
A Study and Economic Appraisal of the Effect of 

Nitrogen Fertilization and Selected Varieties 


on the Production and Processing of 

Sugar Beets 


HUGH G. ROUNDS, GEORGE E. RUSH, DONALD L. OLDEMEYER, 

C. 	P. P ARRISH , AND FRANK N. RAWLINGS' 

Received for publication February 24. 1958. 

Introduction 
During recent years, the problem of declining net extraction 

in the beet sugar industry has focLlsed attention on Factors which 
influence the type and amount of nonsugars entering the process 
(15, 10, 9).2 Increased avai labi lity and use of commercial fer­
tilizers are known to be one of these factors (I I , 13, 17) . In 
addition , new varieties have been introduced periodically with 
little or no thought given to their possible effect on the process. 

Since the upward trend in the use of nitrogen fertilizers con­
tinues and the possibility now exists for developing new varieties 
with reduced amounts of certain nonsugars, there is need for 
experimental data concerning the influence of nitrogen fertiliza­
lion and varieties on the production and processing of beet sliga r. 
Moreover, since production and processing of sugar beets are 
commercia l ventures, the above mentioned problems shou ld also 
be evaluated on a monetary profit and loss basis. 'With these 
problems in mind the experiment reported herein was designed 
to study the effect of three levels of nitrogen fertility and seven 
sugar beet varieties on production and extraction of sugar. A 
concerted effort was made throughout to obtain data which would 

-, permit realistic dollar va lues to be assigned for an economic 
appra isal of the results obtained. 

Materials and Methods 
The field selected for the test was a sandy loam soil located 

in the Nyssa, Oregon district and had a cropping history of beets, 
grain, and corn with no nitrogen fertilizer applied to the corn 
crop. During the previolls season th e corn showed extrem e 
nitrogen deficiency symptoms indicating a low level of nitrogen 
fertility. 

The experimental design was a randomized split plot with 
eight replications. Seven varieties were planted as the main plots, 
18 rows wide and 40 feet long. Each main plot was divided into 

1 Supervisor, Central Laboratory, Plant Breeder, Assislant Plant Breeder, Agronomist. anci 
Director of Research. respect ively of the Amalgamated Sugar Company , Og·den . Utah. 

~ Numbers in parentheses refer to literature cired . 
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three six-row subplots for the three separate levels of nitrogen fer­
tility. Each replication was separated by a three foot alleyway. 

The plots were planted on April 7, 1955, using 22-inch row 
spacing. The varieties included in the test were: 

1. 	 SLC 824 (US 35/2) - An open pollinated, high sugar, 
curl y-top resistant variety. 

2. 	 C-51-I-A new potential commercial variety derived from 
rigid selection for high sugar and low sodium content 
within an open poll ina ted variety. 

3. 	 A2-90HO (CT9) - The male sterile equivalent of a curly­
top resistant inbred line which is relatively low in sucrose 
content. 

4. 	 US 22/3- A standard open pollinated tonnage variety with 
excellent curly-top resistance but low sucrose content. 

5. 	 US22S-Currently used commercial variety resulting from 
a blend of SLC 824 and N47. 

6. 	 F54-2H-A monogerm hybrid. 

7. 	 4323SB-A "hybrid" between A2-90HO and SLC 824 pro­
duced by blending the seed of the parental lines prior to 
planting the commercial seed field. 

During spring seedbed prep:Hation of the fall plowed land, 
126 units of P"05 and 65 units of nitrogen in the form of granular 
fertilizers were disced into the soil. This was done to provide 
an adequate level of PeO.> for the season and sufficient nitrogen 
to suppOrt early growth on all plots. 

Additional applications of nitrogen were applied in the form 
of anhydrous ammonia by side dressing in alternate furrows mid­
way benveen the rows and at a depth of six inches. A metering 
pump was used to regulate the amount of fertilizer appliec~. On 
June 9, 75 pounds of nitrogen per acre were applied to the 
medium and high fertility plots thlls raising the level on these 
plots to 140 units per acre. Again on July 5, in two separate 
applications of 70 Ibs. each, 140 lbs. of nitrogen per acre were 
applied to the high nitrogen plots. Thus, the three rates of 
nitrogen fertilization were established at 65, 140, and 280 pounds 
per acre. 

Locally accepted practices of cultivation and irrigation were 
followed. The alternate rows in which th e fertilizer was injected 
were used for irrigation until the last two irrigations when the 
water was changed to the alternate set of rows. 

