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R.G. Connochie Elected Chairman, 
R.L. Latiolais Vice Chairman of 

PPI and FAR Boards of Directors 
R O B E R T G . C O N N O C H I E , Chairman 
and President of the Potash Company of 
America, Inc. (PCA), has been elected 
Chai rman of the Potash & Phosphate 
Institute (PPI) Board of Directors. He w i l l 
also serve as Chairman of the Foundation 
for Agronomic Research (FAR) Board. 
Rene L . Latiolais, President and Chief 
Executive Officer of Freeport-McMoRan 
Resource Partners, is the new Vice Chair
man of the PPI and FAR Boards. 

"We are very pleased to have Bob Con
nochie and Rene Latiolais assume their 
new leadership responsibilities wi th the 
PPI and FAR Boards," said Dr. David W. 
Dibb, President of PPI. "Our efforts in 
market development through agronomic 
science w i l l benefit by our association 
with these well-respected industry leaders." 

Mr . Connochie cur ren t ly serves as 
Director and Past Chairman of Canpotex 
L i m i t e d , and as a Di rec to r f o r Sas
katchewan Potash Producers Association 
and The Fert i l izer Insti tute (TFI) . He 
jo ined PCA as Chairman in February, 
1986, fol lowing the company's acquisition 
by Rio Algom. PCA operates two mines 
in Canada, an ocean terminal at St. John, 
N B , and markets potash on a worldwide 
basis. A n engineering graduate of the Un i 
versity of Br i t i sh Columbia, Mr. Con
nochie earned the M . B . A . in 1967 f rom the 
University of Western Ontario. 

R.G. Connochie 

Mr. Latiolais, who is also Senior Vice 
President o f F r e e p o r t - M c M o R a n , is 
involved w i t h diverse operations and 
growth opportunities in the U.S. and Can
ada. He also serves on the Board of Direc
tors o f the I n t e r n a t i o n a l F e r t i l i z e r 
Association, PhosChem, Inroads, L S U 
Foundation, and the Florida Council of 
100. A graduate of Louisiana State Un i 
versity, Mr. Latiolais participated i n the 
Program for Management Development, 
Harvard Graduate School of Business 
Administration. 

R.L. Latiolais 

In other action of the PPI Board, Mr. C. 
Steve Hoffman, of I M C Fertilizer Group, 
Inc., was elected Finance Chairman. Mr. 
Thomas J . Wright, former Chairman of 
the PPI Board, was named Chairman Ex 
Off ic io . 

Dr. B.C. Darst, President of FAR, also 
announced other actions f o l l o w i n g the 
recent annual FAR Board meeting. Mr. 
R . H . Foell , Marke t ing Manager, Post 
Products, of I C I Americas Inc., and Mr. 
Roy J . Richard, Group Vice President 
and General Manager, ConAgra Fertilizer 
Company, were named to the FAR Board 
of Directors. • 
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Soil Fertility Management 
for Conservation Tillage 

By Harold F . Reetz, Jr . 

Changes in crop rotations and the shift to reduced tillage, which leaves more crop 
residues on the soil surface, have raised some new questions and problems relating to 
fertility management. 

F A R M E R S are c o n s e r v i n g s o i l 
resources and reducing the potential for 
erosion con tamina t ing surface water. 
Improved field equipment, better pest con
trol options, and innovative management 
systems have helped make this possible. 

Compliance wi th government program 
mandates and regulations w i l l force fur
ther adoption of conservation practices in 
the next few years. 

Build Fertility First 

Farmers should consider taking care of 
buildup fert i l izer needs before switching 
to reduced tillage systems. Where serious 
nutrient deficiencies exist, i t is important 
to mix nutrients wi th as much of the root 
zone as possible. Deeper tillage provides 
best mix ing . Moldboard plowing usually 
mixes deeper and more thoroughly than 
chisel systems. Chisel plows and field cul
tivators mix fert i l izer materials about half 
the depth of the tillage. This w i l l vary 
wi th different types of tillage implements. 

I f f e r t i l i ty is high, t iming and place
ment of fert i l izer are less cri t ical . More 
options are available for supplying main
tenance fer t i l izer . A Minnesota study, 
evaluating placement systems for ridge 

planted and chisel plow systems on corn, 
demonstrated the value of building soil 
test levels before changing tillage systems 
(Table 1). W i t h high fert i l i ty, yields were 
higher in both systems, and wi th a l l place
ment options. There was li t t le difference 
among the placement options. W i t h low 
fert i l i ty, placement of the fert i l izer i n a 
subsurface band was beneficial, although 
yields were st i l l lower than the high f e r t i l 
i ty treatments. 

The cost of buildup fert i l izer should be 
considered a capital investment to be 
amortized over a period of 5 years or 
more. I n most cases, the buildup f r o m a 
medium to a h igh soil test level w i l l 
increase yields enough that the buildup 
cost w i l l be recovered i n the first 2 to 3 
years. The benefits continue to accrue as 
long as the soil test is maintained at the 
higher level. So the cost of NOT building 
soil tests, as measured i n lost opportunity 
for higher yields and profits, should also 
be considered i n evaluating the economics 
of bui lding soil fert i l i ty. 

Stratification of Nutrients 

Under reduced tillage, nutrients tend to 
concentrate wi th in 3 to 4 inches of the 
soil's surface, particularly potassium ( K ) 

Table 1. Corn yields as affected by fertilizer placement, soil fertility, and tillage method. 

Low Fertility High Fertility 

Placement Ridge Chisel Ridge Chisel 

No P or K 
Broadcast 
Surface Band 
Subsurface Band 

79 
KB 

109 
115 

77 
109 
103 
116 

152 
156 
150 
154 

145 
151 
153 
154 

44 lb/A P205 and 87 lb/A K20. 
Subsurface bands placed 6 and 8 inches deep. 

Minnesota 

Dr. Reetz is Midwest Director of the Potash & Phosphate Institute (PPI), Monticello, IL . 
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CONDITIONS associated with conservation tillage systems can affect nutrient availability to plants. 

and phosphorus (P) which are relatively 
immobile. Both P and K applied to the 
surface move down very slowly, and over 
time accumulate in the top part of the root 
zone. Nutrients taken up by the plant f r om 
deeper in the root zone are also lef t on the 
surface in crop residues. As those residues 
decompose, the nutrients are released at the 
surface and move only slowly into the soil. 

Since there is li t t le downward move
ment, there is not much opportunity to 
replenish the nutrients removed i n the 
lower part of the root zone. The nutrient 
content of that area decreases, while the 
accumulations near the surface result in 
increased nutrient content of the upper 
part of the root zone. See Figure 1. 

The net effect is a stratification, or lay
ering, of nutrients in the soil. The amount 
of strat if ication fo r each nutrient w i l l 
depend upon on how much each individ
ual nutrient actually moves in the soil. 
Because P and K move very l i t t le i n most 
soils, they w i l l be more l ikely to concen
trate near the surface and become 
depleted lower in the root zone. Nitrogen 
moves readily i n the soil, so i t w i l l be 
moved lower in the root zone as water 
moves downward. 

Soil Test P, lb/A 
20 40 60 80 100 120 140 

o 6 
o 

co 3 

10 

Moldboard \ Chisel / -
No-till 

Annual Rates P2O5 
lb/A 

Broadcast 
170 
70 
80 

Row 
10 
30 
40 

Randall, Univ. of Minnesota 

Figure 1. Tillage systems can have significant 
effects on soil nutrient stratification. 
Phosphorus was concentrated in the 
surface soil by reduced tillage in this 
study (Minnesota). 

