4 6 3 1 17 34 
1 3 15 14 6 2 41 38 
1 3 14 14 6 38 42 

1 8 7 2 1 19 46 
2 2 1 1 6 50 

. . . . . :Mean 27 . 08 • • • 0 0 -- -··--~--------- -

Tabl e 9 . The r ange of mean s pike aensities and the mean of mean sp ike 
densit i es of F 22 and Dickl0\7 parent rows and of three groups of F3 
progeni es , together with the r ange of the coefficients of variability 
and the nean of the mean coefficients of variability for the same 
three croups . 

Strain 

F 22 parent 
Di cklow parent 
Homozygous dense 
Heterozygous 
Homozyc;ous l ax 

(Family 35 c; erovm in 1928 at Logan , Utah) 

Spike Density : !Jean of c.v. 
Range :Spike Density: ange 

2. 4 - 2 . 8 2 . 51 • . 10- 18 
4 . 0-5 . 2 4 . 29 8 -16 
2. 0-3 . 2 2 . 52 6- 22 
2 . 4-4 . 8 3 . 47 24-48 
4 . 8 -6 . 4 5 . 65 4-16 

:ean of 
c.v. 

13. 68 
10. 54 
12. 00 
38 . 15 

9 . 04 

237 
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Table 9 i ndicates that the range of spike density and the raage of 

coefii ci ents of variability (C. V. ) not far different in hooozygous groups of 

progenies then i !l either parent . It also p1·oves that the density of the F 22 

parent 11as r ecovered almost identically. The mean density of the F 22 parent 

was 2 . 51 L 2 . 49 as compare~ with a oean of 2 . 52 L ,155 for the dense progenies . 

The heteroz;rcous croup could be identi:fied at a glance by the difference in 

the tl8 8ll coeff icient of variability. This fic;ure also lends additional evidence 

t o t he observation previously made that the Diclclow spike was not recovered 
and 

except i n 3 progenies/that transgressive segregation occurred toward a more lax 

sp ike of 4 . 29 L . 502 with a range of 4 . - 5 . 2 with a mean coefficient of variability 

of 10 . 54 L 1.018 per cent and a range of 7 . 7 to 16. 19 . The comparison is between 

this and t he homozygous lax group with a higher raage , 4 . 8 -6 . 4 and a mean 1 . 36 

L, 393 =· longer than the lax parent . The Taage of the coefficient of variability 

is a lso creat er , 4 -16 with a mean of 9 , 04 L , 635 slightly less than the Dicklow 

parent , i ndicating a stability of behavioT toward greater laxness . 

ut ewart(6 ) found transgressive segregation in both directions in a cross 

o1' Kanred by Sevie:- wheat . Parent rovrs were placed at every ten-row interval in 

t he nurser y and the measurements indicate the definite tendency toward greater 

laxness , The F 22 parent type was recovered completely and almost identically, 

It is evide!lt froo the materi al presented so far that there are three 

definite croups of progenies nhen classified according to spike density. /hen 

co:.lpared with a 1: 2:1 rat io indications are that other f actors not accounted 

for must be present and operating in produc i ng the results indicated, 'l'able 10 

co~ares the close~ess of fit on a 1 : 2 : 1 seGregation basis , x2 : 5 . 269 and P • 

. 0733 . In 7 cases out of every 100 a worse f it would be expected from pure 

chance alone . It is concluded , therefore, that there is a major dami~ant factor 

operative in the inheritance of spike density in this family. 



Tabl e 10 . Clos eness of f i t of three gr oups of F3 pr ogeni es on a 1: 2 :1 
segrecat ion t or sp ike dens ity 

(:'emily 35 c; grovm i n 1928 at logan , Utah) 

Group c 0 c - 0 (C 
' 2 
- 0) 
~ 

c 
j ;60 Eomozygous dense 59 1 1 . 0169 
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11~ (§g v 
};eterozyeous 10 129 1 -441 4 . 0833 

Homozygous l ax 59 49 10 100 1.1690 

x2 5 . 2692 

p = . 0733 

~ Color.- The F 22 parent has a bronze glume of intermediate 

intensity. :i'he Dicklow parent has a white glume . It has been noted by other 

workers that bronze exhibits a dominant influence to white . In this family 

58 of the progenies were homozygous for bronze, 110 were heterozygous and 69 

were homozygous for white . Table 11 indicates the number calculated and 

obser ved and recorda x 2 as 1.7295 and P = . 4324. No color variations outside 

the r ange of the parental variations were observed and both parental t ypes 

were r ecover ed . The fi t indicates that in 43 cases out of 100 cases, a worse 

f i t could be eA~ected due to chance a lone . This fit is rather s i gnificant in 

i ndi catinG that t he i nheritance is due to a single ma jor factor di fference . 

