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T H F EXISTEI'\CE of a l l  inverse relationship between welght of  heet 
and sucrose percentage seems to be generally accepted. Much research has 
heen conducted to evolve agronomic practices which would increase the 
yield of heets without lu\vering the percentage of sucrose . Heretofore, nu 
information has been available in regard to the correlation hetween yield 
and sucrose percentage of beets grown in Alherta hut a deviation from 
usually <lccepted behavior has been suspected. 

The Experimental Station ,lt Lcthhridgc, Alherta, Canada, i s  approx
imately in the centre of the most northerly sugar h:et producing area in 
Nurth America, The latitude is 49° 4'2' and the longituue is 1 1 2 0  50' 
The summer climate is characterizeu hy very long days with warm to hot 
temperatures and cool nights. The rlserage growing season has been 1 4 1  
doys. 

During the 23 years since the establishment of the present sugar beet 
industry the consistently high percentage of sucrose in beets grown in this 
area has been apparent. In a previous publication (4 F the average yield 
of heets has been quoted at 1 2 . 1 R  tons per acre and the average percentage 
of sucrose at 1 7 . 8 5 .  

Brewbaker and McGreevy ( 1 ) ,  working in Colorado, report significant 
correlations of r - - . 63 1 0  for an unse1ected population and of  r = 

- . 1 8 3 9  for Cl selected group of beets. Cook e t  al ( 2 )  of Michigan observe 
that larger heets are generall y  recognized to be lower in  sucrose percentage 
than are smaller beets. However, in  Alberta it has heen ohserved, as reported 
previously (4) , that application of manure which increased the size of beets, 
did not depress the sucrose percentage, and also that p lots of  beets gro\vn 
in rotationa1 studies differed widely in yield hut were similar, if not identical ,  
in sucrose percentage. Furthermore, it has been observed that imported 
American varieties frequently have shown a higher percentage of sucrose 
under Alberta conJitions than under the more southerly climate where they 
were JeveJoped. These apparent divergencies have prompted the present 
investigation. 

\Taleria]s and :�l:elhod8 

A random population of roots from each of four pairs of sugar beet 
plots growing" in an experimental rotation was selected, weighed, and 
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analysed individually. This rotation has 2 successive years of beets fol lowing 
a manurial treatment. Triple superphosphate fertilizer has been applied 
each year at the time of seeding the beets. In an additional study several 
hundred selected roots from a breeding block of the Kuhn variety of heets 
were weighed and analysed individually. Correlations hetween weight and 
sucrose percentage were calculated for each plot of beets in the former and 
for each group of one hundred heets (in order of analysis) in the latter 
test. Similar correlations were calculated also for the total population of 
heets from each of the two tests . 

In addition studies were made on the yield, sucrose percentage rela
tionship of beets grown in a sweetclover rotation experiment. This rotation 
is of 4 years' duration and consists of beets, beets, wheat and sweetc1over, 
and sweetclover summer-fallov..r . The sweetc10ver has been p lowed under 
at various stages of growth or cut for hay. There were six different methods 
of handling the swectclover in the summer-fallow year. Sugar beets have 
been grown after sweetclover summer-fallow and the next year heets have 
followed beets. Since the rotation is continuous, direct comparisons were 
availahle every year for yield and sucrose percentage hetween beets grown 
after sweetclover summer' fallow and heets grown after heets under the 
same fertility treatment. 

Experintental RCSUlt8 

The correlation coefficients and yield performance of heets from the 
four pairs of plots are presented in table L 

Table l .-Aven�ge yield pC)'fo)'mance and correlation coefficients between weight and sucrose 
percentage of 8uga"\" beets grown under different fertility treatments at Lcthbridge, 
Alberta. 

