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Preface
Richard B. Ferguson 
UNL Professor of Agronomy

Nebraska is blessed with fertile soil and vast supplies of groundwater  
which combine to create an environment well-suited to the  
production of corn, wheat, grain sorghum, alfalfa, edible beans, 

and other agronomic crops used for human or animal consumption. Much of the 
Nebraska economy is based on producing agronomic crops and the livestock 
to which they are fed. In 1997, Nebraska’s total cash receipts from agricultural 
products was $10.1 billion, which  placed it fourth in the nation behind California, 
Texas and Iowa. Cash receipts from crops were $4.55 billion, and from livestock, 
$5.54 billion in 1997. Nebraska ranks among the 10 leading states in corn, grain 
sorghum, alfalfa hay, dry edible beans, soybean, oats, rye, and sugar beet production. 

For most Nebraska crops, at least some fertilization is required to supplement 
soil nutrient levels for optimum yield potential. Much of the required fertility 
has come from commercial fertilizers, although Nebraska producers in recent 
years have become increasingly aware of the need to account for nutrients from 
a variety of sources such as manure, compost, legumes and irrigation water, and 
have accounted for these resources prior to applying fertilizer. In 1997, Nebraska 
producers purchased 2.42 million tons of all types of fertilizer. Of this, the largest 
share was for 1.67 million tons of nitrogen (N),  mostly as anhydrous ammonia and 
nitrogen solutions. Over the past 20 years, producers have more carefully managed 
nitrogen fertilizers, as well as irrigation water on irrigated fields, to minimize 
nitrogen loss to ground and surface water. Consequently, even though average crop 
yields continue to increase, the rates of nitrogen applied to corn have tended to 
plateau or even decline. Producers have continued to adopt practices such as delayed 
nitrogen fertilizer application, crop rotation, band application, nitrification inhibitor 
use, efficient irrigation water application, and others that have increased fertilizer 
efficiency throughout the state.

This manual is a guide to nutrient use from all sources for the production of 
Nebraska's major agronomic crops: corn, winter wheat, grain sorghum, oats, alfalfa, 
dry edible beans, soybean, sugar beets, popcorn, sunflower, millet, potatoes, and 
cool and warm season grasses for hay and pasture. Part I of the manual contains 
information focusing on basic principles of soil fertility for the primary, secondary 
and micro nutrients, as well as chemical and physical properties of soil and soil 
management. Part II contains chapters devoted to each crop, with information on 
current fertilizer recommendations for each.
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as a liming material  37
availability  33
cation exchange capacity

influence of on availability  33
effect of pH on availability  52
effect on soil pH  37
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common scab
disease

in potatoes  155
compaction

effect on iron chlorosis  46
compositing cores

in soil sampling  67
compost  59
copper  50

effect of pH on availability  52
corn

importance to Nebraska  75
iron management  81
nitrogen fertilizer recommendations  77
nitrogen management  75
phosphorus fertilizer recommendations  79
phosphorus management  79
potassium fertilizer recommendations  80
potassium management  80
sulfur fertilizer recommendations  80
sulfur management  80
zinc fertilizer recommendations  81

zinc management  81
correlation and calibration

of soil samples  69–71
cow milk

pH value  51
crediting

nitrogen  14
nitrogen in organic materials  60

Crofton soil series  112
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effect on pH  54
cultivation

effect on organic matter  4

D

DCD. See dicyandiamide
deficiencies

boron  45–46
symptoms of  45

iron  46
symptoms of  47, 48, 81, 119

nitrogen  15
symptoms of  16

phosphorus  18
in winter wheat  88

sulfur  39
symptoms of  39, 40

zinc  48
symptoms of  49, 
in dry edible beans  119

deficiency correction
phosphorus soil test  19

denitrification  7
rates  7
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iron management  119
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nitrogen management  117
pH considerations  119
phosphorus fertilizer recommendations  118
phosphorus management  118



Index

159

Page numbers in bold type indicate an illustration, table or equation.