Long-term tillage studies throughout 
the Midwest show this stratification to be 
common on many soils. However, i t is usu
al ly not a major deterrent to reduced 
tillage because the roots are often more 
concentrated near the surface i n reduced 
tillage systems, and therefore better able 
to util ize the shallow supplies of nutrients. 

(continued on next page) 
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T I L L A G E . . . from page 5 

Since water is also more l ikely to be 
available near the surface i n reduced 
tillage systems in humid areas, another 
factor for efficient use of shallow nutrients 
is in place. On the other hand, nutrient 
stratification i n reduced ti l lage systems 
may be more important and yie ld- l imi t ing 
under restricted rainfal l conditions i n the 
western Corn Belt and Great Plains. 

As a result of greater water availability 
near the soil surface, reduced tillage sys
tems in the Midwest do not usually suffer 
yield loss f r o m the stratification of nutr i 
ents. A study at Purdue University that has 
been in place for nearly 20 years shows 
that comparable yields can be obtained 
under a variety of tillage systems—mold-
board, chisel, n o - t i l l — i f plant populations 
and pest management are adequate. 

Starter May Be More Beneficial 

I n reduced tillage systems, there is usu
ally a greater chance for a response to 
starter fertilizer. Extra residue lef t on the 
surface helps ho ld so i l i n place and 
increases infi l trat ion of water, but i t also 
reflects sunlight and reduces evaporation, 
so the soil tends to be cool and wet longer 
into the growing season. Such conditions 
increase the response to starter fertilizer. 

Twenty years ago, researchers and 
Extension specialists were tell ing farmers 
they did not need starter fertilizer, espe
cially on dark-colored soils, i f P and K 
soil tests were i n the high range. Under 
those conditions, that was sound advice. 
But conditions have changed as farmers 
have adopted conservation ti l lage prac
tices. Even the dark-colored soils dry out 
and warm up more slowly when crop resi
dues are lef t on the surface. The root sys
tem develops more slowly under cool, wet 
conditions, so nutrients and water must be 
supplied by a l imi ted number of roots. 

"Farmers should consider taking care 

of buildup fertilizer needs before switch

ing to reduced tillage systems." 

Starter fe r t i l i ze r provides a concen
trated supply of nutrients that helps meet 
the crop needs unt i l the root system can 
develop. Starter fer t i l izer is now more 
l ikely to produce a yield response than it 
was 20 years ago, because the root envi
ronment has been changed through con
servation tillage. 

Recent research f r o m the University of 
Wisconsin, reported i n another article i n 
this issue, shows that the benefits of starter 
fert i l izer may actually be greater for late-
May planted corn than f o r l a t e - A p r i l 
p l an t i ng dates, especia l ly f o r n o - t i l l 
systems. 

Research at a number of universities 
and locations has shown a greater starter 
response wi th no - t i l l or reduced til lage 
systems compared to systems wi th a large 
amount of tillage (Table 2). 

Reduced tillage systems tend to pro
duce lower so i l temperatures w h i c h 
enhance responses to starter. 

Teamwork in Conservation Plans 

As farmers work toward meeting con
servation compliance mandates and regu
la t ions , they should develop a team 
approach. The farmer, any landowners 
involved i n the operation, the local Soil 
Conservation Service (SCS), Cooperative 
Extension agents, and the fert i l izer dealer 
should a l l be involved i n the planning 
wherever possible. When these people 
work as a team to develop the plan, their 
expertise and experience can be drawn 
upon to make sure the plan includes the 
best management practices for the indi 
vidual fields involved. 

The farmer and landowners ultimately 
must make the decisions as to wh ich 

Table 2. Starter responses are frequently greater in no-till or reduced tillage systems. 

Response to Starter, bu/A 
Tillage Alabama Alabama Wisconsin 
System Grain sorghum Corn Corn 

Conventional 7 20 9 
No-till 16 47 20 

Soil test P High High Medium 
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"Changing tillage changes the environ

ment in which roots will grow and in 
which soil nutrient reactions take 
place." 

practices w i l l be adopted. The ferti l izer 
dealer probably has the most detailed 
input into the final plan. The role of SCS 
and Extension staff is to provide technical 
assistance, but they cannot possibly pro
vide detailed site-specific management 
plans for each fa rm in their area. Reduc
tion in force of both SCS and Extension 
w i l l make this type of involvement even 
more dif f icul t in the coming years. 

A g r o n o m i c consultants w i l l play a 
greater role in fa rming decisions in the 
future. These may be consultants working 
in conjunction wi th the fert i l izer dealer, or 
they may be independent consultants. I n 
either case, the consultant can provide 
assistance wi th soil testing and interpreta
tion, wi th pest management decisions, and 

a variety of other technical inputs. A local 
consultant can offer more individualized 
assistance than the SCS or Extension 
staff, because the consultant w i l l have a 
smaller number of clients. The farmer's 
own experience and expertise w i l l help 
determine the role for the consultants he 
hires. 

Summary 

Planning fe r t i l i ty management for con
servation t i l lage requires a systematic 
approach. Changing tillage changes the 
environment in which roots w i l l grow and 
in which soil nutrient reactions take place. 

A team of local support people should 
be involved i n working out the details of a 
conservation/fertility management plan, 
taking advantage of the expertise and 
experience available to develop a program 
that is agronomically sound, economi
c a l l y e f f i c i e n t , and e n v i r o n m e n t a l l y 
beneficial. • 

"Roots of Plant Nutrition" 
Conference Set for July 8-10,1992 

T H E Potash & Phosphate Ins t i tu te 
(PPI) and the Foundation for Agronomic 
Research (FAR) w i l l host a research con
ference, "Roots of Plant Nut r i t ion ," July 
8-10, 1992 at the Chancellor Hotel and 
Convention Center in Champaign, I L . 

The conference w i l l address the physi
cal, biological , chemical , and environ
mental considerations relat ing to root 
growth and plant nutrition. I t w i l l be a 
unique opportunity for basic researchers 
to share their work wi th those who apply 
the technology in the field. Ample time is 
allowed for open discussion of what is 
known about the crop rhizosphere and the 
questions that remain to be answered. 

Invi ted papers w i l l be presented by 
leading researchers in these subject areas. 
Volun tee r poster papers f r o m other 
researchers and graduate students w i l l be 
accepted for either indoor displays and 
presentations or f i e l d demonstrations. 
Commercial displays w i l l feature latest 
technology in equipment for root research, 
soil sampling, soil and plant analysis, field 

monitoring, and other related work. A 
published proceedings w i l l be available at 
the conference. 

The conference is oriented toward uni
versity (teaching, research, extension) and 
industry agronomists, crop consultants, 
SCS and Extension Service field staff, and 
others interested i n the application o f 
a g r o n o m i c t echno logy to the f i e l d . 
Research presentations w i l l emphasize the 
practical application of the latest knowl
edge of crop root systems and their envi
r o n m e n t . G r a d u a t e s t uden t s are 
encouraged to present poster papers on 
their research in progress on topics related 
to roots and plant nutrition. 