Petiole samples were taken just prior to harvest according 
to the method outlined by Ulrich (18). Each sample consisted 



of 30 to taken at random from the two center rows 
of each 

The uts were harvested on October 1 To reciuce 
border I M in('he~ of rO\I' were discarded From each end or 
all plots anel the tllO center rows of each Sll har­
vested for measnrements and to supply rootS 

Two ten-beet sam \\'ere taken from each 
sucrose content at hanes\. All additional 
[rolll each subplot were placed in cold for the proce.;sing 
studies conducted at Cclltral Laboratory, Falls, Idaho, 

Beets from each \n~re rellloved from storage 
cessing at such equal storage 
each Thus storagc time 
not become 

removal from the' beets were washed and 51 iced 
into cossettes ,\'l1ich were mixed. or the 
cossettes were analyzed for sugar, and um 

tn International :Vlinerals and Chern-
Lal 'Voodlal1cL California, 

(10) . 

ml. 
almost to 
(1) , and 

conrinlHHLS, coulltercurrent 
conditions: 

T o[ cossette travel- 82' C. 
of cossette tnnel '70' L 

,l() rninntes 
0,18 

necessary to maintain desired Sllg-ar lc\cl 

JUIce were apparent 
invert sugar, and amino COIll poullds 

same methods as used for the beet 

Carbonation was simulated ice [rom dil 
fusion nice in the manner by and Serro For 
beets Thin samples "ere analyzed for purity, 
ammo COIllPOllilds, awl mon()sodium glutalllate (\fSG) . 
The latter was determined the llIcthod ( I 
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·Where samples of cossettes and juices were not analyzed im­
mediately after preparation, they were quick frozen for storage. 

The economic evaluation was based on factual values. To 
facilitate the calculation of realistic figures for growing and pro­
cessing each variety at each nitrogen fertility level, the sugar con­
tent and yield averages were applied to 20,000 acres and an 
assumed slicing rate of approximately 3500 tons per day. The 
processor's various agricultural and processing costs used in this 
study include beet freight, beet receiv ing expenses, beet labor 
expense, general agricu ltural expense, operating supplies and 
other raw materials, operating labor, maintenance· and repairs, 
local general expense, insurance, taxes, depreciation, and sugar 
loss in storage. These costs were balanced ag·ainst returns for 
salable sugar (corrected for sales expense), molasses, pulp and 
C.S.f. to establish a processor's earnings for each condition tested. 

The grower costs included only the harvesting and delivery 
and the cost of fertilizer actually removed in the beets, using 
current fertilizer prices. Other grower costs were deemed too 
dependent on the type of operation and individual efficiency 
to be included as fi.xed costs. It was assumed that the fertilizer 
content of the beet tops would be returned to the soil. 

To estimate sugar losses in storage a special method was de­
veloped. It was first assumed that there would be 10 days of 
direct delivery, which allowed 35,000 tons of beets at no storage 
loss. The remainder of the beets from 20,000 acres was con­
sidered in storage. 

The tonnage entering storage was then converted to sugar 
by applying the sugar content figure. An amount of sugar was 
calculated to be removed daily from storage which was equivalent 
to 3500 tons of beets plus a sugar loss in the pile. This procedure 
continued until the amount of sugar in storage was elimihated. 

The daily sugar loss value was taken from Figure I which 
describes the rising losses (as percentage of sugar entering stor­
age) against storage time. These data were plotted from the 
results of storage tests conducted under conditions considered 
ideal. 

Storage losses calculated in these tests were found to compare 
favorably with losses under actual conditions calculated by the 
method of Cottrell (6) for the same acreage. 

The final molasses apparent purity was assumed to be 62.0 
at a brix of 79.5. This, together with a nominal sugar loss in 
the process and thin juice apparent purity, provided the data 
necessary for calculating extraction. 
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FigUl'e I.-Daily sugar loss during storage, 

Results and 	Conclusions 

Petiole Analysis: 

Petiole samples taken at harvest showed highly significant
.:: 	

differences for both N 0 3 and P 20 fi concentration (Table 1) . 
For NOs the differences 'were highly significant tor bQth varieties 
and nitrogen fertility levels whereas differences in P"O" were 
significant for fertility levels only. Although th e variation in 
PZ0 5 in the petioles was relatively small in comparison to NO •• 
concentration, there appeared to be a slight decrease in PeO" as 
the nitrogen applications were increased, 

The generally accepted critical level for NO, in the petioles 
is 1000 P.P.M. and 750 P .P.M. for P"O:; (19). On this basis it 
can be assumed that Pz0 5 was well above the deficiency level 
for all plots. whereas N03 was below the defi.ciency level for the 
low and medium fertility plots at harvest. The high concentra­
tion of NO., in the petiole of beets grolVn on the high leve l 01 
nitrogen fertility shows that an excess of nitrogen was available 
to these plots a t harvest time. 
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Percent Sucrose, Yield and Gross Sugar per Acre: 

Highly significant differences were found between varieties 
and nitrogen levels for sucrose percentage, yield of roots , and 
sugar per acre (Table 2). Since no interactions were found 
between fertilizer levels and varieties, it is assumed that the 
varieties performed similarly at each nitrogen level. Although 
the differences between variety averages, over all nitrogen levels, 
are significant these differences are small in relation to the differ­
ences between fertilizer levels. It is cone! uded therefore, that 
nitrogen fertility had a greater effect on sucrose content , yield of 
roots, and sugar per acre than did the varieties tested. 

