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Starter Fertilizer and High Residue:
A Profit-Building Combination

By Paul E. Fixen

Farmers are managing more crop residue on the soil surface as a result of less tillage and
higher vields. There is a good case for starter fertilizer use under these conditions.

THE CONCEPT of starter fertilization
hasn’t changed for centuries, but our agri-
culture has. Modern high yields resulting
from better management and improved
varieties place increased nutritional
demand on the crop’s root system. Higher
yielding crops produce more residue.
Reduced tillage leaves more of that resi-
due on the soil surface. Net effects are
conditions that increase potential
responses from starter fertilization . . .
placement of nutrients in a concentrated
band near the row.

Advances in planting equipment and
banding attachments have reduced the
inconvenience and time requirements of
starter use. Benefits of starters have
increased while the agronomic costs
have decreased.

CONSERVATION TILLAGE systems increase plan

fertilizer.

t nutrient needs
early in the growing season and emphasize the role of starter

Starter Effects on Crops
and Crop Management

Young root systems must have suffi-
cient nutrients early in the growing sea-
son. Starter effects are most noticeable
during this period. Starter fertilizer can:

w Enhance plant development, result-
ing in
* earlier cultivation
= increased competition with
weeds
* quicker soil cover, decreasing
erosion potential
* reduced heat stress during
pollination
* earlier harvest.
i Reduce grain moisture content at
harvest.

= [mprove nitrogen (N)
use efficiency.

m Increase yield and
crop quality.

Is Starter a Good
Investment for Me?

Many factors influence
responses to starters.

Residue level. High
levels of residue on the soil
surface from the previous
crop result in larger and
more frequent responses to
starters (Figure 1). Resi-
dues reduce surface evap-
oration and increase water

R R

Dr. Fixen is Northcentral Director of the Potash & Phosphate Institute, Brookings, SD.
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infiltration, leading to wetter, colder soils.
This means increased response to starter
fertilization. Surface concentrations of
soil phosphorus (P) and potassium (K)
that occur with limited tillage increase the
potential for response to subsurface bands.
Cool soil temperatures and a higher
potential for N immobilization in crop
residue can boost the need for starter N.
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Minnesota (4-year average) Indiana
P and K soil tests = very high (11-site average)

Corn yield response to starter, bu/A

Figure 1. High residue farming increases the
importance of starter fertilizer for
corn.

Soil and weather conditions. Starter
response is greatest when environmental
conditions result in high plant nutrient
demand relative to the root system’s
capacity to absorb nutrients. For example:

Cold soils decrease root absorbing
power, nutrient movement from roots
to shoots, carbohydrate movement to
roots and soil nutrient movement to
root surfaces. Starter responses in
Figure 2 were caused, at least par-
tially, by cold soils. Grain moisture at
harvest was also reduced by as much
as 10 percent with starter P.

Root growth restrictions reduce the
root system’s ability to absorb nutri-
ents. Factors include compaction
(Tables 1, 2), soil acidity, high
salinity and herbicide carryover.

High early season air temperatures
and adequate soil water increase
shoot to root ratios and the amount of
nutrient that must be absorbed per
unit of root length. Starter responses
in years with warm springs are often
due to such effects.

Grain yield, bu/A

Grain yield, bu/A

ield increased with
starter P and K, even on high testing
soils. (Wisconsin)

Figure 2. Corn grain

Table 1. Higher soil bulk density (more com-
pacted soil) leads to diminished P
uptake by corn.

Bulk density,
Soil texture g/cm? Shoot P, %
Silt loam 1.10 0.41
1.35 0.35
1.60 0.28
Ontario

Table 2. Soil compaction increases corn yield
response to starter K.

Corn yields, bu/A at
compaction levels of
Row (tons):
K,0, Ib/A <5 9 19

Year 1 0 132 114 111
45 162 152 159
Year 2 0 169 168 147
45 175 176 169

Soil test K = 204 Ib/A Wisconsin
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Soil test levels. The need for starters is
often expected to decrease as soil test
levels increase (Table 3, Figure 3). But
many other factors influence starter
response regardless of soil test level (Fig-
ures 1, 2 and 4). Substantial yield
responses have occurred at soil test levels
that are more than three times the level
required to be classified as very high.

Table 3. Corn response to starier decreased as
soil test P increased in lowa (32-year

average).
Response on two soil
Broadcast' types, bu/A
P,0;, Ib/A Primghar Webster
0 12 17
46 4 9
92 2 4
138 1 7
Starter 6-23-12 6-23-23

Applied once every three years.
Soil test levels: 0 P,0; = very low; 138 Ib/A P,0, =
medium.

Yield potential and cultural practices.
Cultural practices can have a major influ-
ence on starter response. For example, a
Nebraska study demonstrated a 33 bu/A
response when irrigated corn was planted
on May 8 and only a 7 bu/A response
when planting was delayed to May 22.
Generally, practices that lead to high yield
potential increase the probability of
response to starter. The full yield potential
of corn growing in high yield environ-
ments cannot be achieved unless shoot P

Better Crops/Spring 1993

GT RATIOS, common in wam springs, plae
added stress on roots to take up nutrients early in the growing
season. Starter responses are likely under such conditions.

concentration at the 4 to 5
leaf stage approaches 0.5
percent. In many soils it is
nearly impossible to attain
that concentration without
a starter band.

Local research and expe-
rience. There is no substi-
tute for local experience
with starter use. Interact-
ing factors influence
starter response and make
prediction in specific situa-
tions difficult. However,
the trends in crop produc-
tion (conservation tillage,
early planting, high yield hybrids)
increase starter response probability.

Starter Effects on Profitability

Net returns. Net returns to starters can
be impressive when weather conditions
and cultural practices are both favorable
for response. A cool, moist growing sea-
son combined with reduced tillage (spring
disk) contributed to a $48 net return to
starter P on corn on a very high P testing
soil (Figure 4). Return at a nearby site
with a soil test level more than twice as
high was lower, but still substantial.
Increased returns were due to higher
yields and lower drying costs. A 3-year
Wisconsin study with four planting dates

[] 30k.0Banded
180, |l 0K.0 Banded
170
160 154 158
150
140
130
120
110
100

171 172

121

Corn yield, bu/A

60
Plowdown, K,0, Ib/A

Figure 3. Responses to starter K decrease as
soil test K increases. (lowa)



and two tillage systems resulted in a prof-
itable starter response in 19 of 24 compari-
sons, with an average increased net return
of $12.00 per acre (data not shown).

160
Bray P-1=30 ppm Bray P-1=70ppm 156
150 (very high) (very high)
145 145
T 140
2 130
£ 122
© 120
110
NoP P NoP P
Net return
to starter P: $48.04/A $18.50/A
281
26.8
25 |
s 243
g 24} -
% 7 218
£
[
(-]
181
NoP P NoP P

Figure 4. Cool, moist growing seasons amplify
the importance of starter P even at
very high soil test levels.

Data extracted with Rermlssiun from the University of Min-
nesota Blue Book (A Report on Field Research in Soils,
1991, pp 313-316, John Moncrief, et al.)

Non-nutrient starter costs. Estimating
net return to starters calculated solely on
the cost of nutrients in the starter may not
be appropriate if soil tests are near opti-
mum and nutrients in the starter would
have been applied, regardless of starter
use, to maintain soil test levels. In such
cases, the true cost of the starter involves
the extra equipment required and any
planting delays incurred due to starter use.
These costs vary markedly and have to be
determined on an individual basis.

Catastrophic crop loss. An entire crop
can be lost if full season varieties are used

6

where unusual weather has the potential to
prevent crop maturity. Starter fertilizer can
reduce the probability of such catastrophic
crop loss by enhancing development dur-
ing cool weather. Starter fertilization may
also allow use of longer season varieties
with higher yield potential.

Starter Placement and
Equipment Alternatives

For maximum effectiveness, starter
bands should not be placed more than
about 3 inches to the side of the row and,
preferably, below seed depth. When the
normal growth angle of most roots origi-
nating from the seed is considered, the
standard location of 2 inches to the side
and 2 inches below the seed is nearly ideal
for root interception. This usually places
the band 3 to 4 inches below the soil sur-
face, where soil moisture is likely to be
favorable for nutrient uptake by roots.
Placement with the seed for corn can give
good early growth response, but the
amount of N and K that can be safely
applied is limited by the potential for salt
injury. Follow local guidelines on maxi-
mum rates for seed placement that are
specific for crop and soil conditions.

Great improvement in starter banding
equipment has occurred in the last decade.
Modern starter attachments offer options
that are more durable, give more con-
sistent performance, cause less soil
disturbance, tolerate more residue, and
frequently have lower power requirements
than the conventional double disk opener
of the past.

Starter Composition

Phosphorus has been the nutrient
emphasized in starter fertilizers, but evi-
dence now supports use of a starter con-
taining N, P, K, sulfur (S) and possibly
other nutrients, depending on conditions.
Studies have indicated that N, especially
ammoniacal N, can enhance the response
to P applied in bands. Soils with low levels
of plant-available N near the surface are
good candidates for high N starters.

Early growth response to starter S has
also been observed in soils with low levels
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of S in the surface. Cold temperatures and
winter precipitation may combine to cause
low availability of S early in the season.
Growth responses to starter zinc (Zn)
are likely in soils testing low in Zn.
Zinc requirements may be increased by
banded P.

Environmental conditions that cause
uptake problems for one nutrient, such as P,
can also lead to problems for other nutri-
ents. Starters should be tailored to the
needs for specific situations. However,
extra assurance of nutrient availability can
be purchased at minimal costs by using
a complete starter containing N, P and

K, and, where soil conditions suggest, S
and Zn.

Summary

A logical argument can be made that in
high residue cropping systems, a portion
of the maintenance nutrients should be
applied in a starter band. When producers
manage more surface residue, as a result
of higher yields and less tillage, starter
fertilizer is a best management practice
that can help improve the potential bene-
fits of modern residue management by
increasing yields and profits . . . and pro-
viding better environmental protection. Bl

Saskatchewan

---—_'—""‘-—‘

RESEAREH | 1N THIS 16
-year
NOTES

study, researchers meas-
ured the response of
canola to nitrogen (N)
and phosphorus (P)
fertilization in relation to soil tests for
these nutrients. Tests were conducted on a
silty clay which had been previously
cropped to spring wheat. Nitrogen was
applied at rates of 40 and 120 Ib/A in facto-
rial combination with P,Oj rates of 0, 20,
40, 60 and 80 Ib/A.

Yield Response of Canola to
Nitrogen, Phosphorus, Precipitation and Temperature

Both grain and straw responded to N
and P fertilization, but the N by P interac-
tion was not significant. The interaction
effects of year by fertilization (both N and
P) were significant. This indicates a wide
range of response to fertilization because
of precipitation, temperature and nutrient
effects.

Researchers concluded that soil tests for
N and P accounted for much of the varia-
tion in response to fertilization despite
large yield differences among years.

Source: W.E Nuttall, A.P. Moulin and L.J. Townley-Smith. Agron. J. 84:765-768 (1992).

North Carolina

e

B
THE AUTHOR
H[SH\HI'-“ points out that mathe-

NOTES matical functions used to
determine critical levels
result in different soil test
interpretations for phos-
phorus (P). Interpretations also differ
because the critical soil P level may not be
the same from year to year.

The long-term study from which the
conclusions were drawn included nine
years of crop production . .. corn (five
crops), soybeans (four crops) and wheat
(three crops). The soil was a Portsmouth,

Ranges in Soil Phosphorus Critical Levels with Time

with a low P-fixing capacity. Yield
responses to soil P were excellent. Two
mathematical functions, as well as eco-
nomic analysis, were used to interpret
results.

Considerable ranges in critical soil P
levels were formed with each crop and
with each mathematical function. The
author concluded that recognition of these
ranges gives some justification for recom-
mending P fertilizer on soils with P levels
50 percent greater than the average criti-
cal level for a crop grown on similar
soils. W

Source: Cox, ER. 1992. Soil Sci. Soc. Am. J. 56:1504-1509.
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Crop Residue Management
Raises Soil Fertility Questions

By Harold F. Reetz, Jr.

Residue management is an important consideration as farmers move toward reduced
tillage to control erosion and meet other conservation plan objectives on highly erodible
land (HEL). Determining the actual percent residue cover can be a challenge. The photos
with this article illustrate different amounts of corn and soybean residue. Some soil

fertility considerations are discussed.

IN RECENT YEARS, the soil-saving
value of crop residue has gained impor-
tance. Recent changes in management
systems result in more residue remaining
on the surface of fields.

Color photographs featured here show
actual field situations. The photos were
provided by the Soil Conservation Service
(SCS) state office in Illinois, to illustrate
varying percentages of corn and soybean
residue cover after planting. The photos
should be useful for estimating residue
cover by comparison.

Actual measurement is a more reliable
method of determining whether a field’s
residue cover is in compliance with HEL
conservation plan requirements. The
“line-and-point method,” using a 50 ft.
tape marked in 6-inch increments (or a
rope with knots tied at 6-inch intervals)

is an easy,
accurate way
to estimate
residue cover
(Figure 1).
Increasing
residue left on
the soil surface
through re-
duced tillage
raises several
questions rela-
tive to soil fer-
tility manage-
ment. Research
is ongoing to
help provide
answers and establish management guide-
lines. Following are some of those ques-
tions and some points for consideration.

=% 2

Stake

7 ar=|
/o~ 8!{/
« I
g’d e Y <L"_‘
] / :'lf_;—
7.

("t o -
of thc 7 knots shown, only 3
shOuid be counted as intersecting

a plece of vege!ailon '

_m IED A

of surface residue covering.

Figure 1. Overview {ansen} and closeup of the line-and-point method of determinmg percentage

Dr. Reetz is Midwest Director of the Potash & Phosphate Institute, Monticello, IL.

8

Better Crops/Spring 1993



Crop Residue Management

Low Residue (10 to 15 percent)

How does leaving more residue on the
surface affect soil test levels and nutri-
ents available to crops?

* Residue on the surface ties up nutrients
for a short time until that residue can
decompose, possibly increasing the
amount of fertilizer needed for the cur-
rent crop. This residue can also be a slow
release nutrient source in some situations.

Better Crops/Spring 1993

Soybeans

Low Residue (10 to 15 percent)

= As the residue decomposes, there is a

tendency for phosphorus (P) and
potassium (K) to accumulate at or near
the surface. Fertilizer P and K are also
likely to accumulate at the surface. Under
residue mulch with no-till, there is more
root mass in the top 3 inches to utilize
these nutrients. In dry years or low rain-
fall areas, nutrients may be “positionally

9



unavailable™ to the growing crop. may increase. Each extra bushel of corn
* There may also be a tendency to deplete is accompanied by about 56 Ib of added

nutrient levels . . . especially P and K stover production. It is easier to get 35
... lower in the root zone where the percent residue cover with a 200 bu/A
decrease is not detectable by the stan- corn crop than with a 100 bu/A corn crop.
dard 6 to 8-inch soil sampling depth. « Higher fertility produces higher yield
Shal]ovyer s_amplmg mn compactet_i soils potentials. Set a realistic yield, then build
may give inaccurate, high soil test  and maintain soil tests to support that
readings. yield.

+ Often, pH will be lower near the surface
due to acid produced by nitrification and
by the decomposing crop residue. How-

ever, when lime is applied, the surface cleatly eilizer witer And, puinien
pH may remain unusually high. At resources and also help hold soil in place.

either extreme, herbicide and nutrient How does increased residue affect fertil-

availability may be adversely affected. izer requirements? . )
Applying half the amount of lime twice * Residue on the surface insulates the soil,

Higher yielding crops produce more
extensive root systems, which more effi-

as often will help to alleviate this  making it slower to warm up in the
problem. spring. A concentrated nutrient supply,
* Occasional tillage to incorporate lime such as starter fertilizer close to the
and mix nutrients into the root zone may ~ Seedlings, may help to get optimum
be an acceptable part of a conservation stands established and early crop

plan for a given field. Consultation with ~ growth, even when soil test values are
local SCS offices will help determine high. Conditions later in the season will
the options available. Explore deep  determine whether these early advan-
placement and timing alternatives to tages are translated into yield increases.

have least impact on residue cover. * Having more nutrients tied up in crop
How does soil fertility level influence the residue may increase the short-term fer-
amount of residue produced by a crop? tilizer requirement, especially in the
* As yields increase, residue production first 3 to 5 years.

Table 1. Guide to estimated percentage of soil covered by crop residue after field operations.

Predict the effect your till/plant system will have on crop residues by multiplying the percentages
for each operation you use. These are broad ranges. Speed, depth and soil moisture can affect the
amount of residue left.

Tillage operation Corn/Small grain  Soybeans
After harvest 90-95 60-80
Over-winter decomposition 80-95 70-80
Moldboard plow 0-10 0- 5
Paraplow 80-90 75-85
Combination secondary tillage tool 50-75 30-60
Chisel (twisted points) 50-70 30-40
Chisel (straight points) 60-80 40-60
Disk (off-set, primary >9" spacing) 40-70 25-40
Disk (tandem, finishing 7"-9" spacing) 30-60 20-40
Anhydrous applicator 75-85 45-70
Field cultivator (as secondary operation) 60-90 35-75
Row planter 85-95 75-95
No-till drill 55-75 40-60

Here’s an example of how to estimate how much residue cover will be left after each tillage operation.
after corn fall chisel after spring disk -
gﬁ%{ harvest } x 0% twisted puinls} x 90% {winter} X 45%{ tandem } X gl]%{plaﬂhng}
0 residue cover
= 21 /D {aﬂer plaming}

10 Better Crops/Spring 1993




How does the residue requirement affect

fertilizer placement options?

* Any injection or incorporation method
will reduce the amount of residue left on
the surface. So placement systems such
as surface banding or broadcast will
cause least disturbance of residue. Table
1 shows how to estimate residue cover
loss from various field operations.

* The option of building soil test levels
before going to reduced tillage is even
more important as a means of supplying
adequate nutrients throughout the root
zone.

Residue management for conservation
compliance is good business. It preserves
the basic soil resources of the farm while
helping protect water resources from con-
tamination. Coupling sound agronomic
management with responsible environ-
mental protection can result in long-term
optimization of profits. Farmers working
in cooperation with their fertilizer dealer,
their SCS representative, their Extension
adviser and other consultants can develop
a management plan that meets all of these
goals. H

How to Measure
Crop Residue on Fields

Use a 50-ft. rope equally divided
into 100 parts. A 50-ft. tape mea-
sure using each 6-inch and 12-inch
mark also works well.

Stretch the line diagonally across
the rows. Count the number of
marks, tabs or knots that have res-
idue under them. It is important to
use the same point under each
mark for accuracy. If a piece of
residue is smaller than one-eighth
of an inch, don’t count it.

Walk the entire length of the rope
or tape. The number of marks
with residue under them equals
the percentage of cover. If your
rope or tape has only 50 marks,
then multiply your count by two.

Repeat the above steps three
times in different areas of the
field. Add the scores together and
divide by three to find the average
percentage of cover for the field.

1. Use high residue producing
crops. Plant crops such as corn in
your rotation.

2. Spread residue evenly. Spreaders
on harvesting equipment will help.

3. Skip fall tillage, especially after
soybeans. Fall-tilled soybean
ground is very vulnerable to ero-
sion in late winter and early spring.

4. Make fewer tillage passes.

5. Use cover crops. Rye and wheat
are good options when you grow
low-residue crops such as soybeans.

6. Set chisels and disks to work
shallower. Residue will be buried
to about one-half the tillage depth.

7. Don’t use a moldboard plow.

8.

12 Ways to Leave More Crop Residue

Drive slower on tillage opera-
tions. Tilling at higher speeds
throws more soil and covers more
residue.

. Use straight points and sweeps on

chisel plows. Twisted points may
bury about 20 percent more
residue.

. No-till drill soybeans. No-till

drilling keeps more crop residue
on the soil surface and produces a
canopy faster than row planting.

. Go no-till on sloping land or

ridge-till on flatter land. Both dis-
turb only the crop residue in the
rOws.

12. Don’t till when soil is wet. Tilling

wet soil will cover more residue
than tilling when the soil is dry.

Better Crops/Spring 1993
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Soybeans Respond to Better
Management Thinking

By William K. Griffith

Generally, soybean producers are aware of the many inputs and management decisions
which must be made when growing the crop. Production information is obtained from
dealer contacts, producer meetings, farm magazines, neighbors, the Extension Service
and other sources. Most often lacking is the farmer’s ability to package this information
into a high-yielding soybean production system for specific farm or field conditions. This
article describes a different approach which might help. Let’ call it “better management

thinking” (BMT).

IT IS NOT UNUSUAL for neighbor-
ing soybean growers with identical soils
and fixed costs to have a big difference in
yields and profits. The explanation almost
always means that one farmer used better
management thinking (BMT).

Like all high-yield cropping systems,
there must be an integration and balance
of all controllable inputs. But it is usually
the improper management of several of
these inputs which explains why one
farmer profits more than another; a single
input is seldom responsible. The BMT
technique outlined here can improve
grower yields and profits. Yields and
profits do go hand-in-hand. That’s
because higher yields reduce production
costs per bushel by spreading fixed cost,
such as those for land and machinery, over
more bushels per acre.

Step by Step

The path to BMT starts with a positive
and realistic yield goal. A good rule of
thumb is to set a yield goal 10 to 15 percent
higher than the previous high for the field.
Set aside 5 or 10 acres to try BMT tech-
niques. Then adopt those practices that
prove best for your specific conditions to
the entire soybean acreage. Once a yield
goal has been achieved, then set a new,
higher goal.

The second step to BMT begins after
harvest and before planting. This step
involves listing all the controllable factors
you can think of for soybeans. Following

are a few examples of key controllable
factors which are essential for top yield-
ing, full-season soybeans. There are many
others . . . some may be quite specific for
the conditions on your farm. Along-side
these factors, jot down the visual problems
and yield or profit consequences which
will result if each factor is not managed at
optimum levels. Think about each factor
and list the recommendations you plan to
follow which are best suited for your loca-
tion, soils and yield goals. Your local agri-
business dealer or farm advisor can help
you list the factors and select the optimum
recommendations for your farm. Keep
reviewing these strategies and be flexible
in changing recommendations as yield
goals increase, as new varieties are
released, and as new management tech-
nology is discovered.

