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used 11ri th six replications,. IJ:hus, it 1.vould 'be possible to gain a ·broader 
view of the material in the preliminary phases of the breeding uorl:. 

The use of the three dimensional plan may be adapted to the de5ree of 
accurac;;r desired and apparently can be used 1J1ri th confidence. 
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COMPARISON OF Q.UASI-FACTORIAL _A.HD RAFDO:-IIZED BLOCK DESIGNS FOR TZSTIFG SUG.AR 

:BEET VARIETIES 
A. ~v. Skuderna and C. 1'1. Doxtater 1./ 

In order to obtain statistically significant differences bet•.veen varieties 
or treatments, it is ir:~erg,tive that factors ilfhich influence error variance 
are adeq~tately controlledc This can be accomplished in part thro~~h more criti
cal selection of eJ..:perimental fields, and in part through more e;fficient plot 
arrangement. Howe·ver~ e:q:Je:dments involving a large nurn1er of varieties or 
treatments, the size of the replications may 'become so large that plot varia
bility of the test cannot be efficiently cont1·olled.. 

In recent years thero has 'been a growj.ng tende!lcy on the part of experi.
mentalists to grotq:l classes of data. into smaller and more homogeneous suo
classes rather than using randomized blocks of. larger size and possi'bly greater 
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plot variability. As a result, quas:J.-fe.ctorial arrangements have been des
cribed b~r Yates ?t./ a:fJ.d Goulden 9.,j who reported gains in efficiency ranging 
from 26 to 57 per cent and 20 to 50 per cent respectively. Le 01erg 4/, 
employing the two dimensional quasi-fadorial design and randomized block 
design, re}JOrted results of tests conducted in 1937 and 1938. In ·t;hese tests, 
the relative efficiencies of both types of plot arrangements were co~pared. 
Using 36 treatments in the test for control of damping off orgru1isms, the 
conclusion reached was that the q~asi-factorial plot design was more efficient 
than the randomized block design in some seasons. 

The purpose of this paper is to report the results obtained from 11 
variety tests with sugar beets, each of which was analyzed as a sy-mmetrical 
incomplete block exper~r.1ent, and as randomhed block eJ.,'l?eriment. 

l~aterials lt!).d Methods 

The eleven variety tests of sugar beets were conducted in the following 
areas; seven near Roclc,y Ford, Colorado; two near Alamosa, Colorado and two 
near East Grand Forks, I-1innesota. Four of the tests contained 9 varieties 
each, four contained 16 varieties each, t1'li'O contained 25 varieties each and 
one contained 49 varieties. All tests were conducted during 1939, \ITi th 
the exception of the 49 variety test, which was planted in 1938. Each of the 
eleven tests were designed as a synmetrical incomplete block e;g:Jeriment. 
Ranctomization \vas practiced on the varieties which were allocated in each set 
( o-r block) and blocks tvere randomized within the replicates, 

The percent of efficiency of the symmetrical incomplete block analysis 
in relation to the randomized block analysis 11ras determined from the mean 
square for error obtained from each analysis. ln Table l is given these per
cent efficiency figures. 

Table r.~Increase or Decrease in Percent Efficiency of the 
Symmetrical Incomplete Block Design as Co~~red 
W;i th a Randomized :Block Arrangement of Equal Size 
in Variety Tests with Sugar Beets 

No.Varieties No. of Tests----------- Averape Pe~cent InQl·ea~fl or Decrease 
--=ic::n>---=T:.:::e;.::s:..:t:......._.....::i:.:n:;.....::a:::.;v:..:e:::.:r:..::a,.g;;o;:e~--=T::..:o:::.:n:;,:s:<-..:E::.:e:::.:e::-_t~s"'---=-pe. rcen t Sucres e I-' b s. Su.r:ar Per Acre 

Rocky.Jord, ColoraCI:;Q_,_J-9:38 
49 l .... 25 ~ 43 'f' 48 

Rock_;y_]orc'J:..L. Colora(lo, 1939 
25 2 -+ 3 ... 80 ... 5 
Ui 2 - 11 '1' 10 .t 10 

9 2 11 ..,. 37 1 6 
Alamosa 1 Coloract.o 5 ;1939 

16 1 -t-187 ..,.182 +226 
9 l 5 .... 23 - 10 

Ear:;t Grano. Forks 1 £Hnnesote., 1939 
16 1 16 .... 14 3 

9 1 ... 30 8 ""14 
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Discussi.Qn 

The results obtained indicate a loss of precisi6n in the 9 varie-ty tests 
at Rocky Ford and Alamosa in tons beets and pounds sugar per acre, &~d a loss 
in precision in percent sucrose at East Grand Forks by the use of the incom
plete block design. In the 16 variet~r tests a loss of precision was found in 
tons beets per acre at Rocky Ford and in tons beets and poRnds s~gar per acre 
at East Grand Forks. ~ great increase in precision was observed in the 16 
variety test at Alamosa, Colorado. E~tromely variable irrigation practice in 
part accounted for the greater error of the ra~domized block analysis in this 
test. In the t1v0 25 variety tests and the 49 variety test at Rocky Foret, in
crease in precision in tons beets per acre, percent sucrose and pounds sugar 
per acre was obtained in varying degrees. §} 

Conclusion 

From the co~Jarisons of analysis methods herein reported it is indicated 
that the symmetrical incomplete block design is likely to be less efficient 
than the randomized block design in tests of 16 varieties or less; ancl approxi
mately equal to or better than the randomized block design in tests of 25 
varieties. In tests of 49 varieties the incomplete block design is lixely to 
be much more efficient than the randomized block design. 

J) 1'-Ianager and Plant Breeder respectively, Beet Seeo_ o-perations, ~rnerican 
Crystal Sugar Company, Rocky Ford, Colorado. 

?) Yates, F ~ A 1TEiif ~;fSTHOD OF AP.P.AlWDJG VARIETY TRIALS I~~VOLYIYG A LARGER 1TfJIVLBER 
OF VA5IETIES. (Journ. of Agri. Sci. (England) 26:42~-455. 1936. 

~ Goulden, C. H. EFFICIENCY IE FIELD TRIALS OF PSEUDO-FACTOR!~~ ~ID INCOtWLETE 
R,A11])0M!ZED :BLOCK IJJETHODS~ Canadian Journ. Research (C) 15:231-241. 1937. 

!:£./ Le Clerg, E. L. RELATIVE EFFICIElTCY OF Q,TjASI-FACt_:IORIAL 10 . .'T"D RAi:illOEIZ:ED BLOCK 
DESIGl~S OF EXP:8RilJJEHTS COliTCEBl~D iV!TH Dil.HPI1~G--.OFF OF SUG.AR :B:S:STS. Phyto-
pathology 39~637-641~ 1939. 

fd Under the conditio:qs of these tests, leafspot incidence was not a factor. 
It is therefore not knmvn as to hm., much bias ''rould be introduced umler such 
conditions in applying the correction factor (\·rhich is funde.mente"l to this 
symmetrical incomplete block method) to variety y .ields of varyinG clegrees of 
resistance to leafspot. 

TEE INDUCTION OF POLYPLOIDY IN :BETA \l1JLGARIS 1. 3Y COLCHICHJE T?.EATl.fENT 

:S3r F. A. Abegg, Associate Geneticist, Di vis:i,on of Suga.r Plant 
Investigations, Bureau of Plant Industry, United States Depart

ment of Agriculture 

The plumule region of small sugar beet seedlings ,.,as t1~eated, by the 
single drop method, '"i th colchicine in concentratio!ls of 0~2 and 0.4 percent. 
The application of colchicine \·.ras repeated either four or eight times during 
successive days. The following selections, designated by current numoer, were 
given such meristem treatments: 

2241 
6499 

2245 

.... 
•• f!l • 

.... 

Mu.11erati annual . Low self-fertility. 
~'1nual "wild" t;ype from Hilp:i, tas, California. 

Low self-fertility. 
Plantain foliage venation type. Biennial in boltinG character. 

Low self-fertility. 


