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HISTORICAL BACKGROUND 

The Iowa State University Soil Testing Laboratory has provided soil test 
information to Iowa farmers since 1931 when Professor Firkins began the 
service for no charge. The predecessor of today's lab was initiated in 
February, 1946 ( ~ i k ~ )  . The lab's records provide us with valuable information 
on the trends in the plant nutrient status of Iowa's soils (Figure 1). 

During the period from 1960 to 1981, the consumption of nitrogen (N), 
phosphate (P), and potash (K) fertilizer materials rose from 7.5 million 
nutrient tons to a high of 23.7 million nutrient tons (Vroomen, 1987). 
Nearly 3 million tons, or about 28.2 percent of the total U.S. nutrient 
consumption of N, P, and K was applied to corn acres in 1964. By 1985, plant 
nutrients applied to corn more than tripled to 9.5 million tons, accounting 
for 43.8 percent of total plant nutrient consumption in the U.S. (Vroomen, 
1987). 

The dramatic increase in the quantity of fertilizer applied to corn was 
due to higher rates of application and an increase in the overall corn 
acreage. Application rates of N and K increased 140 percent and rates of P 
application increased 46 percent from 1964 to 1985. Corn acreage increased 
nearly 36 percent during the same period. 

SOIL NUTRIENT TRENDS 

The preceding data indicate that the fertilizer industry and farmers 
have done an excellent job of transferring fertilizer P and K from mines to 
midwest fields. Voss (1987) points out that even though crop yields and row 
crop acreage have increased, fertilizer P and K use has been nearly equal to 
or has exceeded crop removal since 1970 (Table 1). A recent summary of data 
from the Iowa State University Soil Testing Laboratory (Killorn, et al, 1990) 
indicates that the average soil tests for P and K in Iowa have increased 
steadily since the 1950's. From the beginning of our records until 1954 92% 
and 70% of the samples tested very low, low, or medium P and K, respectively 
(Figure 1). During the period 1986-1990 more than 70 percent of the K 
samples and nearly 60% of the P samples tested in the high or very high 
interpretational categories. 

'presented at the 20th North Central Extension- Indus try Soil Fertility 
Workshop, November 14-15, 1990, Bridgeton, MO. 
'Dr. K. Eik, personal communication. 



Table 1. Crop removal, fertilizer use and ratio of use to removal of P and 
K for selected years in Iowa. 

C r o ~   emo oval' Fertilizer use' Use/Removal 
Year P K P K P K 

 e em oval and use are expressed in elemental P and K. 
Data from R. Voss 

HISTORICAL USE OF SOIL TEST DATA 

The major "tool" used to increase corn yields during the past 25 years 
has been fertilizer. Soil test data have provided the foundation for making 
profitable fertilizer recommendations. The first task was to convince 
farmers that fertilizer would increase yields and profits. Dramatic 
responses to additions of fertilizer were demonstrated in the 1940's and 
1950's. However, it was not until the 1960's that fertilizer usage began its 
dramatic increase. The increased usage was probably due to the increased 
yield potential of newly developed corn hybrids, more intensive row crop 
production, high prices for grain, and low fertilizer costs. Another factor 
may have the substitution of capital for labor as midwest farmers moved from 
farming based on a diverse mix of livestock and crops to the less labor 
intensive row crop farming of today. This change in cultural practices 
resulted in replacement of on-farm generated sources of nutrients, i.e. N 
from alfalfa, and N, P, and K from animal manure, with commercial 
fertilizers. 

The soil tests in use today were developed to predict the amount of 
fertilizer required to produce optimum economic yields on soils that, at 
least in Iowa, were almost always low in both P and K (Figure 1). One major 
use of soil tests has been to provide data to convince farmers of the benefit 
of fertilizer applications. It is apparent from the data in Figure 1 that it 
is time to become concerned about appropriate profitable fertilizer 
management on high testing soils as well as on low testing soils. 

The number of soils that now test in the high and very high categories 
force us to ask some penetrating questions about proper management. For 



i n s t a n c e ,  w i l l  a  p r o f i t a b l e  y i e l d  response be obta ined  from a f e r t i l i z e r  
a p p l i c a t i o n  t o  a s o i l  t h a t  t e s t s  high o r  very  high? I f  add i t i ons  of 
f e r t i l i z e r  t o  h igh  and very  h igh  t e s t i n g  s o i l s  do no t  produce p r o f i t a b l e  
y i e l d  inc reases ,  how long can these  s o i l s  be cropped be fo re  f e r t i l i z e r  i s  
aga in  required? How long be fo re  the  s o i l  t e s t  w i l l  drop i n t o  the  medium 
i n t e r p r e t a t i o n a l  ca tegory  i f  f e r t i l i z e r  is  n o t  appl ied?  How much f e r t i l i z e r  
must be appl ied  t o  maintain a h igh  s o i l  t e s t ?  I s  i t  d e s i r a b l e  t o  maintain a 
h igh  s o i l  t e s t ?  The answers t o  t hese  quest ions cannot be e x t r a c t e d  from the  
c a l i b r a t i o n  da t a  generated i n  t he  e a r l y  days of s o i l  t e s t i n g .  I n  f a c t ,  a 
whole new approach i s  r equ i r ed  t o  manage h igh  t e s t i n g  s o i l s  proper ly .  

CROP RESPONSE TO NUTRIENTS ADDED TO H I G H  TESTING SOILS 

Research was begun i n  1974 and 1975 t o  answer t h e  preceding ques t ions  
(Voss, 1987). F e r t i l i z e r  was added t o  l a rge  blocks t o  c r e a t e  high and very  
h igh  l e v e l s  of s o i l  t e s t  P o r  K .  The fol lowing year  annual r a t e s  of P o r  K 
were added t o  s imulate  0 . 5 ,  1, and 1 . 5  times es t imated  crop removal of the 
n u t r i e n t s  i n  a corn-soybean r o t a t i o n .  The r e s u l t s  from a l l  t he  s i t e s  and 
both  n u t r i e n t s  show s i m i l a r  t r e n d s ,  so only r e s u l t s  from one s i t e  a r e  
presented  he re .  

Figure 2 shows the  r a t e  of dec l ine  of s o i l  t e s t  P and K where no 
f e r t i l i z e r  has been added s i n c e  the  beginning of t h e  s tudy  i n  1975. The P 
s o i l  t e s t  l e v e l s  have decreased a t  a modest r a t e  i n  t h i s  f i n e  t ex tu red  
Clarion-Webster s o i l  a s s o c i a t i o n .  A t  the same t ime,  y i e l d s  have been optimum 
a s  long a s  the  s o i l  t e s t  remained i n  the h igh  range.  The same i s  t r u e  f o r  
t h e  K s o i l  t e s t ,  a l though t h e r e  tends t o  be more v a r i a b i l i t y  over time. 

The e f f e c t  of s o i l  t e s t  P l e v e l  on r e l a t i v e  y i e l d s  of  corn  and soybeans 
i s  shown i n  Figure 3 .  Rela t ive  y i e l d s  were c a l c u l a t e d  by d iv id ing  a l l  y i e l d s  
i n  a year  by the  h i g h e s t  a c t u a l  mean p l o t  y i e l d  obta ined  t h a t  year .  The 
r e s u l t s  a r e  i n  percent  of maximum y i e l d .  The r e s u l t s  shown a r e  from p l o t s  
t h a t  have no t  rece ived  f e r t i l i z e r  s i n c e  1975. There i s  a l a r g e  response when 
t h e  s o i l  t e s t  i s  i n  t h e  very  low o r  low range. Figure 3 a l s o  shows t h a t  
s o i l s  t h a t  t e s t  i n  t h e  h igh  o r  very  high range should y i e l d  95 - 100% of the  
p o t e n t i a l  y i e l d  without  a d d i t i o n a l  f e r t i l i z e r .  

S imi la r  r e s u l t s  a r e  shown f o r  K i n  Figure 4.  There i s  l i t t l e  e f f e c t  of 
a d d i t i o n a l  K f e r t i l i z e r  i f  t h e  s o i l  t e s t  i s  h igh  o r  very  h igh .  There is  a 
dramatic  dec l ine  i n  y i e l d s  when t h e  s o i l  t e s t  l e v e l  f a l l s  i n t o  t h e  very  low 
and low ranges. 

These r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  high and ve ry  high t e s t i n g  s o i l s  
must be managed d i f f e r e n t l y  than very  low and low t e s t i n g  s o i l s .  The use of 
s o i l  t e s t i n g  i s  c r i t i c a l  t o  s epa ra t e  the "lows" and the  "highs" and t o  h e l p  
de f ine  the  management r equ i r ed .  

- THE NEXT STEP 

The preceding d i scuss ion  ind ica t e s  t h a t  we a r e  now dea l ing  with two 
d i s t i n c t l y  d i f f e r e n t  s i t u a t i o n s  t h a t  r equ i r e  d i s t i n c t l y  d i f f e r e n t  management. 
There a r e  s t i l l  many farmers wi th  f i e l d s  t h a t  t e s t  very  low and low i n  P and 
K .  F e r t i l i z e r  is  requi red  t o  optimize y i e l d s  i n  t h e s e  f i e l d s .  The r o l e  of 
t h e  dea l e r  w i l l  remain the  same f o r  these  c l i e n t s .  They w i l l  r equ i r e  s o i l  
t e s t  information and recommendations based on s o l i d  c a l i b r a t i o n  da t a .  

Those farmers who a r e  farming s o i l s  t h a t  t e s t  h igh  o r  very  high i n  P and 
K need a d i f f e r e n t  kind of s e r v i c e .  They need t o  develop a comprehensive 
s o i l  t e s t i n g  program where f i e l d s  a r e  sampled a t  r e g u l a r  i n t e r v a l s  (and 



probably shorter intervals than before) and a comprehensive record keeping 
system to keep track of trends in soil tests. A recent survey in Iowa 
(Padgett and Miller, 1986) indicates that nearly 70% of the soil samples are 
taken by local fertilizer dealers or cooperatives. Increasingly, the dealer 
will need to provide service to these farmers, though not always fertilizer. 
It will be necessary to sell this service to pay the costs. This means 
changing the marketing orientation for some customers from product sales to 
service. 

Change is inevitable in the fertilizer industry. Old fertilizer 
practices have created a clientele with different needs than they had 25 
years ago. We must be responsive to those needs and develop new programs to 
help them manage their fertilizer programs. In most instances this may mean 
providing service for a price instead of product. Still, the best tool 
available to help make wise decisions on fertilizer management is the soil 
test. 
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Decline in soil test P and K for different initial soil levels due to 
not applying fertilizer to a corn-soybean sequence over an 11 year 
period (from Voss, 1987). 
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Corn - Karrawha 

Figure 3 

Soil Test P, pp2m 

Soil Test P, pp2m 
Effect of P soil test level on percent relative corn and soybean 
yields over an 11 year period (from Voss, 1987). 
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Soil Test K, pp2m 
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Soil Test K, pp2m 

Figure 4. Effect of K soil test level on percent relative corn and soybean 
yields over an 11 year period (from Voss, 1987). 
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