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Technicians directing the operation of beet suga r fac tories, 
as well as fanners producing sugar beets, have been concerned 
in recent yea rs witll the downward trend in the quality of the 
sligar beet crop. On the oth er hand, agriculturists take pride in 
the yield records obtained durin g the past twenty. years while 
using Ameri can-grown varieti es. 

Quality is used in this paper to refer to sucrose and purity 
percentages. 
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figure i.-Variation in yearly sugar pncentage in casse ttes in the Clarks­
burg District of California (:\merican en's!al Sugar Company, Downie). 

Average beet yields in the U nited States have increased.from 
10.8 tons in 1937 to 17.2 tons in 1957. These phenomenal ton­
nage increases, however, are not accompanied by increases in 
suga r content. The national average percentage sucrose in cos­
settes in 19:17 was 16.1 9 percent and has declin ed to 15.28 per­
cent in 1955 , with a lower figure for the 1957 crop. The record 
of decline in sugar content and refined suga r recovered frorn 
sLIga r b ee ts in California, Montana, and th e t'nited States dur­
ing th e past two decades is cl early iliustrated in Figures 1 to 3. 

1 So il Scientist. Soil and "Vater Conscrv:u ioll Research Di vision, A gri cultural Research 
Serv ice . U.S .D .A. in coopera t io n with th e U tah Ag ricultural Ex pe rim en t Stati on. Logan . U tah. 
General Agri culturali st , Great \'Ves Lern Suga r Co mpan y, D enver l Colorad o. Assistant Gener::! 1 
Agricultu ral ist , A meri ca n Crys Lal Sugar Co ., D enver, Co lo. , Resea rch Agronomist. Holl y Sugar 
Corpo ra ti on , Colorado Springs, Colorado, General Super intend ent. Ca nad a & Dominion Suga r 
Compa ny. Ch atham , On t .. Ge ne ral Agricullurali s t, A malga ma ted Sug ar Co mpany, Ogde n , 
Vt::lh , respectively. 
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In 19?19 the recovery of refined suga r on beets sliced in the 
Un ited States, am ounted to an average of 92.7 percenl. In the 
last year of record , 1955, it was exactly five percent 1<'S5. This 
mea ns a seriolls reduction in the quan tity of sligar extracted, and 
naturall y results in substantia l economic losses. 

During the period 1936 to 1956 yields of sugar beets have 
increased and quality has decreased in most sugar beet growing 
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Figure 2.-Yearly variation in sugar percentage in beets and percent ex· 
traction in Missouia, Montana (A merican Crys tal, Downie) . 

\ ""'"' '":r: Figure 3. - Varia· 
tion in sugar percent· 
age and percent ex· 
tractioJ.:! by [our year

PI:A:::-:S4ClI0~ 
periods., U. S. Sugar 
Bee t Industry. 
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areas. One may reasonably inquire : Is th ere a nega tive relat ion 
betwee n yield of sugar beets and <lllality? Does a farm ing practice 
which increases yield a lways decrease quality? ' '''hat are the 
pract ices which ha ve contributed to increased yields of sugar 
beets? How are these specific practices related to sugar beet 
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Figure 8.-nitrate­
nitrogen concentra­
tion in sugar beet 
petioles as affected 
by plant population. 
(Garland, Utab. 
Haddock, 1953.) 
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found in commercial fields. The data shown in Figure 5 are 
ev idence tha L oV('[ the range of plant spacing stud ied , yields are 
not incompaLible with quality. 

The graphicaJ data presented in figure 6 indicate that as 
belween-row spacings increase above 20 inches, the yield and 
quality decrease. Tolman (2) reports observations which sugges t 
th(lt yields increase as within row spacings increase from 8 to 12 
inches (Figure 7) . Although quality tends to decrease as spacing 
between plants increase these data are not conclusive for tb e 
Sagar's farm at American Fork. 

vVhy should sucrose content increase as plant population in­
creases? The answer to this question is implied in the data 
gwen in Figure 8. These data show that the greater the plant 

Figure 9.-Influ­
ence of harvest date 
on the sugar content 
of sugar beets. (Colo­
rado, 1953. Smith_) 
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population the lower the nitrate-nitrogen content of petioles. As 
will be shown subsequently the nitrate-nitrogen concentration 
in beet petioles is inversely related to sucrose percentage. 

NT echanical harvesting: In most sugar beet growing areas 
climatic conditions favor improved quality as the harvest season 
progresses from early to late periods. The data shown in Figure 
9 illustra te the importance of season on quality of beets. The 
range of two percent in sugar content from early to late season 
is worthy of consideration. Mechanical harvesting may be used 
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Figur~ 10.-Yield 
89 and quality of sligar 

bec ts as affected bv~o' . nitrogen feniiizel' (7 
8 8 ~ 	 vari'!li",s), (Amalga­

mated Sugar Com­
panv. Jensen, 1957). 
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to take advantage of this seasonal quality improvement. The 
rapidity of mechanical harvest allows some delay in the onset of 
harvest and thus a pro longation of th e growing season. Although 
mechanical harvesting probably results in a sav ing of total sugar 
from prompt field-to-factory movement, machine topping leaves 
a little more of the crown tissue on the beet than hand topping 
and thus tends to lower the sucrose percentage . Therefore, the 
net influence of mechanical harvesting during th e past decade 
has probably been in th e direction of decreased quality. vVith 
improvements in harvesting and storage techniques it would 
appear that mechanica l harvesting may result in a slight yield 
increase without a depression in quality. 