potassium fertilizer recommendations  118
potassium management  118
sulfur management  118
zinc fertilizer recommendations  119
zinc management  119

dry fertilizers  21
DTPA

soil test for zinc  48, 129
dual placement

of phosphorus
in winter wheat  91

E

eggs
pH value  51

erosion
effect on zinc levels  48

essential nutrients
effect of pH on  52

exchangeable
ammonium  5
potassium  24

exchangeable base cation buffering  57
expected yield(s)

importance of in grain and silage sorghum  97
expected yield(s)

in oats and spring grains  105
in sunflower  131

F

Fe-EDDHA  119, 124
ferrous sulfate  47
fertigation  12
fertilizer

as a source of sulfur  41
damage to sunflower  132
dry  21, 63
liquid  21, 63

fertilizer application
methods  13, 20, 49, 63
related to profit

in winter wheat  92
timing of  12

fertilizer management
boron  46
nitrogen  12
organic wastes  59–62

fertilizer recommendations
Ca:Mg:K ratios  37

fertilizer sources
nitrogen  13, 87

phosphorus  20
potassium  29
sulfur  43
zinc  49

fertilizer recommendations
nitrogen

corn  77
dry edible beans  117
grass and hayland  140
millet  136
oats and spring grains  106
popcorn  146
potatoes  152
sugar beets  128
sunflower  132
winter wheat  86

phosphorus
alfalfa  112
corn  79
dry edible beans  118
grass and hayland  141
millet  136
oats and spring grains  107
popcorn  147
potatoes  153
soybean  123
sugar beets  129
sunflower  133
winter wheat  90

potassium
alfalfa  113
corn  80
dry edible beans  118
grass and hayland  142
millet  137
oats and spring grains  107
popcorn  147
potatoes  154
soybean  123, 124, 125
sugar beets  129
sunflower  133
winter wheat  93

sulfur
alfalfa  113
corn  80
popcorn  148
potatoes  155

zinc
corn  81
dry edible beans  119
popcorn  149
potatoes  156
soybean  124, 125
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fixation
nitrogen  3, 5
phosphorus  18, 136

fossil fuels
effect on pH  55

G

grain protein
fertilizing for  88

in winter wheat  88
importance of in sorghum fertilization  97

grass pasture and hayland
effect of irrigation on  140
effect of legumes on  140
nitrogen fertilizer recommendations  140
nitrogen management  139
phosphorus fertilizer recommendations  141
phosphorus management  141
potassium fertilizer recommendations  142
potassium management  141
stocking rate effect  140
sulfur management  142
zones for nitrogen recommendations  139

grid sampling
method of soil sampling  67

H
H+ ion concentration  51
hayland. See grass pasture and hayland
heterotrophs

role in nitrogen mineralization  6
high clearance applicators  12
hot water extractable test  46

I
immobilization

nitrogen  10
urea  11

inhibitors
nitrification  6
urease  14

insoluble inorganic
zinc fertilizer  49

iron
crop sensitivity to low levels  46
deficiency symptoms  46, 47, 48, 101, 119
effect of pH on availability  52
management

corn  81
dry edible beans  119
sorghum  101
soybean  124–125

iron chelate  47
iron chlorosis  46, 81

management for  124
symptoms of  48, 119
treatment of  47, 119, 124–125

irrigated pasture
nitrogen fertilizer recommendations  140

irrigation
effect on nitrogen management in grasses  140

irrigation water
as a source of sulfur  41

L
laboratory analyses

of pH  56
of soil samples  68

land leveling
effect on zinc levels  48

leaching
related to pH  54

legumes
effect on pasture fertilizer management  140, 141

lemons
pH value  51

limestone  58
liming soils

effect on iron chlorosis  46
effect on soil acidity  58
using calcium for  37
using magnesium for  37

liquid fertilizers  21
livestock waste

handling and storage  60

M

magnesium
as a liming material  37
availability  33
cation exchange capacity

influence of on availability  33
effect on soil pH  37
mass flow  34
ranges for various crops  33
root interception  34
saturation ranges and soil test levels  35, 36

maintenance method
fertilizer recommendation method  19

management
of nitrogen  16

manganese  50
effect of pH on availability  52
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manure  59
application methods  63
as a source of sulfur  41
filling phosphorus requirements with  61
handling recommendations  62
losses of nitrogen in  60
nitrogen losses and application methods  62
phosphorus levels in  61
storage and handling

