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CORRElJ;.TION JT\JlJUS Hi >~HEAT . 

I. n :TRODUCT IOl 

Considerable work has been do ne by plant breeders and investigators in the 

study of individual plant characters, but only a few have attempted to work out 

correlations between characters i n crop plants. One reason for t his seems to 

be , tr~t many i nvestigators have felt that correlation studies were of vory 

little pr~ctiaal value. This attitude was due perhaps to the interpretation 

g iven correlation data , especially the nature of the causal agency or.agencies 

to Which tt1e correlation was attributed. J.:ost of our plant breeders however, 

have been too busy working on experiments with single characters and have g iven 

little or no attention to correlation work. The few who have done work in 

correlatiO<lS have usually found little or no correlation between the charact ers 

studied. The chief reason for lack of investigations in the field of corre-

l ations possibly lies in the fact t hat investiga tions in this field require 

very intricate and complex study. A number of characters must be studied and 

tabulated separately for each plant, the coefficient of correlation determined 

by means of a l ong mathematical process, and finall y before t he work is of any 

va lue, causal agencies must be considered and classified, and t he data inter-

preted correctly. This makes the v10rk slow and tedious. 

It is quite natural then, in t heir r usb.. to give to the wor ld something new 

in plant breeding, that most of our investiga tors worked on individual char-

acters. It is only recently that we have had men who have gone exhaustively i n-

to the fie l d of correl ations . 

Before proceeding further, an explanation of correl ations and what they 

indicate may b~ of value. Correl ation as it relates to plant breedir~ is the 
! 

association or relation that exists between plant characters due to a cormnon 

causal agency or i nfluence. 
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Davenport. {11) sta tes ti1a t cor rel ation refers t o t hat i nter-rela tion be­

tween sepa r ate char ccters by which t hey tend i n some degree at least to move 

together . 

Webber {38) divides correla tions i nto four classes which he thinks should 

·oe t e.ken i nt o cons id.era tion i n ·the i nt er pretation of correlation data; viz, 

environrne ntel, morpholog ical, physiolog ical, a nd coherital. He terms environ­

mental corre l ations t hose which are due to soil conditions, such as fertility, 

moisture supply, weather conditions and ot her environmental influences . He 

describes morphological correlations as those wherein a change in one character 

is the cause of a variation in another character, The physiologl.cal corx·e­

lations, according to this investigator, a re those cases where, for example, an 

increase in the number of leaves on a pl ant c&uses a decrease in seed production . 

It seems somewhat difficult to make a proper distinction between morphological 

and physiological correlations i n using Webber's classification. His fourth 

type of correl ations include ·those characters that are corre l a ted to each other 

not in a causal sense but wh ich ar e singl e unit chqracters due to inheritance . 

Collins {9) cl assifies correla t ions a s physical, physiolog ical, a nd genetic. 

An example of a physica l correlation i s i ncreased weight with increased height. 

His physiologica l correlations are those which result from t he same physiological 

tendency. He describes his genetic correlations as those in which inheritance 

is associated as a causal agency. 

East (14) states that correlations can be divided into two classes; viz, 

somatic and gametic . This cla ssification seems to be a natural one and one 

which simplifies the interpret ation of correlation data. East does not agree 

with ebber {38) who states t ha t environmental correlations are mere l y the 

expression of equality of conformity to conditions of luxuriance, He thinks 



Correlation Studies in /heat . 3. 

t ha t t here rmy be a temporary inherit~>nce of effects of environment, E:.lld cites 

the fact that we find adaptations among plants to permanent environmental changes. 

In order to determine the coefficient of correlation between two characters 

being studied the popula tion data obtained as explained above are plaped in a 

correlation table which indicates t he frequency of distribution of the characters. 

By means of an equation the investigator solves for "r". This is the coefficient 

of correlation , and may be either positive or negativef positive when as one l 

character increases t he other increases, and negative when as one character in-

creases the other decreases. 

Il. REYIEW OF LITERATUF~ 

A review of correlatioh literature i nd icates but very little wo rk done in 

the correlation of the cllar<.cters in wheat which have been the subject of this 

investigat ion . 

Leibenberg (22) in 1892-93 was probably the first to attempt to correlate 
.,_,[A 

length of culm in v:hea t,- with strengt h of cul")i and. length of head . He infers 

that a positive correlation exists between length of culm and length of head , 

and length of culm and strength of culm. "/ebber (38) classes these as environ-

mental correlations , or merely an e~~ression of a condition of luxuriance . 

Lyon (27) an early twentieth century investigator found that plants with 

heads of slightly more than medium size were tal l er than plants with either 

smaller or l arger heads . 

Liebscher , Edler , and Von Seelhorst (25) in experiments with Noe summer 

wheat and GOttingen oats in 1897 found that five - noded plants produced longer 

heads than four - noded. Length of head was considered by them to be dependent 

upon vegetative conditions. 

The work of these investigato rs indicates that there is a difference of 
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opinion regardiP.g t he correlation of the char ac ters <:hich are herein being 

considered . 

4 . 

Comparatively recent and as yet unpublished data have been obtained by 

investigators a t the Utah, Minnesota , and coruell Experiment stations ~nd the 

u. s. Department of Agriculture , which indicate that many correlations hereto­

fore considered merely environmental a re i n reality genetic correlations. For 

instance size charac ters have been found to be i nherited and a l so that a pos­

itive relationship exists between t hese characters. 

Professor George Stewart of t he Utah St at ion is one of our more r ecent 

investigators in the field of correlations and his work, with that of others, 

when published will no doubt shed new light on this phase of plant breeding. 

III. DESCRIPTION AND HI STORY OF CROSSES . 

For t he purpose of developing, if possible, a variety of wheat which 

•.auld prove superior to any strain now grown in t he i ntermountain region , several 

wheat crosses were made at the Utah Experiment Station by Professor George Stew­

art in the summer of 1919. The data presented in this thesis are the results of 

the study of these crosses. For a hi s tory of the parents of the Sevier X Dick­

low cross reference is rmde to Frischknecht (15 ). A description of the parents 

of this cross follows, together with a history and description of the parents of 

the other crosses used in this investigation . 

A. -- SEVIER PAR&l:T. 

I. - Description. 

The Sevier pl ant has a spring habi t. It is fairly early, and short to mid­

t a ll; the culm is slender , weak and lodges excess ively; the spike is awned , 

somewhat l aterally compressed , oblo;Jg , dense, erect to inclined; t he glumes are 

brownish in color, gl abrous and midlotJg; the kernels a re .1 ight amber in co lor, 
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midlong to long and semihard to hard. The hardness of the kernels is increased 

when gro~n under dry farm conditions. I t is a lso ~rust-resistent. This 

wheat has many desirable qualities and for the purpose of retaining these qual­

ities and overcoming the weakness of culm so characteristic of this variety it 

was crossed with Dicklow. 

B. -- DICKLO', / PAI!ENT. 

I. Description. 

The following description is given from Tingey ( 35). "Dicklow wheat poss­

esses the spring habit of grov1th and is medium late in maturing. The stem and 

leaves display a rather grayish blue ~olor just before ma.turil~ due to a dis­

tinct glacousness. The stems a re rat her strong and coarse and the leaves broad. 

The heads are what are co ns idered awnless tho short beards or beaks appear at 

the apex . ~he glumes are gl abrous and white . The kernels are soft, white and 

short to midlong. In ~aspect to pos i tion the spikes vary from erect to nodding. 

The shape of the spike most common to the variety is middense and clavate (clubbed 

at apex)." 

It will be noted from the descriptions of these two varieties that both have 

several qualities in sharp contrast with each other. Note especially the strong 

coarse culm of the Dicklow. The F4 generations of · thls cross possess several 

of t.he desirnble qualities of the parents and furtner experiments rr:;.y possibly 

result in the segregation of a superior variety of wheat . 

Q, -- FEDERA.T IO i ?AllErT . 

I. Descr iption . 

This variety possesses a spring hnbit; is early maturi ng and short; the 

culm is whitish in color and strong; the spikes are awnl ess , oblong , dense, and 
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erect ; tr,e glumes &rP. gl abr ous, brown, short and wide, and the kerne ls are 

whi te, short a nd soft . 

II. - Historv. 

According to Clark, >.~artin and B~ll (8 ) quoting from Eichardson (32 ), 

"It \.<as produced by the late .;J·, Ff-rrer , \7heo.t experimer:tt.liat of New South 

\/ales, (Australia), from a cross betwem' PUrple straw and Yandilla. yandilla 

6. 

is a cross between Improved Fife and Rtewah , an Indian variety. The production 

of this wheat was probably the greatest of 0' , Farrer • s oany triumphs in wheat 

breeiir.g , for none of !:is many sucessful crossbred wheats have enjoyed such a wide 

measure of popularity as Federation." 

Federation wheat was first introduced into the United States by the Depart­

ment of Agriculture in 1914 from seed obtained from;;: . A. Cook of Perth, West 

Australia . In nurse r y experiments conducted at the Sherman County branch station , 

More , Oregon in 1916, it showed considerable promise. After further experiments 

and tests had been made it was distributed to farmers for commercial growing in 

the spring of 1920. 

This variety was crossed with Sevier and the progeny of the F4 generation 

were used in this study . 

