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Understanding Solil Fertility and Testing

Why is soll fertility important?

Why should we care about how much is being applied?
Too Little vs Too Much

Why Is testing important?
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Soil Testing — identifying “what’s in the bank

« Soll test results relate to the probability that adding
fertilizer will increase yield

« Soll testing has been proven reliable for pH, P, K,
and Zn, but not very reliable for the other nutrients

« Soil testing isn'’t reliable for N; because of variable
weather, biological and chemical processes that
are constantly occurring in the soill.

 |deally want to test at least once per crop rotation.
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Crops don’t care where the fertilizer
comes from...

Fertilizer

« Soll

Manure

Organic sources
Sewage sludge

...as long as they get what they need
when they need It.
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Understanding Solil Fertility and Testing

. Definitions & crop nutrient removal
. Soll sampling and Why it's important

. Send soil samples to a certified lab

1
2
3
4. Reading the soll test & interpret recommendations
5. Secondary and micronutrients

6

. Soll pH and lime recommendations
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Definitions

* Soill test results for nutrients are
provided in ppm

— ppm P, where P = phosphorous
— ppm K, where K = potassium

 Fertilizer recommendations are

provided as Ib/ac
— Ib/ac P,O¢ , where P,O. = phosphate
— Ib/ac K,O , where K,O = potash

* Fertilizer is sold as phosphate
and potash
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Definitions

* Fertilizer analysis is a % of each nutrient
— %N - %P,0; - %K,0
— If more #'s, the 4t is sulfate, the 5% is zinc

 Often include an abbreviation of the nutrient

e l.e. S = sulfur and Zn = zinc

— Cannot add up to more than 100%
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Definitions

« Common forms of phosphorus fertilizer:
— MAP = Monoammonium Phosphorus = 11-52-0
— DAP = Diammonium Phosphorus = 18-46-0

* Most common form of potassium fertilizer:
— KCL = Potassium Chloride (Potash) = 0-0-60
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Definitions

* Pounds of fertilizer per acre = # of pounds
of the complete product applied per acre

 Units of fertilizer = used more frequently to
describe the # of pounds of the nutrient
(I.e. phosphate, potash) applied per acre.

Example:
| wanted to apply 60 units of potash (K,O) per acre. To get that |
needed to apply 100 pounds of 0-0-60 fertilizer.
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Applying definitions

* You want to apply 15 Ib/ac sulfur on your corn
crop. Product choices include Ammonium sulfate
(21-0-0-24), which is 24% sulfur; and Calcium
sulfate (aka gypsum) (0-0-0-18) which is 18%
sulfur. How much of each product would you use?

v AMS: 15 Ib/ac = 0.24 = 62 Ib/ac AMS, which
also provides 13 Ib/ac N

v’ Calcium sulfate: 15 Ib/ac ~ 0.18 = 83 Ib/ac CaS
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Crop Removal

* Estimate crop nutrient removal with Table 2 in PM
1688

A Genéral Guide for
Crop Nutrient and Limestone
Recommendations in lowa
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Google the publication or go to:

PM-1688
Table 2 https.//store.extension.iastate.edu/Product/5232
abl€ <. Table 2. Nutrient concentrations to calculate removal amounts of P,O, and K,O
P age 4. in the optimum soil-test category.
Crop t Unit of Yield and Moisture Basis Pounds per Unit of Yield ¥
P,0, K,O
Corn bu, 15% 0.32 0.22
Corn silage bu grain equiv., 15% 0.44 1.10
Corn silage ton, 65% 3.5 9.0
Corn stover ton, 15% 4.8 18
Soybean bu, 13% 0.72 1.2
Soybean residue ton, 10% 4.7 23

Example: Corn
e 200 bu/ac corn at 15% moisture would remove:
— P,0;: 0.32 Ib P,Og/bu x 200 bu/ac = 64 |b P,Os/ac

— K,0:0.22 Ib K,O/bu x 200 bu/ac = 44 Ib K,O/ac

Perennial ryegrass ton, 15% 11 30

I Sorghum-sudan ton, 15% 11 | 33

13


https://store.extension.iastate.edu/Product/5232

PM-1688 Google the publication or go to:
https.//store.extension.iastate.edu/Product/5232

Table 2. Table 2. Nutrient concentrations to calculate removal amounts of P,O, and K,O

P age 4. in the optimum soil-test category.
Crop t Unit of Yield and Moisture Basis Pounds per Unit of Yield ¥

P,O, K,O

Corn bu, 15% 0.32 0.22
Corn silage bu grain equiv., 15% 0.44 1.10
Corn silage ton, 65% 3.5 9.0
Corn stover ton, 15% 4.8 18
Soybean bu, 13% 0.72 1.2
Soybean residue ton, 10% 4.7 23
Oat bu, 13% 0.29 0.19

Example: Soybeans

50 bu/ac soybeans at 13% moisture would remove:

— P,05: 0.72 Ib P,Og/bu x 50 bu/ac = 36 |b P,Os/ac
— K,0: 1.2 Ib K,O/bu x 50 bu/ac = 60 |b K,O/ac

l Sorghum-sudan ton, 15% 11 | 33

14


https://store.extension.iastate.edu/Product/5232

PM-1688 Google the publication or go to:
https.//store.extension.iastate.edu/Product/5232

Table 2.
Table 2. Nutrient concentrations to calculate removal amounts of P,O, and K,O
P age 4 in the optimum soil-test category.
Crop t Unit of Yield and Moisture Basis Pounds per Unit of Yield ¥
P,0, K,O

Example: Alfalfa

e 2tons/ac alfalfa at 15% moisture would remove:
— P,0O:: 13 Ib P,0Oc/bu x 2 ton/ac = 26 Ib P,O./ac
— K,0: 43 |b K,O/bu x 2 ton/ac = 86 |b K,O/ac

unflower , 10% : :
Alfalfa, alfalfa-grass ton, 15% 13 43
Red clover-grass ton, 15% 11 31
Trefoil-grass ton, 15% 11 31
Smooth bromegrass ton, 15% 7.9 41
Orchardgrass ton, 15% 12 60
Tall fescue ton, 15% 11 58
Timothy ton, 15% 7.9 28
Perennial ryegrass ton, 15% 11 30
I Sorghum-sudan ton, 15% | 11 | 33

15


https://store.extension.iastate.edu/Product/5232

Looking at Crop Removal Rates
e 200 bu/ac corn removes 64 Ibs P and 44 Ibs K
* 50 bu/ac soybeans removes 36 Ibs P and 60 |bs K
* 2 tons/ac alfalfa removes 26 Ibs P and 86 Ibs K
* Lots of “withdrawals from the bank”

* At a minimum we should be replacing these amounts
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Maximize Economic Returns to
Fertilizer Inputs

Definitions & crop nutrient removal

Soil sampling

Send soil samples to a certified lab

Reading the soil test & interpret recommendations

Secondary and micronutrients

1.
2.
3.
4.
D.
6.

IOWA STATE UNIVERSITY

Soil pH and lime recommendations
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2. Soil sampling

* A sample should represent an area of a field under similar
conditions:

— grid or zone sampling

— make use of yield maps

— soil map units (SMU), slope, drainage, crop history,
manure, proximity to gravel road, etc.

° Absolute minimum of 10 cores per sample, prefer 12 to 15
cores per sample, and more cores per sample if there is
more field variability (i.e. banding fertilizer).

* Sampling depth of 6" for corn/ soybean; 2-3” for pastures

IOWA STATE UNIVERSITY

Extension and Outreach



ISU Extension publication CROP 3108
Take a Good Soil Sample to Help Make Good Fertilizer Decisions
https://store.extension.iastate.edu/product/3915
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Extension Store

Store Home

Agriculture & Environment

ISU | ContactUs | FAQ|

Families & Health Business & Communities

Crops »> Soil Management and Fertility > CROP 3108

ne of the most important steps in soil testing is collecting
Osail samples. The soil sample is the first part of the soil

testing process and the foundation for information
derived from lahoratory as soil test interpretations, and
recommendations. Soil sampling is also the largest and most
common source of errors in the soil testing process. Remember
why sail samples are being taken — to obtain information on
which recommendations and decisions concerning fertilizer,
manure, and limestone application can be based.

A comprehensive sol fertility and organic matter map for each
field is desirable as a basis on which (o adjust fertilizer, manure,
and limestone application. Over- or under-treamment may

reduce profics, cause nurient supply issues, or increase chance
of negative impact on water quality. Informed decisions can be
made only if soil samples are representative of the arcas sampled
and accurately reflect differences in the ficld, Remember that just
afew cores with a very small amount of soil will represent an
area of the field. It is cssential to select uniform arcas 1 collect
cores, and not mix contrastingly different field conditions into
asample, such as different sl series, slope, crosion, old fence
rows, patholes, knalls, or nearby limestone roads.

When to sample

The best time to sample is during the time of the year for

which sol test methods are calibrated, when there is time for
good nurient planning after receiving soil test results from

the lab, and when the soil conditions allow for collecting good
samples. Ideally, the best time would be after harvest and before
feruilization. Do not sample shortly after a lime, ferulizer, or
manure application or when the soil is excessively dry or wet.
Sampling at other times such as in the winter, and especially with
frozen soil, is discouraged becanse results are not consistent with

IOWA STATE UNIVERSITY
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recommended sampling times and cannot be sed with suggested

Field research for ®.
potassium (K), and pH soil tests are based on samples collectedd
in the fall or spring, Recent rescarch suggests that samples taken
in late spring or early summr, beforc around the V6 growth
stage of corn or saybean, and when P, K, or lime were not
applied in the spring or the previous fall, can provide reliable
results. Sampling at this time is too Late to efficiendy ferdlize the
current crop, hus test resulis can be used for fall applicatons
when combined with current year yields for estimating P and K
removal

Sampling using soil maps and
management zones
Each sample should represent a uniform ficld area with similar
past management. The sampling area should also represent
afield area, or management zone, that can be managed in a
similar fashion in regard to nutrient or limestone application and
perhaps other crop production practices or inputs. Delineating
separate crop management zones and soil sampling zones docs
not make sense if the entire field will be managed as a whole unit
1o matter the test results. Long histories of fenilizer, limestone,
or manure application, especially with high application rates,
‘may mask natural soil ferility differcnces due w soil properties
pe position. However, organic matter levels are still
y related 1o soil map unics. This is shown in Figure 1 shere
organic matter levels range from 1.5 to L0 percent in an 80-acre
wract in the Clarion-Nicollet-Webster soil association. Soil pH
pacterns across fields sometimes are still dominated by variation
of inherent soil properties rather than management of nutrient
or limestone application. Fxamples are certain fields with the
Clarion-Nicollet-Wehster soil association and in far west-central
Towa which contain soils with free lime (calcium carbonate).

CROP 3108 December 2016

Take a Good Soil Sample to Help Make Good Fertilization

Decisions
AP Mallaring |, John Sawyer

Learn more about the most important step in soil testing to make ferilization decisions -
collecting the soil sample. Includes information on materials needed, when to sample, how
to select a sample area, how often to sample and much mare.

Fages / Length: 4
Public ation Date: 122016

Format Price
FDF $0.00

m Sign Up to see what your friends like.

Permanent link for this product: hitps /istore extension.iastate. eduw/Product/2815

Download
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https://store.extension.iastate.edu/product/3915

ldentify Areas of Fields to Soil Sample

Use a field map with the soil map units (SMU) outlined
- County Soil Survey book
- Web Soil Survey
- County assessors office?
- NRCS?
- Acrevalue.com

- Other sites?

IOWA STATE UNIVERSITY
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Soil Survey
Progressed from book to disc to on-line with the Web Soil Survey

All future soil survey information will only be available on the Web Soil Survey

United States tion with .
et iy Soil Survey of
Agriculture and Home Economics

Experiment Station
Soi and the Cooperative C I yt
g:}::;vahon m"zrmsﬂxgw a o n

and Department of C ty

i oun

lowa

=2 Avout Scils | Help | ContactUs !

You are here: Web Soil Survey Home

E“:l Want To...

o Start Web Soil Survey
(wss)

@ The simple yet power'ful way
@] to access and use soil data.

Browse by Subject

> Sous Home Welcome to Web Soil Survey (WSS)
b National Cooperative § Web Soil Survey (WSS) provides soil data

o Know the requirements
for running Web Soil
Survey — will Web Soil
Survey work in my web
browser?

» Know the Web Soil

o

Soil Survey (NCSS) and information produced by the National Survey hours of operation
. ; § Cooperative Soil Survey. It is operated by O Find What areac of the
b Archived Soil Surveys | the l.)SD(l\ Natu)ral 3esouaes Conservatiohn U.S. have soil data
Service (NRCS) and provides access to the
> Status Maps i largest natural resource information system © Find information by topic
version 27 March 2008 s e ~3 b Official Soil Series in the world. NRCS has soil maps and data S
Descriptions (OSD) available online for more than 95 percent of o Know how to hyperlink
the nation’s countles and anticipates having 100 percent in the near from °t!‘e" documents to
b Soil Series Extent future. The site is updated and maintained online as the single MR Sual iRy
Mapping Tool authoritative source of soil survey information. o Know the SSURGO data
Soil Survey of X structure
Clayton County, lowa b Geospatial Data Gateway | 5ol surveys can be used for general farm, local, and wider area
b oFOTG planning. Onsite investigation is needed in some cases, such as soil
quality assessments and certain conservation and engineering
b National Soil appli_cations. For more detailed inform@tiory, contact your local USDA | Announcements/Events
Characterization Data Service Center or your NRCS State Soil Scientist.
o Web Soil Survey 3.2 has
b Soil Quality Four Basic Steps been released! View
description of new
b Soil Geography Define. features and fixes.

S o Web Soil Survey Release
2 Use the Area of Interest tab History
. to define your area of interest.
— Sign up for e-mail
updates via GovDelivery

[OWA STATE UNIVERSITY = NS—

© Getting Started With Web

Soil Survey
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Click to view larger image.




Tips for using the Web Solil Survey

* |ISU Ag Decision Maker provides a tutorial for
using Web Soil Survey to “Compute the lowa
Corn Suitability Rating for Your Farm,”

https://www.extension.iastate.edu/agdm/wholefarm/html/c2-87.html

* YouTube provides some “how-to” videos for

using Web Soil Survey. Here Is one:
https://www.youtube.com/watch?v=0RSipAAY Q1w

IOWA STATE UNIVERSITY
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https://www.extension.iastate.edu/agdm/wholefarm/html/c2-87.html
https://www.youtube.com/watch?v=QRSipAAYQ1w
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Forest Productivity (Cubic Feet per Acre per Year)
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Iowa Corn Suitability Rating (CSR2)

View Description I View Rating I

View Options
Map
Table
Description of

Rating
Rating Options [

[[] Detailed Description

Advanced Options

@®

@@

View Description I View Rating |

Range Production (Favorable Year)

Range Production (Normal Year)

Range Production (Unfavorable Year)

Yields of Irrigated Crops {(Component)

Yields of Irrigated Crops (Map Unit)

Yields of Non-Irrigated Crops (Component)

Yields of Non-Irrigated Crops (Map Unit)

Waste Management

Q@

—_—

wBe U 34 A S

Summary by Map Unit — Howard County, Iowa (IA089)

Map unit symbol

27A

171B
213A
394B
482A
4828
713A
713B
713C

Map unit name
Terril loam, 0 to 2 percent slopes
Bassett loam, 2 to 5 percent slopes
Rockton loam, deep, 0 to 2 percent slopes
Ostrander loam, 2 to 5 percent slopes
Racine loam, 0 to 2 percent slopes
Racine loam, 2 to 5 percent slopes
Winneshiek loam, deep, 0 to 2 percent slopes
Winneshiek loam, deep, 2 to 5 percent slopes

Winneshiek loam, deep, 5 to 9 percent slopes

Totals for Area of Interest

Rating

95
85
58
91
91
86
53
48
43

Acres in AOI
11.2
0.8
2.4
2.7
15.2
7.6
13.8
17.3
2.1
73.0

®

Percent of AOI

15.3%
1.1%
3.3%
3.7%

20.8%

10.4%

18.9%

23.6%
2.9%

100.0%

m

Example from Web Soil Survey — with the CSR2 mapping option selected.

23



X | & Web Soil Survey x
’“ @ websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx C || Q Search ﬁ B O 3 # e =

Disaster Recovery Planning @® 2
Land Classifications @ @
Land Management (@) |
Military Operations @ @
Recreational Development @)
Sanitary Facilities @ @
Vegetative Productivity @@

Crop Productivity Index P

Forest Productivity (Cubic Feet per Acre per Year)
Forest Productivity (Tree Site Index)

Iowa Corn Suitability Rating (CSR2)

View Description I View Rating |

View Options @ @

Map

<

m

Table

<

73iacre area; ~9 acres per soil sample; 8 samples
Descripggg:; /\ Warning: Soil Ratings Map may not be valid at this scale.

Rating Options  [7] Tables — Towa Corn Suitability Rating (CSR2) — Summary By Map Unit

Detailed Descripti
O N o i Summary by Map Unit — Howard County, Towa (IA089) @
Advanced Options ©IO) Map unit symbol Map unit name Rating  Acres in AOI Percent of AOI
View Description I View Rating | 27A Terril loam, 0 to 2 percent slopes 95 11.2 15.3%
z 171B Bassett loam, 2 to 5 percent slopes 85 0.8 1.1%
Range Production (Favorable Year)
z 213A Rockton loam, deep, 0 to 2 percent slopes 58 2.4 3.3%
Range Production (Normal Year)
> 394B Ostrander loam, 2 to 5 percent slopes 91 2.7 3.7%
Range Production (Unfavorable Year)
- = 482A Racine loam, 0 to 2 percent slopes 91 15.2 20.8%
Yields of Irrigated Crops {Component)
- 5 - 482B Racine loam, 2 to 5 percent slopes 86 7.6 10.4%
Yields of Irrigated Crops (Map Unit) - -
5 = 713A Winneshiek loam, deep, 0 to 2 percent slopes 53 13.8 18.9%
Yields of Non-Irrigated Crops (Component) : :
- - - 713B Winneshiek loam, deep, 2 to 5 percent slopes 48 17.3 23.6%
Yields of Non-Irrigated Crops (Map Unit) i i
713C Winneshiek loam, deep, 5 to 9 percent slopes 43 2.1 2.9%
Waste Management IO
Totals for Area of Interest 73.0 100.0% =

Example of 8 soil samples from somewhat similar areas averaging about 9 acres per soil test.
We stayed in at least 100 feet from the limestone gravel road on the west side of the field.



| 5 Web Soil Survey

& | @ websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx C || Q Search B8 U 3 A © =
Disaster Recovery Planning @® 2
Land Classifications @ @

Land Management (@) r'
Military Operations @ @
Recreational Development @)
Sanitary Facilities @ @
Vegetative Productivity @@
Crop Productivity Index P

Forest Productivity (Cubic Feet per Acre per Year)
Forest Productivity (Tree Site Index)

Iowa Corn Suitability Rating (CSR2)

View Description I View Rating I

View Options @ @ N\ v
Map % X o - B - o | 3
i 73acre area; ~5 acres per soil sample; 14 samples
able ‘ \ i Lty
Desc”pﬁ‘;?i,?g /\ Warning: Soil Ratings Map may not be valid at this scale.
Rating Options  [7] Tables — Towa Corn ability Rating (C5R2) — Summary By Map Unit

Detailed Description =
O Summary by Map Unit — Howard County, Towa (IA089) @
Advanced Options ©IO) Map unit symbol Map unit name Rating  Acres in AOI Percent of AOI
View Description I View Rating | 27A Terril loam, 0 to 2 percent slopes 95 11.2 15.3%
5 171B Bassett loam, 2 to 5 percent slopes 85 0.8 1.1%
Range Production (Favorable Year)
z 213A Rockton loam, deep, 0 to 2 percent slopes 58 2.4 3.3%
Range Production (Normal Year)
> 394B Ostrander loam, 2 to 5 percent slopes 91 2.7 3.7%
Range Production (Unfavorable Year)
- = 482A Racine loam, 0 to 2 percent slopes 91 15.2 20.8%
Yields of Irrigated Crops {Component)
= - - 4828 Racine loam, 2 to 5 percent slopes 86 7.6 10.4%
Yields of Irrigated Crops (Map Unit) - -
- - 713A Winneshiek loam, deep, 0 to 2 percent slopes 53 13.8 18.9%
Yields of Non-Irrigated Crops (Component) : :
- - - 713B Winneshiek loam, deep, 2 to 5 percent slopes 48 17.3 23.6%
Yields of Non-Irrigated Crops (Map Unit) . .
713C Winneshiek loam, deep, 5 to 9 percent slopes 43 2.1 2.9%
Waste Management IO
Totals for Area of Interest 73.0 100.0% =

Example of 14 soil samples averaging about 5 acres per soil test.



| 5 Web Soil Survey

& | @ websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx C || Q Search B8 U 3 A © =
Disaster Recovery Planning @® 2
Land Classifications @ @

Land Management (@) r'
Military Operations @ @
Recreational Development @)
Sanitary Facilities @ @
Vegetative Productivity @@
Crop Productivity Index P

Forest Productivity (Cubic Feet per Acre per Year)
Forest Productivity (Tree Site Index)

Iowa Corn Suitability Rating (CSR2)

View Description I View Rating I

View Options @ @ : :
Map - ' T - ) § T | 3
i 73 acre area; ~ 5.acre grid overlay; 14 samples
able ‘ . ) LY
Desc”pﬁ‘;?i,?g /\ Warning: Soil Ratings Map may not be valid at this scale.
Rating Options  [7] Tables — Towa Corn ability Rating (C5R2) — Summary By Map Unit

Detailed Description =
O Summary by Map Unit — Howard County, Towa (IA089) @
Advanced Options ©IO) Map unit symbol Map unit name Rating  Acres in AOI Percent of AOI
View Description I View Rating | 27A Terril loam, 0 to 2 percent slopes 95 11.2 15.3%
5 171B Bassett loam, 2 to 5 percent slopes 85 0.8 1.1%
Range Production (Favorable Year)
z 213A Rockton loam, deep, 0 to 2 percent slopes 58 2.4 3.3%
Range Production (Normal Year)
> 394B Ostrander loam, 2 to 5 percent slopes 91 2.7 3.7%
Range Production (Unfavorable Year)
- = 482A Racine loam, 0 to 2 percent slopes 91 15.2 20.8%
Yields of Irrigated Crops {Component)
= - - 4828 Racine loam, 2 to 5 percent slopes 86 7.6 10.4%
Yields of Irrigated Crops (Map Unit) - -
- - 713A Winneshiek loam, deep, 0 to 2 percent slopes 53 13.8 18.9%
Yields of Non-Irrigated Crops (Component) : :
- - - 713B Winneshiek loam, deep, 2 to 5 percent slopes 48 17.3 23.6%
Yields of Non-Irrigated Crops (Map Unit) . .
713C Winneshiek loam, deep, 5 to 9 percent slopes 43 2.1 2.9%
Waste Management IO
Totals for Area of Interest 73.0 100.0% =

Example of 14 soil samples in a grid averaging about 5 acres per soil test.



Maximize Economic Returns to
Fertilizer Inputs

Definitions & crop nutrient removal

Soil sampling

Send soil samples to a certified lab

Reading the soil test & interpret recommendations

Secondary and micronutrients

1.
2.
3.
4.
D.
6.

IOWA STATE UNIVERSITY

Soil pH and lime recommendations
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3. Send soil samples to a certified lab In
accordance with IDALS standards

— The list of IDALS certified labs is at:
https://iowaaqgriculture.gov/commercial-feed-and-fertilizer-
bureau

— Results of each mineral (P, K, etc.) is provided in parts per
million (ppm).

IOWA STATE UNIVERSITY
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https://iowaagriculture.gov/commercial-feed-and-fertilizer-bureau

e 2 https://iowaagriculture.gov/commercial-feed-and-fertilizer-bureau ~ @& & || Search.. Jo i

= ommasreed et https://iowaagriculture.gov/commercial-feed-and-fertilizer-bureau

Home  Withinthe Deparfiment  About News Contacts LicensingLists More Q

Commercial Feed and Fertilizer
Bureau

The goal of the Commercial Feed & Fertilizer Bureau of lowa is fo serve

consumers by promoting an honest, equitable marketplace, and to encourage

integrity in agriculture and industry through education and regulation. We serve

as a resource for lowans who need information about feed regulations, fertilizer
licensing and additional co

S l r‘{‘?‘ ‘ * s
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Commercial Feed Commercial Fertilizer Egg Quality Assurance Program VFD & Residue 200A AgLime More

Commercial Feed Commercial Fertilizer

Find the resources you need in relation fo feed licensing, labeling and We have information available about aspects of commercial fertilizer,
commercial feed reporis. Feel free fo contact us with additional soiliconditioners‘and regulationsiin lowa:Check out our infermation

questions or concerns. about licensing, distribution, certified soil festing labs and.mere.

FEED RESOURCES FERTILIZER RESOURCES
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Licensing Lists ~ Programs

Commercial Feed Commercial Fertilizer Egg Quality Assurance Program VFD & Residue 200A Ag Lime Mycotoxin Binding Claims

Commercial Fertilizer

Access the links and resources you need related to commercial fertilizer in lowa. We have

broken out the resources into categories below; if you're unable to find what you need, please

contact our office and let us know.

Fertilizer Regulation and
Guidelines

« Licensing and Distributing Fertilizer and Soil Conditioners

* On-Farm Fertilizer Storage

Licenses

* Lawn Applicator Licensee List

» Commercial Fertilizer Licensee List

Daonl 1 .Y -7

Soil Testing
Gertified Soil Testing Laboratories)

+ Soil Testing Lab Certification Program

Reports

« Fertilizer Analysis Reports ©
« Fertilizer Distribution Reports ©

» Fertilizer Inspection Fee Report (Tonnage Report)

Bureau Contacts

A l\h\'d'ﬁl T a= A mmnnig DA"I llﬂ*;ﬂ“
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What do you need to soll test for?

 Soil pH and buffer pH - for all crops, plus useful for some herbicide choices
and rates

« P -forall crops

« K - for all crops (oven-dry or field-moist/slurry “wet" test)

* OM correlates to S and also is useful for some herbicide choices and rates

« Zn for corn mainly on calcareous or low OM soills

« B for alfalfa on low OM soils

« