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Sugarbeet production practices have changed drastically in the last two 
decades in Mhmsota and North E h t a .   me^ in grckFer payment SY- 
mardated change to production of high sugar content lw impurity level 
beets. Developmt, refinement ard extensive use of the s o i l  nitrate-N 
test in concert with the sugar carpany quality payment program result& in 
greatly reduced N f e r t i l i z e r  use while increasing crop yield and quality. 

DISCUSSION 

Sqarbeet production in the Red River Valley of Minnesota and North Dakota 
began i n  1919 with 11 acres raised near Crookston, Mimesob. Interest  in 
sqarbeet raising increased to the p i n t  where the Amrican Bet Ompny 
(presently American Crystal Sugar Cc~rrpany) began operating a factory a t  
E a s t  Grard Forks, Minnesota in 1926. More than 10,500 acres of mgarbeets 
were gram that year. Eventually American Czystal  Sugar Cc~npany w e d  
to four factories w i t h  abcut 1,500 grcx~ers producing nearly 300,000 acres 
of sugarbeets. In 1972 Red River Valley sugarbet growers organized a 
su-ful e f for t  to hxy the  privately aJned cc~npany. American Crystal 
Sugar Company became a cooperative when purchased by t h e  growers f o r  
$66,000,000 i n  1973. Three addi t ional  grower owned cooperatives were 
established a t  Wahpeton and Hillsboro, North Dakota in 1974 a d  ~enville, 
Kinnesota in 1975 respectively. The Hillsborn cooperative q e d  with 
~ m e r i c a n  Crysta l  Sugar Company i n  1975. I n  1989 2,300 grower-owners 
produced wer 500,000 acres of -ts for these seven factories. me 
sqarbeet industry of Minnesota ard North Dakuta represents nearly 40% of 
the Wted States sugarket acreage. Sugarbets are big business in the 
F&d River Valley pruviding 30,000 j& ard wer one bil l ion dollars in 
m d c  h p c t  to the  region. 

Before 1973 the privately awned American Crystdl Sugar C~npany mandated 
many production p rac t i ce s  t o  its contracted growers. Sugarbeets were 
prduced w i t h  crcrp rotations that  included sumerfallaw and a legume green 
nmmm crop. Nitrogen f e r t i l i z e r  application was strongly discouraged. 
The company maintained strict control  of acreage contracts  with few 
incent ives  f o r  growers t o  produce a high qua l i ty ,  ye t  high y ie ld ing  



Numerous mes in  Red River Valley sugarbet  production a w e d  the  
pr&ase of the private sugar ccmpany by this grarp of pl.ogressive grwexs.  
Acreage allotments f o r  sugarbeet contracts  were now determined by the 
amunt of stock the graer  own& in the cooperative, one acre per one share 
of stock. 'Ihe new became concerned abcut profi tabil i ty of 
the sugar company a s  well  a s  t h e i r  payment f o r  sugarbeets delivered.  
Acreage al lotmnts  to growers exprded significantly in the 1970's. Major 
impruvements were made in the  pmess ing  factories along w i t h  mgarket 
p i l b q  and hardling equi-t. Farming practices began to rapidly change 
as w e l l .  Acreage of mm=rfallm declined sharply as federal gwenrment 
farm policies changed. By 1970 very few livestock enterprises w e r e  located 
in the  Red River Valley ard green manure c r q s  m t i a l l y  di- f r m  
crcp rotations. 