Registration materials can be obtained 
f r o m the Potash & Phosphate Institute 
(PPI), 2805 Claf l in Road, Suite 200, Man
hattan, KS 66502, (913) 776-0273. For 
further information, contact Dr. Harold 
Reetz, Potash & Phosphate Institute (PPI), 
R.R. # 2 , Box 13, Monticello, I L 61856, 
phone/FAX (217) 762-2074 or the PPI 
Manhattan, KS office. • 
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Level of Water-Insoluble Phosphorus 
Is Not Affecting the Performance 

of Superphosphate Fertilizers 
By G . L . Mullins and C . E . Evans 

The quality of phosphate rock (PR) used to manufacture fertilizer for North American 
farmers is slowly declining. Lower grade PR can result in the formation of impurity 
compounds, primarily iron (Fe) and aluminum (Al) phosphates, in the final phosphate 
fertilizer products. Identified impurity compounds have been shown to be insoluble in 
water and vary in citrate solubility. Thus, the use of lower grade PR can result in a 
decrease in the percentage of water-soluble phosphorus (P) in a fertilizer. There is some 
concern that increasing levels of water-insoluble P may be detrimental to fertilizer 
effectiveness. Results from this study do not support that concern. 

G R E E N H O U S E and field tests were 
conducted to evaluate the performance of 
commercial superphosphate fertilizers as 
affected by the level of water-soluble P 
and metallic impurities. Samples of six 
commercial triple superphosphates (TSP) 
and one commercial normal superphosp
hate (NSP) were collected for study. Three 
of the fertilizers were produced f r o m Flor
ida PR, one f r o m North Carolina PR, one 
f rom Idaho PR and two f r o m Moroccan 
PR. The U.S. sources were representative 
of commercial TSP currently available to 
farmers in the U.S. and Canada. 

I n a greenhouse test, these fertilizers 
were compared to reagent-grade mono-
calcium phosphate (MCP), approximately 
100 percent water-soluble. Monocalcium 

phosphate is considered to be the primary 
f o r m of water-soluble P i n commercial 
TSP. Water-soluble P in the phosphate fer
t i l izers ranged f r o m 80 to 97 percent 
(Table 1). The concentrations of A l and Fe 
(metallic impurities) in the U.S. fertilizers 
averaged four to six times higher, com
pared to the Moroccan TSP 

Greenhouse Study 

A greenhouse study evaluated each 
source a p p l i e d to a 3.3 l b po t o f 
Mountview silt loam soil (pH = 6.5) at 
rates to supply 0 to 50 parts per mi l l i on 
(ppm) P. Sorghum-sudangrass was used as 
a test crop and was harvested 28 and 56 
days after planting. Forage yields (Figure 
1) and P uptake by the plants were 

Table 1. Chemical composition of TSP fertilizers used in field and greenhouse studies. 

Citrate Water-
Source PR Total Insoluble Soluble1 

Number Source P P P Al Fe 

p c i L c l l l """ 
1 Florida (FL) 19.2 0.59 80 0.92 1.43 
2 Florida (FL) 20.8 0.78 m 0.75 1.43 
3 Florida (FL) 20.7 0.99 83 0.99 1.47 
4 North Carolina (NC) 20.7 0.78 87 0.28 1.13 
5 Morocco (MR) 21.2 0.75 92 0.19 0.20 
6 Morocco NSP 7.9 0.20 93 0.20 0.11 
7 Idaho ID 19.7 0.02 92 0.82 0.60 
8 Reagent grade MCP 26.1 0.01 97 <0.01 <0.01 

Percentage of available P that is soluble in water. "Available" P = water + citrate soluble P.  

G.L. Mullins is Associate Professor and C.E. Evans is Professor, both in the Department of 
Agronomy and Soils and Alabama Agricultural Experiment Station, Auburn University, A L 
36849-5412. Alabama Agric. Exp. Stn. Journal Series No. 3-912932P. 
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Figure 1. Yield of sorghum-sudangrass 56 
days after planting as affected by the 
rate and source of superphosphate. 
Reprinted by permission of Marcel 
Dekker, Inc. 

increased by increasing rates of added P. 
However, forage yields and P uptake were 
not affected by the P source. Results ind i 
cated that the commerc ia l f e r t i l i z e r s 
tested were as effective as reagent grade 
M C P and that ferti l izer performance was 
not related to the level of water-soluble 
P or the level of metallic impurities ( A l 
and Fe). 

Field Study 

A field study was also conducted using 
TSP sources manufac tu red f r o m RP 
sources 1, 3, 4 and 5 (Table 1). The three-
year test was conducted on a Hartsells and 
a Malbis soil. White potato was used as the 
test crop because of its high P requirement 
and its consideration as a crop that may 
require a high percentage of water-soluble 
R The TSP was band-applied on each side 
of the potato seed pieces at planting. 

Po t a to y i e l d s w e r e c o n s i s t e n t l y 
increased by added P (Figure 2). Dur ing 
the three-year study, potato yields were 
increased by as much as 163 cwt /A by the 
application of R Yields were not affected 
by the source of added P or the level of 
water-soluble P in the fertilizers during 
the three-year study. The concentration of 
P in the potato leaf tissue likewise was not 
affected by the source of applied P 

300 

200 

100 

Hartsells soil 
P test = 8 lb/A 

(very low) 
pH = 5.1 / 

O 1-FL 

A3-FL 

• 4-NC 

* 5-MR 

50 100 150 
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200 

200 

150 
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50 
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"pH = 6 

/ / J J o 1 - F L 

A3-FL 

• 4-NC 

i 

* 5-MR 

i i 
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200 

Figure 2. Potato yields on a Hartsells and a 
Malbis soil in 1989 as affected by the 
rate and source of commercial triple 
superphosphate. 
Reprinted by permission of Kluwere 
Academic Publishers. 

Summary 

Results of these studies show that com
mercial TSP fertilizers vary in their con
tent o f water soluble P and meta l l ic 
elements. However, greenhouse and field 
evaluations of commercial sources of TSP 
showed that fer t i l izer performance was 
not related to the level of water-soluble P 
or the content of metallic impurities. The 
results demonstrate that current levels of 
water-insoluble P (impurity compounds) 
in TSP produced f rom North American 
r o c k phosphate sources are not an 
agronomic problem. • 
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Some Facts on 

Phosphate 
Phosphate rock is a naturally-occurring material used in almost all phosphate (P) 
fertilizer production. The most important rock deposits are sedimentary materials, laid 
down in beds under the ocean and later lifted up into land masses. 

K N O W N wor ld reserves of phosphate 
rock approach 100 b i l l ion tons. About hal f 
this can be economically recovered under 
today's conditions. This tonnage repre
sents enough phosphate to meet present 
consumption rates for hundreds of years. 
As the economics change, even greater 
amounts can be recovered. 

U.S. deposits (phosphorite) are found i n 
F l o r i d a , N o r t h Ca ro l i na , Tennessee, 
Idaho, Montana, Utah and W y o m i n g . 
They represent about 30 percent of the 
world's known reserves. More than three 
fourths of the U.S. production comes f r o m 
Flor ida and N o r t h Carol ina , w i t h the 
remainder coming f r o m the western states 
and Tennessee. 

Almost a l l phosphate rock is mined by 
strip mining. I t usually contains about 15 
percent P 2 0 5 and must be upgraded to be 
used for fertilizer. Upgrading, i n a process 
called beneficiation, removes much of the 
clay and other impurities, and raises the 
P 2 0 5 content to 30 to 35 percent. 

Following beneficiation, the rock phos
phate is finely ground. Although i t can be 
applied directly as rock phosphate f e r t i l 
izer, the P in i t is slowly released and sel
dom benefits crops during the first two or 
three years after application. Most of the 
rock phosphate is treated to make the P 
more soluble. 

Fertilizer phosphates are classified as 
either acid-treated or thermal-processed. 
Acid-treated P is by far the most preva
lent. Sulphuric and phosphoric acids are 

commonly used i n producing acid-treated 
phosphate fertilizers. 