I. - Description . 

The pl ant possesses the spring habit; is early maturing and short; the cul m 

is white in color and strong; the spike is avnless , oblong , dense and shorter 

than Federation; the glumes are glabrous, brown, short and wide; the kerne l s are 

white, short , nard , and ovate . 

From the description it is seen that this variety differs from Federation 
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in l ength of spike and hardness of kernel. Hard Fader&tion was crossed with 

Dicklow and New Zeale.nd , The progeny of this cross is known as a composite, 

II. - History, 

7. 

Clark, JJartin and Ball (81 give the following, ~ellod fxo.u (17), "In 

consequence of the variations of the ordinary type exhibited by the strain of 

Federation wheat now being grown at cowr a :E:x:per i ment Farm, it r.as been deemed 

advisable to apply a distinct name to it, and "nard Federation" has been select­

ed as the most appropriate. The departure from type was first noticed by J , T. 

Pridham, plant breeder, in 1907 or 1908, one of the plants selected from the 

stud plats being observed to tt~ash grain of remarkably hard and flinty appear­

ance. The plant has the dist lnct i ve brown head and general appearance of Feder­

ation in the field, but the grain was of a class that has never been sean in the 

variety before . The seed was propagated , and in 1910 the occurrence of White 

heads was no ticed, e.nd from than until 1912 distinctly wh ite heads Ylera common 

among the brown, but in 1913 there were no white-eared plants , and it is hoped 

that the seed will now be true to type," 

Hard Federation was introduced illtO the United States in August 1915 by the 

Department of Agriculture. The seed was presented to the United States Depart­

msnt of Agriculture by George Valder, undersecretary and dire~tor of the Depart­

ment of Agricultur!J, Sidney, New South \7ales. It made its first appearance at 

the Sherman County Branch Stat io n, l.~oro , Oregon in 1916 . Subsequent experiments 

by the Department have shOwn it to be a high yie l ding dry land wheat, 
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I. -Description. 

Thi s va riety has a ppring habi t; i s medium early in maturing; midtall to 

tall; the culm is white in color and strong; t he spikes a re awnless , linear­

oblong, middense and inclined; the glumes are gl ab r ous , white, midlong , and 

narrow ; the kernels ar.e midlong to iong , soft and ovate. 

II. - History. 

The origin of New zealand wheat is as yet undetermined. Apparently it was 

introduced into Utah about 1890 and is now beir~ grown in srnall quantities. 

All of the above crosses are segregating for head type. 

Iy, EXPERIIE!ITAL. 

The data used in these correlation studies were obtained from the F4 

generations of the crosses described above , The first measuremants were taken 

at the hybrid nursery just previous to harvesting , in the fall of 1924. The 

length of head and length of culm were measured in centimeters, and t he strength 

of culm was estimated in percent. In estimating culm strength a perfectly erect 

culm was given lOa%. This was used as a standard and each culm given a strength 

percentage according to its nearness to the standard. 

For further study in t he laboratory all rows of the crosses that were segre­

gadng for head type were pulled , tied separately, tagged and stored in the 

college seed house. During the winter of 1924- 25 the bundles were taken to the 

labora tory, and the plant s of each bundle studied carefully for head shape and 

segregat ed into the following head types; Club Compact , Medium Club, Long Com­

pact and Long Loose , for the purpose of Measurement and further investigat ion . 



Correla tion Studies in 1/i•e!it. 9. 

In order that the r esults mieht be si6nificant and indic~te with grant er 

certainty the relnt ionship of the characters to each other , several correlation 

t o.b les for the same char ac ters >lere ob t ained on a number of different popula tions , 

taken fro!ll f amilies genetically different . 

Data for Tabl e 1 were obtained from measurements of the average length of 

culm and a verage length of head on two thousand seventy five plants of' the 

Dicklow X Sevier cross . 

Measurements were then t aken of the longest culm a nd its head on one t hous­

and four hundred twenty seven plants of the same cross as used i n Table 1. The 

results are shovm in Tc.ble 2 . 

It is seen from Tables 1 and 2 that a positive correlation exists between 

length of culm and length of head , and t hough t he correla tion coefficient is not 

l a rge it is sufficient to i ndicate that a definite ccrrelati cr. does exist between 

t hese two characters. It will be no ted t hat a slightly larger correlation was 

obtained from the data from the measurement s of the longest culm and its head, than 

from t he a verage length of bead and average length of culm; the correlation 

coefficients being . 297 a nd . 283 respectively . The slight difference between the 

two coefficients is not large enough to be of any importance. The larger figure 

may probably be due to the mo re strictly i ndividual culm used in Table 2. 