Beets grown on low nitrogen fertility plots were of higll 
sugar content, but the low root yield resulted in the lowest 
yield of sugar per acre. In contrast, the roots from the high 
nitrogen fertility plots had the highest yield, but the reduced 
sugar coment depressed the yield of sugar per acre. The medium 
level of nitrogen fertility produced a high yield of roots with 
little reduction in sucrose content which resulted in the highest 
production of sugar per acre. The fact that the medium level 
of nitrogen fertility did not result in an appreciable reduction 
in yield or sucrose content suggests that the available nitrogen 
was near depletion at or just prior to the time the beets were 
harvested. Additional evidence from the analysis of NO" nitrogen 
in the petioles at harvest likewise supports this conclusion and 
which is in agreement with work done by Ulrich (17). In any 
event, since the yield of roots was near that of the high level plots, 
it must be assumed that for the major part of the growing season 
the medium fertility plots had sufficient nitrogen available to 
support normal growth. 

N onsugars in the Beet: 

It is apparent from Table 3 that the amino nitrogen con­
stituents and ash make up a large portion of the total nonsugars 
present in the beets. The remaining impurities are present in 
relatively smaller amounts but certain of these are of special 
importance in the process. For the purposes of sucrose produc­
tion, invert sugar and raffinose are classed with nonsugars. 

The effects of nitrogen fertilization and varieties on the 
quantities of total nonsugars, amino nitrogen constituents, and 
ash in the beet are given in Table 3. The concentration of these 
impurities increased in the beet as the rate of nitrogen applica­
tion increased. The same marked effects of nitrogen fertilization 
were noted for concentrations of MSG , total nitrogen, potass ium , 
and sodium. No significant difference was found in invert or 
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raffinose content due to nitrogen fertility levels, although in the 
case of the latte r there was some difference due to varieties. The 
effect on p"OO concentration was small although statistically 
signifi.cant. 

Table I.-Variety and Fertilizer Averages for Concentration of N03 and P20~ in Petioles 
at Harvest as Parts PCI' ~'lil1ion. 

Variety NO. P,O, 

.: 

SLC 824 
C-51·1 
A2·90HO 
US22/ 3 
US22S 
F54·2H 
4323SB 

1090 
1270 
~050 

1580 
1410 
1860 
1630 

1270 
1180 
1270 
1300 
1170 
1390 
1230 

LSD .05 :,78 N.S. 

Nitrogen Leveh 

65 lbs./acre 
140 Ibs./ acre 
280 I bs./ acre 

7~O 

700 
3240 

1370 
1210 
1200 

LSD .05 
.01 

~04 

'103 
72 
95 

Test .h e. 1,,60 1260 

Table 2.-Variety and Nitrogen Level Averages [or Percent Sucrose at Han'est, Yield 
and Gross Sugar Per Acre. 

Sucrose Yield Gross Sugar 
Variety I'ercent Tons/ Acre Lbs./ Aue 

.:. SLC 824 
C-5 1-1 
A2-90HO 
US22/ 3 
US22S 
f 54-2 H 
4323S11 

16.8 
16.5 
15. 9 
15.9 
16.6 
16.6 
16.3 

23.1 
26.0 
24 .5 
25.5 
23. () 
25. 7 
25.0 

7780 
8540 
7760 
8080 
7820 
8560 
8140 

LSD .OS 
.01 

0.3 
0.4 

1.4 
1.9 

480 
660 

Nitrogen Levels 

65 Lbs./Acrc 
1'10 Lbs./Acre 
280 Lbs./Acre 

16.8 
16.7 
15.6 

20.7 
26.4 
27.3 

6960 
8820 
8520 

LSD .05 
.01 

0.19 
0. 25 

0.7 
0.9 

240 
~20 

!:. T es t Ave. 16.4 24.8 8100 
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Table 3 .-Varie t ), and Nitrogen Level Averages for Concentrations of Nonsugars in tbe Beet as Pounds Per Ton of Beets. 

Amino Total 
TOlal Nitrogen Ash Invert Nitrogen 

Varieties Nonsugars Constituents Constituents Sugar (ind. N03) I'A),. Sodilull PotassiUlll MSG Raffinose 

SLC 824 42.4 17.2 12.0 2.4 2.6 1 ! .294 1. 84 3.9 2.0 

C-S I · I 43.5 16.7 12.9 2.5 2.5 1.5 .324 1.98 3.4 2.1 

.-\2 ·90HO 42.2 16.4 ]2.2 2.4 2.5 j] .379 1.85 3.0 1.8 

US22/ 3 12.1 16.5 13.6 2.4 2.4 1.1 .44 1 2.08 3.3 1.9 

US22S 437 17.0 12.7 2.9 2.6 1. 5 .331 1.86 3.6 1. 8 

F54·2H 40.8 15.4 12.2 2.4 2.4 1.3 .,) 33 1.77 2.8 2.0 

~ 3 23S11 42.6 16.8 12.9 2.4 2.6 1. 3 .379 1.9" 3.5 1.7 

LSD . 05 ~ . S . 1.0 0.9 N.S. N.S. 0.14 .04 3 011 0. 53 0.23 

.01 N.S. )\; .5. 1.2 N.S. N .S. 0.19 .058 0.15 0.71 0.30 

N itro gen Levels 

65 Lbs ./ Acre 37.5 13.0 11.0 2.5 1.9 1.1 .257 1."i"4 1.6 2.0 

'--< 
0 
c:: 
" 140 Lbs./Acre 40.8 16.0 12.7 2.4 2.4 1. ·1 .309 1.84 2.8 1.8 z 
~ 

280 Lbs./Acre 49.2 20 .7 14.3 2.6 3.2 1.3 .497 2.1 3 5.7 1. 9 r 
0 

LSI) .05 J.] 0.6 0.6 N.S. 0.09 0.08 .025 0.08 0.25 '\ .5. 
"'1 
..., 

.01 1.4 0.7 0.8 N.S . 0.12 0.10 .033 0.10 0. 33 N.S. :t 
t'1 

Test Ave. 12.5 16.6 12.6 2.5 2.5 1.4 .354 1.90 3.4 1.9 >­
Y' 
Y' 
CO 

>-l 

~ I t· 1, 1 ~ 
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In general, the nitrogen levels caused greater variations in 
the amounts of nonsugars present in the beets than did the vari­
eties tested. Th is was particularly evident for total n i troFen 
and amino nitrogen compounds. For example, in comparing the 
range in variety averages to the range in fertility level averages 
(Table 3) for amino nitro~en constituents, it is evident that 
th e effects of nitro.2:en fertility were gTeater than varietal effects. 
The same is true for ash but the differences in ranges are not 
nearly so striking·. Two exceptions to this generalization were 
raffinose and P~O:; content for which varietal effects were gTeater 
than fertilizer effects. 

Si~mificant interactions of varieties X nitrogen fertilitv levels 
were found for sodium content. The interaction was primarily 
due to the behavior of variety US 22/ 3 which had proportionately 
hig·her sodium content than the other varieties under hi!!h nitro­

r. 	 gen fertility. The indicated interaction for MSG as well as for 
amino nitrogen was primarily the result of variety F54-2H being 
proportionately lower than the other varieties under hi~·h nitro­
gen fertility, but the interaction F value only approached sig­
nificance at the .05 level of probability. 

The data presented indicate that both varieties and nitrogen 
fertility levels can appreciably influence the amount of nonsugars 
present in beets. Excessive nitrogen fertilization is particularly 
harmful because of the direct effect of nitrogen on the nonsugar 
constituents as well as sucrose content. 

Elimination 	of Nonsugars in the Process: 

For the purpose of evaluating the processing· tests, the results 
were calculated on the basis of sugar rather than tons of beets. 
Table 4 sho~Ns that on this basis the nonsugar load entering the 
process increased 10.5 percent from the low to medium nitrogen 
fertility condition and another 31.0 percent from the medium 
to high nitrogen level. The maximur~ difference attributable to 
varieties was 11.2 percent. 

In general, as the nonsugar load increased with the nitrog·en 
fertility , the elimination by diffusion also increased , but not 
proportionately. Elimination by simulated carbonation was gen­
erally the same regardless of the amount of nonsugars entering: 
therefore, the total beet end elimination did not proportionately 
adjust to increases in the amounts of nonsugars introduced. The 
amounts and types of nonsugars remaining- in the process will 
determine the sugar and molasses production, upon which the 
economics of processing sugar beets rests. 

There were significant differences in total nonsllgars remain ­
ing due to varieties. 
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Table 4.-Total Nonsugars Removed by Diffusion and Carbonation as Pounds Per 100 
Sucrose. 

Entering Removed Remaining 

Diffusion Carbonation Total 

Averages for Varieties, All Nitrogen Lc,'cis 

SLC 824 12.0 2.1 4.3 6.4 r).6 
C-51-1 12.6 2.6 4.4 7.0 5. 6 
.-I.2-90HO 12.9 2.5 3.9 6.4 6.5 
US22/ 3 12.8 2.2 4.6 6.8 6.0 
US22S 12.5 2. 3 4.5 6.8 5.7 
F54-2H 11.6 2.2 4.3 6.5 5. 1 
1323SB 12.5 2.1 4.3 G.'I. G.I 

LSD .05 1.38 0.13 0.56 095 1.06 

A"crages for Nitrogen Levels, All Varieties 

Lo\\' 10.5 2.1 4.3 6.4 4.1 
Nfediulll 11.6 2.2 4.3 6.5 5.1 
High 15.2 2.6 4.4 7.0 8.2 

LSD .05 0.68 0.40 0.27 0.47 1.22 

Purity values also reflect the elimination of nonsugars. As 
shown in Table 5, highly significant differences resulted between 
varieties and nitrogen fertility levels. These differences appear 
to be relatively constant for purities shown. As was the case with 
the nonsugars studied, the effect of nitrogen fertility levels was 
more pronounced than were varietal effect~. 

Due primarily to variety F54-2H, a significant variety X 
nitrogen level interaction for purity was found (Table 5, thin 
juice values for varieties at all nitrogen levels). This can be 
traced to the indicated interaction found in MSG and amino 
nitrogen constituents already discussed in the section concerning 
nonsugars in the beet. Variety F54-2H did not show an inc"reased 
concentration of these nonsu~'ars in proportion to that of other 
varieties under the high level of nitrogen fertility. The inter­
action also appeared in total nonsugars entering and remaining 
in the process (Table 4) but approached significance at the .05 
level of probability. Since purity is the ratio of sugar to total 
dissolved solids (sugar plus nonsugars) expressed as percent, the 
significant variety X fertilizer interaction found for purity might 
be expected. 

The amino nitrogen constituents were followed throuQ,'h the 
process in the same manner as the total nonsugars. Table 6 is 
a tabulation of the results. The increases in removal of amino 
nitrogen compounds with the rise in nitrogen fertility levels are 
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Tahit' !).-Vadt-'ty and :,\itrog,t.'n Level ,\n'.rag(',., for Purities in Bect Juin.'~ with fndi.vid~ 
nal ''"ariel)' :\itrogcn~L('"cI ,\,'crag-cs for Thin Juke, 

Variery 

'iLe K~'I 
11 

.\2'JOJ I (J 

! ·S22." 
r:d21 I 

'U2>tSB 

LSD 	 .05 
.III 

!'\itrogeH Lt"veb 

lbs,/af'fc 
110 ilK 'acre 
280 ib~,/d{'n' 

LSD 	 .0;) 

.01 

reS! 

Vari('t~ 

SLC 824 
(:;1·1 
.\2·<)01\(1 

CS22/:j 
LS22S 
1<;)1·211 
1:l2JSB 

Variety \ '\ erages 

Beet Diffus;oll Thin 

~O.!l 

Ro.0 	 90!) 

f)O.7 

:!OJ, 

:l0.! 
Wl,!i '11.1 

xg.!! '1().7 


(LYZ D.S' 0.50 
O.flH U.68 (l.Ii~ 

~!() ,,~) 

R!J.6 91.4 

llti6 88.H 


0,2:-': 	 0.2·' 

fL:t! 


89.0 	 9O.R 

(i.') lh.. , 	 140 lhs. 2HiI Ills. 

%.2 ~)t). I 


no.:! 

:;),?; 01,7 

f/;).!J D.l,:,} 


9[).1 

!JG.3 	 95.'1 
95.9 	 91.8 

LSD 	 0.70 

significant. hilt nor to amollnts 
Varieties caused no sir4nific:llll In 

thest· The F:J4·2H \Vas lm\er 
in amounts of alllino nitrog-c11 compounds entering the process. 
which is in accordancE with previous COllllnents made on this 

Recallsc of its commercial importance, the amino nitrogen 
compound mono·sodium glutamate was measured in tile beets 
and thin juice. :'\0 elimination 01 this compound \Vas founel. 
This is possihly clue to thf' fact that different methods were used 
for the determination..fable 7 ~;hows the amounts found in the 
heel and in thinjui( l'. '" fertility levels caused 

the elimination of 
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diffe rences in MSe whil es differences du e to varieties were not 
signifi,cant. Var iety F54-2H showed th e leas t amount 01' MSe. 

The foll owing figures based o n averages Eor nitrogen levels, 
over all va ri eti es, sh ow the rela tionship of MSG to the total 
amin o nitrogen compounds as measured in thin juice. 

Nitrogen Fertility Levels 

Low Medium High 
24. 3% 31.9% 42.1% 

Tn these tests th e ash constituents were meas\lred 111 press 
juice and diffusion juice. Littl e or n o elimination wa s accom­
pli shed by diffusion . Th e ash content in both th e beet and 
diffu sion juice showed significa nt differences du e to nitrogen 
fertility and va rieti es (Table 7). Th e ranges of th e averag-es 
show that the effects of nitrogen fertility a re greater than th e 
effec ts of varie ties. 

The invert sugar content of beet and d iffusion .iuice showed 
a sig'nificant rise with th e nitrogen fertility level which is also 
shown in Table 7. There were no signifi,ca nt differences in invert 
content caused by varie ti es. The over-all eliminati on of invert 
sugar was 0.25 pound per 100 sucrose or ;)4.2 percent of th e 
average amount entering in th e beet. 

Table 6.-Amino Nitrogen Compounds Removed b y Diffusion and Carbonation as 
Pounds Per 100 Sucrose. 

Enterin g R emo,'cd Remaining 

Diffusion Carbona tion Total .. 
Averages for Vari e ties, All N itroge n Levels 

SLC 824 4.9 1.2 0.8 2.0 2.9 
C-5 1· 1 4.9 1. 2 0.9 2.1 2.8 
A2-90HO 5.0 1. 2 O.S 2.0 3.0 
US22/3 5.0 1.2 0.9 2.0 3.0 
US22S 4.9 1.2 0.8 1.9 3.0 
f54 -2H 4.4 1.1 0.8 1.9 2.5 
4323SB 4.9 1.2 0.8 1.9 3.0 

LSD . 05 0.34 N.S . N.S. N.S. N.S. 

A,'cra ges [or Nitrogen Leve ls , All Vari et ies 

Low 3.7 1.1 0.7 1.8 1.9 
!\ fed ium 4.5 1.1 0.8 1.9 2.6 
Hi gh 6.4 1. 3 0.9 2.2 4.2 

LSD .05 0.25 0.17 0.11 0.17 0.66 
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Raffinose content was measured on beets. It i~ shown 
III Table 7 for \Ii th 01 her nU!lSul.\·ars when calculated 
on d sugar hasis. .'\s such there were ific::l.I1t differences dl1e 
to nitrogcll fertil' le\els and varieties. The rang'es or differences 
,hem thar YariClics had a 'l,Teater influellce on raffinose content 
lilall did Ilitrogen lC\els. This ,vas the only constiwent measurecl 
in \\-hich v:u·jctics shUl\'(:d a greater influence than nitrogen [er­
tility levels. 

Table 7,-Variety and Nitrogen L('vcl Averages (or Concentrations of Nommgars as 
Pounds 1'('1' 100 SU(TOSC. 

'L S. G. \sh Invert U.affillos<-' 

'\ arieties Beet 
Thill 
Juice Beet 

DilL 
Juio.' Beel 

Dill. 
Juiu' Bee( 

Extraction: 

rhose nonsugars which remain in the Jll after (~aTh()nation 
'Iill enter the crystallization phase o[ the 
will depress the cry~tallizatioll rail' of 
the point wherc it become~ impossiblc to I'unher extract sucrose 

by lizatioll. ~\t this slage 
not sugar. '\et extraction IS the ratio or 

sligar produced to the total amount of 
It 

calculated from the 
and Vlaterials). Variuies 

difierellces but every step in the 
caused a signiflcant drop in net extraction. 

,1.( R2 ( 110 105 
(' ., I I .97 105 
\2 ()011O .90 .98 
IS~2/~ .'l() I.M 
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Table S.-Percent Extraction. 

Variety 
Varie ty Low Medium High Average 

SLC 82'f 9 1.9 90.0 85.3 89 .1 

C-5 1-1 91.9 90.0 85. 1 89.0 

A2-90HO 91.2 R9.1 84.7 88.3 

US22/ 3 91.:l 90.2 84.0 88.5 

US22S 91.4 90.0 85.3 88.9 

F54-2H 92 .1 90.4 87. 3 89.9 

4323SB 91.4 89.4 84. 1 88.3 

:-; le"cl Ave. 91.6 89.9 85. 1 88.9 

LSD .05 between vari e ty averages = 1.7 

LSD .05 bel\-\'cen nitrogen Ic\Oel averages = 0.9 

It is of interest to note that although it is not si~mificant at 
the 5 percent level , the vari ety F54-2H led all other varieties 
tested in net extraction at each nitrogen fertility level. The ranges 
of averages show that the influence on extraction by nitrogen 
fe rtility levels was far greater than by varieties in these tests. 

Production of Sugar, Molasses and MSG. 

Also of prime importance to the economics of the industry 
is the over-all production of sugar, molasses, and concentrated 
Steffens filtrate resulting- from the gTowi n<!' and pro:::ess inq OPE'r­

ations. Table 9 is a compilation of this informat(on as calculated 
from the results of these tests. This tabulation ag'ain shows the 
tremendous effect of nitrogen fertility levels on both sugar and 
byproducts, while varieties show signifi.cant differences on the 
gross sugar and salable su):!,ar. It is of interest to note in this case 
that each variety oc('u!J ies the same position in production of 
gross sugar and salable sugar. 

Correlations: 

The correlation coefficients (Table 10) show a definite inter­
relationship among all the variables correlated with the except­
tion of raffinose which was significantly correia ted only with 
sodium. Amino nitrogen consti tuents, MSG, and total nitrogen 
appeared to show a higher degree of association with purity than 
sucrose percentage, although percent sucrose was highly corre­
lated with purity. Also they gave corre lation coefficients eq ual 
to or higher than percent sucrose with extraction but of opposite 
sign. In addition, th e correlations of ash with percent sucrose, 
purity and extraction were lower than for nitrogen constituents. 
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Table g.-Sugar and Byproduct Production Averages for Variety and Nitrogen Level 
Before and After Processing as Pounds Per Acre. 

Entering Leaving 

Variety 
Gross 
Sugar 

Non-
Sugars 

Salable 
Sugar Molasses 

CSF 
SQlids MSG 

SLC 824 
C51-1 
.-\2 -90HO 
US22 / 3 
US22S 
F54-2H 
4323S8 

7780 
8540 
7760 
8080 
7820 
8560 
8140 

994 
11 44 
1046 
1099 
1035 
1053 
1075 

6596 
7174 
6503 
6740 
6619 
7256 
6809 

1395 
15 17 
1483 
1494 
1427 
1359 
1557 

422 
459 
475 
452 
432 
411 
469 

89 
97 
82 
92 
88 
79 
97 

~ LSD .05 480 N.S. 666 N.S. N.S. N.S. 

.. 
Nitrogen Levels 

65 Ibs./acre 
140 Ibs./ acre 
280 I bs./acre 

6960 
8820 
8520 

771 
1074 
1347 

iiI 1·1 
71 82 
fi81 5 

900 
139 1 
2091 

271 
'1~~ 

6H 

34 
78 

J56 

LSD .05 240 176 764 272 06 42 

Test Ave. 8100 IOG4 6811 1462 446 89 

In brief, the nitrogen and nitrogen compounds in th e beets appear 
to be the most closely associated witl! quality factors of any of 
the beet constituents measured in this study. 

Of interest also were the significant correlations found be­
tween N03 in the petioles and nonsugars constituents in the 
roots. N Ox in the petioles showed as strong a negat ive association 
with percent sucrose as did the nitrogen compounds in the roots. 

Economic Appraisal: 

This section is an attempt to evaluate the effects of nitrogen 
fertility and varietal differences by the most critical indicator 
of all-that of profi.t. 

The influence of nitrogen fertility level and the individual 
varieties chosen on the econom ics of growing and processing 
sugar beets in this test is shown by the dollar return index values 
in Table 11. This table shows th at the medium nitrogen fer­
tility level was the most beneficial for both grower and processor 
for all varieties tested. The high nitrogen condition was more 
profitable than the low. Of the varieties tested, FS4-2H and 
C-SI-I showed the gTeatest profit possibilities for both ~rower 
and processor considering all nitrogen levels tested, while, as 
would be expected , the inbred A2-90HO offered the least return. 

These figures shm·1,T that the influence of the individual vari­
eties on the economics of the combined operations was less than 
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Table IO.-Correlation Coefficicnts Among 12 Variables Determined fr m Individual Plot Values. Where Applicable, Values Obtained for Con· 

centrations in tb e Beet \Vel-e Used to Compute r Values. 

Variables Sucrose Purity Nonsugar Ash Anlino N MSC Total N Raffinose Sodium Po tassium NO" in PCI. 

c;;;, Sucrose 

Purity .68 

Total non-sugars -.57 -.96 

Ash -.46 -.65 

Amino N -.52 -.89 

MSG (Thin Juice) -.58 -.89 

T otal N -.56 - .87 

Raffin ose .09 .11 

Sodium -.66 -.78 

Potassium -.47 -.58 

NOa in Petioles -.64 -.67 

Extraction .75 .88 

r = .16 for significance at .05 

r = .20 for significance at .01 
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that of the nitroge n fertility levels. This is exemplified in Table 
11 for combined returns where nitrogen fertility levels was 
responsibl e for a 22 percent range from the over-all test average 
while varietal differences caused only I ~ percen t range in these 
returns. This provides a tota l of :35 percent variation from the 
lowest to highest ferti lity-variety combination. Figure 2 is a 
graphic representation of the data of Table 11. 

T able I I .-Index Figures (01' Variety and Nitl'Ogen Level Averages. 