Sulphuric acid is produced f r o m ele
mental sulphur (S) or f r o m sulphur diox
ide. More than 60 percent of industrial 
sulphuric acid is used to produce f e r t i l 
izers. Treating rock phosphate wi th con
centra ted su lphur i c ac id produces a 
mixture of phosphoric acid and gypsum. 
Fil trat ion removes the gypsum, leaving 
"green" or "wet-process" phosphoric 
acid containing about 54 percent P 2 0 5 . 

Wet-process acid can be further con
centrated to f o r m superphosphoric acid. 
I n this process, water is driven o f f and 
molecules wi th two or more P atoms are 
f o r m e d . Such molecu les are c a l l e d 
polyphosphates. 

Acid-Treated Phosphate 
Fertilizer Materials 

Normal superphosphate (20 percent 
P 2 0 5 ) is made by treating rock phosphate 
wi th a measured amount of lower concen
tration sulphuric acid. 

Concentrated superphosphate (triple 
superphosphate; 46 percent P 2 0 5 ) comes 
f r o m reacting wet-process phosphoric 
acid wi th rock phosphate. 

Ammonium phosphates are produced 
by ammoniating phosphoric acid. Mono-
ammonium phosphate ( M A P ) contains 10 
to 12 percent N and 48 to 55 percent P 2 0 5 ; 
diammonium phosphate (DAP) contains 

This article was prepared by agronomists of the Potash & Phosphate Institute (PPI). For more 
information, contact Dr. Harold F Reetz, Jr., PPI Midwest Director, R.R. 2, Box 13, Monticello, I L 
61856; phone (217) 762-2074. 
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18 percen t N and 46 pe rcen t P 2 0 5 

(18-46-0). The difference is determined 
by c o n t r o l l i n g the amount o f added 
ammonia. 

Ammonium polyphosphates are usually 
fluid sources of P produced by ammoniating 
superphosphoric acid. Polyphosphate con
tent ranges f rom 40 to 70 percent. A n a l 
ysis of polyphosphate l iqu id ferti l izers 
ranges f rom 10-34-0 to 11-37-0. 

Nitrophosphates are made by reacting 
rock phosphate wi th nitr ic acid. Some sul
phuric or phosphoric acid may be used 
along wi th the ni t r ic acid to make the 
m a t e r i a l more water so lub le . M o s t 
nitrophosphates are used in Europe. 

Ammoniated superphosphates are 
made by reacting normal or triple super
phosphate wi th ammonia. They are avail
able in different fe r t i l i ze r grades and 

water solubilities. The water soluble P 
content is variable, influenced by phos
phate source, degree of ammoniation, con
tent of impurities, moisture content, speed 
of drying, etc. 

Thermal Phosphoric Acid 

Thermal phosphoric acid is produced 
by first producing elemental P through the 
reduction of phosphate rock wi th coke in 
an electric arc furnace. Elemental phos
phorus is oxidized to P 2 0 5 which is subse
quent ly reacted w i t h water to f o r m 
furnace grade phosphoric acid (H 3 P0 4 ) . 

Thermal acid is much purer than wet-
process H3PO4. Its use in ferti l izer man
ufacture is sometimes preferred for the 
production of l iquid fertilizers because of 
its purity. Agronomically products derived 
from furnace grade phosphoric acid and 
those produced from merchant grade 
phosphoric acid are identical. • 

The Hills and Valleys of Phosphorus Fixation 
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SOIL REACTION (pH) greatly influences the solubility of different P compounds in the soil. 
Solubility indicates how available the P is, or how fixed or "tied up" it becomes in the soil. The 
more soluble or available forms exist in the 5.5 to 7.0 range. This makes a sound liming program 
essential on very acid soils. Lowering the pH of alkaline soils to improve availability is not very 
practical. 
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Texas Research 

Best Management Practices 
for Southern Dairy Forages 

By J . Neal Pratt, Johnny Cates, David McGregor, and L a r r y Sanders 

Warm season perennial forages can provide high yields . . . and high quality . . . with 
adequate fertilization and good forage management. Dairy producers can quickly benefit 
from improved forage quality. 

W A R M S E A S O N P E R E N N I A L 
G R A S S E S are noted for their low quality. 
Yields and quality of warm season peren
nials, however, can approach that of alfalfa 
wi th use of proper f e r t i l i t y inputs and 
management. 

A system of best management practices 
(BMPs) that can maintain high quali ty 
and high yields of warm season perennial 
forages includes: 

• a soil testing program 

• a forage analysis program 

• a t imely and accurate fe r t i l i za t ion 
schedule 

• forage management techniques fo r 
maximizing leaf production. 

Maximum Leaf Production Is a Key 

Total mixed ration formulation for feed-
lot dairy cattle is much simpler than nutr i 
ent management of dairy cattle on pasture. 
Since pastures are growing plants, they 
are subject to continual change. Forage 
changes direct ly a f fec t ing animal per
formance can, however, be compensated 
for w i t h BMPs to posi t ively inf luence 
dairy production. 

The m i l k i n g herd needs high quality 
forage. Quali ty of warm season perennial 
grasses such as Coastal bermudagrass 
declines rapidly as the leaf-to-stem ratio 
decreases (Figure 1). As the plant grows, 
the leaf-to-stem ratio decreases, w i t h a 
corresponding decline i n prote in and 

1 0 0 

Leaf % m 

1 2 4 8 
Age, Weeks 

Figure 1. Leaf percent declines as stem 
increases with age of Coastal 
bermudagrass. 
Source: Burton and Prine. 

other quality factors. Cattle performance 
is highest when the proportion of leaves is 
85 percent and greater. 

Figure 2 shows a simplified diagram of 
the differences between a leaf cell and a 
stem cell and their relative differences in 
digestibility. This difference in digestibil
i ty produced by increased plant maturity 
and a lower leaf-to-stem ratio significantly 
affects animal performance. A 1 percent 
increase i n digestibility can produce as 
much as a 5 percent increase in m i l k 
production. 

Pastures can be maintained in a lush, 
vegetative state by heavy grazing pressure 
and/or frequent mowings. This pressure 
keeps the grass short, breaking apical 
dominance and promoting growth of lat
eral buds and leaves. This produces a leafy, 
high quality forage with high digestibility. 

Dr. Pratt is with the Texas Agricultural Extension Service, College Station, TX. Mr. Cates is Wood 
County Extension Agent, Quitman, TX. Mr. McGregor is Waller County Extension Agent, 
Hempstead, TX. Dr. Sanders is Great Plains and Southwest Director, Potash & Phosphate Institute 
(PPI), RO. Box 23529, Stanley, KS 66223. 
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IMPROVED management of Coastal bermudagrass and other forages can be profitable for dairy 
producers. 

P r o p e r l y managed pastures have 
more the appearance of a lawn than a 
conventional pasture. The practice o f 
keeping stem length to a min imum creates 
a higher leaf-to-stem ratio. 

D i g e s t i b i l i t y o f bermudagrass leaf 
materials may be 65 percent or more, but 
once rapid stem growth begins, digestibil
i ty drops quickly. As the stem portion 
increases, digestibility may decrease to 50 
percent or less. Cattle consume less of the 
stemmy, mature forage because the cell 
wall portion is less digestible and it stays 
in the rumen longer. This causes a serious 
decline in m i l k production. 