The next group of material chosen for study \vas taker. from the F-ederation 

X Sevier cross. Two thousand t wo plant s of t his cross were studied and the 

same measurements taken in t he same manner as in the study of the preceding 

cross. The data and resul ts are shown in Tab l es 3 and 4. 

The correlation coefficients bappeL to be the sc.me in Tables 2 and 4 , being 
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TABLE 1, 

CDrrelation table of average length of head and average length of oulm on plants 

of Dioklow X sevier cross. 

Length of Culm in em. 

"' 0 "' ~ 0 0 ... ... 
"' 0 "' 0 "' 0 "' 0 ... ... ... ... 
'Y ... ... co co "' m ... I I I I 

I I I I I I I 0 "' 0 "' . o "' 0 "' 0 "' 0 "' 0 0 ... ... 
<0 <0 r:- r:- co co "' "' ... ... .... .... 

s 
0 

Sl 3-5 I 1 3 11: 30 67 93 133 I 53 28 419 
..-! 

I I I 

~ 5-7 I 24: 81 :149 :221 261 217 138 21 1 :1113 
~ 
'H 7-9 21 15 27 53 81 I 54 I 44 5 3 I 1 285 
0 

.<: 9-11 2 9 27 54 49 82 15 8 I 1 247 +> 

~ 
~11-13 1 3 2 4 11 

3 37 128 253 394 532 375 296 42 12 2 2075 

r=. .283 ± .013 
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TABLE 2. 

Correlation table of length of long est cu 1m and l ength of its head on plants of 

Dioklow X Sevier cross. 

Length _of culm in em. 

"' 0 "' 0 "' 0 0 .... .... "' "' "' 0 "' 0 "' 0 "' 0 .... .... .... .... .... 
<0 .,... .,... 

"' "' (1> (1> .... I I I I I 
I I I I I I I I 0 "' 0 ~ G 

0 "' 0 "' 0 "' 0 "' 0 0 .... "' <0 <0 .,... .,... CD CD (1> (1> .... .... .... .... .... 
~ 
!l 3-5 1 9 20 47 81 64 53 13 289 

~ 5-7 1 2 7 26 68 131 179 207 83 26 1 731 ., 
.<1 
.... 
0 

7 - 9 5 16 33 43 49 15 7 168 

i 9 -11 3 24 44 65 46 16 8 3 211 

~11-13 1 4 7 9 6 28 

1 4 16 52 135 273 337 383 163 51 9 3 1427 

r= .297 :1:: .016 
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TABLE 3. 

Correlation table of average length of head :md average length of aulm on pl3nts 

of Federation X Sevier cross. 

Length of aulm in em. 

0 "' 0 "' 0 "' 0 "' 0 "' 0 

1 1 "' "' <D <D .,_ .,_ co 0') "' I I I I I I I I I 

"' ~ "' 0 "' 0 "' 0 "' 0 "' t') <I' "' "' <0 <D ,._ ,._ co "' 

~ 
3-5 2 24 41 7l 101 108 58 16 6 427 

.s 5-7 4 21 48 124 168 275 200 153 34 6 1 1034 

a! 
CD 

7-9 1 3 27 37 72 44 39 13 2 245 
..: 
.... 9-11 2 
0 

15 23 70 66 64 33 3 1 277 

111-13 2 2 3 9 1 18 

!h3-15 1 1 

7 48 98 238 331 528 371 281 86 12 2 2002 

r; .313 ± .013 
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TABLE 4. 

Correlation table of length of longest culm 311d length of its head on plants of 

Federation X Sevier cross. 

Length of culm in em. 

0 I!) 0 I!) 0 I!) 0 I!) 0 I!) 0 "' 1 ... I!) "i' "' "' ... ... <D <D ~ 0'> 
I I I I I I I I I 

I!) 

~ "' 0 "' 0 "' 0 "' 0 "' 0 

"' ... "' "' "' "' ... ,_ <D <D 0'> 

s 3-5 9 19 40 63 97 61 42 13 3 1 348 
0 .. 
!1 5-7 3 13 21 71 124 199 254 208 118 31 6 1048 

~ 
"' 

7-9 2 3 10 35 55 52 39 33 6 4 239 
..:: 
.... 
0 

9-11 2 6 20 44 58 96 52 32 3 1 314 

..:: 
11-13 1 3 6 10 14 12 5 1 52 +> 

~ 
" ...:1 13-15 1 

3 24 45 128 245 402 435 399 228 77 15 2002 

r= .297 ± .013 
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• 297 in each case though ob t ained from data of two different crosses, while in 

Tables 1 and 3 there is a slight difference, the Federation X sevier cross 

showing a slightly l arger coefficient. The coefficients are .283 and . 313 

respectively and the difference in t his case as in the case of Tab l es 1 and 2 

is so small that it also is not considered significant. 