effect on nitrogen loss  60
mass flow  11, 34
master variable. See pH
Mehlick 2 and 3

phosphorus soil tests  19
microbial decomposition

effect on available nitrogen  10
micronutrients

essential for plant growth  45–50
management

potatoes  156
microorganism activity

effect of pH on  52
millet

nitrogen fertilizer recommendations  136
nitrogen management  135
phosphorus fertilizer recommendations  136
phosphorus management  136
potassium fertilizer recommendations  137
potassium management  136
production following wheat  135
zinc management  137

mineralization  6
minerals
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as a source of sulfur  40

moisture
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effect on organic matter  3
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effect on yield response in winter wheat  94

molybdenum  50
monitors

for nitrogen deficiencies  15
multiple applications

nitrogen  12

N

N-(n-butyl) thiophosphoric triamide  13
N-Serve  6, 12
native vegetation

effect on pH  54
NBPT  13
nitrapyrin. See N-Serve
nitrate  11

nitrogen source  3
susceptibility to leaching  9

nitric oxide  7
nitrification  6

effects from temperature  7
nitrification inhibitors  6, 12
nitrite

nitrogen source  3
Nitrobacter species  6
nitrogen

as a nutrient  3–16
availability based on microbial decomposition  10
crediting of in organic materials  60
credits  14
deficiency symptoms  15
effect of pH on  53
effect on grain protein

in winter wheat  88
fertilizer management  12
fertilizer sources

sorghum  99
winter wheat  87

fertilizer recommendations
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dry edible beans  117
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millet  136
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sorghum  98–99
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fertilizer timing
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management
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corn  75
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grass and hayland  139
millet  135



 Index

  162

Page numbers in bold type indicate an illustration, table or equation.

oats and spring grains  105
popcorn  145
potatoes  151
soybean  121
sugar beets  127
sunflower  131

mineralization  6
monitoring for deficiencies  15
plant assimilation  11
symptoms of deficiency  16
zones for grass and hayland management  139

nitrogen cycle  5, 5–11
Nitrosomonas  6
nitrous oxide  5, 7
nonexchangeable

ammonium  5
potassium  24

Nora soil series  112
nutrient values

in organic materials
estimating  59–61

of organic materials
estimating  59

nutrients, soil
effect of pH on  52

O

oats and spring grains
nitrogen fertilizer recommendations  106
nitrogen management  105
phosphorus fertilizer recommendations  107
phosphorus management  106
potassium fertilizer recommendations  107
potassium management  107
sulfur management  107
zinc management  107

Olsen P test for phosphorus  19, 89-90, 132, 136
organic chelate

zinc fertilizer  49
organic materials

application methods  63
estimating nutrient values in  59–61
handling recommendations  62

organic matter  3
as a source of sulfur  40, 41
effect on denitrification  7
effect on oat and spring grain production  105
effect on sunflower production  131
effect on zinc soil levels  48
effects from moisture and temperature  4
effects from tillage  4
in soil  3

pH dependency  53
relationship to pH  54

organic nitrogen  3
in various manure types  61

organic non-chelate
zinc fertilizer  49

organic residuals
managing  59

organic waste
application considerations  62
as a source of sulfur  41

orthophosphate
fertilizers  20

P

parent material
effect on pH  54

pasture. See grass pasture and hayland
pesticides

as a source of sulfur  41
effect of pH on  53

pH  51
defined  51
effect of cation exchange capacity on  54, 56
effect of liming on  58
effect on alfalfa production  112
effect on dry edible beans production  119
effect on leaching  54
effect on mineralization and nitrification  6
effect on organic matter  54
effect on pesticide degradation  53
effect on phosphorus fixation  18
effect on plant growth  52
effect on zinc soil levels  48
factors influencing

acid forming fertilizers  54
crop type  54
fossil fuels  55
native vegetation  54
parent material  54
precipitation  54

influence of calcium and magnesium on  37
laboratory analysis of  56
measuring levels in soil  55
optimal levels for plant nutrient availability  52
soil levels for optimal growth  53
using a buffer to measure  56
values of common solutions  51

phosphate
amount in soil  17

phosphoric acid  20
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phosphorus
availability  17
deficiency symptoms  18