Nitrogell fertilizatioll and quality: While th e importance 
of supplemental nitrogen fertilizers in increas ing yield of bee ts 
has been adequately demonstrated , too littl e attention has been 
given to the adverse affect of excessive nitrogen on beet quality . 
The relation among' yield, quality, and nitrogen-fertiliza tion is 
shown in Figure 10. Doubling the fertilizer nitrogen from the 
initial 65 po unds increased the yields of beets six tons per acre 
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B.-Yield, 
and chemical 

(OmpOSilion of 
heelS as affected 
nitrogen fertilization 
in Rocky :\fountain 
District. (Holly 

application exerts effects also. This is shown in Figure 
II by comparing the effects of HO vs. H(P, 80' \is. 1 and IljO VS. 

1I)() pounds per acre of nitrogen fertilizer on ity, 
aud nitrogen concentration of beet 

The effect or time and method or appllcation 011 

yield and quality of beets in Figure I 
In every instance yields were increased and decreased 
additions of nitrogen Icnilizcr. There appears to he 
justification for a sl decrease in quality wht'n iclds are 

14.-Yield 
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1948. 
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:3 One.haH nitrogen appcUed at thinning" oTw·haH applied August 10, 
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?:rea tl y stimulated. H owever, as shown in Fig ures 10 and 11 , 
there is no justification for spending- money for nitrogen fer­
lilizers which give reduced yields of sugar. 

Some interesting rela tions am ong nitrogen applica tion treat­
ments, nitrate-ni trogen in sugar beet petioles a t harvest, yield of 
beets, and sucrose percentage are shown in Figure l ~. Yields do 
not continue to increase with nitrogen additions. Beyond a 
max imum usabl e quanti ty, yields a re depressed over th e entire 
range of nitrogen fert ilize rs used in these studies. T here appears 
to be a negative relat ion between sucrose percentage and nitrate­
nitrogen concentration in beet petioles. 

Irrigation and quality: Since more than 70 percent of the 
sugar beet acreage in the United States is under irriga tion it 
may be well to exam ine th e influence of irriga tion practice on 
beet qua lity . After studying th e effec t of a number of cu ltural 
prac tices on th e qu ality of sugar beets the authors have tentat ively 
concluded th a t the quantity of ava ilable nitrogen is a dominating 
factor controlling quality. 

In what way does irrigation practice effec t the ava il abl e 
nitroge n supply and hence beet quality? 

Cnder reasonab ly efficient furrow irriga tion practice, from 
10 to 40 percent of the water entering the soil surface may pass 
through the root zone and be lost in deep percolation . It is not 
unusual for deep percolation losses to exceed 50 percent of the 
net application particularly on coa rse-textured soils. Under less 
efficient systems, such losses are relatively greater. Under sprinkle 
irrigat ion water losses by deep percolation may be small. Since 
ava il able nitrogen is largel y in the nitrate EOI'm, water lost by 
deep percolation depletes th e supply of nitrogen available to 
the beet crop. T he more efficient the irrigation system , the Jower 
the fertilizer nitrogen requirement for optimum yields. 

The data presented in Figure 14 illustra te the relation among 
method of ir r igat ion, quantity of irriga tion water used, soil 
fl1 oist urf' condition, nitrate-nitrogen concentrat ion in beet pet­
ioles, and sugar beet quality. These da ta show the strong nega­
tive relation between nitrogen concentrat ion in beet petioles and 
sucrose percentage . The da ta a lso show wh at an importan t role 
irriga tion r eg ime ca n play in modifying yield and quality of 
sugar beets. In th e course of this experiment and many other 
studies in vo lving irriga tion regimes, it has been observed that 
at soil moisture levels too low for good growth of sugar beets 
nitrate-nitrogen is released in the soil hy the acti vity of soil 
micro-organisms. T hese released nitrates are taken up by plant 
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roots and accumulate in plant tissues. As soon as adequate soil 
moisture is available to the plant these heavy concentrations of 
soluble nitrogen stimulate heavy leaf or top growth, using avail­
able carbohydrates in the process. This is the basis for the nega­
tive relation observed between beet quality and soluble nitrogen 
concentration in beet petioles (\tV", W n). It is the basis (or the 
observations shown in Figure 14 between dry soil conditions and 
high soluble nitrogen concentrations in beet petioles (W,,, Wa). 

The data in Table I show the relation between irrigation 
regimes, yield of beets, beet quality, and nitrogen concentration 
01 beet pulp. It is evident that with low moisture, yields were 
limited, Sllcrose and purity percentages were lowered, and the 
concentration of glutamine-nitrogen in the beet root was in­
creased. Sprinkle irrigation has permitted the use of less water 
than poss ible under furrow irrigation with a tendency for high er 
yields. However, the conservation of nitrogen under sprinkle 
irrigation has depressed sucrose and increased the concentration 
of glutamine-nitrogen. 

Table I.-Yield, Quality, and Chemical Composilion of Sugar B'TI Roots, 1950. 

Glutamine 
No. Water Dry N 

It-rigation RegiJnes lrrig. Used Yield l\'1atter Sucrose Purity Dry WI. 

Inches T / A Percent Percent Percent P.P.~L 

VVl Low moisture 9 16.3 14.74 22.90 16.05 88.38 1738 

\If , ~·[ ed ·low moisture 16 18.3 17.75 23.62 16.73 89.80 1448 

W " ~ [ ecl · hi gh moisture 18 26.3 19.20 23.91 17.01 90.28 1246 

VV" High moisture 39 50.9 18.38 23.99 17.06 90.80 1018 

Sprinkle 221 24.5 17 .93 23.34 16.43 89.03 1602 

Furrow 19 1 3 1.4 17.10 23.87 16.99 90.60 1114.. 
] Average of four soil moi sture level s <,'Vl lO \lV4). 

Discussion and Summary 

The widespread concern of the beet sugar industry in the 
persistent downward trend of sugar beet quality is ample justifica­
tion for considering th e influence of cultural practices on beet 
quality. 

In some sugar beet growing areas natural climatic conditions 
provide sufficient control on factors affecting quality to produce 
high quality beets with little attention to cultural practices. Under 
lh ese conditions maj or attention is given to practices which are 



300 OJ 111'.\. S. S. B. T. 

dtectiY(:' ill increasing beet growing 
area there is a conflict, sccillingl , bel ween which result 
III yield and tllOS(, which end in h qu;diIY, It is the 

ion of the authors thaI if we coulc! the effect 01 
cultural practices they could be llIa1lipulated so as to result in 
optimum yield and qual simultaneously, 

Length ul growing season is a limitatiull OIl high yielcl ill 

most sugar beet areas, This can be eXlemleo by fall plowillf,( 
a lid lillie! v seedbed pn'parat ion. it y, I illll', and method uJ 
IIi i(Tt il i;atioll 1l111~t he to season and ut her 
cultural practice.., Al till1e soH t('sl infor­
malion not sulTlciclItl nilmgcll supply. 

power of soils il sOllle mdul 
measure of the ni is stalloardized, 

consul ted relative 10 lert il ital ion 
areas. The 1)('('1 kiHnl'lccigc 01 
hI' field. combined with his knmvl 

of hoI\' cultural practices influence yield and quality of heelS 
will assist the grower ill dccjding ()n the optimulll quantity of 
icniJizcr··ni In usc. 

Plant populatioJl Illodifies ..;Iio·lltlv tile need f()r nitl'Ol.'cn fer­
;:-.. I ,) 

tilizel. The greater the plaut population the greater the need 
for fcrtili/<T ni 

Although mechanical han est has been blamed for de(T('a~e 
If! beet and with sOllie justiftcation. it can he a means 
or 'Vhcn the harvest season is 

Illannel', mechanica I lIa1'­
hout diminishing qu.ali! 

IS milncI111y wastdul or availahle II 

gen. of I he irrigation system must be n)lJsicl(;· 
in modifying Ihe llc<."ds r()r Icrtlli/l'r nitrogcl1, ,Vasterlll 
rion practice makes the llcc.:d lor fer! iIi/Cl' nil 10gcn more 

/\ltl!ough (1\;Jilable nitrog'cn ne,11 hanest lillie I:' the to 
sugar beel. qual the quall!it) d ;Iv:lilabk til (JUI 

the growing seaSOll plays a iliemt role in Yl('ld. bcet 
quality can 1)(' illlprmTd if lull advantage is takt>n of the limited 
growing seasollS ill most sugar hcct ;Ircas, hy plant alld 
delayed harvcst Ahhoug'h soil temperat Ul'c>s at halTest time 
in lllany hecl areas exert a beneficial effect Oil sucrose 
percelltage, the Sllg,tl' lweI gnnn"l' tall help by olll)' that 
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uantitv of commercial nitrogen. which will be II t i 1­
'his bee! crop Iwo to t'hree weeks previous 

All culturallield iccs except Icnilizalion with cOlrmH::n:ial 
in such a way as to obtain lhe 

or sligar heel roots [or the season under which 
t he grower COlllmercial should thell he ad­
justcd as ncar as possible t() til(' prccise 1I('('d lor maximum 
of sligar. 
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