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The North Dakota Agricultural Experiment Station Soil Survey of McHenry 

County Organized Irrigation Districts is approaching publication and represents 

a first for soil survey in North Dakota. The decision was made to digitize the 

soil maps to facilitate acreage tabulations and improve methods of generating 

soil interpretations. While the digitization procedure is costly in terms of 

start-up labor (programming) and data entry, the benefits allow more flexibility 

than conventional soil surveys. 

The digitizing system has broad applications ranging from computer aided 

instruction by agricultural extension service staff to uses by private business 

including generating government agency contracts. There is also a proposal 

being prepared to utilize the digitizing system as a part of the teaching done 

in undergraduate soils courses. 

The Digitizing Procedure 

The digitization process utilizes an IBM-XT microcomputer, a Digi-Pad 5 

graphics tablet1, and a person to do the encoding. The graphics pad consists of 

a grid of wires spaced 0.5 inches apart which are capable of delivering 0.001 

inch resolution when the electronic stylus is drawn over the pad. The high 

resolution of the graphics pad allows more accurate calculation of area than the 

older cell-type digitization efforts. 

The digitizing procedure (encoding) is done one line segment at a time for 

each soil map unit or polygon. To facilitate encoding, the progress is shown 

simultaneously on the video screen of the computer; this allows the encoder to 

keep track and correct mistakes through a sophisticated set of error trapping 

statements. The stylus is depressed on a segment node, or intersection, and a 



48 

b e e p  sounds  i n d i c a t i n g  t h a t  x ,  y  c o o r d i n a t e s  a r e  b e i n g  s e n t  t o  t h e  communication 

b u f f e r .  The b u f f e r  i s  t h e  i n p u t / o u t p u t  d e v i c e  f o r  t h e  g r a p h i c s  p a d ,  w i t h  t h e  

f i r s t  c h a r a c t e r  i n  b e i n g  t h e  f i r s t  c h a r a c t e r  s e n t  o u t  t o  t h e  IBM computer .  The 

e n c o d e r  t h e n  c a r e f u l l y  t r a c e s  t h e  l i n e  segment and a g a i n  d e p r e s s e s  t h e  s t y l u s  a t  

t h e  end o f  t h e  l i n e  segment .  Each segment i n  a  polygon i s  s t o r e d  i n  a  sequen- 

t i a l  f i l e  c o n t a i n i n g  t h e  x ,  y  c o o r d i n a t e s  of  t h e  f i r s t  node ,  t h e  c o o r d i n a t e  

p a i r s  f o r  t h e  segment p r o p e r ,  and t h e  c o o r d i n a t e  p a i r s  a t  t h e  l a s t  node. When 

t h e  segments  making up a  polygon a r e  comple ted ,  t h e  p e r i m e t e r  o f  t h e  polygon i s  

c l o s e d  on t h e  v i d e o  s c r e e n .  The encode r  i s  q u e r r i e d  r e g a r d i n g  t h e  polygon a n d ,  

i f  a l l  i s  c o r r e c t ,  t h e  polygon i s  f i l l e d  w i th  a  s p e c i f i c  c o l o r  p a t t e r n  and t h e  

s o i l  symbol i s  t h e n  encoded.  

When t h e  encode r  moves t o  a n  a d j a c e n t  polygon h a v i n g  l i n e  segments  i n  common 

w i t h  t h e  p r e v i o u s l y  d i g i t i z e d  po lygon ,  a  r o u t i n e  which a l l o w s  t h e  common segment 

t o  b e  cop ied  i s  used.  Such a  r o u t i n e  s aves  t ime and e n s u r e s  a c c u r a t e  a c r e a g e  

c o u n t s  f o r  each  polygon because  t h e  ma thema t i ca l  c a l c u l a t i o n  f o r  a c r e a g e  i s  

b a s e d  on t h e  l e n g t h  o f  t h e  l i n e  segment .  