Dairy Producers Demonstrate 
B M P Approach 

A dairy forage management plan was 
designed by Texas A & M personnel based 

"Properly managed pastures should 
have more the appearance of a lawn 

than a conventional pasture." 

on previous regional research. Results of a 
long-term f ie ld t r i a l established on the 
C l i f f o r d and Randal l Davis D a i r y in 
Wood County, T X , demonstrated the 
advantages of applying modest amounts 
o f n i t r o g e n ( N ) at 31-day i n t e r v a l s 
t h roughou t the g r o w i n g season and 
removing ungrazed forage when growth 
exceeded 3 inches in height. Records indi 
cated that m i l k p roduc t ion began to 
decline 3 days prior to, and increased 3 
days fol lowing the 31-day ferti l izer appli
cation interval. A modified schedule was 
l a t e r d e v e l o p e d f o r a p p l y i n g N , 

Leaf Cell Stem Cell 
Cell Solubles 

L90-100% Digestible, 

Cell Wall 
20-30% Digestible 

% Dry Weight \ 
20-30% 55-60%/ 

Figure 2. Relative differences in leaf and stem cells. Leaf cells contain more cell solubles, which 
are highly digestible. Source: McNeill 
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Table 1. Date, rate, and analysis of fertilizer 
application based on soil and plant 
analyses, Waller County, TX.  

Fertilizer Fertilizer Analysis, % 
Date Applied, lb/A N- P 20 5- K20- S- Mg- Zn 

May 2 200 0 0 60 
May 2 200 18 46 0 
May 2 200 0 0 22 22 11 
May 19 300 21 7 14 6 1 
June 8 300 21 7 14 6 1 
July 9 300 14 7 21 7 2 1.6 
July 30 314 14 7 21 7 2 1.6 
Aug 20 300 14 7 21 7 2 1.6 
Sept 9 300 14 7 21 7 2 1.6 
Sept 30 300 14 7 21 7 2 1.6 

Total 2,714 

phosphorus (P) and potassium (K) every 
24 to 26 days. 

Results indicated that m i l k production 
equa led p r o d u c t i o n f r o m s o r g h u m -
sudangrass or mi l le t forages during June 
through August and increased 5 to 8 lb per 
cow during September and October. Pas
ture costs per cow decreased f r o m $0.25 
to $0.11 per day. No hay was fed to the 
lactating herd unt i l October. Other area 
demonstrations have also shown an aver
age of 5 lb per cow per day increase over 
previous forage systems used. 

Based on the success at the Davis Dairy, 
a similar project was initiated on the Si l -
verwood Dairy i n Waller County. Fer t i l 
izer was applied every 21 days and half of 
the Coastal bermudagrass pasture was 
shredded every 7 days. In i t i a l fert i l izer 
nutrient rates were based on soil tests. For
age samples were collected and analyzed 
every 7 days. As the season progressed, 
plant analyses showed that forage K was 
less than 2 percent, which is below opti
mum for this production system. 

One of the important roles of K i n ani
mals is reduction of heat stress i n lactating 
cows when humidi ty is high and the tem
perature exceeds 85°E 

Fertilizer practices were then modified 
to include higher rates of K (Table 1). For
age K levels improved for several sam
p l i n g dates. A s d r o u g h t c o n d i t i o n s 
continued during the summer, K levels 

"The BMPs outlined here are 
agronomically economically, and envi

ronmentally responsible management 
techniques that dairy-men can incorpo
rate into their ongoing dairy 

enterprises." 

fluctuated w i t h climatic conditions and 
root activity. 

Forage protein and energy levels and 
m i l k p r o d u c t i o n showed subs tan t ia l 
increases over previous years wi th use of 
these BMPs. Based on plant analyses, soy
bean meal content in concentrate rations 
was reduced f r o m 800 to 200 lb/ton of 
mixed feed, and m i l k production was 
maintained through the summer drought. 

B M P Forage Roadmap for 
Southern Dairies 

Several dairies i n eastern Texas have 
ini t ia ted forage management programs 
which include the fol lowing BMPs: 

A. Soil Testing Program. The soil test is 
the starting point for design of a basic 
fe r t i l i ty plan. Soil tests should be used to 
m o n i t o r and m a i n t a i n adequate so i l 
fert i l i ty. 

B . Forage Analysis Program. Forage 
samples should be collected and analyzed 
weekly by a laboratory. The results can be 
used to monitor protein and other nutr i 
t ional factors so that in-season adjust
m e n t s i n f e r t i l i z e r a n d f o r a g e 
management can be made to keep dairy 
cows operating at peak performance. 

Currently, dairy producers are applying 
50 to 60 lb N / A plus other nutrients shown 
to be deficient at 21 day intervals. 

C. Timely and Accurate Fertilization 
Schedule. Fertilization plays an important 
ro le f o r sustained p lant g r o w t h and 
drought tolerance, helping insure the suc
cess of intensively managed warm season 
perennial dairy pastures i n the South. The 
fol lowing guidelines should be helpful: 

1. Provide adequate nutrit ion to meet the 
needs of the forage being grown. Warm 
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season perennial grasses are big nutr i
ent users. 

2. Balance N wi th P, K, S, M g , and other 
nutrients to optimize yield and quality 
and to main ta in h igh nutr ient use 
efficiency. 

3. Apply secondary and micronutrients 
as needed, using soil testing and plant 
analyses. 

4. Apply nutrients at short, un i fo rm inter
vals (21 to 24 days) to keep manage
ment simple and to stabil ize m i l k 
production. 

5. Keep soil p H in the range best suited 
for optimum forage production (pH 6.0 
to 7.0). 

D. Forage Management for Maximum 
L e a f Production. Managing for maxi 
mum leaf production is the objective of 
this system. Power fencing wi th small 
grazing cells where cattle are mob-grazed 
and rotated on short intervals w i l l work 
best. Wi th larger pastures, mowing each 
half of the pasture on a 7 to 10 day interval 
w i l l keep the pasture at a 3 inch height or 
less. 

This system may require 5 to 7 cows 
per acre stocking rate to maintain the 
grass at m i n i m u m heights. I f "manure 
spots" develop, they should be mowed 
along wi th a drag attachment to help scat
ter existing manure. Frequent removal of 
stemmy and excess forage w i l l provide a 
constant source of high percentage leaf 
material wi th min ima l stem. 

Advantage of B M P s 

T h e B M P s o u t l i n e d here are 
agronomically, economically, and envi
ronmen ta l ly responsible management 
techniques that dairymen can integrate 
into their ongoing dairy enterprises. I n 
this case, BMPs serve the farmer, the fer
til izer dealer, and the environment. 

The dairyman not only benefits f r o m 
yield, quality, and economics of forage 
and m i l k production wi th BMPs, but labor 
is uti l ized more efficiently as well . The 
fer t i l izer dealer benefits by having his 
work load spread over a longer season. 
The environment is protected by split 
applications of fertil izer, and enhanced 
nutrient use efficiency. • 

Louisiana 

Effect of Sulphur Fertilization on Yield, Copper 
Concentration and Copper Uptake in Coastal Bermudagrass 

R E S E A R C H at the 
L o u i s i a n a H i l l F a r m 
Research S ta t ion has 
r epo r t ed fo rage y i e l d 
responses to sulphur (S) 
applied to Coastal ber
mudagrass at two loca

tions over a 5-year period. Yield increases 
have been measured f r o m S applications 
up to 96 lb S/A. Sulphur fe r t i l i za t ion 
reduced copper (Cu) concentrations f r o m 
5 to 4 parts per mi l l i on (ppm), but Cu 
uptake was not significantly affected at 
either site. 

The table shows some effects of S 
fertilization. • 

Effects of S fertilization on Coastal bermuda-
grass yields, Cu and S concentrations and uptake. 