Better Management Thinking
for Soybeans

Planting date factor. Timely planting is
the biggest economic bargain for full-sea-
son soybeans. It costs no more to plant on
the optimum date than at any other time.
For each day past the optimum planting
date, expect soybean yields to decrease an
average of one-third to one-half bushel per
acre. Ohio data show a 6 bu/A loss in 15
days from delayed planting (Table 1).
That’s $36 per acre off the bottom line
for $6 soybeans. BMT strategy: Have
the planter ready, seed purchased, fertilizer
in place and be ready to plant on that

Dr. Griffith is Eastern Director, Potash & Phosphate Institute, Great Falls, VA.
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Table 1. Late planting reduces soybean yields.

Soybean Yield loss
Planting yield after May 10
date /A
May 10 49 —
May 25 43 6
June 10 34 15
Ohio

optimum date. Only an uncontrollable fac-
tor such as unfavorable weather or soil
conditions should change the plan.

The variety factor. The variety chosen
sets the genetic yield potential on a partic-
ular farm. Variety trials across the country
show differences at any one location of 15
to 20 bu/A between the top and bottom
varieties. BMT strategy: Don’t use a vari-
ety just because it is being used or sold by
a neighbor. Monitor variety trial results
and remember that the most useful tests
are those that are conducted under top
management. Make a point to grow a few
rows of several varieties to see which vari-
eties are best for a particular location and
farming system.

The row width factor. Narrower row
widths almost always increase yields over
wider rows and seldom hurt if weather
doesn’t cooperate. This is true across all
soybean producing areas. Beans benefit
from better sunlight interception, greater
moisture efficiency and reduced pressure
from weeds that escape control measures.
Expect full-season soybean yields to
increase 3 to 4 bu/A for every 10-inch
reduction in row widths down to a 7-inch
drill width. BMT strategy: Give serious

Better Crops/Spring 1993

NAHOW ROWS for soybeans offer greater yield potential.

consideration to reducing soybean row
widths down to 15, 10 or even 7-inches.
Match this row width reduction with care-
ful variety selection and plant populations.
Remember that non-branching varieties
respond more to narrow rows. Remember
too that determinate semi-dwarfs do bet-
ter in narrow rows with high populations.

The rotation factor. Expect soybeans
to yield 3 to 5 bu/A more if produced in
rotation versus continuous beans. Rota-
tions are also good for the soil, help with
pest control problems, and increase the
yield potential for the other crops in the
rotation. BMT strategy: Design a crop
rotation system that reduces the number of
times soybeans are grown after soybeans.

(continued on next page)

ROTATING corn with soybeans nﬂrs advan-
tages for both crops.
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Figure 1. Soybean response to K may be greatest in a dry year.

The potassium factor. If soybeans
don’t have adequate potassium (K), the
crop will have poorly developed roots,
uneven maturity, weak stalks, more
shriveled and diseased seed, fewer
nitrogen (N) fixing nodules and much
greater susceptibility to drought. In fact,
K responses are frequently better under
moisture stress conditions (Figure 1).
BMT strategy: Soil test ahead of planting
and maintain a high soil test K level. This
build-up application can be made ahead of
the previous crop, but make sure that the
soil K test or K availability is high for the
soybean crop. Soybeans remove about 1.4
1b K,O per bushel of yield. Apply a main-
tenance amount of K based on expected
yield goal.

The phosphorus factor. Low phos-
phorus (P) levels cause the soybean crop
to lack the energy needed for rapid vegeta-
tive growth and uniform grain fill. Phos-
phorus-deficient beans will not ripen
uniformly and will be more susceptible to
drought and disease stress. BMT strat-
egy: Plant high-yield soybeans into a soil
that is testing high in P Apply a mainte-
nance amount of P based on the fact that
each bushel of soybeans removes about
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0.8 1b of P,O,. Make sure that soil pH is at
the recommended level because efficient P
use and optimum N fixation are dependent
on proper soil pH. Phosphorus can be
applied to a preceding crop. But be sure
that enough P, and K, are applied for both
crops (Table 2).

The weed fact