Tabl e 11. Closeness of f it on a 1 : 2: 1 segregation 

(Fani ly 35 c ; grown in 1928 at I.o;:;an , Utah) 

- 0)2 
:!C - 0) 

c 0 c - 0 (C c 

Haoozygous Br onze 59 58 1 1 . 0169 

Het erozygous ll8 llO 8 64 . 5424 

Homozygous ;lhi te 59 69 10 .. 100 :1.1692 

x2 • 1. 7295 
p = . 4324 
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Correl ati on Studi es 

Correlation stuiii es \7ere tmde of the mean val ue s of each character 

studied on the F3 procenies . Measurel!'.ents or counts were made for each of 

tho !Jlant characters for every F3 pl ant and for the mean of the row calculated 

for each p~ogeny . 

All possible correlat ions were made between the four characters for 

which counts or measurements were taken . The ccmbinations were as follons : 

( 1) <uraber of culxls x culm length, (2) number of culms x avm lellf;th, (3) 

number of culL~ x ten rachis internodes , (4) awn length x ten internodes , 

{5) av;n length x culm leng·th , (6) awn leneth x ten internodes , (7) culm lensth 

F2 x F3 , (8 ) ten rachis internodes F2 x F3 . Tabl e 12 gives a summary of the 

correlation results. 

The correlation coefficient (r) and the probable error (P .E. ) were 

calculated for each of the contrasted characters. The correlation ratio (n) 

and Blru:emants Test for linearity were calculated for the same characters to 

deternine if the regressi ons were sensibly linear • 

• ~nen number of culms x culm length are correlated no signi f icant 

results are obtained . r is only . 1795 L . 029 end is six t i mes its probable 

error indicatin,__; that there probabl y is no correlation existing here , (n) 

is , 235 L . 013 and Bl akeman ' s Test is only 1 . 76, indicatin6 that the very slight 

correlat i on , i f any , is linear . 

In the correl at ion between the number of culms x awn length r is L . 172 

L . 069 and n is . 352 L,049, which is 7 times its probable error . Blakeman's 

test is 1 . 88 . It shoul d be observed a t this point that measurements for awn 

l en:;th r1ere taken only on the 47 progeni es that were homozygous for awn 4 . Thi s 

limited the number of individuals considered in the correlation to 47 and 

Blakeman' s est indicates no correlation not measured by r . 
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E':e co!'rel at i on coefl'icient r . 167 1. . 032 obtained o;hen number of 

cuL s :: s·" i ke densi ty ere correlated is not significe.nt . n approaches significance 

wi th a figur e of . 425 L . 028 . This figure and Bla'<:eJoa.n' s Test of 5. 5 indicates 

thct the corre l a tion is not linear and that r does not measure all correlation 

present . 

The :;roups were separ ated in an effort to determine the cause of the 

di fference f ound between r and n . Th!'ee e;roups were made of the spike density 

classes c.nd each group correlated with the number of culms as follows : (l) 

Homocyc;ous dense spikes x number of cullns ; (2) heterozygous spikes x number 

of cullns; end (3) homozygous lax spikes x number of cullns. The f irst of these, 

horeozygous dense spikes x number of cullns, gave a slight negative correlation 

of - . 0796 L . 033 , which is barely more than tnice its probable error indicating 

t hat it is almost insignificant. he only other correlation in this separation 

that gave any result approachine; significance was the last mentioned , where 

homozygous lax was correlated with number of culms. The result here was an 

r of . 269 L . 028 >lhich is 9 times its probable error and begins to approach 

a dependable figure. It might be observed that the slight negative correlation 

considered with this positive correlation might account for the non-linear 

cor rela tion suggested by Bl akeman ' s Test and n . 