Keeping t h e  books f o r  t h i s  p r o c e s s  r e q u i r e s  c o m p l i c a t e d  programming. Each 

s o i l  map c o n t a i n s  13.5 s e c t i o n s  and h a s  s e p a r a t e  f i l e s  l i s t i n g  c o r n e r  c o o r d i n a t e  

p o i n t s ,  number and i d e n t i t y  o f  i n c l u d e d  s e c t i o n s ,  and t h e  number o f  i s l a n d  poly-  

gons  c o n t a i n e d  w i t h i n  l a r g e r  polygons .  Th i s  l a t t e r  f i l e  i s  o f  ex t reme impor- 

t a n c e  when c a l c u l a t i n g  t h e  a c r e a g e  f o r  each  polygon.  

APPLICATIONS ,. 

I n t e r p r e t i v e  maps would be g e n e r a t e d  i n  t h e  f q l l o w i n g  manner once a  l i s t  o f  

s i m i l a r  mapping u n i t s  i s  c r e a t e d .  The b a s i s  f o r  map u n i t  combina t ion  i s  t h e  

p r e d i c t e d  s o i l  b e h a v i o r  f o r  a  s p e c i f i c  use .  L ine  segments  s e p a r a t i n g  two s i m i -  

l a r  polygons need t o  be  e l i m i n a t e d .  The l i n e  segment  f i l e s  a r e  t hen  examined 

f o r  t h e  node c o o r d i n a t e s .  I t  i s  c l e a r  t h a t  f o r  each  segment  t h e r e  w i l l  two s o i l  



symbols ,  one encoded when t h e  i n i t i a l  polygon i s  d i g i t i z e d ,  t h e  second i s  

encoded when t h e  "copy" o f  t h e  p r e v i o u s l y  encoded l i n e  segment i s  e n t e r e d  f o r  a n  

a d j a c e n t  polygon. A compar ison  program w i l l  e v a l u a t e  a d j a c e n t  symbols and " t ag"  

t h o s e  l i n e  segments  which need t o  be  e l i m i n a t e d  f o r  t h e  i n t e r p r e t i v e  map. When 

t h e  maps a r e  p r i n t e d  on  a  p l o t t e r  o r  a p r i n t e r  t h e  t agged  l i n e  segments  w i l l  n o t  

b e  p r i n t e d  and t h e  p r o d u c t  i s  a  s i n g l e  f a c t o r  s o i l s  map. 

O f t e n ,  s o i l  s u r v e y  u s e r s  a r e  i n t e r e s t e d  i n  t h e  d i s t r i b u t i o n  o f  a  s p e c i f i c  

s o i l  t ype  i n  a  s u r v e y  a r e a .  An example might  be  a  highway e n g i n e e r  s e e k i n g  a 

good s o u r c e  o f  g r a v e l .  With a  d i g i t i z e d  s o i l  d a t a  b a s e  geograph ic  d i s t r i b u t i o n  

c a n  be  observed  by p l o t t i n g  a  map showing o n l y  t h e  s o i l  u n i t  o r  u n i t s  d e s i r e d  by 

t h e  u se r . .  A t a b l e  o f  t h e  a c r e a g e  f o r  t h e  s p e c i f i c  map u n i t s  can  be r a p i d l y  

p r i n t e d .  Producing  maps o r  t a b l e s  o f  map u n i t  d i s t r i b u t i o n  by a r e a  w i t h i n  t h e  

s u r v e y  i s  n o t  p o s s i b l e  w i t h  a c o n v e n t i o n a l  s o i l  s u r v e y  r e p o r t .  