in winter wheat  88
effect of pH on availability  52
fertilizer

availability of  20
sources of  20

fertilizer applicaiton methods
winter wheat  91–93

fertilizer application methods
related to profit for winter wheat  92

fertilizer sources
sorghum  100

fertilizer recommendations
alfalfa  112
corn  79
dry edible beans  118
grass and hayland  141
millet  136
oats and spring grains  107
popcorn  147
potatoes  153
sorghum  100
soybean  123
sugar beets  129
sunflower  133
winter wheat  90

fixation  18
in manure  61
management

alfalfa  112
corn  80
dry edible beans  118
grasses and hayland  141
millet  136
oats and spring grains  106
popcorn  147
potatoes  153
sugar beets  128
sunflower  132
winter wheat  88–91

residuals  93
photosynthetic bacteria  3
plant assimilation

nitrogen  11
plant materials  59
plant nutrients

available in relation to pH  52
polyphosphate

fertilizer  20
pools

potassium  23

popcorn
importance to Nebraska  145
nitrogen management  145
phosphorus fertilizer recommendations  147
potassium fertilizer recommendations  147
sulfur fertilizer recommendations  148
zinc fertilizer recommendations  149

potassium
availability  23, 24, 26
cation exchange capacity

influence of on availability  28
deficiency symptoms   30

exchangeable  24, 25
factors influencing availability  26–29
fertilizer recommendations  26, 27

alfalfa  113
corn  80
dry edible beans  118
grass and hayland  142
millet  137
oats and spring grains  107
popcorn  147
potatoes  154
sorghum  100
soybean  123
sugar beets  129
sunflower  133
winter wheat  93

in equilibrium  24
losses  29
management

corn  80
dry edible beans  118
grass and hayland  141
millet  136
oats and spring grains  107
potatoes  154
sugar beets  129
sunflower  133
winter wheat  93–94

nonexchangeable  24
oxygen levels

influence on availability  28
pools  23
readily available (exchangeable)  24
rooting depth

influence on availability  29
saturation ranges  36
saturation ranges  35
slowly available (nonexchangeable)  24
soil moisture

influence on availability  28
soil temperature
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influence on availability  28
sources of  23, 29, 30
unavailable (pools)  23

potassium fertilizer
relationship to chlorine

in winter wheat  93
potatoes

diseases
black scurf  155
common scab  155

importance to Nebraska  151
micronutrient management  156
nitrogen fertilizer recommendations  152
nitrogen management  151
phosphorus fertilizer recommendations  153
phosphorus management  153
potassium fertilizer recommendations  154
potassium management  154
sulfur fertilizer recommendations  155
sulfur management

to control diseases  155
potenz  hydrogen. See pH
precipitation

effect on pH  54

R

ratios
CA:MG:K  34–38

reserve acidity  55
sources of  56

Rhizobium bacteria  3
rock phosphate

fertilizer source  20
root interception  34
rooting depth

influence of on potassium availability  29

S

salt
effect on iron chlorosis  46

sampling
soil for phosphorus  19
soils  65

sandy soils
management of for alfalfa  113
management of for dry edible beans  118

saturation levels
influence of Ca:Mg:K on  36

saturation ranges and soil test levels
Ca:Mg:K  35

Sequestrene 138  119

site specific management
relationship to soil sampling  66, 67

sludges  59
small grains. See oats and spring grains
sodium

effect on iron chlorosis  46
sodium bicarbonate extraction  See Olsen P
soil

effect of buffering  57
soil aeration

influence of on potassium availability  28
soil compaction

effect on iron chlorosis  46
soil formation  23
soil liming  58
soil management

using organic residuals in  59
soil moisture

effect of fall fertilizer application on  87
effect on organic matter  4
importance in winter wheat production  94
influence on potassium availability  28

soil nutrients
effect of pH on  52

soil pH range  52
soil sampling  65

analyses  68
correlation and calibration  69

soil saturation
effect on denitrification  7

soil tests
boron  46
Bray-1P 19, 89-90, 132
calcium and magnesium  34
effect of sampling technique on  19
hot water extractable  46
in alfalfa  112
in dry edible beans  118, 119
in millet  135–136
in sunflower  131–132
in winter wheat  65–66, 89
iron  46
laboratory analysis of  19
Olsen P 19, 89-90, 132
phosphorus

measure of index  18, 61
potassium

measure of index  25
zinc  48

soil variability
effect on soil sampling  66
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soluble inorganic
zinc fertilizer  49

sorghum
expected yield  97
importance to Nebraska  97
iron management  101
nitrogen fertilizer sources  99
nitrogen fertilizer recommendations  98
phosphorus fertilizer recommendations  100
phosphorus management  100
potassium fertilizer recommendations  100
root system  97
sulfur fertilizer recommendations  102
sulfur management  102
zinc fertilizer recommendations  101
zinc management  101

sources of reserve acidity  56
soybean

iron management  124–125
phosphorus fertilizer recommendations  123
potassium fertilizer recommendations  123
sulfur considerations  123
zinc fertilizer recommendations  124, 125
zinc management  123

spring grains. See oats and spring grains
stocking rate

effect on grass fertilizer management  140
straw decomposition

related to prior high yields  88
subsoil potassium levels. See rooting depth
sugar beets

nitrogen fertilizer recommendations  128
nitrogen management  127
nutrient removal 130
phosphorus fertilizer recommendations  129
phosphorus management  128
potassium fertilizer recommendations  129
potassium management  129
sulfur management  129
zinc management  129

sulfur
contained in organic matter  40
crop requirements of  42
deficiency symptoms  39, 40
effect of pH on  53
fertilizer sources  43
fertilizer recommendations

alfalfa  113
corn  80
popcorn  148
potatoes  155
sorghum  102

management
alfalfa  113
corn  80
dry edible beans  118
grass and hayland  142
oats and spring grains  107
potatoes  155
sorghum  102
soybean  123
sugar beets  129
sunflower  133
winter wheat  94

sources of  40–41
using to control disease

in potatoes  155
sulfur cycle  42
sunflower

nitrogen fertilizer recommendations  132
nitrogen management  131
phosphorus fertilizer recommendations  133
phosphorus management  132
potassium fertilizer recommendations  133
sulfur considerations  133
zinc considerations  133

T

temperature
effect on immobilization  10
effect on mineralization and nitrification  6
effect on nitrification  6, 7
effect on organic matter  3, 4
influence of on potassium availability  28

terraces
effect on zinc levels  48

tillage
effect on organic matter  4

U

UAN. See urea-ammonium nitrate
solution  13

urea  8, 13, 87
granules on corn residue  8
immobilized  11

urea-ammonium nitrate  8, 87
urease inhibitor  13

V

vadose zone
effect of crop rotation on  15

variable rate application
relationship to soil sampling  66
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vinegar
pH value  51

volatilization
ammonia  7

W

water
pH of  51

weak acid soil test. See Bray P-1
wheat. See winter wheat
winter wheat

fertilizer application methods
related to profit  92

fertilizer application timing
nitrogen  86–87

fertilizer sources
nitrogen  87

fertilizing for grain protein  88
grain proteins

fertilizing for  88
importance of soil moisture in  94
nitrogen fertilizer recommendations  86
phosphorus deficiency symptoms  88
phosphorus fertilizer recommendations  90
phosphorus management  88–91
potassium fertilizer recommendations  93
potassium management  93–94
soil test

using to optimize profit  65
straw decomposition  88
sulfur management  94
yield response to applied phosphorus  89
zinc management  94

winterkill
in winter wheat  88

Y

yield goal. See expected yield

Z

zinc
crop sensitivity to low levels  49
deficiency symptoms  48, 49

in dry edible beans  119
in sorghum  101

effect of pH on availability  52
fertilizer sources  49
fertilizer recommendations  48–49

corn  81
dry edible beans  119
popcorn  149
potatoes  156
sorghum  101
soybean  124

fertilizing after sugar beets  119
management

corn  81
dry edible beans  119
millet  137
oats and spring grains  107
sorghum  101
soybean  123
sugar beets  129
sunflower  133
winter wheat  94

soil testing for  48
zinc ammonium complex  49
zinc carbonate  49
zinc chelate  50
zinc oxide  49
zinc sulfate  49
ZnEDTA  49
ZnHEDTA  49
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