Processor 
Variety Combined Return Grower R eturn Net R e turn 

..: 
SLC 824 
C-5\·1 
A2·90HO 
US22/ 3 
US22S 
F54·2H 
4323SB 

97 
106 
94 
98 
97 

107 
100 

97 
106 
94 
99 
97 

107 
10\ 

99 
106 
94 
95 
98 

109 
99 

N iU'ogcn Levels 

65 Ibs./acre 
140 Ibs./ acre 
280 I bs./acre 

89 
III 
100 

88 
110 
102 

91 
11 3 
96 

T est Average 100 100 100 

Index' of Returns, Dollars Per Acre 
Averages For All Varieties 

.: 

Nitrogen Fert i lity 
Leve I 

• L o w 

D Med iu m 

III High 

Combined Return Processor Net Return Grower Return t 

Averages For All Nitrogen Levels 
1107J.Q.li 9106 107106 II 

r'-"--=-= 10 9997979r= 100 9 89797.94 r'-"pu!~2.§.j!j!~ 

'" 00'" (f) if)m 0..... co Im I .....Iif) I.....I (f) '"IN C\J (f) C\J(f) N 0N0C\J C\JC\JN 0 (J')N N(J') C\J N
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<C Less co sts of fertilizer and harvesting . 

Figure 2.-Variety and nitrogen lev.el averages. 
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The most profitable combination of variety and fertilizer level 
for both processor and grower was the variety F54-2H grown 
on the medium level of nitrogen fertility. This combination 
resulted in an increase in combined returns of 18 percent over 
the entire test average. 

DIscussion 

The effects of nitrogen fertilization on the economics of sugar 
production and extraction were more pronounced than the effects 
of the varieties tested. This was the result of the greater effect 
of nitrogen fertilization on yield, percent sucrose, ~nd nonsugar 
content. 

The most profitable level of nitrogen fertilization for grower 
and processor was the medium level which produced the maxi­
mum gross sugar and salable sugar per acre. The low nitrogen 
fertility level effected a low root yield which resulted in the 
lowest gross sugar in spite of the high sugar content and thus 
depressed the production of salable sugar and byproducts. The 
high nitrogen application resulted in the highest root yield, but 
the gross sugar was depressed by the low sugar content. The ac­
companying nonsugars in this case caused a reduced net extrac­
tion and thus lowered the salable sugar but produced the highest 
yield of byproducts. 

The results of the economic appraisal pointed out the over­
whelming influence of salable sugar on the economy of the in­
dustry in comparison with the byproducts and signalled the im­
possibility of regaining from the byproducts what is lost through 
reduced extraction. 

The association of total nitrogen and nitrogen compounds 
with reduced purity and extraction in the roots was pronounced. 
This raises the question as to whether the nitrogen compounds 
jJer se cause a direct reduction in purity and net extraction 
through their melassigenic power or whether it is the result of 
the melassigenic power of other nonsugars associated with the 
nitrogen constituents. Considering the work of Rorabaugh and 
Norman (13) and Haddock et al (I I) and the increased non­
sugars accompanying increased nitrogen fertilization in this study, 
it appears that both conditions are probably factors influencing 
purity and net extraction . If both the nitrogen constituents and 
the other nonsugars increase in the beet with increased nitrogen 
fertilization , the crystal I iza tion process is bound to be affected. 
In this study the relative importance of individual nonsugars 
to the rate of crystallization has not been considered, bu t con­
sideration of this factor could only make the case for high nitro­
gen fertilization worse than has been shown by these results. 
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fertilltalion as well as dil'­
a wide variatiun in tile COl1­

compounds in the heets, This made it 
possihle to obtam correlation coefficients of variables affected 
oy (l wide range of conditions..\s a the r values obtained 
in this hom those obtained other workers 
studying \ariations. 

'r1wre 'was evidence in this stndy o( interactions of varieries 
and fertilizer k\'els in to correlatiolls. For ash 
increased with enillzarion as did the alllino :\ con­
sl ituents ly significant r v.alue between ash 
and amino haneL the varieties high in amillo 
:\ were not :n. 

In the case o( variation was due rlly to vall ­
eties rather than to the ctIens of fertilization as was 
the case with other rllis may Iy the 
low correlation (oeHicients obtaincd with VS. other non-
sugars. 

other factors of climate and soil undoubtedly affcct 
production of 

that every effort should 
amounts of n to the "opti ­
mum" le\el defined as that level of fertilization 

in yield are not sufficient to j the 
and the losses due to 

net extract ions are not 
sllch a level ior a particular 

planting is a ncar impossible task because of the 
influence the such as irrigation 

the aid of cropping 
histories, fertilizer histories. and soil tests. control .of high or 
low h:rtilizatiun applications IS and should 
be 
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