In comparing the correlation of awn l eneth x spike density neither r 

nor n r:ere sicnificant . The same is true of the correlat ion avm l ength x 

culn len~t:t . It is concluded therefore that for these two pairs of factors 

t hat no measurnble correl ation existed . 

The only correlation that gave a positive indication of value was that 

vrh ich raeasured a1m length x spike densi ty. In t his case r eq_uals . 406 L , 094 

and is 42 times its probable error . n al so i s large , . 6379 L . 078 . Blakeman's 

Test for linearity is only 3 . 088 and i ndicates that the regression is sensibly 

linear . I t i c concluded , therefore , that there is a defi nite correla tion 

bet~een the length of the avm and as the sp i ke becomes less dense the awn becomes 
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lon.;cr . 

Cu.lln lellGth in 1927 was correlated with culln length in 1928 . It was 

fotmd that no correlation existed as neither r nor n Yiere large enough to be 

even sli~ht1y important . The correlation study indicates that no segregation 

occurred that could be detected by either r or n . 

Table 12. Correlation coefficients (r) , correlation ratios (n ), their 
respective probable errors (P • • ) , and Bl akeman ' s test of linearity 
f or various pairs of plant characters. 

(Family 35 c; grovm in 1928 at Logan , Utah) 

:B1e.Ji:eiDBll ' s 
----~C~h~a~r.acters Correlated r L P .E. n L P .E. Test 

Number of culr.ls x culm length . 1795 L , 029 . 235 L , 013 1.76 
Number of culnlS X arm length . 172 . 069 . 352 . 049 1.886 
!Junber of culnlS x ten internodes : . 167 . 0315: . 425 . 028 5 , 5 
Awn leilGth x ten internodes . 142 . 035 . 271 . 028 1. 93 
Avm le!l{';th x culm lene;th :-. 055 . 095 . 347 . 019 6. 05 
Arm length x ten i nternodes .405 . 094 . 6379 . 078 3 .088 
Culln loncth 1927 x sene 1928 . 118 . 043 .154 . 0098 : 1. 306 
Ten rachis internodes F2 x F3 . 3785 . 0376 : . 809 . 048 10.74 
Ten internode(honozygous 

dense and lax) F2 x F3 . 383 . 085 
Ten internode(hanozygous dense ) 

X nunber of culms : -. 0796 . 033 
Ten internode (heterozygous) 

X number of cullns , 023 . 178 
Teh internode(homozygous lax) 

x number of cullns . 269 . 028 

Soil Heter~eneity.- The Harris ' method , {4) , of measuring soil 

hetero3eneity uses the coefficient of correl ation , r , as an index to soil 
hefe..-roqene. (h.f . Tire. .,_ey-ye_/a...-f , o "' he... f '-'-'e."'-'1 <:__ovt f t<f<.<..ou..S !> io..f .s- S ~~f-e"t<t f,~ 

group ell, is measured by this statistical constant . /hen the var iatibn in ~J' 

>
yield is due to random samplinc , no correlation is noted . On the other hand 

when the field is "spotted" certain of the contiguous units will tend to yield 

high while others will yield low. This condit ion results in a hi gh correl at ion . 

\/hen random sw.pling is the only influence entering the variability of certain 

groups is counterbalanced by the corresponding variability of other groups of 

contiguous rows , and vrhen a l arge enough c;roup i s used , the l aw of average 
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operates i n e~ualizin~ the effect , It is obvious that for this factor to be 

sienificant plots mus·~ have the srune cultural treatment . 

One rou of ee.cll parent variet was grovm side by side at intervals of 

every ten of the F3 progeny ro17s , thus i nsuring systematic distribution. All 

the contiguous parental and progeny rows received identical treatment within 

the range of reasonable error . 

Correlation studies vrere made between culm length measurements of the 

F 22 x Dicklow parents and the spike density of the t wo parents , The results 

of these correlations follow in Table 13. 

