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ABSTRACT 

Th i s  p r o j e c t  i n v e s t i g a t e d  combinat ions of bo th  i r r i g a t i o n  and 
d ra inage  t rea tments  i n  o rde r  t o  de te r r r~ i r~e  t h e  best  water  management prac- 
t i c e s  f o r  f i e l d  c rop  p roduc t i on  i n  c laypan s o i l s  i n  t h e  upper Midwest. 
Four  years  o f  co rn  and one yea r  o f  soybean y i e l d  da ta  f rom f o r t y  f i e l d  
p l o t s  a r e  presented. The i r r i g a t i o n  t rea tments  were s p r i n k l e r ,  fur row,  
and no i r r i g a t i o n ;  t h e  d r a i  nage treatrr lerlts were surface, subsurface, sur-  
f a c e  p l u s  subsurface, and no drainage. 

The p l o t s  were l o c a t e d  on a c laypan s o i l  i n  sou th -cen t ra l  I l l i r ~ o i s .  
S p r i n k l e r  i r r i g a t i o n  was p rov ided  by a s o l i d  s e t  system. Furrow i r r i g a t i o n  
was done w i t h  ga ted  p ipes.  The p l o t s  w i t h  su r f ace  dra inage had a s lope  o f  
0.5%; t h e  o the rs  were graded l e v e l .  Subsurface dra inage was p rov ided  by 
p l a s t i c  t ub ing  on 2 0 - f t  centers .  Drainage wate r  f rom t h e  p l o t s  and su r -  
rounding areas was s t o r e d  i n  ponds and r e c y c l e d  as i r r i g a t i o n  water.  

The da ta  i n d i c a t e  average corn  y i e l d  increases o f  13 and 50 
bu/acre due t o  dra inage and i r r i g a t i o n ,  r e s p e c t i v e l y .  Together, they  a c t  
s y n e r g i s t i c a l l y  t o  produce an average y i e l d  inc rease  o f  92 bu/acre. 

T h i s  : syne rg i s t i c  y i e l d  inc rease  prov ides economic impetus t o  com- 
b i n i n g  i r r i g a t i o n  and dra inage systems and s t o r i n g  dra inage water  i n  
ponds o r  lakes  f o r  l a t e r  use i n  i r r i g a t i o n .  Th i s  combinat ion w i l l  have 
t h e  added e f f e c t  of conserv ing  water  resources, o f  improv ing water  use 
e f f i c i e n c y  and downstream water  qua1 i ty ,  and o f  lessen ing  downstream 
f l o o d i n g .  
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INTRODUCTION 

Water management on a g r i c u l t u r a l  lands i s  a problem o f  utmost con- 

ce rn  i f  we are t o  meet t h e  demands fo r  food and f i b e r  i n  t he  t w e n t y - f i r s t  

century. Proper water management can r e s u l t  i n  conservat ion o f  water 

suppl ies,  decreased f lood ing ,  improved discharge-water q u a l i t y ,  and i n -  

creased c rop  product ion.  The midwestern s o i l s  w i t h  t he  g rea tes t  need f o r  

water management research are those w i t h  a claypan. 

There are about 10 m i  11 i o n  acres of c l  ayparl s o i l s  i n  t h e  Midwest. 

These s o i l s  have a 6- t o  18- inch l a y e r  o f  s i l t  loam t o p s o i l  w i t h  a heavy 

c l a y  subsoi l .  The topography associated w i t h  these s o i l s  i s  q u i t e  f l a t  

w i t h  u s u a l l y  l e s s  than 0.5 percent slope. And, o f t en ,  groundwater 

supp l ies  are l i m i t e d .  The crop y i e l d s  on these s o i l s  are u s u a l l y  low 

because o f  l i m i t e d  water management. With proper water management these 

s o i l s  can be very p roduc t ive  every year. 

The area w i t h  t he  l a r g e s t  concent ra t ion  o f  c laypan s o i l s  i s  south- 

c e n t r a l  I l l i n o i s .  The mean annual p r e c i p i t a t i o n  i n  t h i s  area i s  40 

inches, which would be p l e n t i f u l  f o r  crop produc t ion  i f  it were proper ly  

d i s t r i b u t e d .  Unfor tunate ly ,  excess r a i n f a l l  o f t e n  occurs i n  t h e  spr ing, 

c o n t r i b u t i n g  t o  a problem o f  excessive ly  wet so i  1 s; and o f t e n  the re  are 

severa l  weeks w i thou t  r a i n f a l l  i n  t h e  summer, causing drought. Per iods 

o f  excessive'ly wet s o i l  and per iods o f  drought o f t e n  occur  w i t h i n  t h e  

same growing season. 

IRRIGATION AND DRAINAGE 

The water management p rac t i ces  needed f o r  these s o i l s  are i r r i g a -  

t i o n  and drainage. The t h i n  t o p s o i l  i n  c l  aypan areas means t h a t  crop 

r o o t s  have o n l y  a small vo l  ume o f  s o i l  f rom which t o  e x t r a c t  water be- 

tween r a i n f a l l  events. Therefore, i r r i g a t i o n  i s  necessary t o  avo id  p l a n t  

s t r e s s  dur ing  these per iods  and t o  maximize y i e l d s .  The v i r t u a l  absence 

o f  groundwater suppl i e s  i n  t h i s  area means t h a t  i r r i g a t i o n  must r e l y  on 

development o f  sur face  water resources. Many farmers are c o n s t r u c t i n g  

ponds on t h e i r  p rope r t y  t o  ca tch  and s t o r e  i n t e r m i t t e n t  r u n o f f  and t o  d i -  

v e r t  peak storm f l ows  f o r  l a t e r  use i n  i r r i g a t i o n  as we l l  as t o  reduce 

s o i l  erosion. I r r i g a t i o n  must be done very e f f i c i e n t l y  i n  o rder  t o  con- 



serve water  s u p p l i e s -  Near ly  a l l  o f  t h e  i r r i g a t i o n  done i n  t h e  Midwest 

i s  by s p r i  nk l  ers.  However, because c l  aypan s o i  1  s  have an impermeable' 

subsur face l a y e r  and a f l a t  topography, t hey  a re  p a r t i c u l a r l y  adaptable 

t o  f u r row  i r r i g a t i o n ,  which can be more energy e f f i c i e n t  and more water 

e f f i c i e n t  i f  t a i  l w a t e r  i s  c o l l  ec ted and reused. Th is  research p rov ides  

i n f o r m a t i o n  necessary t o  i r r i g a t e  t h i s  s o i  1  e f f i c i e n t l y  bo th  by s p r i  nk- 

1  e r s  and by f u r row  i r r i g a t i o n .  A d d i t i o n a l  ly, t h e  demonstrat ion f u n c t i o n  

o f  these p l o t s  p rov ides  p a r t  of t h e  impetus requ i red  f o r  farmers t o  s t a r t  

choos ing t h e  more e f f i c i e n t  furrow i r r i g a t i o n  system. 

A d ra inage  system i s  needed on these so i  1  s  t o  remove t h e  excess 

water which e x i s t s  nea r l y  every  s p r i n g  and occas iona l l y  l a t e r  i n  t h e  

growing season. The subsurface so i  1  l a y e r s  are impermeable, thereby 1 i m -  

i t i n g  n a t u r a l  subsur face drainage; and t h e  sur face  topography i s  gener- 

a l  l y  f l a t  w i t h  occas ional  depressions, thereby 1 i m i  t i  ng na tu ra l  su r face  

drainage. 

The p r e s e n t l y  recommended dra inage p r a c t i c e  on t h i s  s o i l  i s  sur-  

f ace  d r a i  nage (1 and g rad ing) .  Conver~ t i  onal subsurface d r a i  nage systems 

w i l l  n o t  work because o f  t h e  c l a y  subsoi l .  Sur face dra inage systems are  

no t  e n t i r e l y  s a t i s f a c t o r y  because t h e  requ i red  g rad ing  removes t h e  t op -  

s o i l  f rom some areas o f  a  f i e l d  and reduces i t s  p r o d u c t i v i t y .  Add i t i on -  

a l l y ,  su r f ace  d ra inage  water  i s  laden  w i t h  sediments and n u t r i e n t s .  A 

subsur face d ra inage  system cou ld  be more s a t i s f a c t o r y .  It would no t  re -  

q u i r e  t h e  moven~ent o f  t o p s o i l ,  and t he  dra inage wate r  would be v i r t u a l l y  

f r e e  o f  sediment and have a lower  n u t r i e n t  concen t ra t ion .  

The advent o f  co r ruga ted  p l a s t i c  d r a i n  t u b i n g  rnakes p o s s i b l e  t h e  

manufacture o f  1  ower-cost smal l  -d iameter  subsurface d r a i n  1  ines.  I n  

c l  aypan so i  1, these  l i n e s  can be p laced a t  c l ose  spacings above t he  c l a y -  

pan l a y e r .  Th is  t y p e  o f  system was no t  f e a s i b l e  w i t h  conven t iona l  d r a i n  

ma te r i a l s .  Th i s  research p r o j e c t  a l s o  addresses t h i s  t ype  o f  dra inage 

system and he1 ps p r o v i d e  t h e  i n f o r m a t i o n  necessary t o  des ign  an optimum 

subsur face d ra inage  system. 