S Cu 

Applied S Cone. Uptake Cone. Uptake Yield 

lb/A % lb/A ppm lb/A lb/A 
0 .13 16 5 .06 12,590 
24 .16 22 4 .06 13,091 
48 .20 28 4 .06 13,505 
72 .24 34 4 .06 13,862 
96 .28 42 4 .06 14,582 

Mahan fine sandy loam; 
Soil test (0-15 cm): S, 8 ppm; Cu, 0.2 ppm. 

Source: Dr. Marcus Eichorn, Hi l l Farm Research Station, Louisiana State University. 
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Kansas Research 

Phosphorous Boosts Long-Term Corn and 
Sorghum Yields, Reduces Soil Nitrate Carryover 

By Alan Schlegel and Kevin Dhuyvetter 

A 30-year irrigated corn and grain sorghum study in western Kansas continues to 
emphasize the importance of phosphorus (P) for irrigated crop production. Phosphorus 
use has increased yield, increased crop response to nitrogen (N), and diminished nitrate-N 
accumulation in the soil. 

F O R T H E P A S T 30 Y E A R S , a study 
at the Tribune Uni t of the Southwest Kan
sas Research and Extension Center has 
demonstrated the importance o f good 
fe r t i l i za t ion practices i n product ion of 
continuous irrigated corn and grain sor
ghum. The corn and grain sorghum plot 
areas in this study are adjacent (located on 
a Ulysses silt loam soil) and receive fur
row i r r i g a t i o n . F e r t i l i z e r t reatments 
include N rates ranging f r o m 0 to 200 lb 
N / A in 40 lb increments, w i th and without 
P at a rate of 40 lb P 2 0 5 / A . 

Over the years, crop responses to added 
P have continued to increase as soil test P 
levels have been drawn down by lack of P 
application. Corn has shown the largest 
responses to P because of higher average 
yields. 

Phosphorus Differences Increase 

Over the years, data f r o m this study 
have indicated that maximum corn yields 
were achieved wi th N application rate of 
about 160 lb /A. A t that opt imum N rate, 
application of P has continued to increase 
its effect on corn yields (Figure 1). W i t h N 
application rate of 160 lb /A, P produced an 
average yield increase of 38 bu/A f r o m 
1961 to 1991. F r o m 1982 to 1991, P 
increased yields an average of 57 bu/A 
and in 1991 P increased yields 117 bu/A for 
a top yield of 206 bu/A. 

Grain sorghum yields i n this study have 
always been lower than corn. Similarly, P 

effects on yields have also been smaller 
but s t i l l highly significant (Figure 1). W i t h 
N rate of 120 lb /A, 31 years of data indi 
cated an average P yield increase of 15 bu/ 
A . From 1982 to 1991, that effect increased 
to 24 bu/A and i n 1991 P increased sor
ghum yields 38 bu/A. 

Grain 
Corn Sorghum 

180- D 7, 

I 601 

61-65 66-70 71-75 76-80 81-85 86-91 

Years 

Figure 1. Irrigated corn and grain sorghum 
yield increases from fertilizer P have 
increased with time. 

Nitrogen and Phosphorus Removal in 
Soil Test Levels 

Amounts of N and P removed in the 
grain have increased wi th increasing N 
and P applications for both corn and grain 
sorghum. Grain N and P removal was 
about 50 percent higher for corn than 

Dr. Alan Schlegel is with the Southwest Research-Extension Center, Route 1, Box 148, Tribune, KS 
67879. Mr. Dhuyvetter is Extension Agricultural Economist-Southwest, 1501 E. Fulton Terrace, 
Garden City, KS 67846. 
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grain sorghum, reflecting the higher corn 
yields. A t an optimum N rate of 160 lb /A 
wi thout added P, corn grain removed 
about 67 lb N / A in 1990 compared to 104 
lb N / A at the same N rate when P was 
supplied. Wi th N rate of 120 lb N / A , grain 
sorghum without added P removed only 
57 lb N / A ; that amount increased to 77 lb 
N / A wi th 40 lb P 2 0 5 . 

The effects of proper rates of N applica
tion wi th added P on nitrate accumulation 
in the soil over a 30-year period are indi 
cated in Figure 2. Soil was sampled to a 
depth of 10 feet and showed a net accu
mulation of 224 lb nitrate-N/A at a rate of 
160 lb N without added P. When P was 
supplied, the accumulated amount o f 
nitrate-N was only 48 lb /A, emphasizing 
the improved N use eff iciency f r o m P 
fertilization. 

Grain sorghum production resulted in 
similar soil nitrate-N accumulations wi th 
similar P effects. A t a rate of 120 lb N / A 
without P, the 30-year accumulation of 
nitrate-N to a depth of 10 feet was 193 lb/ 
A ; i t dropped to only 52 lbs when P was 
supplied at the same N rate. However, 

300 - i 

0 - f — i 1 1 \ 1 1 1 1 1 — i 

0 40 80 120 160 200 

N Rate, lb/A 

Figure 2. Nitrogen rate and P application 
effects on nitrate-N accumulation in 
the soil (corn, Kansas research). 

when N was increased to 160 lb /A without 
P, residual nitrate-N jumped to 750 lb /A; 
i t was only 195 lb /A when P was supplied. 
Those numbers emphasize the importance 
of N rate and P application for N use 
efficiency. 

These same plots were sampled in 1973 
and a comparison of the data f r o m that 

(continued on next page) 
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PHOSPHORUS . . . from page 17 

date versus the 1990 sampling provides an 
interesting comparison (Figure 3). Phos
phorus had the same dramatic effect on 
cont ro l l ing ni t ra te-N accumulation and 
soil nitrate-N levels i n the plots receiving 
160 lb N plus 40 P 2 0 5 actually declined 
slightly over that 17-year period. Without 
P, soil nitrate-N accumulations rose about 
60 lb /A, which represents only about a 4 
lb /A accumulation per year. 

Irrigated Corn 

0 40 0 40 
P205, lb/A 

Figure 3. Soil nitrate accumulation to a depth 
of 10 feet has been dramatically con
trolled by the use of P fertilizer. 

Phosphorus removal and soil test levels 
make an interesting comparison. I n 1990, 
160 lb of N without P and a yield of 118 bu 
of corn per acre removed about 22 lb 
P 2 0 5 / A . That constant removal over a 30-
year period has caused soil test values to 
drop significantly f r o m the original level 
(Figure 4). The opt imum N rate of 160 lb 
N / A plus 40 lb P 2 0 5 produced a yield of 
212 bu/A i n 1990 and removed about 51 lb 
P 2 0 5 / A i n the grain. W i t h an average 

application of 40 lb P 2 0 5 / A , P soil tests 
have been maintained at about an even 
level (Figure 4), slightly lower than the 
in i t i a l soil levels. This might indicate that 
a s l ight ly higher rate of P application 
might have been beneficial for crop pro
duction even though an additional 40 lb of 
P 2 0 5 early in the study showed no addi
tional yield benefit. 

201 

oj , , , 
1960 1970 1980 1990 

Year 

Figure 4. Corn production without application 
of P resulted in a decline in available 
soil P and yield losses. 

Economic Analysis 

This study provides some classic data 
that tie system profits wi th environmental 
protection. The data i n Figure 5 demon
strate clearly that net returns benefited 
f r o m ut i l iz ing the opt imum N rate wi th P. 

Note that as yields increased, produc
t ion costs per bushel dropped and net 
return (net revenue) increased to a maxi
mum at about 160 lb N / A . To calculate 
these values, the price of corn was figured 
at $2.50/bu, N at $0.15/lb and other pro
duction costs at $200/A. 