Fertility 
treatments 

;W tons manure and 1 Q O  pounds triple 

Crop 

superphosphate per acre _ _ _ _ _ _ _ _ _ _  Fir:>t 

Second 

lUO pounds triple superphosphate per 
acre _ _  _ _ Fir�t 

Second 

For complete experimenL _  

Correlation 
l O-year average coefficil'nts 

Y ield 
-

Sucrose � --·--5 -
per acre percent- percent 

Rep. ( tons) Sg'l' Calculated level 

1 11 . 7 7  1 5.8 . I H 6  . :� O 4  

18.84 1 5 . 7  - - . 2 4 1  .:{25 
1 9 . 5 ;{  1 6 . :1 .:19:{ .2n 
1 9 .1 1 1 6 . 2  -.402 .2 8 6 

1 3 . g 7  1 6 . 0  . 09 0  .213 
1 1 . 7 4  1 5 . 5  .003 .325 
1 6.mJ 1 6 .4 . 1 4 5  . 3 2 5  
1 6 . 0 1  1 6 .0 · .2 H5 .2)',6 

·_·· .154 . 1 0 8  

The data in table 1 indicate considerable variability between the 
correlation coefficients of the various groups. Only one pair of p lots showed 
significant negative currelations betw��n weight and sucrose percentage. 
In  the remaining six plots the correlation coefficients varied from a non
significant positive value to a negative value which approached significance. 



PROCEEDINGS- FIFTH GEN ER.\L MEETING 3 3 1  

The correlation coefficients for a total of 800 selected roots and for 
each group of 1 00 comprising this total are presented in descending order 
of average weight of heet in table 2 .  

Table 2. Average weight and SUCrOR€ percentage and the correlation between weight and 
sucrose percentage of eight groups of selected heeL-; grown i n  a breeding block at 
Raymond. Alberta. 

Mean weight Mean sucrose 
Group (ounces ) percentage --'--------_ . .  _---

L _ _ _ _  _ _  4 3 . 7  ] 8 . 6  
:{ _ _ _ _ _ _ _ _ _ _ _  42 .9 18.0 
2 _ _  _ _ _ _ _ _ _ 4 1 . 1  UUI 
4 _ _ _ _ _ _ _  3 7 . 6  1 7 . 3  L _ _ _ _ _  36.5 1 7 .8 
! L _  _ _ _ _ _ _ _ _ _  a6.5 17.3 
5 _ _ _  _ _ _ _ _ _  34.� 17.8 
6 _ _ _  ': _33 .9 1 7 . 6  

Total populatioD _ _  _ 

Correlation eoefficients 

Calculated 5 percent level 

-0400 
.,W2 
.405 
.204 

- -. 1 5 3  
--- . 1 4 0  
- -.061 

.001 

.09a 

. 1 9 7 *  

. 1 9 7  

. 1 9 7  

. 1 9 7  

. 1 9 7  

. 1 9 7  

. 1 9 7  

. 1 9 7  

. 0 7 5  

*Values a r e  approximated by interpolation from Table 7 . 3  of "Statistical Methods", 
G. W. Snedecor, The Collegiate Press, Ames, Iowa, 1 9 4 6 .  

The results presented in table 2 also are extremely variable. The correla� 
tion coefficients varied from - A05 to .00 1 .  In this experiment beets were 
selected on the basis of morphology and weight beginning on one side of a 
small field and continuing across. The group numbers in table 2 give the 
order in which the lots of 1 00 were analysed. In a general way they also 
indicate the position in the field from which the roots were selected (that 
is, groups 1 and 2 were adjacent) . The field was considered to be very 
uniform. It will be noted that there were significantly negative correlations 
for four of the groups while the value for the other four groups were non
significant ;  three being negative and the remaining one positive. 

Four years' results for the yields and sucrose percentages of the first 
;-lIlJ second crops of heets following sweetclover summer-fallow are pre� 
sented in tahle :; .  

Whereas the data i n  tables 1 and 2 dealt with the analyses o f  indi· 
vidual roots those in table j have been obtained from analyses of samples 
of populatiuns of sugar beets grown under different fertility treatments. 
The four seasons selected include "high" and ' - luw" sugar years ( 1 942 and 
1 946, respectively) as well as years of average sucrose percentage. It will 
be noted that the mean yields for the first and second crops were 1 7 .84 
and 1 4 .R9 tons per acre, respectively. The difference hetween these means 
was statistically significant. However, there was no significant difference 
hetween the means of sucrose r�rcentage fur the first and second crops. 
This was true of each year as well as for the total of 4 years. Since the 
numher of beets per acre in the first and second crops was of the same 
order it must be concluded that the large beets of the first crop were equal 
in sucrose percentage to the comparatively smaller beets of the second 
crop. This is not in agreement with ,he observations of Cook et al (2 ) .  