When i r r i g a t i o n  and dra inage p r a c t i c e s  a re  i n teg ra ted ,  t h e  d ra in -  

age water  i s  s t o red  i n  a  su r f ace  r e s e r v o i r  and used f o r  i r r i g a t i o n  d u r i n g  

drought per iods.  By r e c y c l i n g  t h e  water,  t he  conserva t ion  o f  water  supp l i es  



w i l l  be max.irnized because t h e  amount of water  l e a v i n g  t h e  f a rm  w i l l  be 

minimized. Th i s  i n  t u r n  w i l l  s u b s t a n t i a l l y  lessen  t h e  p o t e r l t i a l  f o r  

downstream f lood ing .  Furthermore, t h e  s to rage  o f  t h i s  wa te r  wi 11 improve 

t h e  q u a l i t y  of t h a t  water  which does l eave  t h e  l and  because t h e  amounts 

o f  chemical  and sediment p o l l u t a n t s  l e a v i n g  t h e  f a r m  w i l l  be g r e a t l y  

reduced. 

The combinat ion of i r r i g a t i o n  and dra inage should a1 so have a 

s y n e r g i s t i c  e f f e c t  on c rop  y i e l d s ;  t h a t  i s ,  t h e  i nc rease  i n  c rop  y i e l d  

due t o  i r r i g a t i o n  p l us  d ra inage  should more than  equal t h e  inc rease  i n  

y i e l d  due t o  i r r i g a t i o n  a lone  added t o  t h e  i nc rease  i n  y i e l d  due t o  

d ra inage  alone. The reason i s  t h a t  poor dra inage can negate y i e l d  i n -  

creases due t o  i r r i g a t i o n  and t h a t  drought  can s i m i l a r l y  negate y i e l d  

inc reases  due t o  b e t t e r  d r a i  nage. 

PREV IOUS WORK 

.This research p r o j e c t  b u i l d s  on t h e  p rev ious  e f f o r t s  o f  t h e  p r i n -  

c i p a l  i n v e s t i g a t o r s .  I n  1976 an ex tens i ve  l i t e r a t u r e  search was done t o  

f i n d  a v a i l a b l e  i n f o r m a t i o n  on wate r  management f o r  c l  aypan so i  1  s  and t o  

deter ln i r le a  s u i t a b l e  research p l a n  f o r  f u t u r e  work (Walker and Lembke, 

1977). Th i s  p rev ious  e f f o r t  was supported by t h e  I l l i n o i s  Water 

Resources Center. The Departments o f  A g r i c u l t u r a l  Eng ineer ing  and 

Agronomy a t  t h e  U n i v e r s i t y  o f  I 1  1  i n o i  s  a t  Urbana-Champai gn co l  1  aborated 

on an i r r i g a t i o n  s tudy  on sandy s o i l s  frorn 1974 th rough  1979 and a re  now 

conduc t ing  i r r i g a t i o n  research  on rec la imed s t r i p -m ined  so i  1  s. The i n -  

f o r m a t i o n  and exper ience  gained a s s i s t e d  i n  t h e  des ign  o f  t h i s  s tudy and 

enhanced i t s  success. 

LIMITATIONS 

Funding problems l i m i t e d  t h e  scope o f  t h i s  p r o j e c t .  The O f f i c e  o f  

Water Research and Technology (OWRT) o f  t h e  U.S. Department o f  t h e  

I n t e r i o r  approved t h e  th ree-year  p r o j e c t  and p rov i ded  f i r s t - y e a r  funds 

f o r  t h e  p r o j e c t  as p a r t  o f  a  f o u r - s t a t e  r eg iona l  e f f o r t  i n c l u d i n g  

Ind iana ,  Iowa, Minnesota, and I l l i n o i s .  Funding was not ,  however, p ro -  



vided dur ing  t h e  second and t h i r d  years of the  p ro jec t ,  presumably be- 

cause o f  a new OWRT pol i c y  against  funding reg iona l  p ro jec ts .  

Funds from o the r  sources were found which enabled the  c o n t i  nuat i on 

o f  t h e  p r o j e c t  t h e  second year  on a very 1 i m i t e d  basis.  Without t he  ad- 

d i t i o n a l  two years of data, on ly  1 i m i t e d  inferences can be made from t h i s  

study. 

OWRT has r e c e n t l y  provided the  funds t o  cont inue the  t o t a l  moni- 

t o r i n g  program f o r  another two years. 



METHODS 

F o r t y  f i e l d  p l o t s  were e s t a b l i s h e d  on a Cisne Assoc ia t i on  s o i l  a t  

t h e  Brownstown Agronomy Research Center i n  southern I 1  1  i n o i  s. The cen te r  

i s  l o c a t e d  on Ill i n o i s  Route 185 about e i g h t  m i l e s  eas t  o f  Vandal i a ,  

I 1  1  i n o i  s. The setup i nc l uded  rep1 i c a t  i ons  of each o f  severa l  i r r i g a t i o n  

and d r a i  nage t rea tment  combi n a t  i ons f o r  bo th  corn  a.nd soybeans. These 

p l o t s  were i r l s t ru l~ len ted  f o r  meteor01 o g i c a l  and water  ba l  ance measure- 

ments-- that i s ,  t h e  amount of water  en te r i ng ,  leav ing ,  and be ing  s t o r e d  on 

each o f  t h e  p l o t s .  A d d i t i o n a l l y ,  semi weekly p l a n t  l e a f  water  p o t e n t i a l  

and annual g r a i n  y i e l d s  were determined f o r  each p l o t .  

These measurements were used t o  g i v e  annual averages o f  t h e  ef- 

f e c t s  of  each o f  t h e  t rea tment  combinat ions. However, tens  o f  years  of 

da ta  would need t o  be c o l l e c t e d  be fo re  t h e  data cou ld  be expected t o  rep- 

r esen t  long- te rm average e f f e c t s .  Th is  l o n g e v i t y  would be r e q u i r e d  be- 

cause y e a r l y  v a r i a t i o n s  i n  t h e  weather p a t t e r n  a re  s u b s t a n t i a l .  

Because such long- term s tud ies  a re  i m p r a c t i c a l ,  it was decided t o  

use t h e  r r~e teoro log ica l  wa te r  balance, 1  eaf water  p o t e n t i a l ,  and y i e l d  

measurements taken over a  th ree-year  p e r i o d  t o  develop r e l a t i o n s h i p s  be- 

tween ( 1 )  weather and s o i l  mois ture,  i .e., a  water  balance, ( 2 )  s o i l  

mois ture,  weather, and l e a f  water  p o t e n t i a l ,  and (3)  l e a f  water p o t e n t i a l  

and c rop  y i e l d .  These re1  a t i o r ~ s h i p s  would then  be corr~bined w i t h  h i s t o r i -  

c a l  weather da ta  t o  p r e d i c t  t h e  long- term e f f e c t s  o f  each water  manage- 

ment combinat ion t reatment .  

Because o f  t h e  c u t - o f f  o f  funds mentioned e a r l i e r ,  t h i s  e n t i r e  

program was n o t  c a r r i e d  ou t  f o r  t h e  t h r e e  years  o r i g i n a l l y  planned. 

F i e l d  p l o t s  were cons t ruc ted  and corr~plete data were co l  l e c t e d  d u r i n g  t h e  

f i r s t  f u l l y  funded year.  Meteoro log ica l  and y i e l d  da ta  were t h e  o n l y  

use fu l  measurements taken d u r i n g  t h e  second and f i n a l  year  o f  t h i s  

study. 



SOIL INFORMATION 

The s o i l s  t h a t  make up the  Brownstown Research Center a re  p r i m a r i -  

l y  Cisne Assoc ia t ion  types. The Cisne se r ies  i s  a f i n e ,  m o n t m o r i l l o n i t i c ,  

mesic M o l l i c  A1 baqualf. These s o i l s  t y p i c a l l y  have very dark g ray i sh  

brown s i l t  loam Ap horizons. The A2 hor izons a re  g ray i sh  brown and l i g h t  

gray s i l t y  types. Mo t t l ed  g ray i sh  brown heavy s i l t y  c l a y  loam makes up 

the  B2t  horizons. Mo t t l ed  l i g h t  brownish gray s i l t y  c l a y  loam B3 horizons 

and dark gray ish  brown s i l t  loam C hor izons a t  depths o f  about 60 inches 

complete the  s o i l  p r o f i l e  of the  Cisne ser ies .  T y p i c a l l y ,  there  i s  a very 

t i g h t  claypan l a y e r  l oca ted  between the  12- and 18-inch depths. F igure 1 

i n d i c a t e s  the  l o c a t i o n  o f  the  Cisne s i l t  loam and associated s o i l s  i n  Illi- 

nois.  The s o i l  types i n  the  experimental  p l o t s  a re  shown i n  F igure 2. 

Note t h a t  the  p l o t s  a re  made up o f  two Cisne Assoc ia t ion  s o i l  types, the  

Cisne and the  Hoyleton. The major  d i f f e r e n c e  between the  two i s  slope: 

Hoyleton i s  g e n t l y  t o  moderately s lop ing  w h i l e  t he  Cisne i s  nea r l y  l e v e l .  

TREATMENT COMB IN ATIONS AND LAY OUT 

The demonstration-research study area cons is ted  o f  two sets o f  

twenty one-sixth-acre p lo t s ,  each having one o f  t e n  d i f f e r e n t  i r r i g a t i o n  

and drainage treatments. Corn was grown on one se t ,  soybeans on the  

other .  The corn p l o t s  were es tab l ished i n  1976, p r i o r  t o  t he  beginning 

o f  t h i s  study. The soybean p l o t s  were s t a r t e d  i n  1980. The i r r i g a t i o n  

treatments were s p r i n k l e r ,  sur face  ( furrow),  and no i r r i g a t i o n ,  w h i l e  t h e  

drainage treatments were surface, subsurface, both sur face and subsurface, 

and no drainage. Because of the  phys ica l  incompat ib i l  i t y  o f  some treatment 

combinations, on l y  t e n  o f  the  poss ib le  twelve combinations were used. Fur- 

row i r r i g a t i o n  requ i res  the  f i e l d  t o  s lope i n  one d i r e c t i o n ,  thus r u l i n g  

o u t  the  p a i r i n g  o f  fu r row i r r i g a t i o n  and treatments w i thou t  surface d ra in -  

age. The t reatment  combinations used i n  the  study are shown i n  F igure 3. 

