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The symbol G. (gelb) -vvas used by K~j~nus (5) t? describe a y~l~o~; root 
character V!Tn~ch may have been a Slm~lar genetlC type for WYUCE ... eller 
(6) used the symbol Y. Lindhard and Iverson (7) adopted Kajanus' s:rmbols 
of R and G for red a;d yellow color types, Vilmorin (12) substituted the 
symbol J Tjaune) for that of~· Owen in correspondence expresses the 
viewpoint that Y is a factor for extension of pigment rather than one which 
produces yellow-pigment. I. causes much more pigment to be developed but 
does not detc.rmine whether the color is red or yellow • 
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THE THREE DIMJ:i:NSIONAL QUASI-FACTOHIAL EXPBRHJT.El'JT 1NITH THRBE GROUPS OF SETS 
FDH TESTING SUGAR BEET BRE~~DDJG 

STHAINS 

H. L. Bush(a 

The recent trend toward breeding and production of 11 Home Grown" sugar beet 
seed has emphasized the problem as to how the breeding strains may be adequately 
tested in order to insure the maintenance or improvement in perfomance of the 
corrunercial varieties which evolve from these strains .. 

The ordinary commercial variety of sugar beets is extremely heterozygous 1 

not unlike the commonly knovm varieties of corn (excluding present-day hybrids), 
or the human race. When a plant breeder is attempting il:1provement in resistance 
to disease , yielding ability, sugar content , shape of root and cr mvn , and per haps 
other characters, he is certain to be dee.ling with l a rge nu..rnbers of strains 
regardless of whether the family or inbreeding mode of attacl~ is followed. 

The fact that our soils 8.re very heterogeneous is generally recognized. 
Vihen the number of strains being tested become s quite l arge, the soil variations 
are necessa rily increased due to the larger area covered by the test . It is 
obviously desirable to remove the effect s of soil variations upon yield and 
other characters as nearly as possible . 

Fisher y(b introduced the randomized scheme of plot technique, basing his 
theory on the complete block setup i.e., where each replication includes all 
varieties • Yates 6/'!_/!i/ has more recently evolved the scheme whereby incomplete 
blocks are used as the basis. These incomplete blocks are made up by a rranging 
the strains in a series of blocks, each of which contains only a s·11all nu::1.ber of 
the strains being tested . The arrange!nent is such that a variety variance can be 
calculated which is free from block effects and a n error variance obtained for 
testing the significance of variety means . 

There have been severa; types of designs evolved covering all phases of 
agronomic tests. Goulden_~/Yhas discussed the various types of designs and 
worked out example s to demons ·l;rate the calculetions involved for each ty:;::>e . 
He recommends the use of the Three Dimensional Quasi - Factorial method_. designed 
by Yates, Vl'here the number of strains to be considered is 216 or more. 

Day and Austin Y have applied t?1is three dimensional scheme in testL~g 
the germination of 729 varieties of pines. Their experiment was pla.VJ.ned so that 
the varieties 'Here subje cted to as many different block effects as possible, 
even to the point of introducing watering differences between block-s . The 
corrected average number of days from watering time to germination for each 

a.) Statistician , Gre8.t-western Sugar Cornpany ·----------·-------
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progeny was 4. 6 days t while the actual average range was from 3. 3 to 5. 9 days. 
This is evidence thc'lt the design did e],:i,minate the ef~ects of plot differences 
upon the average values for tb.e watering. They founo. their test to be 2l times 
as precise as i! the ordinary randomized block design had been used. 

This scheme appears especially desirable for sugar beet breeding '"ork 
oecause it provides for a large measure of local control as a result of the in
clusion of a small number of plots within the block, between which variance is 
removed; at the same time providing for the testing of a large number of varie..,.. 
ties or strains in one test. 

The initial requirement of a Three Dimensional Quasi-Factorial test is 
that the number of strains to be tested shall be a perfect cube. In this case 
343 strains of sugar beets or (7}3 strains \'l$1".6 tesied~a· Therefore, 7, varieties 
made up one block and 49 blocks const~tuted one complete replication. The 
basic arrangement of the strains in sets in cuoical form sho1:ving the position 
of the key numbers ( uvw) of the strains in the cu'oe is shown in Figure 1: 

From this cube the three groups of sets may be \'lri tten down. The groups 
result from slicing the cube in the directions indicated by the arrows in 
Figure le Each strain is indicated by the numbers uvvr ui th vw constant in 
group X, u'"' constant in group Y, and uv constant in grm:q_) z. No attempt vlill 
be made h~~€1 to demonstra.te the manner in which the sets are written out since 
Goulden ~/j;has already published a complete 3 x 3 x 3 schene. 

For this test there 1.orere two replications of each grou-p. Thus, there 
were t\vO blocks composed cf the strains as designatect in each set in the cube, 
Strains were random~zed within each block with the blocks bei~g randomized 
i'ri thin the group. A different randomized arrangement 1.oras used by the second 
replication af the groups. The randomi~ation was further cot~leted by randomi~ 
ing the groups over the field. 

It is possible to distribute the blocks over the whole field without re
gard to group or replication but in order to facilitate hano.ling of seed at 
planting time and enable one to make observations covering a complete repli
cation at one time• it was deemed better in this case to keep one complete 
group together. The blocks 1.vere so arranged as to have each group or repli
cation in as co~act a form as possi ole. The distribution of the blocks ~·ri thin 
the groups over the field is shmm in Figure 2. 

The usual care and precautions for conducting an e:q>eriment 1-.rere employed 
throughout the season using the block as the u_~it for standardization of cul
tural treatments. 

Since Goulden ~j~/ and Day and. Austin 1/ have viorked out complete problems 
using this scheme, it is not \<Jithin the scope of this pa;yer to shov1 methods or 
steps in calculating the data. The results obtained, in cmnparison >vi th those 
obtained in other tests, are shm'\Tn in Table le Tb,e o..ata are presented with 
the precision of the various Quasi-Factorial tests represented in percentage 
of the precision of the randomized block test tru{en as 100 per cent. The zy 
formu1ae for these precision calculations as used here were taken from Goulde~ 
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Figure 1 - 7 x 7 x 7 cube illustr:o.ting the :principle 
involved in v.rri ting out tho sets for a 
three dimensionc~ ~uasi-Fnctorial 8A~eriment 



FIELD PLAN 

With block numbers as thc;y appear in Field 
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Table 1 - Precision of other designs in per cent of the 
complete randomized block test used ~s s~and~a~r~d~-------------

Test 
~uasi-Factorial Exau~les, Yates 

11 rr II t Goulden 
Incomplete Randomized Blocl~::, G.vl.S. Co. 

l'er cent sugar 
Weight 

THo dimensional, t1vo groups of sets, G.\f.S.Co. 
Per cent sugar 
\I/' eight 

Two dimensional, three groups of sets, G.W.SeCo~ 
Per cent sugar 
Weight 

Three dimensional, three groups of sets, G.W . S.Co. 
Three replice.tions, .Per cent sugar 

11 11 iveight 
Six replications, Per cent sugar 

II II Weight 

Precision in per cent 
of Randomized 
Block Desim~--
126 to 157 
1&6 to 187 

134 
141 

131 & 194 
168 & 183 

196 
262 

228 
206 
296 
268 

These results shmv the two dimensional 1d th three groups of sets and the 
three dimensiom~-1 with three groups of sets to be considerably more efficient 
than the other Q.uasi-Factorial schemes,. all of which are highly efficient '"'hen 
cor~~ared with the complete randomized block. The two co~)Rrisons of the three 
dimensional plan shO\rV" that the degree of efficiency is greater \vhere the number 
of replicat~ons is increased. 

The chief criticism of any of the Q.uasi.-.Factorial schemes is that the 
labor involved in pla.."'lning and calculating is somev1hat laborious, but the in
creased efficiency should_ ·oe \vell worth the fe1v days extra time necessary to 
rrpyly the corrections. All results when presented are in the form of average 
plot values corrected in accordance with the relationship of the strain to the 
performance of other strains which occur in the same blocks 'l'ri th this strain. 
Thus, the effects of variation in soil and treatments are equalized for all 
strains. The amoU-"'lt of correction applied to the results for any strain may 
be readily seen by draiving off an average of the raw figures for the strain. 

In addition to the high degree ci efficiency obtained by this method, the 
three dimensional scheme with three groups of sets is especially desirable in 
testing sugar beet strains since the small number of plots within a block 
tends to make all agronomic work more efficient, Experience has shown that it 
is extremely difficult to cornple te one set of operations ove:c ore vrhole replica~ 
tion of a large number of strains within a short enough time to consider it as 
uniform, especially if some weather changes occur. It is much easier to control 
irrigations ,,ri thin a small block than over a lar{;e number o;f plots \vhich would_ 
constitute a block or replication in the randomized block scheme~ Alsot from 
Jche standpoint of soil variability tl1e smaller block is especially desirable 
in sugar beet testing 1-.rork on account of the relatively large plot size necessary 
for an adequate test. The efficiency vclue obtained for three r eplications 
which is more than t;.rice as large as for the randomized block indice~tes t hat 
vre could test twice as many strains and obtain slightly greater accuracy with 
three replications under this scheme ;for approximately the same expendituxe 
of land, time, and funds as is necessary where the co~lete randomized block is 
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used 1fJi th six replications,. '.rhus, it , .. roulct be possible to gain a broader 
viet'w'" of the material in the preliminary phases of the breeo.ing uorl;:. 

The use of the three dimensional plun may be adapted to the deg-.cee of 
accuracy desired and apparently can be used "ri th confidence. 
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CONPARISOlif OF QUASI-FACTORIAL _AJm RAFDO:UZ~D BLOCK DESIGNS F03. TZSTHiG SUGAR 

:BE:ST VARIETIES 
A. vv. Skuderna and C. '1-i. Dox.tator l./ 

In order to obt<:dn statistically significant differences between varieties 
or treatment s , it is i:r~er::1tive tha t factors \IJhich iP..fluence error variance 
are adeq~tately controlledc This can be accomplished in part through more criti
cal selection of eJ>:perimental fields, and in J?art through more efficient plot 
arrangement. However~ e:q_)el·iments involving a large number of varieties or 
trea t ments, the size of the r eplications may become so large that plot varia
bility of the test cannot be efficiently cont1·olled.o 

In recent years t here has been a growing tendency on the part of experi~ 
mentalists to group classes of data. into smaller ~:mel more homogeneous sub
classes rather than using randomized b~oqks of, larger size and possibly greater 