Analys is o f the sorghum production 
system y i e l d e d essent ia l ly the same 
trends. The opt imum N rate for sorghum 
was about 140 lb N / A wi th added P for 
medium and high yielding years and about 
120 lb N / A for low yielding years. Apply
ing N i n excess of these values resulted in 
reduced net return and greater soil accu
mulation of nitrate-N. 
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Figure 5. Yields increase, production costs per bushel decline and net returns (net revenue) 
increase when a production system includes adequate plant nutrients (irrigated corn, 
Kansas research). 

Summary 

This study demonstrates the benefits of 
long- term soi l f e r t i l i t y investigations. 
Yields of irrigated corn in this system 
have been maintained and increased over 
the 31-year period of the study. Sorghum 

yields, however, have not kept pace and 
have slipped somewhat over the years. 
Clearly, use of a complete fe r t i l i ty pro
gram was able to maximize profit poten
t i a l w h i l e m i n i m i z i n g so i l -n i t ra te N 
accumulations and decreasing any haz
ards of potential nitrate leaching. • 

Utah 

A Role for Potassium in the 
Use of Iron by Plants 

S T U D I E S were con
ducted on iron (Fe) defi
cient tomato and soybean 
cu l t i va r s . Researchers 
found that neither species 

was able to respond to Fe stress in the 
absence o f potassium ( K ) i n g r o w t h 
solution. 

The lack of Fe stress response resulted 
in reduced levels of leaf Fe and greater 
chlorosis in both species when K was 

omitted f rom the growth solution. Solution 
K was replaced wi th equal (equimolar) 
amounts of sodium (Na) and rub id ium 
(Rb), but neither effectively substituted 
for K . I t appears, f r o m this research, that 
K is essential in evoking the Fe stress 
response which results in Fe uptake by the 
plant. 

Researchers concluded that K seems to 
have a specific role in the plant for maxi
mum utilization of Fe. • 

Source: YD. Jolly, J.C. Brown, M.J. Blaylock and S.D. Camp, Brigham Young University, Provo, 
UT 84602. Published in Journ. of Plant Nutrition 11(6-11), 1159-1175 (1988). 
Note: See Potash Review, Subject 4, 5th Suite, No. 5, p.l (1989), for an abbreviated version of the 

above article. 
Also for further reading: Jolly, YD. and J.C. Brown, 1985. Iron stress in tomato affected by 
potassium and renewing nutrient solutions. Journ. of Plant Nutrition, 8(6), 527-541. 
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Wisconsin Research 

Corn Response to Starter Fertilizer: 
Planting Date and Tillage Effects 

By L . G . Bundy and P .C. Widen 

Corn yields are often increased by starter fertilizer at early planting dates. Data in this 
study also indicate substantial yield benefits from starter use can occur at late May 
planting dates, particularly in no-till. 

C O R N Y I E L D R E S P O N S E S to 
row-appl ied starter f e r t i l i z e r are f r e 
quently reported in northern corn produc
tion areas. 

These responses are often attributed to 
the role of starter fert i l izer in compensat
ing for the reduced root growth and nutr i 
ent availability in cold soils wi th early 
planting or i n reduced tillage. However, 
observations f r o m on- fa rm demonstra
tions and research trials suggest that the 
probability of yield response to starter fer
ti l izer is reduced at the higher soil tem
peratures normally associated wi th later 
planting dates, and at high phosphorus (P) 
and potassium (K) soil test levels. 

The economic implications of starter 
fert i l izer use wi th various planting dates 
and in tillage systems have not been deter
mined. I n fact, corn yields in Wisconsin 
are usually increased by early planting 
and use of starter fertilizer, indicating that 
overall profi tabi l i ty in many production 
situations can be optimized by their use. 

Grain moisture at harvest can also be 
influenced by planting date. Potential dif
ferences in drying costs should be consid
ered in the economic evaluation of starter 
fer t i l izer use alternatives. The specific 
objectives of this evaluation of tillage and 
planting date effects on corn response to 
starter fertilizer treatments are listed below. 

Objectives 

• Determine corn y ie ld response to 
row-appl ied starter f e r t i l i z e r at a 

range of planting dates. 

• Compare response to starter f e r t i l 
izer i n n o - t i l l and conven t iona l 
tillage at each planting date. 

• Study the effects of starter fertilizer 
composition on crop response by eval
uating growth, y ie ld , and nutrient 
uptake obtained wi th various combi
nations of nitrogen (N), R and K. 

• Determine economic returns f r o m 
starter fert i l izer use at various plant
ing dates based on yield, fert i l izer 
costs, and grain drying costs associ
a ted w i t h v a r i o u s t r e a t m e n t 
combinations. 

Materials and Methods 

A n experiment designed to evaluate 
planting date and tillage effects on corn 
response to starter fe r t i l i ze r was con
ducted on the University of Wisconsin 
Research Station at Ar l ing ton f r o m 1989 to 
1991. The soil at the experimental site was 
a Piano silt loam. The site had been i n 
continuous corn for at least 10 years. Dur
ing this period, fert i l izer P and K applica
tions were approximately equal to crop 
removal. 

A split-split plot design, replicated four 
times, was used wi th ti l lage (no- t i l l or 
moldboard plow) designated as the main 
plot treatment. Individual plots were four 
rows (10 f t . ) wide and 30 f t . long. I n the 
m o l d b o a r d p l o w t i l l a g e system, f a l l 

Dr. Bundy is Extension Soil Scientist and Mr. Widen is Research Specialist, Department of Soil 
Science, University of Wisconsin-Madison. This article is adapted from a paper prepared for the 
Area Fertilizer and Aglime Dealer Meetings, December 2-13,1991. 
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plowing was used wi th seedbed prepara
tion by disking shortly before planting. 
Subplot treatments were four plant ing 
dates (late A p r i l , early, middle, and late 
May). A single hybrid, of 95-day relative 
maturity (Kaltenberg brand 5200), was 
used at all planting dates each year. Seed
ing rates were adjusted so that stands 
could be hand thinned to a un i fo rm den
sity of 24,000 to 26,000 plants/A after 
emergence in al l treatments. 

Sub-subplo t t rea tments were f o u r 
starter ferti l izer additions applied at plant
ing in a 2 x 2 placement (10 + 0 + 0, 10 + 
25 + 0,10 + 0 + 25 and 10 + 25 + 25 lb /A of 
N , P 2 0 5 and K 2 0 , respectively). A m m o 
nium nitrate (34-0-0), t r iple superphos
phate (0-46-0), and potassium chloride 
(0-0-60) were used as nutrient sources. 
Prior to the first planting date, anhydrous 
ammonia was injected to provide 180 lb 
N / A in all treatments. 

Before the first planting each year, soil 
samples were taken throughout the experi
mental area to determine in i t ia l soil test 
levels. Surface samples (0- to-6 i n c h 
depth) were analyzed for p H , organic 
matter, available P, and exchangeable K. 
Average in i t ia l soil test values were: pH, 
6.4; P, 25 parts per mi l l i on (ppm); and K , 

98 ppm. Weekly plant height measure
ments were made in all plots unti l tassel-
ing. A measurement of the percent total 
residue cover was made early in the grow
ing season. Grain yields were determined 
by machine harvest of the middle two 
rows of each plot. A subsample of grain 
f rom each plot was retained for moisture 
measurements. 

Results and Discussion 

Plant height effects. The effects of 
starter ferti l izer on plant height were most 
apparent in no- t i l l at late May planting 
dates. Starter fert i l izer had lit t le effect on 
plant height at the other tillage-planting 
date combinations. These results show that 
starter ferti l izer promotes more rapid crop 
growth i n late n o - t i l l plantings. Plant 
height d u r i n g July was cons is tent ly 
increased by starter fert i l izer additions in 
each year. The largest response usually 
occurred when the starter fert i l izer con
tained both P and K. 