The p l o t  c o n f i g u r a t i o n  and treatment l a y o u t  are shown i n  F igure  4. Each 

p l o t  ~~leasurerd 64 f t  by 108 ft. An earthen d i ke  i s o l a t e d  each p l o t  from sur- 

face water sources. A v e r t i c a l  p l a s t i c  f i l m  placed t o  a depth of 5 ft 

r e s t r i c t e d  the  movement o f  subsurface water i n t o  and o u t  o f  each i n d i v i d u a l  

p l o t .  





Figure  2. S o i l s  map f o r  p l o t  area. 

Soi 1 types shown are: 
2AO -- Cisne, 0-1.52 slope, no eros ion  
3A0 -- Hoyleton, 0-1.5% slope, no eros ion  
3B1 -- Hoyleton, 1.5-5.0% slope, s l i g h t  e ros ion  



IRRIGATION 

SURFACE 

SUBSURFACE 

SURFACE 
PLUS 

SUBSURFACE 

NONE 

FURROW SPRINKLER NONE 

Figure 3. Treatment combinations w i t h  
a rb i  trari l y  assigned numbers. 





Surface-drained p l o t s  had a slope o f  0.5 percent p a r a l l e l  w i t h  the  

l ong  d imer~s ior~  of t he  p l o t .  Runoff was discharged t o  a c o l l e c t i o n  sump 

a t  t he  end of the  p l o t .  Corrugated p l a s t i c  t ub ing  3 inches i n  diameter 

prov ided t h e  subsurface drainage. Three l i n e s  spaced 20 ft apar t  were 

i n s t a l l e d  i n  each p l o t ,  w i t h  an average depth o f  s o i l  cover o f  1 ft. The 

d r a i n  1-ines, which were p a r a l l e l  w i t h  the  long dimension o f  t he  f i e l d ,  

were i n s t a l l e d  w i t h  a slope o f  0.2 percent on p l o t s  w i t h  only  subsurface 

drainage. The p l o t s  t h a t  had on ly  subsurface drainage were graded l e v e l .  

The d r a i n  1 ines  i n  t he  sur face p lus subsurface drainage p l o t s  had 0.5% 

s 1 ope. 

P l o t s  w i thout  drainage were graded 1 evel and, 1 i ke the  o ther  

p l o t s ,  had earthen d ikes and p l a s t i c  f i l m  b a r r i e r s  t o  r e s t r i c t  movement 

o f  water i n t o  o r  out  o f  the  p lo t s .  

Water f o r  i r r i g a t i o n  was pumped from two nearby ponds. Furrow 

i r r i g a t i o n  water was appl i e d  between each row by means o f  gated pipe: 

row slope was 0.5 percent. S p r i n k l e r  spacing was 32 ft x 32 ft. I r r i g a -  

t i o n  water was app l ied  a t  t he  r a t e  o f  0.2 inch  per  hour w i t h  t h e  fu r row 

i r r i g a t i o n  and 0.1 i nch  per hour w i t h  the  s p r i n k l e r  system. I r r i g a t i o n  

e f f i c i e n c y  du r ing  the  f i e l d  study was assumed t o  be 0.80 f o r  t he  spr ink-  

l e r  system ar~d 0.95 f o r  t he  gated pipe. These f i g u r e s  were used t o  

determine water volume amounts requ i red  t o  achieve the  desi red r ~ e t  irri- 

gat i on appl i ca t  i on. 

IRRIGATION SCHEDULING 

To schedul e i rri gat i on, a seven-day moisture t o t a l  was determined 

each day by adding the  amount o f  p r e c i p i t a t i o n  p lus i r r i g a t i o n  received 

on a g iven day t o  t h a t  received i n  t h e  prev ious s i x  days. Enough i r r i g a -  

t i o n  water was then app l ied  t o  r a i s e  the  t o t a l  t o  a value o f  1 inch. 

Three days were requ i red  t o  complete an i r r i g a t i o n  cyc le,  thus a1 lowing 

t h e  p o s s i b i l i t y  o f  t he  seven-day moisture t o t a l  dropping below the  1- inch  

1 evel  du ri ng a 2-day pe r i  od. 



AGRONOMIC PKACTI CES 

A  n o - t i  11 c ropp i  ng system was used w i t h  f e r t i  1  i z e r  appl  i c a t i o n s  

made a t  a  r a t e  r e q u i r e d  f o r  h i gh - l eve l  management cropping. 

1979 Corn 

Du r i ng  t h e  1979 season, a  M issour i  17 x  HlOO co rn  h y b r i d  was used. 

A l l  d ra ined  p l o t s  were p l an ted  on May 9; t h e  undrained p l o t s  were 

p l a n t e d  on June 6. Ac tua l  p l a n t  popu la t i on  was 21,000 p l a n t s  per  ac re  

on t h e  u n i r r i g a t e d  p l o t s  and 26,000 p l a n t s  pe r  acre on t h e  i r r i g a t e d  

p l o t s .  Ha rves t i ng  occurred on September 26 f o r  t h e  d ra ined  p l o t s  and on 

October 30 f o r  t h e  undra ined p l o t s .  

Prep1 an t  f e r t i  1  i z e r  appl i c a t i o r ~ s  cons i s ted  o f  17-45-0 a t  300 1  b  

p e r  acre, 0-0-60 a t  150 l b  pe r  acre, and 34-0-0 a t  600 l b  pe r  acre. An 

a d d i t i o n a l  300 l b  per  acre of 34-0-0 was added a f t e r  p l an t i ng ,  g i v i n g  a  

t o t a l  a p p l i c a t i o n  o f  357-135-90 pe r  acre.  Weed c o n t r o l  cons is ted  o f  

Lasso a t  2  q t  p e r  a c r e  and AATrex 4L a t  1.5 q t  p e r  acre.  

1980 Corn 

Du r i ng  t h e  1980 season, two corn  hyb r i ds  were used. The eas t  12 

rows o f  each p l o t  were Pior leer 3183, and t h e  west 8  rows were P ioneer  

7227 (exper imenta l  ). A1 1  p l o t s  were p l an ted  on May 13, and p l a n t s  

emerged on May 21. The popu la t i on  a t  harves t  was 24,000 p l a n t s  pe r  ac re  

on u n i r r i g a t e d  p l o t s  and 33,000 p l a n t s  per  acre on i r r i g a t e d  p l o t s .  The 

p l o t s  were harvested between October 1 and October 10. 

The p r e p l a n t  f e r t i l i z e r  a p p l i c a t i o n  cons i s ted  o f  34-0-0 a t  200 1b 

p e r  acre,  0-46-0 a t  200 l b  p e r  acre, and 0-0-60 a t  150 l b  per  acre. An 

a d d i t i o n a l  200 1  b  o f  34-0-0 was added i n  two pos tp l an t  appl i c a t i o n s ,  g i v -  

i n g  a  t o t a l  a p p l i c a t i o n  o f  204-92-90 per  acre. The p e s t i c i d e s  a p p l i e d  

were Bladex 4L a t  1.5 q t  per acre, Dual 8E a t  1.25 q t  per  acre, and 

Furadan 10-G a t  14 l b  per  acre. 



1980 Soybeans 

I n  1980, two soybean v a r i e t i e s  were used. The east 12 rows o f  

each p l o t  were Will iams, and the  west 8 rows were M i t c h e l l .  A l l  p l o t s  
were p l  anted on May 27. The p lan t  populat ion was 130,000 p lan ts  per 

acre. The W i  11 iams v a r i e t y  was harvested on October 1, and the  M i t c h e l l  

v a r i e t y  was harvested on October 8. 

The f e r t i l i z e r  a p p l i c a t i o n  consisted o f  0-46-0 a t  220 l b  per acre 

and 0-0-60 a t  330 l b  per acre, g i v i n g  a t o t a l  a p p l i c a t i o n  o f  0-101-198 

per  acre. The pest ic ides  app l ied  were Paraquat a t  1 q t  per acre w i t h  

X-77 surfactar l t ,  Sencor 4 a t  0.75 p t  per  acre, and Lasso a t  2 q t  pe r  

acre. On August 27, Cygon 400 a t  1 p t  per acre was app l ied  t o  cont ro l  

grasshoppers. 

INSTRUMENTATION AND DATA COLLECTION 

Dur ing the  1979 growing season, th ree types o f  s o i l  moisture moni- 

t o r i n g  equipment were i n s t a l  led :  tensiometers, gypsum blocks, and neutron 

probe access tubes. The tensiometers were purchased from So i lmois ture  

Equipment Corporation, Santa Barbara, C a l i f o r n i a .  The gypsum blocks 

and gypsum block meter were purchased from Deltnhorst Instrutvent Company, 

Boonton, New Jersey. The i ntermediate-scal ed gypsum b l  ock meter and t h e  

Ser ies 2300 tensiometer tubes were used. 