F Y ~ ~ Q  1970 to 1979 agarbeet graers w e r e  paid on gross sugar delivered to 
the factory. Therefore it w a s  to the graers advantage to raise the 
largest tonnage crop possible for rmxhm profit .  Li t t le  regard was given 
to sugar content am3 crop quality. Nitrogen f e r t i l i z e r  amlication to a l l  
mgarhet acreage greatly w e d  in the early and mid 1970's. More 
nitrogen was rcutinely amlied to beet fields than w a s  raquired for maximum 
r o o t  y ie lds .  Even though t h e  ni t ra te-ni t rogen s o i l  t e s t  was already 
available a t  North Dakata State University as early as 1968 less than two 
peroent of the fields received f e r t i l i z e r  nitrogen ~ t i o n s  based on 
the test. I n  the mid to l a t e  1970's high yielding-lw quality sugarkeet 
varieties becarrre widely available to sugarket gn;rwers. In an atten@ to 
p-ce wen more  tons per acre, wer-fert i l izat ion with nitrogen became 
widespread. Extensive prduction of poor qual i ty  sugarbets resulted in 
s e r i o u s  problems e f f i c i e n t l y  processing these  beets .  Cost of factory 
operations became rmch greater than necessary to produce a pourrj. of sugar. 

I n  response t o  these  e sca l a t i ng  factory operation cos t s ,  the  growers 
adopted a new payment system in 1980 (Fhase I) , which paid a small premium 
fo r  s q x k e t s  which had greater than average sugar concentration. ?his 
ocaured because better quality sugarkets  all& for  mre efficient  sugar 
processing a t  the factory and more profi t  for  the  factory owners, the 
growers. S t i l l  urder Fhase I i f  a grmer was located close to the factory 
it w a s  to his benefit to raise a high tonnage crop. Phase I mardated a 
higher awareness of the value of high quality mgahets, thus mre prof i t  
f o r  a l l  growers f m  mre eff ic ient  factory operations. 

'Ihe g n x ~ m  tmk the quality concept another step forward in 1982. 
They then ad- a new beet paymnt system (Fhase 11) which pt a much 
greater value on quality sugarbeets. A part of this payment system was a 
processhq charge on a per ton basis against each irdividudl f ie ld  of beets 
raised by coop --owners. G l r r ~ w e r  return per ton declined sharply i f  
they produced high tonnage bee ts  with mediocre sugar content and low 
pxi ty .  'Ibis payment system p t  total aqhsis on grmers prducing the 
highest ~ i b l e  l w e l s  of m e r a b l e  sugar per ton ard per acre. Table 1 
illustrates the effect  of beet payment scale on return per acre f m  the 
1980 versus the 1989 m i c a n  crystdl Sugar ~cmpany 



Table 1. E f f e c t  o f  t h e  American Cryst  1 Sugar Company bee t  q u a l i t y  
i m p r w v m t  p r q m n  on the valueP of a ton of -ts 

Recaverable sugar/ton (lbs) 268.0 

Other sugar losses/ton (Ibs) * -48.9 

R e c o v e r e d  sugar/ton (Lbs) 219.1 

Value of sugar per ton (.24723/Lb)** $54.16 

Value of by-products ($ /bn)  ** $ 6.21 

Value of sugar and by-probuct/ton $60.37 

Cost Of processing swp3xet.s ($/ton) *** $27.33 

N e t  value of mqarkeets ($/ton) $33.04 

Increase3 value of one ton of sugarbets in 1980 versus 

'gasad on American Crystal Sugar Capany G m e r  Practioes Record System 
bta (D. Hilde) 

*Storage losses frun b e t  p i l e ,  e tc .  
**Assumed man realistic value of sugar and by-products f o r  the 1980's. 
***Assumed mean realistic axt of sugar factory operations 

Assuming a total average production of 6,000,000 tan of wgarkets per 
y e a r ,  grower-owners of American Crys ta l  Sugar Company would r e c e i v e  
$45,000,000 d o l l a r s  more f o r  t h e  high q u a l i t y  1989 c rop  than  t h e  low 
qua l i ty  1980 crop. 

What e f f e c t  d i d  t h i s  e v o l u t i o n  of payment s y s t e m  have  on c r o p  
characteristics and pmduction practices? Table 2 lists m o t  yield,  sugar 
mncentration, recoverable sugar per acre, and recoverable sugar per ton 
wer the ten year period as pay-mnt systerrs dmqed. Yield and qual i ty  of 
beets p r d u d  increased s teadi ly  durkg t h i s  t h .  

The v e r s  benefited in both productivity and prof i t ab i l i ty  because of 
inc reased  sugar  y i e l d s ,  more e f f i c i e n t  use o f  c rop  product ion i n p u t s ,  
e s p e c i a l l y  n i t rogen ,  and increased processing e f f i c i e n c y  a t  t h e  sugar  
factory. Another positive aspect f m  the inrreased factory efficiency is 
that the mgarket acreage available to grcrwers c d d  be inrreased without 
increasing factory s i z e  o r  capi ta l  exprditures. 



Table 2. Alrerican Oystal Sugar mot yield, sugar ~ o m t r a t i o n ,  
recoverable sugar a e ,  and -exable sugar per ton, 1980- 
1989 

Yield Sucrose Cbntent Reaverable Sucrose 

Year % Lbmn &/A 

*Much below average rainfall. (D. Hilde) 

What management practices did Red River Valley W t  prcducers adopt to 
rneet the challenges of the  1970's ard 1980's to inrrease crop quality? 

1. Crop rotation: crop rotation -ed f m  those w i t h  sweet clover and 
summerfallow to  rotations with grain rrops, mainly spring wheat and 
barley. 'Ibis reduced the amxlnt of minerdlized N f m  the rotation 
available to the mgarket crop. ' Ih is  change also caused an increase 
in use of inorganic N f e r t i l i z e r  which has mde management of N inputs 
easier. 

2. Soil N i t r a t e  Test: The use of the soil nitrate test to depths of two or  
four foot each year sqarbeets are gram in the rotation an3 to a two 
foo t  depth during t h e  other  years of t h e  ro t a t i on  has become an  
invaluable N management tool. With semipenrreable soils and annual 
ra infal l  of 22 inches or  less in the Red River Valley where q a r k e e t s  
are  grmm, this s o i l  test is very accurate in predictirq N needs of 
each crop in the rotation. The adoption of the  F b s e  I quality p a ~ t  
program in 1980 increased the use of soil nitrate testing par t ia i lar ly  
to a two foot depth. 

Table 3 lists the number of f ields soil tested to two ard four foot depths 
f m  1979-1989. Rapid increases in so i l  tes t ing to a four foot depth 
occurred a f t e r  adoption of the Phase I1 p a p t  system in 1983, because of 
the  W l e d g e  of d e t r b t a l  effects  of soil N below t m  feet  on quality of 
sugarbeets. Today approximately 80% of the sqarket arreage is sampled t o  
a two foot depth and 50% sampled to the fcur foot depth. In other words 
the  sugarbeet pruhcers  in the Red River Valley knw that soil testi.rq 
payso 



Table 3 .  Percen t  of  ~ m e r i c a n  C r y s t a l  Sugar  Company suga rbee t  f i e l d s  
tested f o r  N f e r t i l i z e r  recarpnardations, 1979-1989. (D. Hilde) 

Fercent of F ie lds  Sampled 

Year 0-2 f ee t  2-4 f e e t  

3 .  ~ e d u c t i o n  of  F e r t i l i z e r  N use: From 1972 t o  1979 t h e  maximum 
reccaToru2nded N l eve l  was 260 &/A f o r  a 26 ton y ie ld  godl. lhis was a 
cambination of soil nitrate-N in t h e  0 to 4 foo t  depth p lus  applied 
f e r t i l i z e r  N. This recamrrrerdation was r e d u d  to a rnximm of 175 lb /A 
f o r  the  period 1979 to 1983. ?his reduction ocaured because of  the 
application of Fbase 1 e c o d c s  to N r a t e  resear& findings. This 
remmmdat ion  w x l d  no t  always produce maxirrarm mat yie ld ,  but gave 
the rrraxirmrm economic yield .  Ln concert w i t h  mpbsis on high q u a l i t y  
sugarbet prcduction programs the type of  mgarbeet va r i e ty  ava i lab le  
to growers dxinged d r a s t i c a l l y  to high quality types. The aurent N 
-tion f o r  mt prof i tab le  sugar production is 120 &/A as soil 
n i t r a t e N  in the 0 to 2 foot  depth p lus  f e r t i l i z e r  N. Reducing N rate 
nxxmen%tions was not  an easy prac t ice  to (=orwince t h e  9ra~ers t o  
f o l l w .  Because of this reluctance a long tenn (9 years) N f e r t i l i z e r  
experiment w a s  es tabl ished a t  the University of Ptimesota's N o r t h w e s t  
Experiment S ta t ion  a t  Crookston, MN to d m n s t r a t e  what  N r a t e  was 
needed  t o  maximize  economic r e t u r n s .  The r e s u l t s ,  T a b l e  4 ,  
subs tan t ia te  the current reccPrrmerdation with mxhum gross return to 
t h e  gmwer 0azwrh-q be- 100 ard 125  lb of ava i lab le  residual soil 
nitrate-N in the 0 to 2 foot  depth p lus  applied f e r t i l i z e r  N. 

(hpera t ive  extension service educational prcgrarrr; thmughout t h e  1980's 
erqkmsized production p rac t i ce  changes to produce high quality suprbeets. 
The Arnerican Crystal Sugar Cooperative ag r i cu l tu ra l  s t a f f  mrkd close ly  
w i t h  gmwers, North Wta S t a t e  University ard University of -ta 
extension specialists and a cooperative allied irdustry to assure proper 
nitrogen f e r t i l i z e r  use. ?he jo in t  e f f o r t  of all these  g m q s  resulted in 
the  successful production of high qual i ty  beet crops by the mid 1980's. 



Table 4 .  Ef fec t  of  l e v e l  of  a ~ i l a b l e  soil p l u s  f e r t i l i z e r  
nitrogen on mgarbeet yie ld  an=l qudlity, 1978-1986. 

Nitrosen 
Soil + 
Mded Gross 
0-24" Yield Sugar Fkaverab le  Sugar Fhase II*Return/ 

Statistical 
S i g  . NS ** ** t* * * - - 
B.L.S.D. 
( 05) - .2 246 .9 6.0 - - 

*Basis (Recoverable  s u g a r / t o n  - 47.2 l b  s u g a r  l o s t  t o  s t o r a g e  and  
processing x suqar p r i c e  $21.73/& + $4.75 by-product revenue - n m h r s h i p  
oost) (L. J. Smith, Sqarbeet A g r o d s t ,  Northwest D p r i m e n t  S ta t ion ,  
un ive r s i t y  of Minnesota, Crookston, MN) 

These production p r a c t i c e  charqes besides being econamically a t t r a c t i v e  are 
a l s o  env i ronmen ta l l y  sound. Ni t rogen  f e r t i l i z e r  u s e  is now a b o u t  
65,000,000 Lb less per year than it was in 1972 f o r  suga rbe t  production in 
Minnesota ard North Dakota. 'The reduction in N f e r t i l i z e r  appl icat ion has 
g r e a t l y  reduced the anwxlnt of f a l l  applied f e r t i l i z e r  N in the soil wer 
winter ard subject to movenwt before the year  of mgarbeet production. 
The u s e  of  i n t e n s i v e  s o i l  t e s t i n g  has  i n c r e a s e d  grower  awareness  o f  
residual N l eve l s  in the s o i l ,  ard pmvided f o r  proper use of f e r t i l i z e r  N 
f o r  high yie ld ,  high q u a l i t y  *lard sugartxet production. A t  the saw 
the an environmentally s a f e  N use program minimizes the likelihood of  
surface o r  ground water mntamination by improper N f e r t i l i z e r  use. 
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