In order that the data obtained might be still more concl usive all the 

culms and their respective heads were measured on one thousand plants of the 

Dicklow X sevier cross . In this study four thousand two hundred fourteen 

measurements we r e made. The data thus obtained gave a somewhat l a rger co­

efficient of correlation than was found i n the preced i ng Tables. The results 

are shown in Table 5. The correlation coefficient is .343. The difference 

in this case is large enough to be s ignif' icant and is probably due to the fact 

that individuals of greater extremes were studied as Hnny of the plants possess­

ed one or two short culms with correspondingly short heads that varied consider­

ably from the normal length of culm and head . 

The correlation data in the above >nentioned Tables are significant , first , 

there is very little difference between the correlation coefficients; second , 

they all show a positive correl ation; third , the material used for study viz, 

from the Dicklow X Sevier and Federation X Sevier crosses was raised on plats 

approximately two miles distant from each other and under different environ­

mental conditions. 

The soil on which the Dicklow X Sevier cross was grown is a silt loam, 

while that on which t he }~deration X Sevier cross was raised contains an 

appreciable a~rount of sand . The former plat received a norroo.l 8!10unt of wate r 

during the growing season, while the latter suffered considerably from water 
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TABLE 5. 

Corral at ion t able of length of' 1 head and length of culm in population material 

from 1000 plants of Dicklow X Sevier cross. 

Length of culm in em. 

10 0 "' 0 10 
0 0 .... .... "' "' 0 10 0 10 0 10 0 10 0 10 0 .... .... .... .... .... 

10 10 <0 <0 .,._ .,._ Q) <D "; "; .... I I I I I 
I I I I I I I I I 0 10 0 10 0 

10 0 t2 0 10 0 10 0 10 0 10 0 0 .... .... "' q, 10 <0 "' 
.,._ .,._ Q) Q) (j> (j> .... .... .... .... .... 

a 
0 

.;! 3-5 1: 6: 16: 32: 66: 115: 186: 225: 200: 164: 111: 51: 10: 2: 1185 

~ 5-7 11 1: 10 : 14: 33: 60 : 150 : 232: 343: 426: 366: 255: 81: 28: 5: 2005 ., 
I .c: 

'H 7-9 3: 3: 8: 21: 37: 59: 89: 85: 61: 46: 16: 6: 434 
0 

.c: 9-11 3: 4: 16: 41: 55: 96: 100: 99: 50 : 29: 41 11 498 .., 

J I 

11-13 2: 3: 9: 10: 26: 24: 15: 3: 92 

2 29 49 110 200 391 560 696 781 664 475 172 68 9 4214 

r= .343 ± .oo9 
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shortage and the plants, as a conse~uence, did not make completely normal growth. 

As a matter of further investigation measurement data were obtained from 

three other crosses. Only a small number of" plants were o.vailz.ble from these 

crosses and consequent l y t he results are not as significant as those in the 

preceding ~ables. The results are sho~n in Tables 6, 7 and e. 

Table 8 you will notice indicates a negative correlation of .303. As only 

fifty-two plants were studied i n this case the results cannot be considered at 

all conclusive. The writer is unable to explain however, why the results in 

this one case are i n direct contrast to the results obtained in Tables 6 and 7 

where the correlation coefficients are positive , being ,360 and .501 respectively . 

The coefficients of correlation in Tables 6 and 7 are considered rather 

high and not indicative of the true inter-relation of the characters studied. 

However , the study of a larger number of plants might reveal a larger correlation 

coefficient than that found in the Dicklow X Sevier cross. 

The results obtained in the l~s t three Tables also indicate thE.t it is not 

safe to base any concl usions on correlation data obtained from the study of 

srrall numbers of individuals . It may often be possib le to obta in by the study 

of" a small number of individuals a correlation coefficient that is a correct 

i ndication of" the correlation of the characters studied, but t he chances of 

error are much greater than when a large nQmber of individuals are used. 

Again considering the result s obtained in Tables 1 to 5 inclusive we find 

a consistent positive correlation existing between t he two c~racters under in-

vestigation . UsiP.g East's (14) classification of correlation , because it seems 

the mos t workable, some investigators would i nterpret the result s as beir.g 

somatic or non-genetic i n character. The correlations seem to i ndicate that head 
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TABLE 6. 

Correlation table of average length of head and average length of cmlm on plants 

of New Zea l and X Sevier cross. 

Length of aulm in em. 

10 

10 0 10 
0 0 
0 ..... 

a «> ~ a> ..... I 
I I I 0 

0 0 10 0 10 0 
«> 

.~ 
«> a> a> ..... 

~ 3- 5 7 27 23 5 2 64 
Ql 

.<1 ... 5- 7 4 4 2 10 20 
0 

.<1 7-9 2 
~ 
" 9-11 7 3 13 4 27 H 

8 38 30 21 16 113 

r= .360 ::!::- . oss 
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TABLE 7. 

Correlation t able of average length of head and· average length of culm on plants 

of Dicklow X Federation cross. 

r.ength of culm in Cm. 

"' 0 
0 "' 0 "' 0 "' 

0 
0 ..... 

g r:- r:- Q) ro 0> 0> ..... I 
I I I I I I I 0 

"' 0 "' 0 "' 0 "' 0 
<D r:- r:- "' ro 0> 0> ..... .s 

al 3-5 :: 4 I 4 2 :;1 11 
"' .<: 
.... 5-7 4 2 I I 13 
0 

.<: 7-9 3 7 6 12 11 7 I 2 2 50 .., 
~ 
~9-11 1 2 1 I 6 

3 11 17 19 14 4 3 80 

r= .501 ± .056 
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TABIE 8. 

Correlation table of average length of head and average length of culm on 

plants of Dicklow X New Zealand X Hard Federation cross. 

Length of culm in em. 

"' .... <I' .,.. 0 tQ .,.. 
"' "' "' 0> 0> 

I I I I I I 
10 "' .... <I' .,.. 0 .,.. ,. "' "' "' 0> 

~ 
.ss 1 1 4 

'li!6 1 3 11 
CD 
.t:i 

... 7 3 }. 13 2 20 
0 

<"] 8 1 4 3 8 
~ 
.S9 1 6 9 

5 9 2 29 3 4 52 

r= 1'303 ± . 084 



Correlation Studies in ·;/heat , 20. 

length and culm length in wheat conform equally to environmental conditions; 

in other words , Vlhen environmental conditions o.re favorable, i. e. , when the 

soil is properly fertilized anJ i n good tilth, and weather conditions have 

been favorable, a vigorous culm with a correspondingly vigorous he:J.d is pro­

duced , both conforming in length to the normal habit of the variety to wh ich 

tney belong; when environmental conditions are unfavorable \/e have produced a 

shorter than normal culm with a correspondingly s4ort head . 

The plants of the Dicklow X sevier cross we re grown under favorable en­

vironmental conditions while those of the Federation X Sevier cross suffered 

from l ack of moisture . Nevertheless tte correlation coefficients were very 

similar; in one case being exactly the same. 

There is usually a fairly uniform reaction of plant parts to environmental 

conditions, but the amount or ratio of their reaction may be partially altered 

by changing a single environmental factor instead of' all factors that· effect the 

entire plant . 

Since East (14) and others made their study and classification of corre l ations 

experiments by present day investigators have brought out many new ideas and 

solved many questions that the early plant breeders could not explain. East (l4 ) 

possibl y came nearest to the present day idea when he advanced the theory that 

there might be a temporary inheritance of the effects of environment, citing the 

adaptations of plants to permanent environr.1ental char1ges, and &.s a concrete 

exampl e, the Viola Stoneana wh ich at the t,ype-station i n the woodland had l eaves 

wit), much deeper and narrO\·:er lobes th&n it nornl:l.lly had elsewhere. 

Our more recent investig::tors would probably class the correlations in 

Tables 1 to 5 as genetic because they have found that size characters a re inherit ed 
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The r e sults of t h is study s e em to indicate that even though environmental 

conditions a r e in marked contrast to each other, p l ants produced unde r such, 

conditions produce heads and culms that still maintain the same inter- rel ation . 

It seems therefore that t here are characters within the plant which are inherited 

and which alw·ays preserve the size relationsilip of head and culm under v1hatever 

environment t he plants are raised. This t heory is no doubt a new one, but un- \ 

published experiments together with future irvestigations will in all probabil-
,~-. 

ity substantiate it. 

Additiomll correlation studies were made to determine the relatioJCship 

between J ength ui' hec.d and utrengtd of culm, and lengtt1 of culm and strength of 

cu l m. Only a sm.l: rumber of individuals \;ere availuble for stt<dy end conse-

quently the correlation coefficients obtained as explained above, cannot be 

t&.ken as conclusive . It is felt hO\'Iever, that the study of a l arge r number of 

individuals might change the correlation coefficients in degree rather than in 

kind , and thn t the results found in Tables 9 to 16 inc l usive are a fairly de-

pendable indication of tbe inter-relation of the characters considered. 