Each p l o t  contained two complete sets o f  instruments f o r  measuring 

s o i l  moisture, one a t  t he  h a l f  d r a i n - l i n e  spacing and one a t  t h e  quar ter  

d r a i  rl-1 i n e  spacing. Each set  c o r ~ t a i  ned th ree tensiorneters, th ree gypsum 

blocks, and one neutron probe access tube. Tensiometers and gypsum 

blocks were i n s t a l l e d  a t  1-ft, 2 - f t ,  and 3 - f t  depths. Neutron probe 

readings were taken a t  depths o f  6 i n ,  1 ft, 2 ft, 3 ft, 4 ft, and 5 ft. 

Tensiometer ar~d gypsum b'l ock readings were taken on a d a i l y  basis, wh i le  

neutron probe measurements were taken on a weekly basis--mainly because 

o f  t he  l a r g e  amount o f  t ime requ i red  f o r  neutron probe readings. 

Grav imet r ic  soi  1 moisture sampl i n g  and bul k dens i ty  sampl i ng were 

a l s o  c a r r i e d  out  on var ious p l o t s  th ree times dur ing  the  growing season 

a t  t h e  1-, 2-, and 3 - f t  depths. Gravirnetric sampling was done w i t h  the  

use o f  a hol  low-tube s o i l  probe. Samples were taken a t  each depth and 



d r i e d  12 hours a t  100 degrees Cels ius.  Bulk  d e n s i t y  sampl ing was done a t  

t h e  same t h r e e  depths w i t h  2 - inch  brass r ings.  The o v e r a l l  average bu l k  

d e n s i t y  was t hen  c a l c u l a t e d  and used t o  conver t  t h e  g r a v i m e t r i c  da ta  t o  

vo lume t r i c  s o i  1  moisture.  Th is  was done t o  enable comparisons between 

g r a v i m e t r i c a l  l y  sampled percen t  s o i l  mo i s tu re  and measurements by t h e  

o t h e r  t h r e e  methods. 

A lso  du r i ng  1979, d ra inage  amounts from bo th  su r f ace  and subsurface 
dra inage were monitored, us ing  p l a s t i c  d r a i n  sumps 18 inches i n  d iameter  t o  

c o l  1  e c t  t h e  water. Sump-pumplcl ock c o n f i  gu ra t  i o n s  were used t o  measure 

t h e  water  v o l  umes. Whenever t h e  i n f l o w  i n t o  t h e  sumps r a i s e d  t h e  wate r  

l e v e l  enough t o  sw i t ch  on t h e  sump pump, t h e  water  would be pumped i n t o  

t h e  d ischarge  sump. Inc luded  i n  t h e  pump l i n e  was a  mercury sw i t ch  t h a t  

caused t h e  c l ocks  t o  r u n  whenever water  was be ing  pumped from t h e  d ra in -  

age sumps i n t o  t h e  d ischarge  sump. This  setup enabled us t o  measure t h e  

pump runn ing  t i m e  and thus  es t ima te  t h e  dra inage wate r  volume f rom each 

p l o t .  

Ex tens i ve  meteoro log ica l  data were a1 so co l  1  ec ted  d u r i n g  1979, 

i n c l u d i n g  d a i  l y  maximum and minimum a i r  temperatures, 24-hour re1 a t i v e  

humid i t y ,  r a i n f a l l ,  c l a s s  A  pan evaporat ion,  and wind t r a v e l .  

P l a n t  l e a f  water  p o t e n t i a l s  were taken, us i ng  t h e  pressure bomb 

method, t o  i n d i c a t e  p l a n t  wa te r -s t ress  c o n d i t i o n s  throughout  t h e  growing 

season f o r  va r ious  s o i  1  mo is tu re  cond i t ions .  The l e a f  water  p o t e n t i a l  

readings were taken  between 6:00 and 7:00 A.M. t o  i n s u r e  cons is tency  o f  

env i ro r~ r r~en t  among a1 1  twenty  p l o t s .  One t o  two hours are requ i red  t o  

t a k e  these  readings on twenty  p l o t s ,  and t h e  l e a f  water  p o t e n t i a l  i s  

n e a r l y  cons tan t  a t  t h i s  t i m e  o f  day. 

Y i e l d  data were taken  u s i n g  a  s c a l e - t i p  bucket dev ice  i n s t a l l e d  on 

t h e  commercial g r a i n  ha rves te r  normal l y  used f o r  y i e l d  measurement a t  t h e  

Brownstown farm. 



FIELD DATA ANALYSIS 

SOIL M O I  STlJRE 

F igu res  5, 6, and 7  show t h e  r e l a t i o n s h i p s  between g r a v i m e t r i c a l l y  

sampled s o i l  mo i s tu re  and t h e  o t h e r  t h r e e  methods i n  1979. As one can 

see f r om t h e  R~ values, t h e  c o r r e l a t i o n  between t h e  data s e t  and t h e  

bes t  f i t  curve  i s  no t  good even a t  t h e  one-foot depth. The neut ron probe 

da ta  (F igu re  7 )  seem t o  i n d i c a t e  mo is tu re  l e v e l s  about 10 percen t  h i ghe r  

t han  t h e  g r a v i m e t r i  c  readings. Th is  cou ld  be a t t r i b u t e d  t o  i naccu ra te  

c a l i b r a t i o n  o f  t h e  probe a t  t h e  f ac to r y ,  o r  t h e  measured s o i l  bu l k  den- 

s i t y  o f  1.45 gm/cc may have been h ighe r  than t h e  t r u e  value. The tensiom- 

e t e r  da ta  (F igu re  5) seem t o  have l e s s  d e v i a t i o n  than t h e  neu t ron  probe 

data,  as i n d i c a t e d  by t h e  R~ values. 

PLANT STRESS 

P l a n t  s t r ess ,  as i n d i c a t e d  by l e a f  water  p o t e n t i a l ,  was monitored 

u s i n g  t h e  p ressure  bomb method. The p ressure  bomb measures t h e  amount o f  

pressure needed t o  overcome t h e  p l a n t ' s  own h o l d  on t h e  l e a f  mois ture.  

The h i g h e r  t h e  p l a n t ' s  s t r e s s  cond i t i on ,  t h e  lower  t h e  p l a n t  l e a f  wa te r  

p o t e n t i a l .  F i gu res  8, 9, and 10 show r e l a t i o n s h i p s  between t h e  t h r e e  

mo i s tu re  m o n i t o r i n g  dev ices and p l a n t  l e a f  water  p o t e n t i a l .  These f i g -  

u res  represen t  t h e  i n v e r s e l y  p r o p o r t i o n a l  r e l a t i o n s h i p  between s o i l  mois- 

t u r e  a r ~ d  p l a n t  s t ress .  However, one would expect  t h a t ,  a t  t h e  h i ghes t  

mo is tu re  l e v e l  s, p l a n t  s t r e s s  would agai n  increase because o f  decreased 

r o o t  ae ra t i on .  Th i s  r e l a t i o n s h i p  was no t  found. Even i n  t h e  undra ined 

p l o t s ,  where s tand ing  wate r  remained f o r  l ong  per iods  a f t e r  heavy r a i n -  

f a1  1  , p l a n t  1  ea f  wa te r  p o t e n t i a l  d i d  no t  decrease on t h e  1  i ve p l  ants  even 

though many o f  t h e  p l a n t s  d i ed  and t h e  y i e l d s  i n  these p l o t s  were g r e a t l y  

reduced. 

I r r i g a t i o n  schedul i n g  i n f o r m a t i o n  can be taken f rom F igu res  8, 9, 

and 10. P l a n t  l e a f  wa te r  p o t e n t i a l  decreased t o  -0.55 bars  a t  approx i -  

mate ly  34-40% s o i l  mo is tu re  as measured by t h e  neut ron probe, 400-600 

mbars s o i  1  rna t r i c  s u c t i o n  as measured by t h e  tens iometer ,  and 6.0 t o  8.0 

sca le  u n i t s  o f  t h e  gypsum b lock ,  a l l  o f  which equal approx imate ly  25% 

s o i l  mo i s tu re  as measured g r a v i m e t r i c a l l y .  Any one o f  these methods of 



F igu re  5. S o i l  m a t r i c  s u c t i o n  (mbars) versus v o l  urnetr ic 
percen t  s o i l  mois ture,  bo th  from the  1-ft depth. 
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GYPSUM BLOCK METER READING 

% V o l u m e t r i c  S o i l  Moisture 

= +19 .7  exp [ O .  0 4 7 7  ( ~ y p s u m  B l o c k  Meter R e a d i n g )  ] 

F igu re  6. Gypsum b lock  meter reading versus vo l  un iet r ic  
percent  s o i l  moisture,  bo th  from the  1-ft depth. 
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Figure 7. Neutron-probe-measured percent soil moisture 
versus vol umetric percent soi 1 moisture, both 
from the 1-ft depth. 
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Figure 8. Neutron-probe-measured percent  s o i l  mo is tu re  a t  the  
1-ft depth versus p l a n t  l ea f  water p o t e n t i a l  (bars )  
from p l o t s  5-N and 6-S du r ing  t h e  month o f  Ju ly ,  1979. 
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Leaf Water Potential 

= -0.270 exp [0.00223(Soil Matric suction)] 

Figure  9. Soi 1  m a t r i c  suc t i on  (mbars) from tensiometer measurement 
a t  t he  1-ft depth versus p l a n t  l e a f  water p o t e n t i a l  (bars )  
f rom p l o t s  5-N and 6-S du r i ng  the  month o f  Ju ly ,  1979. 
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Leaf Water P o t e n t i a l  

= -1.38 exp [-0.113(Gypsum Block Meter Reading)]  

Figure  10. Gypsum b lock  meter reading frorn the  1-ft depth 
versus p l a n t  l e a f  water p o t e n t i a l  (bars )  f rom 

- p l o t s  5-N and 6-S dur ing  the  month o f  Ju l y ,  1979. 



mon i to r i ng  s o i  1 mo is tu re  can i n d i c a t e  when i r r i g a t i o n  water appl i c a t i o n  

i s  warranted. The data from the  2 - f t  tens iometer  depth i nd i ca tes  t h a t  

minimal mo is tu re  was removed from t h a t  depth and t h a t  t he  claypan l a y e r  

near t h e  1-ft depth funct ioned as a b a r r i e r  t o  s o i l  moisture removal by 
t h e  crop f rom depths below the  1-ft l e v e l .  

DRAINAGE 

Drainage vol umes fo r  a1 1 p l o t s  were monitored us ing  submersible 

sump pumps t o  remove runof f  water from c o l l e c t i o n  sumps on each drained 

p l o t .  The pump r u n  t ime  was monitored us ing  standard-product ion alarm 

c locks  w i t h  second hands. Pump response curves f o r  var ious  i n f l o w  r a t e s  

were used t o  conver t  c lock t ime t o  p l o t  runof f .  The accuracy o f  t h i s  

technique was judged t o  be unsa t i s fac to ry .  

The surface and subsurface d r a i n  volumes are  shown i n  Table 1. A 

ten-day storm 1 a s t i n g  f rom J u l y  23 t o  August 1 produced 74% o f  t he  sea- 

son's r a i n f a l l  and an even l a r g e r  percentage o f  the  season's runo f f .  

Th is  storm has a recurrence i n t e r v a l  o f  approximately one hundred 

years. 

One o f  the  rnost i ~ l l po r tan t  t h i n g s  learned from these data i s  t h a t  

t h e  subsurface drainage system can remove l a r g e  volun~es o f  water on t h e  

p l o t s  w i thou t  sur face drainage, as i s  p a r t i c u l a r l y  ev ident  f o r  t h e  

J u l y  23 t o  August 1 storm. 

The data i n  Table 1 a l s o  show t h a t  f o r  every storm the  sur face 

dra inage f rom t h e  f u r r o w - i r r i g a t e d  p l o t s  i s  much g rea te r  than from t h e  

s p r i  nk l  e r - i r r i  gated p lo t s .  This  presumably r e s u l t s  frorn t he  f a c t  t h a t  

t h e  f u r r o w - i r r i g a t i o n  water c rea tes  wel l -developed pathways through t h e  

f i e 1  d--the fur rows between the  rows. They c a r r y  water very e f f i c i e n t l y  

because t h e  i r r i g a t i o n  water has made t h e  fu r row sur face smooth so t h a t  

i t  doesn' t  t r a p  water. The fu r row i s  a1 so l i k e l y  t o  be wet ter ,  so the re  

i s  l e s s  i n f i l t r a t i o n .  The increased sur face drainage may be e i t h e r  a 

b e n e f i t  o r  a detr iment.  Dur ing per iods when the  so i  1 moisture i s  high, 

t h e  increased r u n o f f  wi 11 he1 p t o  prevent y i e l d  reduc t ions  caused by t o o  

much water. On t h e  o ther  hand, i f  s o i l  moisture i s  lower, t h i s  r u n o f f  

must be replaced by i r r i g a t i o n ,  making the  r u n o f f  a detr iment.  



TABLE 1 

Surface and Subsurface Drainage Volumes f o r  1979 

Missing data due t o  system malfunction. 

'Repl icat ion abbrev iat ions are f o r  North and South p l o t s .  

'0ata p o i n t  was est imated based on incomplete data. 

3 ~ l o t  data from each storm were averaged and averages were summed. 

Date 
- 

7/3 - 
7/4 

7 / 1 3 -  
7/14 

7/23 - 
8/ 1 

8/11 

8/16 - 
8/17 

8/27 - 
8/29 

9/3 - 
9/5 

~ o t a l ~  

R a i n f a l l  
( inches)  

2.25 

0.24 

9.85 

0.52 

0.15 

0.12 

0.16 

13.29 

'Repl. 

N 
S 

N 
S 

N 
S 

N 
S 

N 
S 

N 
S 

N 
S 

Orainage Volume ( inches)  

No I r r i g a t i o n  

Surface Subsurface Surface & Subsurface 
Drainage Drainage Surface Subsurface 

0.01 0 0 0 
0.02 0 0.03 0.03 

t race  0 0 0 
0 0 0 0 

7 . 3 0 ~  3.38 4.95 0.63 
5.72 0.63 

0.01 t race  0 0 
t race  0 0.01 t race  

0 0 0 0 
0 0 0 0 

0.01 0 0 0 
0 0 0.33 0.03 

0 0 0 0 
0 0 0 0 

7.32 4.55 5.14 0.66 
5.80 

S p r i n k l e r  I r r i g a t i o n  

Surface Subsurface Surface & Subsurface 
Drainage Drainage Surface Subsurface 

t race  0.02 0.01 t race  
0 0 t r a c e  0 

0 0.02 0 0 
t race  0 0 0 

5.64 4.95 0.62 
2.63 0.89 

0 0.01 0 t race  
t r a c e  t race  0.01 0 

0 0 0 0 
0 0 0 0 

0 0.01 0 0 
0 0 0 0 

0 0.02 0 0 
0 0 0 0 

5.65 2.67 4.96 0.76 
5.72 

Furrow I r r i g a t i o n  

Surface Surface & Subsurface 
Drainage Surface Subsurface 

0.90 0.42 0.02 
1 .Ol 0.62 0.05 

.51 0.18 t race  

.61 0.44 0.03 

7.51' 7.12 0.56 
0.73 

0.01 0 0 
0.01 0 0.01 

0.07 0.01 0 
0.13 0.11 0.01 

0.40 0.27 t race  
0.34 0 t race  

0.39 0.21 t race  
0.28 0.33 0.04 

9.78 8.42 0.73 
9.15 



I t  i s  again emphasized t h a t  a l l  o f  the  f i e l d  data ana l ys i s  p re-  

sented t o  t h i s  p o i n t  was done f o r  data c o l l e c t e d  i n  1979, because o f  t h e  

te rm ina t i on  o f  fund ing  a f t e r  t h a t  year .  

YIELDS 

Corn and soybean y i e l d s  from the  t e s t  p l o t s  are g iven i n  Tables 

2-6. Corn y i e l d s  f o r  1977 and 1978 a re  presented, even though f i nanc ing  

o f  t h e  s tudy by the  Off ice of Water Research and Technology d i d  n o t  com- 

mence u n t i l  1979. 

The y i e l d s  i n  1977 and e s p e c i a l l y  1978 a re  considerably  lower than 

would be expected. The low y i e l d s  a re  t h e  r e s u l t  o f  p l a n t i n g  and i r r i g a -  

t i o n  delays associated w i t h  t r oub leshoo t i ng  new p lo t s .  I n  s p i t e  o f  t he  

low y i e l d s ,  comparisons between t reatments are be1 ieved t o  be val  id .  

Ef fect  of I r r i g a t i o n  on Drained P l o t s  

Table 2 c l e a r l y  shows t h a t  i r r i g a t i o n  increases the  y i e l d  on dra ined 

p l o t s .  The four -year  average corn y i e l d  on t h e  dra ined p l o t s  w i t h  s p r i n k l e r  

i r r i g a t i o n  was 150 bushels pe r  acre compared w i t h  72 bushels p e r  acre w i t h -  

o u t  i r r i g a t i o n .  That amounts t o  an increase of 78 bu/acre o r  108%. The 
lowest  s i ng le -yea r  increase due t o  i r r i g a t i o n  was i n  1979 where the  increase 

was on l y  46 bu/acre. The h ighes t  increase was i n  1980 w i t h  a 122 bu/acre 

increase due t o  i r r i g a t i o n .  

Note t h a t  t h e  y i e l d s  on t h e  south r e p l i c a t i o n  o f  the  n o - i r r i g a t i o n  

sur face-dra i  nage t reatment  a re  c o n s i s t e n t l y  considerably  1 ower than on 

t h e  n o r t h  r e p l i c a t i o n .  This  i s  t h e  on ly  t reatment  w i t h  such an obvious 

discrepancy o f  y i e l d s  between r e p l i c a t i o n s .  The lower y i e l d s  on the  south 

p l o t  a re  be1 ieved t o  r e s u l t  f rom excess topso i  1  removal dur ing  grading 

f o r  sur face  drainage. On one hand i s  t h e  argument t h a t  t o p s o i l  removal 

i s  an inheren t  problem w i t h  sur face drainage and t h a t  t he  r e s u l t s  from 

t h a t  p l o t  should be considered i n  t he  analys is .  On the  o the r  hand, t h e  

problem o f  t o p s o i l  removal on t h i s  p l o t  appears t o  be g rea te r  than on 

o t h e r  p l o t s ,  and t h e r e f o r e  t h e r e  i s  j u s t i f i c a t i o n  f o r  omission o f  y i e l  d  

data f rom t h i s  p l o t .  I f  those data are not considered, t h e  y i e l d  i n -  

creases due t o  i r r i g a t i o n  w i l l  be s l i g h t l y  lower than t h e  f i g u r e s  g iven  

above. 