The difference i n  suitability o f  the land for the first and second crops 
of beets is thought to be made up of physical fitness as well as fertility 
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consicier'ltions. Swcctclovcr �ullllllcr-b l low has left the soil in  excellent tilth 
and apparently \vell supplied with readil')" available nutrients. The com

parative deficiency in both of these factors is thought to be the reason for 

the yield reduction in  the second crop of beets. 

Table 3 .  _ Four years' resulkl for yield in tons per acre und sucrose percentage o f  first a n d  

s e c o n d  c r o p s  of b('ets u n d e r  six fE'rtility treahnents a f t e r  !iweetciover summer-fallow. 

Year 

) (14L 

t 9 4 L _  

I fl 4 7  _ _  

Fertility 
treatment 

_ _ _ _  1 

2 
:l 

4 
5 

(; 

_ _ _ _  1 

2 
" 

4 
5 
6 

. 1  

2 
:l 
4 
f, 

6 

_ _ _ _  1 

2 

3 
4 

5 
6 

First crop 

Sucrose 
Yield percentage 

1 7 . 1 7  1 8 .6 

1 4 . 4 1  1 8 . 5  

I 5 . 6 a  1 7  .;� 
1 5 . 3 9  1 7 . 5  

H i - 5 4  1 7 . 9  

1 5. 6 4  1 8 . 2  

1 6 . 9 7  1 6 .� 

1 8 . 2 9  1 8 . 5  

1 7 . 6 9  1 7 . 5  

1 9 . 1 1  1 8 . 1  

1 7 . n  1 6 . :1 

U l . 2 5  1 7 . 0  

1 8 . 9 7  1 6 . 2  

l R . :{7 1 6 . 8  

1 8 . 2 2  1 6 . 5  

1 8 . 3 2  1 6 . 0  

1 7 . 9 2  1 5 . 0  

1 5 . 4 0  1 ;; . :1 
2 1 .4 4  1 7 . 1)  

2 0 . 4 V  1 7 .8 

1 9 . 1 8  17  . 1  
1 7 .5R l o . H  
1 9 . 4 )<,  1 7 . 6  
1 9 . 0 1  1 7 . ::\ 
1 7 . 8 4  1 13 . 5  

Di!"Oeu�sion of H e  ... u lts 

Y ield 
-- - -

1 :� A 5  

1 4 . 3 1  

1 5 . 6 4  

1 4 . 5 4  
1 5 . 1 9  
1 4 . :l 9  

1 11 . 7 0  

1 6 . 0 1  

1 5 . 2 9  

] 8 . 2 �)  
1 7 . Dt) 

1 6 . 6 0  

1 2 . 7 2  

1 2 . 4 2  

1 2 . 5 4  
1 1 . 5 4  

1 5 . 0 0  

1 1 . 1 ,j 

1 5 . R ti  

1 5 . 9 2  

1 6 . 9 H  

1 6 . 5 7  

1 4 . 5 0  

1 4 . 6 7  

1 4 . 8 9  

Second crop 

Sucrose 
percentage 

-
1 8 . a  

1 8 . 1  

1 7 . 1}  
1 8 . 8  

1 8 . 7  If L 2  
1 1) . 6  

l V,  
1 7.2 

1 7 . 6  

1 1) . 8  

1 7 . 4  

1 5 . 9  

1 5.0 

1 5 . 8  

1 6 . 0  

1 4 . !<  

1 3 . 7  

1 1 . 1  

1 7 . 0  

1 6 .2 
1 6 . 7  

1 6 . 7  
1 7 . 4  
H i . \) 

Correlation betl{)Cen weight and sucruse percentage. - A significant 
negative corre1ation hetween the weIght and sucrose percentage of sugar 
heets usual ly is  regarded as a maxim ( 1 )  ( 2 ) . 

It appears from table 2 that the larger beets in groups 1 to 4 were 
of such constitution <lIS to display a significant negative correlation between 
weight and sucrose percentage, whereas the slightly smaller beets in  the 
renlaining groups failed to do so. It  has not been possible to find an explana
tion for this behaviour .  Since the general corre1ations (-.093 and -- ·-. 1 5 4 ,  
respectively) for the  two total populations discussed in tables 1 and 2 ,  even 
though significant, were of much lower magnitude than usually reported 
for sugar beets ( 1 ) i t  is felt that the relationships hetween weight am] 
sucrose percentage for these populations are not c lose and in fact the 
existence of a relationship of practical value may be questioned. 

A regression coefficient of --. 0 1 4  percent sucrose per ounce of weight 
has been calculated for the data summarized in table 2. This factor is so 
small in comparison with the experimental error that it is of negligihle 
value in prediction .  



PROCEEDIN(;S- FIFTH GENERAL MEETING 

Acconling to tahle  3 ,  undcr Alherta conuiti( )ns a ton of bects from a 
field yielding 1 8  tons per acre may be expected to have as high sugar content 
as a ton of beets from a less fertile field yielding 1 5  tons per acre. If this 
apparent conclusion is real it is of great agronomic significance. 

Effect of clirnate.- The climatic environment may he an influential 
factor in the yield�sucrose percentage relationship of beets grown in south, 
ern Alberta. Because of the northern latitude, the total hours of daylight 
during the summer months exceed most other beet-producing areas. The 
total hours of daylight (sunrise to sunset) for Lethhridgc and Salt Lake 
City are compared by months in table 4 .  

Table 4.-Total hour o f  dayl ight I sunrise to :,unset I at Lethbridgt' and Salt Lake City during 
the summer months. 

May June July August Sept. Total 
-----_. -----_. -
Lethbridge _ _ _ _  477.9 4HS.7 492 . 1  447.4 37R.a 2,284.4 
Salt Lake City _ _ _ _ _  44R.2 451 .0 457.1i 427.0 �74.1 2 , 157 }� 
=�-=-===------

Northern Colorado, northern California, and northern Ohio arc 
approximately comparable in latitude to Salt Lake City. 

Ulrich ( 5 )  has studied the conditions most favorahle to the formation 
of sugar in the heet. The most fa vorable environment for the storage of 
sugar in the beet would embody intense sunlight, warm to hot days, and 
cool nights ; this would allow for a maximum of photosynthesis with Cl 
minimum of resplratl0n. The summer climate of southern Alberta satisfies 
this requirement quite welL The mean daily maximum and minimum tem
peratures for several beet'producing areas are compared with Lethbridge 
in table 5 .  

Table 5.-Montnly averages o f  daily mean maximum and mean minimum temperatures in 
degrees Fahrenheit fur t;everal beet-producing art'as of the United States compared 
with Lethbridgl", Alberta. 

Lethbridge, Woodland, .Fort Collins, Salt Lake 
Alberta California Colorado ��ity. Utah ----

Month Max. Min. Max. Min. Max. Min. Max. Min. 

May � � � �  _ _ _ _ _  i;2.7 ;1 7 . 4  7 1 . 0  (;2.0 67 .0 40.3 71.8 44.!) 
June - - - � _ _  � �  _ _ _  67.6 40.:::1 76 .2 63 .6 76 . 1  48 . 1  81 .7 52 . 1 
July � � _ _  � _ _  80.8 50.9 86.2 69.5 85 .5 54 .7 92.4 6 } .4 
AugusL_ � � _ � � 76 . 6 47.5 80.2 65.8 84.4 5 4 .5 89 . 7  59 . 4  
September � � _ � � �  _ _  65.4 40.6 76.8 6:{.5 76.2 4 3 . 0  79.0 49.1 

It will he noted that the climate of Lethbridge, Alberta, is characterizeo 
by hoth cooler days and cooler nights than the other heet-producing areas 
to which it has been compareo in table 5. It  is agreeo generally that the 
rate of photosynthesis may be reduced if the temperature rises above 8 \  
degrees t o  9 5  degrees Fahrenheit. Hence, the extremely hot weather of some 
areas may have an inhihiting effect on photosynthetic activity. 

SUlllluary 

Correlation coefficients between weight and sucrose percentage are 
presented for several groups of individually analysed sugar beets. Comp.ri-
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sons are made also between the yield and sucrose percentage of sugar beets 
grown under different fertility treatments in et sweetclover�sugar beet 
rotation. 

The correlation coefficien ls were extremely variable and less than 
half were significantly negative beyond the j percent leveL Large heets 
were equal in sucrose percentage to small beets (with comparahle stands) 
in the sweetclover-sugar beet rotation . 

It is suggested that climate may be an important factor in the relation 
ship which exists between yield and sucrose percentage in Alherta. Tables 
are presented which show the summer climate of Alberta to he characterizeu 
by more hours of daylight and cooler temperatures in comparison with 
several heet�growing areas of the United States. 
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