Table 13 . Correlation studies of parent plant characters in cross 
35 c to deter mine the presence of soil heterogeneity 

(Family 35 c; grown in 1928 at Logan, Utah) 

Character Studied 

Culm length Dicklow x F 22 

pi ke Density. Dicklol'l x F 22 

Correlation Coefficient 
and Probable Error 

L ,461 L .lll 

L , 626 L , 085 

In the light of the theory advanced by Harri s' that variability 

pro ucins a positive, significant correlation, is due to soil heterogeneity 

Table 13 proves that heter ogeneity of t he soil was measurably noticeable in 

this fie l d . The culms length correlation gave a positive Lr of . 461 L, lll 

and that of spike density a positive r of . 626 L,Q85. Both of these f i gures 
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are significant i n indicat ing the existence of considerable soil heterogeneity, 

Copveti~.- The ability of one strain to thrive e.t the expense of 

the near- by strai n i s lcnown as competition. When a tall strain depresses the 

growth of a short strain or a vigorous strain i nhibits the deve lopment of 

contie;uous neit;:1bor , the experi menta l data are seriousl y affected. \Then 

competition is operative, a s one strain becomes more vigorous the near-by strain 

woul d be expected to be retarded . This opposing effect vrould produce a negative 
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correlution provided co::Jpetit ion was the ractor oper at ing. One or the obvious 

plant characters that nould be inrluenced by CCll!petition is number or culms, 

therefore , a correlation was made between the number or culms produced by each 

parent when grovm side by side between each ten rows or F3 progenies . These 

datu gave a ne.:;ative correlat ion (r) or -. 557 L . 097 . 'I'his is a significant 

co_·relation and is 5 . 5 times its probable error , indicating that the more 

vigorous F 22 parent was growing at the expense or the Dicklow parent . It 

will also be remembered that the F 22 parent averaged slightly longer in culm 

length thfu~ the Dicklow. These rectors indicate that the experinental results 

were inrluenced by competition. 

'rhe cross between a pure line or F 22 and Dicklow, D #3 , was made in 

1925 at Locan , Utah . 

T~e data were so taken and recorded that the parent and progeny 

characters could be compared and in such a manner that correlation studies 

could be made. 

The range or the t wo parents ror culm length was recovered in the 

pr ogeny and no segregating groups were revealed. 

The F3 progenies segregated on a 13 t all to 3 dwarf basis for tall and 

dwarf pl ants . This was plainly indicated when comparee with a 13 : 3 ratio 

for goodnes s of f it. 

The Dev. (P.E. met hod was used to separate the 3 tall to 1 dwarf and 

13 : 3 classes . This calculation was not successrul as indicated by the 

unsatisractory 1'i t compared with the good fit when the two groups were considered 

as one . The evidence bears out the theory that one dominant dwarf factor and 

an inhibitor ractar were operating i n t he inheritance of dwarfs . 

The F 22 anci Di clclow parents were essentially alike in number or 

culms per plant and no segregation was observed . 
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There was a sincle factor difference in a1m class inheritance , The 

awn types of both parent s were recovered. There 11as also a secregating awn 

class . 
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The I~ean spike density and coefficient of variability were calculated 

for each progeny. One major factor difference was found operating in spike 

density inheritance . Three groups were recovered, (1) a homozygous dense group , 

like the F 22 parent ; (2) a heterozygous group segregating for spike density 

and (3) a homozygous lax group which tended to be more lax than the Dicklow 

parent . The mean difference was 5 . 6 L , 393 mm. for the F3 plants end 4 , 8 L . 502 

mj. for the Di cklow parent . 

A major anu one or more minor factor differences are probably operating 

in •the recovery of the F 22 parent spike and the greater laxity of the Dicklow 

type . The coefficient of variability determined for the lax cl ass indicates 

stability of behavior . 

Correlation studies r;ere made of the mean values of each character 

studied on the F3 progenies , 

The correlation between awn length and spike density gave a positive 

correlation of .406 L . 094 indicatinG a correlation between these two 

chcracters. Ulother SiGnificant correlation was that which compared spike 

density of the F2 progenies with F3 indicating stabi lity of behavior of the F2 

plants for this character . 

Soil hetero::;ene i ty v1as studied by using the coeffi cient of correlat i on 

on ~arent row characters. These parental rows were spaced systematically 

throUGhout the plot . The correlations were significantl y posi tive and indicated 

the presence of soil ~eterogeneity as being measurably noticeable in this field , 

Competition between varieties was studied by correlati ng the number of 

culr~ produced on t he two parental rows growing side by side . This gave a 

necative correlation , indicating that competition existed between the contiguous 

rows . 
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