TABLE 2 

Y ie lds  from I r r i g a t e d  and N o n i r r i g a t e d  p l o t s  w i t h  Drainage 

Corn (Bu/A) Soybeans (Bu/A) 
1977 1978 1979 1980 Avg, 1980 

S p r i n k l e r  I r r i g a t i o n  

Surface Drainage 
N Repl. 152 67 184 167 143 46 
S Repl. 146 85 187 185 151 50 
Avg . 149 76 186 176 147 4 8 

Subsurface Drainage 
N Repl. 160 87 201 186 159 51 
S Rep1 . 140 96 189 160 146 45 
Avg . 1 50 92 195 173 153 4 8 

Sur. & Sub. Drainage 
N Repl. 155 84 194 170 151 45 
S Repl. 14.7 77 179 182 146 46 
Avg . 151 81 187 176 149 46 

Average 150 83 189 175 150 47 

No I rri g a t i  on 

Surface Drainage 
N Repl. 72 4 1 141 52 77 . 38 
S Repl. 15 9 93 12 32 39 
Avg . $ 4  25 117 32 55 39 

Subsurface Drai  nage 
N Repl. 6 0 39 165 46 78 35 
S Repl. 6 8 44 157 89 90 4 5 
Avg . 6 4 42 161 68 84 42 

Sur. & Sub. Drainage 
N Repl. 6 0 38 148 44 73 32 
S Repl. 64 43 152 72 83 29 
Avg . 62 41 1 50 58 78 3 1 

Average 
Average* 

- 

* w i t h o u t  south rep1 i c a t i o n  o f  no -i rri gat ion,  sur face-dra inage t reatment  



TABLE 3 

Y ie lds  from Spr ink le r -  and Fur row- I r r iga ted  P l o t s  w i t h  Drainage 

Corn (BuIA) Soybeans (BuIA) 
1977 1978 1979 1980 Avg. 1980 

S p r i n k l e r  I r r i g a t i o n  

Surface D,rai nage 
N Repl. 152 67 184 167 143 46 
S Repl. 146 85 187 185 151 5 0 
Avg . 149 76 186 176 147 4 8 

Sur. & Sub. Drainage 
N Repl. 155 84 194 170 151 45 
S Repl. 147 77 179 182 146 46 
Avg . 151 8 1 187 176 149 46 

Ave rage 150 79 187 176 148 4 7 

Furrow I rri g a t i  on 

Surface Drainage 
N Repl. 150 74 161 171 139 46 
S Repl. 1 30 49 173 170 131 49 

1 40 Avg . 62 167 171 135 4 8 

Sur. & Sub. Drainage 
N Repl. 165 8 1 195 176 154 46 
S Repl. 137 70 173 184 141 4 3 
Avg . 151 76 184 180 145 4 5 

Average 146 69 176 176 142 4 7 



TABLE 4 

Yie lds from S p r i n k l e r - I r r i g a t e d  and Non i r r i ga ted  P lo ts  w i t h  No Drainage 

Corn (BuIA) Soybeans (Bu/A) 
1977 1978 1979 1980 Avg. 1 980 

S p r i n k l e r  I r r i g a t i o n  

N Repl. 150 9 5 3 188 109 48 
S Repl. 136 98 16 178 107 43 
Avg . 143 9 7 10 183 108 46 

No I r r i g a t i o n  

N Repl. 
S Repl. 
Avg . 



TABLE 5 

Yie lds from Drainage and No-Drainage P l o t s  w i thou t  I r r i g a t i o n  

No Drainage 

N Repl. 
S Repl. 
Avg . 

Surface Drainage 

N Repl. 
S Repl. 
Avg . 

Subsurface Drainage 

N Repl. 
S Repl. 
Avg . 

Sur. & Sub. Drainage 

N Repl. 
S Repl. 
Avg . 

Average o f  A l l  Drainage 
TPeatmen t s  

Avg . 
Avg . * 

Corn (Bu/A) 
1977 1978 1979 1980 A v ~ .  

Soybeans (Bu/A) 
1980 

* w i thou t  south rep1 i ca t ion  o f  sur face drainage w i thou t  i r r i g a t i o n  



TABLE 6 

Y i e l d s  from Drainage and No-Drainage P l o t s  w i t h  S p r i n k l e r  I r r i g a t i o n  

Corn (Bu/A) Soybeans (BU/A) 
1977 1978 1979 1980 Avg, 1980 

No Dra i  nage 

N Repl. 
S Repl. 
Avg . 

Surface Drainage 

N Repl. 
S Repl. 
Avg . 

Subsurface Drainage 

N Repl. 
S Repl. 
Avg . 

Sur. p l u s  Sub. Drainage 

N Repl. 
S Repl. 
Avg . 

Average o f  A1 1 Drainage 
Treatments 

Avg . 



The 1980 average soybean y i e l d  on the  i r r i g a t e d  p l o t s  w i t h  drainage 

was 47 bulacre, w h i l e  the  average on the  n o n i r r i g a t e d  p l o t s  w i t h  drainage 

was o n l y  37 bulacre.  

Comparison of Furrow and S p r i n k l e r  I r r i g a t i o n  on Drained P l o t s  

Table 3 shows t h a t  t he re  i s  l i t t l e  d i f f e r e n c e  between the  y i e l d s  

obtained w i t h  s p r i n k l e r  and furrow i r r i g a t i o n .  The four-year  average 

corn  y i e l d s  were 148 and 142 bu lacre  w i t h  s p r i n k l e r  and furrow i r r i g a t i o n  

respect ive ly .  The s l  i ght l y  1 ower average f o r  t h e  fu r row- i  rri gated p l o t s  

i s  be l ieved t o  r e s u l t  from less  moisture i n  these p l o t s  due t o  ove res t i -  

mat ing t h e  i r r i g a t i o n  e f f i c i e n c y  du r ing  1977-79. 

The 1980 average soybean y i e l d  f o r  fu r row i r r i g a t i o n  was 47 bulacre,  

which was on ly  s l i g h t l y  above the  46 bu lacre  average f o r  s p r i n k l e r  irri- 

gat ion.  

E f fec t  o f  I r r i g a t i o n  on P l o t s  w i t h  No Drainage 

A cons iderab le  increase i n  y i e l d  resu l ted  from i r r i g a t i o n  even on 

t h e  no-drainage p lo t s .  Table 4 shows tha t ,  over t he  f o u r  years o f  t he  

study, corn  y i e l d s  averaged 108 bu lacre  on t h e  i r r i g a t e d  no-drainage 

p l o t s  and on l y  58 bu lacre  on t h e  no-drai  nage p l o t s  w i thou t  i r r i g a t i o n .  

I r r i g a t i o n  s u b s t a n t i a l l y  increased y i e l d  each year  except 1979. The 

r a i n f a l l  was excessive d u r i n g  August o f  t h a t  year, and i r r i g a t i o n  appar- 

en t  l y  compounded t h e  drainage problem and decreased the  y i e l d .  

The 1980 soybean y i e l d s  a1 so i n d i c a t e  t h a t  i r r i g a t i o n  improves 

y i e l d  on - p l o t s  w i thou t  drainage. The average y i e l d s  were 46 and 43 

bu/acre w i t h  and w i thou t  i r r i g a t i o n ,  respect ive ly .  

E f f e c t  o f  Drainage on P l o t s  w i thou t  I r r i g a t i o n  

The four-year  average corn y i e l d  on p l o t s  w i t h  no drainage and 

w i thou t  i r r i g a t i o n  was 58 bu lacre  compared t o  72 bu lacre  f o r  p l o t s  w i t h  

drainage but  not i r r i g a t i o n  (see Table 5). This  d i f f e r e n c e  i nd i ca tes  the  

b e n e f i c i a l  e f f e c t  o f  drainage. However, i t  should be noted t h a t  dur ing  

two o f  t h e  f o u r  years the  reverse i s  t rue ;  t h a t  i s ,  h igher  y i e l d s  were 

obtained w i thou t  drainage. The cause f o r  t h e  lower y i e l d s  w i t h  d r a i  r~age 



dur ing  these years  cannot be determined w i t h  c e r t a i n t y .  However, t h e  

probable cause i s  t h a t  t h e  b e n e f i t  o f  e x t r a  moisture s to red  i n  t h e  non- 

d ra ined p l o t s  du r i ng  t h e  droughty p a r t  of t h e  yea r  outweighed t h e  d isad-  

vantage o f  excess s o i l  water du r i ng  the  w e t t e r  p a r t s  o f  t he  year .  Another 

c o n t r i b u t i n g  cause might be t h a t  t h e  s o i l  s t r u c t u r e  was damaged i n  t h e  

dra inage i n s t a l l a t i o n  process. This  damage, i f  it ex i s t s ,  would be an 

i nhe ren t  p a r t  of a f i e l d - i n s t a l l e d  drainage system i n  t h i s  s o i l  a lso. 

Therefore, reduc t ions  i n  y i e l d  caused by s o i l  damage are rea l  i s t i c .  A1 so 

note t h a t  drainage type appears t o  have 1 i t t l e  e f f e c t  on y i e l d ,  espe- 

c i a l  l y  i f  the  south rep1 i ca t i on  o f  t he  sur face drainage t reatment  i s  

ignored. 

The one year  o f  soybean data i s  i n s u f f i c i e n t  f o r  drawing v a l i d  

concl  usions. 

E f f e c t  o f  Drainage on P l o t s  w i t h  S p r i n k l e r  I r r i g a t i o n  

Table 6 shows t h a t  t h e  average increase i n  corn y i e l d  due t o  

dra inage on t h e  i r r i g a t e d  p l o t s  was 42 bulacre, which i s  t h e  d i f ference 

between 150 and 108 bulacre. However, l i k e  t h e  p l o t s  w i thou t  i r r i g a t i o n ,  

dra inage was a s l i g h t  disadvantage du r i ng  p a r t s  o f  t h e  years.  Note t h a t  

dra inage type  had l i t t l e  e f f e c t  on y i e l d .  