Tables 9, 10, 11, and 12 show a fairly consistent negati ve correlation of 1 

~ . 862, - . 509, - . 735, e.nd . 384 respectively, indicating that as length of head in-

creases , strength of culm decreases. Here as in the comparison of Tables 1 to 

5 with Tab l es 6 and 7 , the tables obtained from the study of the s111[..ller number 

of plants give a larger corre l ation coefficient , and as the number of p l ants 

studied is increased the coefficient becomes smaller . The co effie ient in 

'~able 12 probably indica tes the norma l re l ationship of l ength of head to 

strength of culm. The fact that material fro m a co:nposite was used in Table 

11 did not seem to change the consistency of the resu lts. This is 1:0 doubt 

due to the feet that the par ents do not differ widely in genetic constitution . 
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TABLE 9. 

Correlation, t able of length of head and strength of culm in plants of 

Dickl ow X Federation cross. 

Strength of culm in percent 

a 
10 <0 .... <D a> 0 ... "' 

.., <t 10 0 .... ['- .... .... .... <D <D <D <D <D <D 

!l 
~ 
Q) 

3-5 • tl 12 : 12 
.<:: 
'H 5-7 2 8 2 12 
0 

.<:: 
27 1 5 1 8 50 ..., 7-9 2 6 

~ 
~9-11 1 4 6 

2 33 1 6 9 22 so 

r= .862 ± .028 
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TABLE 10 . 

Corre lat ion table of leng t h of head and strength of cul m in p l ants of 

New Ze~land X Sevier cross. 

Strength of culm in percent 

"' <D 
,_ 0) "' 0 ... "' t<> <I< "' ii ,_ ,_ ,_ .,. ,_ 0) 0) 0) co 0) "' 0 

.s 
~ 3- 5 15 11 7 30 64 ., 
.<:: 5-7 3 3 1 13 20 ... 
0 

.<:: 7-9 2 .. 2 .., 
: ; ! 9 -11 15 :: 5 5 2 27 

17 5 5 20 14 8 43 113 

r= 
I 
.509 ± . 07 
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TABLE 11. 

Correlation tJble of length of head and strength of culm in plants of Dicklow 

X New Zealand X Hard Federation cross. 

Strength of culm. 

<D <D 0 "' <j< <D 
<:- 1:'- <D <D <D <D 

I I I I I I 
<j< <D "' 0 "' <j< 
<:- ..... <:- <D <D "' 

~ 
5-7 6 2 1 15 "' .<: 

.... 
7- 9 3 4 8 I 12 I 27 0 

.<: ..., r-11 5 4 10 

..:1 
8 9 8 20 6 52 

r- .735 ± .043 
I 
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TABLE 12. 

Correlation table of length of head and strength of culm in plants of 

Dicklow X Sevier cross. 

Strength of culm in percent. 

lO 0 lO 0 lO 0 lO 
<0 ... ... "' "' en en 

I I I I I I I 
0 lO 0 "' 0 lO 0 
<0 <0 ... ... "' "' en 

a 
0 

4 13 40 1 58 
!! 3-5: 

: .. 
'i 5-7 4 10 38 52 

"' .<1 

.... 7- 9 2 1 12 34 13 62 
0 

..c: 9-11 20 7 2 29 .., 
e.o 
! 11-13 2 2 

2 42 64 93 203 

r= .384 ::::b . 059 
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TABLE 13. 

Correl ation table of length of cu lm and strength of culm in plants of 

Dicklow X Sevier cross. 

Strength of culm in percent. 

..... ., 
"' <- "' ..... "' "' <- ~ 

..... ., 
"' <- "' ..... 

<0 <0 <0 "' "' <- <- <- <- <D <D <D co <D "l I I I I I I I I I I I I I I I 

"' ..... "' "' <- "' ..... "' "' <- "' ..... ., 
"' <- "' I!) "' "' "' "' "' 

,_ <- <- <- <- co co co co <D 

70-75 2 2 . s 
.s '/5- 80 1 4 5 10 

13 ..... 80-65 I 1 I 4 I 12 I I 17 

6 
85- 90 3 1 11 19 34 I I .... 

0 

..::: 90- 95 15 .., 17 32 65 

"" l:l 
95-100 6 2 13 20 41 ~ I 

100 -105 2 14 10 1 4 34 

2 1 40 3 61 92 1 203 

r - .197 ± . 045 
I 
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T;j.BLE 14. 

Correlation table of length of culm and strength of culm in plants of 

Dicklow X Federation cross. 

Strength of culm in percent. 

10 "' 
,_ CD 0'> 0 ..... "' t<) " 10 

t- t- t- t- t- co "' "' CD CD co 

65-70 : 4 : 4 

70-75 5 3 8 

B 
75-80 

.~ 
5 I 1 7 6 20 

;1 80-85 6 1 I 8 16 
g 
,, 85-90 8 1 5 14 
0 

,<:l ..., 90-95 5 5 10 

~ 
95-100 2 4 s 

100-105 3 4 

7 36 8 21 80 

r= .05 ± .075 
I 



Correlation Studies in Wheat . 28. 