The g r e a t e s t  b e n e f i t  f rom t h e  d i g i t i z e d  d a t a  b a s e  w i l l  be t h e  e a s e  w i t h  

which  i t  a l l o w s  f a b r i c a t i o n  o f  g e n e r a l  s o i l s  maps f o r  s p e c i f i c  u s e  c r i t e r i a .  I n  

a  s o i l  su rvey  such  a s  McHenry County,  t h e  f e a s i b i l i t y  o f  i r r i g a t i o n  i s  a n  i n p o r -  

t a n t  q u e s t i o n .  A s i n g l e  f a c t o r  map f o r  s o i l  w a t e r  h o l d i n g  c a p a c i t y  cou ld  b e  

produced  w i t h  t h e  d i g i t i z e d  d a t a  s e t  and wi th  g r e a t e r  a c c u r a c y  and speed t h a n  

p r e v i o u s l y  p o s s i b l e .  T h i s  p roduc t  would o n l y  be o b t a i n e d  from a  c o n v e n t i o n a l  

s o i l  s u r v e y  w i t h  a  h igh  l a b o r  i n v e s t m e n t .  With a d i g i t i z e d  d a t a  base  i t  i s  o n l y  

a f u n c t i o n  o f  a  l i s t  o f  d e l i n e a t i o n s  r e p r e s e n t i n g  s i m i l a r  s o i l  behav io r  and some 

s o p h i s t i c a t e d  programming. 

The d i g i t i z e d  d a t a  b a s e  o f  McHenry County h a s . b e e n  found by NDSU expe r imen t  

s t a t i o n  and e x t e n s i o n  s e r v i c e  s t a f f  t o  be  an  e x c e l l e n t  method f o r  d i s s e m i n a t i n g  

s o i l s  i n f o r m a t i o n .  Geographic  d i s t r i b u t i o n  o f  s o i l s  mapping u n i t s  can be h igh-  

l i g h t e d ,  and t a b l e s  o f  a c r e a g e  p u l l e d  up s o  q u i c k l y  t h a t  p r o d u c e r s  a r e  e a g e r  t o  

u s e  t h i s  sys tem t o  r e f i n e  t h e i r  management d e c i s i o n s .  
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The a b i l i t y  of  t h e  t echno logy  t o  h e l p  p roduce r s  r e f i n e  management d e c i s i o n s  

r e g a r d i n g  p o t e n t i a l  s p r i n g  wheat  y i e l d s  and f e r t i l i z e r  u s e  h a s  been used by a n  

e x t e n s i o n  s o i l s  s p e c i a l i s t  s i n c e  November of  1985. He h a s  used  an  I B M  p o r t a b l e  

compu te r ,  a  J V C  b r i e f c a s e  VCR sys t em and a  Z e n i t h  ZVM-135 m o n i t o r  a s  a  l e a r n i n g  

c e n t e r  t o  i n t r o d u c e  t h i s  t e c h n o l o g y  t o  a g r i b u s i n e s s  p e o p l e  and p roduce r s1 .  A 

v i d e o  t a p e  r e g a r d i n g  p r e s e n t  and f u t u r e  u se s  o f  s o i l  s u r v e y s  was produced and i s  

used  i n  c o n j u n c t i o n  w i t h  v i d e o  m a t e r i a l  on s o i l  b a s i c s  and p l a n t  n u t r i t i o n .  

Computer s o f t w a r e  i s  used  t o  p r e d i c t  y i e l d  p o t e n t i a l s  and f e r t i l i z e r  needs based  

on t h e  s o i l  mapping u n i t  g roup.  These  a r e  used v i a  t h e  same computer-video 

m o n i t o r  i n  "Manage f o r  t h e  Most" workshops. The sys t em i s  i n t e r f a c e d  t o  a  Sony 

1 10204 v i d e o  computer  p r o j e c t o r  when t h e  aud ience  s i z e  exceeds  10-12 peop le  . 
The a u d i o  p o r t i o n  o f  t h e  v i d e o  t a p e  has  a l s o  been used  t o  n a r r a t e  t h e  computer  

s o f t w a r e .  The u t i l i t y  and speed  o f  t h e  sys tem i s  such  t h a t  two c o n t r a c t s  have  

a l r e a d y  been s e c u r e d  from i n t e r e s t e d  a g e n c i e s  i n  Nor th  Dakota.  The l e a r n i n g  

c e n t e r  concep t  has  r e s u l t e d  an i n t e r e s t  demons t r a t ed  by t h e  a g r i c u l t u r a l  s e c t o r ,  

b o t h  p u b l i c  and p r i v a t e ,  t o  such  a n  e x t e n t  t h a t  funds  a r e  b e i n g  s e c u r e d  t o  

p u r c h a s e  a  v i d e o  s c a n n i n g  camera which can d i g i t i z e  s o i l  maps much more q u i c k l y  

t h a n  t h e  p r e s e n t  g r a p h i c s  pad encoding  system. 

Classroom e d u c a t i o n  i s  a n o t h e r  p o t e n t i a l  a p p l i c a t i o n  o f  t h e  d i g i t i z e d  d a t a -  

b a s e .  P r e s e n t l y  a  l a b  module i s  b e i n g  p repa red  f o r  S o i l s  201 s t u d e n t s  i n  t h e  

Department  o f  S o i l  S c i e n c e  a t  NDSU. S t u d e n t s  w i l l  a c t  a s  h y p o t h e t i c a l  consu l -  

t a n t s  and p r e s e n t  t h e i r  recommendation t o  a  S o i l  and Water Conse rva t ion  D i s t r i c t  

c o n c e r n i n g  t h e  l o c a t i o n  o f  a  proposed  i r r i g a t i o n  development .  S t u d e n t s  w i l l  u s e  

t h e  d i g i t i z e d  s o i l  b a s e  and a p p r o p r i a t e  r e s o u r c e s  ( i e .  p u b l i s h e d  s o i l  s u r v e y s ,  

Nor th  Dakota C o r r e l a t i o n s  Da tabase  and O f f i c i a l  S e r i e s  ~ e s c r i ~ t i o n s )  t o  g e n e r a t e  

a l i s t  of  s o i l s  which a c t  s i m i l a r l y  f o r  a  s p e c i f i c  u se .  T h i s  l i s t  w i l l  be t h e  

b a s i s  o f  a  s i n g l e  f a c t o r  s o i l s  map f o r  i r r i g a t i o n  s u i t a b i l i t y .  
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The YcHenry County S o i l  Survey  d a t a b a s e  p r o v i d e s  an  e x c e l l e n t  framework f o r  

a n  e x e r c i s e  o f  t h i s  k i n d .  There  a r e  47 s o i l  taxonomic u n i t s  and 75 mapping 

u n i t s  i n  t h e  s u r v e y .  The r ange  o f  s o i l s  i n c l u d e s  many d i f f e r e n t  p a r e n t  

m a t e r i a l s  of  g l a c i a l  o r i g i n ,  h a s  s e v e r a l  u n i t s  w i t h  w a t e r  r e s t r i c t i v e  s u b s t r a t a  

and  f i n a l l y ,  r u n s  t h e  gamut o f  s o i l  d r a i n a g e  and s a l i n i t y  c l a s s e s .  The s t u d e n t s  

w i l l  f i n d  a  c h a l l e n g i n g  e x e r c i s e  i n  g roup ing  such  d i v e r s e  s o i l s  f o r  t h e i r  r e p o r t  

t o  t h e  "Conse rva t ion  D i s t r i c t " .  Once t h e  s o i l s  a r e  g rouped ,  s t u d e n t s  can  u s e  

programs a l r e a d y  i n  p l a c e  t o  g e n e r a t e  s i n g l e  f a c t o r  s o i l s  maps. Th i s  w i l l  g i v e  

them t h e  o p p o r t u n i t y  t o  u s e  s t a t e  o f  t h e  a r t  t e chno logy  which t h e y  a lmos t  s u r e l y  . .. 

w i l l  u s e  i n  t h e i r  f u t u r e  employment i n  s o i l  s c i e n c e .  

l ~ h e  u s e  o f  t r a d e  names d o e s  n o t  imply endorsement  by Nor th  Dakota A g r i c u l t u r a l  
Experiment  S t a t i o n  o f  t h e  p r o d u c t s  named n o r  c r i t i c i s m  o f  s i m i l a r  ones  n o t  men- 
t ioned  
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