S y n e r g i s t i c  E f f e c t  o f  Combining I r r i g a t i o n  and Drainage 

The average increase i n  corn y i e l d  a t t r i b u t a b l e  t o  i r r i g a t i o n  

a lone i s  50 bu lac re  (108 minus 58), as i s  shown i n  Table 4. Likewise, 

t h e  average increase i n  y i e l d  due t o  drainage alone i s  13 bu lac re  (72 

minus 58), as i s  shown i n  Table 5. However, t h e  y i e l d  due t o  t he  i n t e r -  

a c t i v e  e f f e c t s  o f  i r r i g a t i o n  p lus  drainage o f  92 bu lac re  (150 f rom Table 

2 minus 58 f rom Tab'l e 4) i s  considerably  g rea te r  than the  sum o f  the i n -  

crease due t o  i r r i g a t i o n  and drainage independent ly (50 + 13 = 63 bulacre.  



SOIL MOISTURE MODELING 

A s o i  1  mo i s tu re  rrlodel f o r  an e n t i r e  growing season cons i s t s  o f  a  

water  balance model where t h e  s o i l  mo is tu re  i n  t h e  p r o f i l e  a t  any one 

t i m e  i s  a  f u n c t i o n  of mo i s tu re  added, mo i s tu re  subt racted,  and s torage 

capac i ty .  Mo i s tu re  added c o n s i s t s  of r a i  n f a l l  and i r r i g a t i o n  water, 

w h i l e  mo i s tu re  sub t rac ted  c o n s i s t s  o f  dra inage water  and evapot ransp i ra -  

t i o n .  The s to rage  c a p a c i t y  i s  a  f u n c t i o n  of t h e  s p e c i f i c  s o i l  p r o f i l e  

under cons idera t ion .  

Many models have been developed i n  recen t  years  which cons ider  

va r i ous  aspects o f  t h e  s o i l - w a t e r - a i r  regime. However, none apply  d i -  

r e c t l y  t o  combined i r r i g a t i o n  and dra inage on heavy s o i l s .  Because t h e  

research p l o t s  have a  very  t i g h t  c l  aypan s o i  1, a  new model was developed 

by t h e  p r i n c i p a l  i n v e s t i g a t o r s  , us ing  p a r t s  o f  e x i  s t i  r ~ g  rnodel s  and adding 

new p a r t s  . 
EVAPOTRANSPIRATION 

The e v a p o t r a n s p i r a t i o n  model used by S t u f f  and Dale (1978) and by 

Dale, Nelson, and Scheeringa (1979) was adapted f o r  t h i s  study. The 

model makes use o f  so i  1  mo is tu re  r e l a t i o n s h i p s ,  corn-crop s i  1  k i n g  data, 

and pan evapo ra t i on  t o  p r e d i c t  d a i l y  e v a p o t r a n s p i r a t i o n  (ET). The model . 
c o n s i s t s  o f  t h r e e  f a c t o r s :  a  non-moisture-stress fac to r ,  a  c rop  develop- 

ment f a c t o r ,  and pan evaporat ion.  The equat ions making up t h e  model a r e  

shown below, w i t h  c o r r e c t i o n s  f o r  u n i t s .  

where ET = p r e d i c t e d  evapo t ransp i ra t i on  

Ep = c l ass  A  pan evapo ra t i on  

F = c r o p  developmental f a c t o r  

= -1.58 + 0.0463 W - 0.00022 W 

where W = date,  w i t h  W = 100 de f i ned  as t h e  
da te  o f  s i l k i n g  ( a n t h e s i s )  
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OTHER CONSIDERATIONS 

Deep p e r c o l a t i o n  was assumed t o  be zero because o f  t h e  r e s t r i c t i v e  

c l  aypan l a y e r  assoc ia ted  w i t h  Cisne Assoc ia t i on  s o i  1  s. The season's i n i -  

t i a l  mo i s tu re  con ten t  ( v o l u m e t r i c )  i s  assumed t o  be equal t o  45% i n  t h e  

t o p  18 inches o f  t h e  s o i l  p r o f i l e  approx imate ly  s i x t e e n  days before 

p l a n t i n g .  

SOIL MOISTURE MODEL RESULTS 

The accuracy of t h i s  model may be judged by comparing t h e  s o i l  

mo i s tu re  con ten t  p r e d i c t e d  by t h e  model w i t h  t h e  mo is tu re  l e v e l  s  measured 

by t h e  neu t ron  probe and t h e  t e r~s iome te rs  d u r i n g  t h e  1979 season. F ig -  

ures 15 th rough 17 a re  p l o t s  of p r e d i c t e d  and measured s o i l  mois tures on 

va r i ous  p l o t s  d u r i n g  t h e  growing season. Inc luded  on these p l o t s  a r e  

ac tua l  neut ron probe mo is tu re  readings a t  t h e  6 - i n  and 1-ft depths and 

tens iometer  mo i s tu re  readings a t  t h e  1-ft depth. These f i g u r e s  i n d i c a t e  

t h a t  t h e  model does p r e d i c t  values o f  so i  1  mo is tu re  w i t h i n  t h e  ranges i n -  

d i  ca ted  by t h e  var ious  moisture-measuri  ng dev ices as descr ibed  e a r l  i e r .  

However, one can see t h a t  these  ranges, i n  some instances,  a re  r a t h e r  

1  arge. 
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Figure 15. Results of soil moisture simulation model for plot 6-S. 
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Figure 16. Results of soil moisture simulation model for plots 9-N and 4-S. 
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Figure 17. Results of soil moisture simulation model for plot 7-S. 
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PLANTING DAY NUMBER FROM APRIL 16 

Figure 18. American Potash I n s t i t u t e  p l a n t i n g  date c o r r e c t i o n  fac to rs .  



PLANTING DAY NUMBER FROM APRIL 16 

Figure 19. DeKal b Research p lant ing  date correct ion  f a c t o r s .  



f o l l o w  t h e  t r e n d  suggested by t h e  U n i v e r s i t y  of  I l l i n o i s  of  1.6 b u l a c r e l  

day reduc t i on  a f t e r  Apr i  1 30 (Pendleton and Egl i 1969). Therefore, both 

the  DeKalb Research and the American Potash I n s t i t u t e  reduc t i on  models 

were inc luded i n  t h e  computer model f o r  comparison purposes. 

ANTHESIS DATE PREDICTION 

The s o i l  moisture model, developed i n  an ea r l  i e r  sect ion,  bases 

some of t h e  equat ions f o r  p r e d i c t i n g  evapo t ransp i ra t i on  on s i l k i n g  date. 

Si  l k i r ~ g  date can be est imated by the  date o f  p lan t i ng ,  as i nd i ca ted  by 

Runge and Ode11 (1958) from research work done a t  t h e  U n i v e r s i t y  o f  I11 - 1 -  

no i s  Agronomy South Farm. The re1 a t i o n s h i p  and corresponding equat ion are 

shown i n  F igure  20. This  r e l a t i o n s h i p  enables t h e  growing season t o  be 

broken i r ~ t o  stages o f  growth, which g r e a t l y  f a c i  1 i t a t e s  the  development 

o f  a y i e l d  model. 

YIELD MODEL PERIODS 

Runge (1968) d i v i d e d  the  growing season i n t o  8-day per iods from 50 

days be fore  t o  14 days a f t e r  a r~ thes i s .  Mak (1978) used two 32-day p e r i -  

ods, t h e  p l a n t i n g  season and the  p o l l i n a t i o n  season. Mak based these 

per iods  on calendar  dates, w i t h  t h e  p l a n t i n g  season running f rom May 1 

through June 1 and1 t h e  p o l l i n a t i o n  season extending from June 30 through 

J u l y  31. 
', 

Denmead and Shaw (1960) used a s l  i g h t l y  d i f f e r e n t  breakdown o f  t he  

growing season, d i v i d i n g  t h e  season i n t o  a vegetat ive,  a s i l k i n g ,  and an 

ea r  s tage o f  growth. The vegeta t i ve  growth stage extended from 30 days 

a f t e r  p l a n t i n g  t o  t h e  beginning o f  v i s i b l e  t asse l i ng .  This  pe r i od  was 

taken t o  be e x a c t l y  30 days i n  length. The s i l k i r ~ g  stage was on ly  17 

days long, runn ing  from t h e  end o f  t h e  vegeta t i ve  growth stage t o  5 days 

a f t e r  t h e  p lan ts  were 75% s i l  ked. The ear stage extended from the  end o f  

t h e  s i l k i n g  s tage t o  30 days a f t e r  t h e  s i l k i n g  stage. 

A f t e r  cons ider ing  t h e  o the r  p o s s i b i l i t i e s  o f  growing season break- 

down, a v a r i a t i o n  o f  t h e  Denrnead and Shaw rnodel was used because o f  t h e  

widespread use o f  the  model by o ther  researchers. The growing season was 

broken i n t o  t h r e e  15-day periods. The f i r s t  pe r i od  began 22 days be fore  



PLANTING DATE FROM APRIL 16 

Days from P l a n t i n g  319.99123 
t o  A n t h e s i s  = 57.60456 + P l a n t i n g  Date 

F i g u r e  20. Days f rom p l a n t i n g  day t o  a n t h e s i s  as  a  f u n c t i o n  
o f  p l a n t i n g  d a t e  (frorn Runge 1968). 



anthes is ,  t h e  second began 7  days be fo re  anthes is ,  and t h e  t h i r d  began 8  

days a f t e r  anthes is .  Th is  breakdown a l l ows  s imple computer model ing o f  

t h e  pe r i ods  and r e f l e c t s  t h e  v a r i a b i l i t y  o f  f a c t o r s  used i n  t h e  model 

d u r i n g  t h e  s i l k i n g  and seed-se t t ing  per iods  o f  growth. 