TABLE 15. 

Correlation table of length of culm and strength of culm in plants of 

Dicklow X New Zeal3nd X H3rd Federation cross. 

Strength of culm in percent . 
<0 <Xl 0 "' .... <0 
<- 1:'- <Xl <Xl <0 <Xl 

I I I I I I .... <0 <Xl 0 "' .... 
1:'- r- I:- <Xl "' "' 

s 75-78 4 5 
0 

;; 78-81 2 3 2 9 

~ 
g 81-84 1 t 2 

... 
0 84- 87 5 4 6 11 3 29 
+' 
.<:: 
~ 87-90 1 3 

~ 
90-93 1 1 4 

8 8 6 20 1 52 

r = . 086 :± . 092 
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TABLE 16. 

Corre l ati on table of lengt h of cu lm and strength of culm in plants of 

New Ze aland X Sevier cross. 

Strength of culm in percent 

"' <D ,.. co 0> 0 ..... C\1 t<.l <!' "' 1'1 
,.. ,.. ,.. ,.. ,.. co "' "' co "' co 

0 

!l 80-85 2 2 3 8 

;! 
85-90 3 5 10 6 8 39 g 

'H 90-95 I 2 6 2 12 29 0 

.q .., 
95-100 :11: 3 21 ~ 

CD I 
..:! 

100-105 : 2 2 I 12 16 

18 5 5 20 14 8 1 42 113 

r - . 064 ::!:: . 063 
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TABl;£l 17 . 

Tab l e showing probability of occurrence of correlctions as designated , 

in 100 trial s . 

Table r P.E . r /_PE odds in favor of 

.283 .013 21.76 ex::. 
2 . 297 .01 6 18. 56 oc 
3 . 313 .013 24 .07 c::x= 
4 .297 . 013 22 . 84 oc 
5 .343 . 009 38 .11 DC 
6 , 360 . 055 5 . 54 19,230.00 

. 501 . 055 8,94 1 , 470, 588 , 234 .oo 

8 . 303 . 084 3 . 60 64.79 

9 . 862 .028 30 . 78 oc: 
10 .509 . 070 7.27 434 ,782.00 

11 .735 . 043 17,09 oc 
12 . 384 . 059 5 . 50 19, 230 . 00 

13 .197 . 045 4 . 37 332 , 33 

14 . 050 . 075 . 66 l es s t han 

15 . 086 .092 . 93 l ess t han 

16 . 064 . 063 1.01 1 : 
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Tables 13, 14 , 15, and 16 s how correlation coefficients of negati ve ,197, 

. 05 , and positive . 066 , ~nd .064 respectively . ~hese fisures a re not large 

enough to be sign ificant ; ne ither a r e they consis t ed and though onl y sr:.all 

nu.'llbers of individuals were used i n ob t aining the data considered , it is 

believed v:e are sa fe L concludi!Jg thLt no correlation e:dsts between length 

of culm ,nd strengt h of cu l m. 

31. 

Table 17 shov:s the pr obab l e o~ currence of correlations as designated in 

100 trials . It indicates i n all cases, with the exception of t ho se shown in 

Tables 14 , 15 , and 16 that the odds are greatly i n favor of the occurrence of 

the corre l ation a s obtained i n each ca se. /here the coefficient of correlation 

is not at least four times as great as its probable error it is of little 

significance. 

V. - su;c:, Y. 

As very little experimental work h!.s bee n done in the investigation of 

correlations in crop plants; and as t h e published data are conflicting in 

nature , this study was undertaken for the purpose of determining if possible , 

the relat ionship, and the nature of that relationship , if it exists, between 

certain char a cters i n wheat. 

The placement of the material in the correlation tables is shown and a 

brief explanation is g iven of the maULer in which the coefficient of corre ­

lation is obtained. 

The data presented in this study i nd ica te t he following: 

1. That a consistent posit i ve correlation exists between length of head 

and length of culm . 

2. That the consistency of the correla tion coefficients, even though 

different crosses were used, g rovm w1der differen~ environmental conditions , 

seems to i nd i cate that t hese cor r e l a tions a:re genetic in character .• 
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3. That a negative correlation exists between length of head Wld strength 

of culm wh iC)l implies thut as length of head increases , strength of culm decreases 

4 . Tha t no co r relation exists between length of culm t·nd strength of cul m. 

5 . Thnt correl ation da ta t.re mo re dependab l e and there is less danger of 

error when large mmbers of individuals tcre studied . 

6 . That crosses that do not differ widely in genetic constitution may be 

used together in a cor r elation table withOut effecting materially the coefficient 

of correlation . 
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