G r a i n yield effects. Starter fertil izer, 
planting date, and tillage treatments sig
nificantly affected grain yields (Figure 1). 
The moldboard plow tillage system grain 
yields were significantly higher than no-
t i l l except in 1991. 

30 

-10 

Tillage Method: Moldboard • No-till 

4/26 5/3 5/11 5/24 
1989 

4/23 5/2 5/14 5/24 
1990 

Planting Date 

4/25 5/2 5/13 5/23 
1991 

Figure 1. Starter fertilizer, planting date, and tillage treatments significantly affected corn grain 
yields (Wisconsin). 
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Planting date had a significant effect on 
grain yield. I n most cases, early planted 
corn i n both tillage systems produced the 
highest yields. Starter fert i l izer treatments 
containing P and/or K usually increased 
yields relative to the control (no P or K ) 
treatment. Starter treatments that con
tained P alone or both P and K usually 
produced the highest corn yields. 

The importance of using a starter fe r t i l 
izer containing both P and K is apparent 
f rom the data. Yields wi th this treatment 
were usually higher than wi th other starter 
fertilizer additions. These data suggest that, 
for early plantings in a moldboard plow 
system, using starter fertilizer that contains 
both P and K w i l l produce the highest corn 
yields. I t also suggests that yields f rom corn 
planted in late May can be significantly 
increased i f starter fert i l izer containing 
both P and K is used. The no-t i l l data are 
similar to those in the moldboard plow sys
tem in that yields can be increased wi th 
starter fertilizer at late May planting dates, 
but higher yields w i l l usually be obtained 
with earlier planting dates. 

Grain yield responses to starter fertilizer 
in two tillage systems at four planting dates 
each year were determined by comparing 

50 

yields in the control wi th yields where the 
starter fertilizer contained both P and K. 
Starter fertilizer increased grain yields in 
20 of 24 comparisons. Positive responses to 
starter fertilizer ranged f rom 0.6 to 27 bu/ 
A , while negative responses ranged f rom 1 
to 5 bu/A. 

G r a i n moisture effects. Grain mois
tures were s ign i f i can t ly higher at the 
late-May planting dates in both tillage sys
tems, except in 1990 where the mid-May 
planting date grain moistures were highest. 
Higher grain moistures at the later planting 
dates are due to the shorter growth and 
development period available to the crop. 
Starter fertilizer use usually lowered grain 
moisture relative to the control (no P or K ) 
treatment. Fertilizers containing P alone or 
both P and K were most effective i n reduc
ing grain moisture at harvest. The effect of 
starter fertilizer on grain moisture is most 
apparent in the no-t i l l system at the later 
planting dates, and is likely due to more 
rapid crop development where starter fer
tilizer was applied. 

Economic analysis of starter fertilizer 
use. A n economic analysis of starter fer t i l 
izer use at four planting dates in two tillage 
systems is shown i n Figure 2. Returns 

4/26 5/3 5/11 5/24 
1989 

4/23 5/2 5/14 5/24 
1990 

Planting Date 

4/25 5/2 5/13 5/23 
1991 

Figure 2. Economic benefits varied among planting dates and tillage systems, but starter fertilizer 
use was profitable in most comparisons (Wisconsin). 
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f rom starter fertilizer use were calculated 
using a $2.25/bu value for corn and a 
$10.00/A cost for the starter fertilizer appli
cation containing 25 lb/A of both P 20 5 and 
K 2 0 . Grain drying costs were calculated at 
$0.02/bu for each 1 percent moisture above 
15 percent. For each planting date and 
tillage, net returns with and without starter 
fertilizer were compared to determine the 
economic benefits f r om starter ferti l izer 
use. Although economic benefits varied 
among planting dates and tillage systems, 

starter fertilizer use was profitable in 19 of 
24 comparisons. Economic benefits f rom 
starter fertilizer ranged f rom $3 to $43 per 
acre, while losses f rom starter fert i l izer 
ranged f rom $8 to $20 per acre. 

Summing Up 

These findings indicate that starter fer
tilizer use is likely to be highly profitable 
across a range of planting dates and tillage 
systems. • 

Foliar Boron Fertilization of Soybeans 

R E S E A R C H E R S 
f r o m f i v e states met 
recently in Atlanta to dis
cuss progress on a coor
dinated project dealing 

wi th boron (B) fertil ization of soybeans. A 
common protocol has been developed to 
examine rates of foliar B application based 
on earlier studies at the University of Mis 
souri. Participants in this multi-state pro
ject include Drs. Dale Blevins and Paul 
Tracy of the University of Missouri, Bob 
Hoeft, University of Il l inois, Ed Oplinger, 
Universi ty of Wisconsin, Jay Johnson, 

Ohio State University, and Gary Gascho, 
University of Georgia. 

Studies in 1991 indicated that a rate of 
0.25 lb/A foliar B seemed to produce the 
most consistent yield effects. Results indi
cated a need to further evaluate d i f fe r ing 
responses in soybean cultivars, multiple B 
rates at a single, early application date, and 
possible examination of a band (soil appli
cation) at early trifoliate. 

Support for this research is being pro
vided by the Foundation for Agronomic 
Research and U.S. Borax. • 

Correction for Summer 1991 Issue 
A N E R R O R appears i n a f o r m u l a 

shown in Figure 1 on page 26 of the Sum
mer 1991 issue of Better Crops With Plant 
Food, part of an article titled "Opt imum 
Phosphorus Management for Small Grain 
Production." The graph itself was cor
rectly presented, but the formula appear
ing wi th it had a division sign (/) omitted. 

The graph w i t h the correct fo rmula 
appears at right. For more information on 
spring wheat response to soil test phos
phorus (P) level in the northern Great 
Plains, contact Dr. Paul Fixen, Nor th-
central Director, Potash & Phosphate 
Institute (PPI), P.O. Box 682, Brookings, 
SD 57006. • 
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Figure 1. Spring wheat response to soil test P 
level in the northern Great Plains. 
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Which Comes First-Forms or Farms? 
More and more-records and forms-long forms-in triplicate-witnessed and notarized. 

Every farmer knows the problems- application forms, government program forms, 
tax forms, soil test forms, endless records to keep-sometimes the FORMS are more 
trouble than the F A R M S . A frustrated farmer wrote a book entitled, "Do You Want 
Me To D o A l l T h a t and Plow Too?" Humorous, but serious also. 

A n old man helps me i n the yard once or twice a month . Simple enough, huh? N o 
way! I must file and pay social security and Medicare. Also forms for unemployment 
insurance and workman's compensation. A n d a 4-page f o r m for the state department 
of labor must be filed. I am now an "employer" and must describe my "business" or 
"establishment" i n detai l -whether I am i n Retail Trade, Finance, Construct ion, etc., 
and my "trade name." Finally, a 7-page f o r m dealing w i t h illegal aliens, even though he 

was born i n this country. 

Much easier to do the yard work by myself, but the helper needs the money. O f 
course, he could "incorporate" but that's beyond h i m . 

A one^day stay as an outpatient i n the hospital recently called for much punching 
of computers by staff i n five different offices, plus signing fourteen forms. One almost 
forgets why he came i n . A t least one learns patience. 

O n the farm, in the home, in the schools, everywhere-forms and records. Such a 

waste of t ime, talent and money. Where w i l l i t all end? N o wonder fa rm operations, 

government programs, and hospital visits cost so much. 
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