SOIL MOISTURE AND EXCESS SOIL MOISTURE 

Soi 1  moi s t u r e s  were p red i c ted  by t h e  so i  1  mo is tu re  model, as pre- 

v i o u s l y  discussed. S o i l  mo i s tu re  may have bo th  a  p o s i t i v e  and negat i ve  

e f f e c t  on c rop  y i e l d .  Low va lues o f  so i  1  mo is tu re  w i l l  decrease y i e l d ,  

b u t  excess ive  va lues o f  mo is tu re  w i l l  a l s o  decrease y i e l d .  To i n d i c a t e  

t h i s  r e l a t i o n s h i p ,  an excess s o i l  mo is tu re  v a r i a b l e  was a l so  inc luded  i n  

t h e  model. Whenever s o i  1  mo i s tu re  was g r e a t e r  t han  38%, a  v a r i a b l e ,  

named SMG, was se t  equal t o  t h e  so i  1  mo is tu re  minus 38. For  example, i f  

t h e  s o i l  mo i s tu re  was 42%, SMG was s e t  equal t o  4%. If t h e  s o i l  mo i s tu re  

was l e s s  than  38%, SMG was se t  equal t o  zero. 

Y I EL0 MODEL REGRESSION 

Y i e l d  p r e d i c t i o n  equat ions were determined by reg ress ion  analyses 

o f  t h e  growing-season-period averages o f  evapo t ransp i ra t i on ,  s o i  1  mois- 

t u r e ,  and excess so i  1  moisture.  These equat ions were based on p red i c ted  

va lues of  these  v a r i a b l e s  d u r i n g  1977, 1978, and 1979 and ac tua l  c o r n  

y i e l d s  from t h e  twenty  p l o t s  f o r  each o f  those years. Th i s  means t h a t  60 

p l o t - y e a r s  o f  ac tua l  y i e l d s ,  s imu la ted  s o i l  moi s t u re ,  and s imu la ted  evapo- 

t r a n s p i  r a t i o n  va lues were used. Be fo re  t h e  reg ress ion  a n a l y s i  s, each 

y i e l d  va lue  was co r rec ted  t o  remove p l a n t i n g - d a t e  e f f e c t .  Both t he  Ameri- 

can Potash I n s t i t u t e  and t he  DeKalb Research c o r r e c t i o n  f a c t o r s  were used 

t o  mod i fy  t h e  separate y i e l d  va lues f rom each year .  Fo r  each of  these 

p o s s i b i l i t i e s ,  t he  i r ~ c l u s i o n  o f  a l l  p l o t  y i e l d s  except  those from p l o t  

1-S was a l s o  t r i e d .  For each o f  these p o s s i b i l i t i e s ,  t he  reg ress ion  ana l -  

y s i s  was a l s o  t r i e d  w i t h  t he  f o r ced  and nonforced i n c l u s i o n  o f  t h e  excess 

s o i  1  mo i s tu re  v a r i a b l e s  (SMG). 

The reg ress ion  a n a l y s i s  inc luded  a l l  p o s s i b l e  squared and cubed 

combinat ions of  t h e  evapo t ransp i ra t i on ,  s o i l  mois ture,  and excess mois- 

t u r e  va r i ab les .  Th is  ana l ys i s  r e s u l t e d  i n  e i g h t  y i e l d  equat ions. 
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TABLE 8 

Values o f  P red i c ted  and Actual  Y ie lds  from Y i e l d  Models 

P o t a s h  P l a n t i n g  
C o r r e c t i o n  

D e K a l b  P l a n t i n g  
C o r r e c t i o n  

Year P l o t  A c t u a l  
Y i e l d *  

Model Y i e l d s  A c t u a l  
Y i e l d *  

Model Y i e l d s  

Continued on Next Page 



Tab le  8 (cont inued) 

Year P l o t  

P o t a s h  P l a n t i n g  
C o r r e c t i o n  

- 

DeKalb P l a n t i n g  
C o r r e c t i o n  

A c t u a l  
Yield* 

Model Yields A c t u a l  Model Yields 
Yield* 

-. D57FR** D57NF** -- 

1 8 0 . 5  1 9 8 . 1  1 9 0 . 7  
31.7 26 .4  25.6 

3 . 3  9 . 2  0 . 7  
219 .8  203 .7  214 .0  
1 5 4 . 2  1 6 5 . 0  1 6 6 . 7  
1 7 6 . 1  1 9 5 . 9  189 .0  
1 6 1 . 9  1 4 1 . 1  158 .4  
213 .3  1 9 0 . 1  1 8 4 . 3  - 
212 .2  1 9 7 . 6  1 8 9 . 1  
201 .2  202 .4  201 .9  
1 0 1 . 7  
189 .2  1 9 5 . 9  1 8 9 . 0  
204 .5  205 .6  2 1 2 . 5  
1 9 5 . 8  200 .6  1 9 6 . 1  
1 8 9 . 2  1 9 0 . 1  1 8 4 . 3  
1 6 6 . 2  1 4 1 . 1  1 5 8 . 4  

1 7 . 5  26 .4  25 .6  
1 7 1 . 5  1 9 8 . 1  190 .7  
206 .7  206 .0  213 .2  

1 7 . 5  1 0 . 1  1 9 . 4  

* A c t u a l  y i e l d s  are y i e l d s  f r o m  p l o t s  c o r r e c t e d  f o r  t h e  e f f e c t  
o f  p l a n t i n g  d a t e ,  u s i n g  b o t h  sets o f  c o r r e c t i o n  f a c t o r s  f o r  
c o m p a r i s o n  p u r p o s e s .  

**  P57NF, P57FR, D57NFr D57FR are  a l l  c o d i n g s  f o r  e a c h  s p e c i f i c  
r e g r e s s i o n  mode l ,  t h e  f i r s t  l e t t e r  i n d i c a t i n g  p l a n t i n g  d a t e  
c o r r e c t i o n  (P - -Po t a sh  I n s t i t u t e ,  D--DeKalb R e s e a r c h ) ,  t h e  
numbers  i n d i c a t i n g  t h e  number o f  d a t a  se ts  ( 5 7 - - y i e l d  set 
w i t h  a l l  p l o t s  e x c e p t  p l o t  1 s o u t h ) ,  a n d  t h e  f i n a l  t w o  
l e t te rs  i n d i c a t i n g  w h e t h e r  o r  n o t  SMG(1 ,2 ,and  3 )  were 
f o r c e a b l y  i n c l u d e d  (FR-- fo rced  i n c l u s i o n ,  and  NF--nonforced 
i n c l u s i o n )  . 
Note: T r e a t m e n t  c o m b i n a t i o n  c o r r e s p o n d i n g  t o  t h e  p l o t  

number i s  shown i n  F i g u r e s  3 a n d  4. 



TESTING THE YIELD MODEL 

The y i e l d  models were developed w i t h  t h e  hope o f  a1 low ing  p red i c -  

t i o n  o f  y i e l d  f o r  any year  i n  which t h e  weather v a r i a b l e s  i nc l uded  i n  t h e  

model a r e  a v a i l a b l e  f o r  t h e  area o f  i n t e r e s t .  The p e r i o d  between 1951 

and 1971 was one such per iod ,  w i t h  data a v a i l a b l e  f rom Vandal i a ,  I l l i n o i s .  

Th is  p e r i o d  was used by Mak i n  1978. The da ta  f rom 1959 were miss ing ,  

however, so o n l y  20 years  from t h e  p e r i o d  o f  1951 t o  1971 were used. 

Tables 9, 10, 11, and 12 show t h e  p r e d i c t e d  y i e l d s  f rom each model f o r  

t h i s  twenty-year pe r i od .  Model D57NF p r e d i c t s  y i e l d s  comple te ly  o u t  o f  

t he  general  range, w i t h  va lues from 1962 bushels pe r  ac re  t o  zero bushels 

pe r  acre.  Models P57NF and P57FR bo th  p r e d i c t  values i n  t he  acceptable 

range o f  y i e l d s ,  b u t  Mak (1978) r e p o r t e d  somewhat h i ghe r  n o n i r r i g a t e d  c rop  

y i e l d s  f o r  t h i s  a rea  than  e i t h e r  o f  these models i n d i c a t e .  These models 

do, however, p r e d i c t  y i e l d s  i n  t h e  accepted range o f  50 t o  150 bushels 

pe r  ac re .  

Model D57FR p r e d i c t s  y i e l d  w i t h i n  an even sma l l e r  range o f  y i e l d s  

and a l s o  i n c l  udes some r a t h e r  h igh  y i e l d s  of over  t h e  200 bushel-per-acre 

mark i n  1958, w i t h  adequate i r r i g a t i o n .  Th is  model i n d i c a t e s  t he  i n -  

creased y i e l d  p o s s i b i l i t i e s  w i t h  t h e  a d d i t i o n  o f  i r r i g a t i o n .  

Model D57FR i s  t h e r e f o r e  t h e  best model developed, bu t  i t  has many 

drawbacks. From t h e  t ab les ,  one can n o t i c e  t h a t  i n c r e a s i n g  t h e  dra inage 

has 1  i t t l e  o r  even a  nega t i ve  e f f e c t  on y i e l d .  Th i s  may be caused by t he  

i n c l u s i o n  o f  t h e  no-dra i  nage t reatment ,  which t h e  s o i l  mo is tu re  model 

f a i l e d  t o  model accura te ly .  




















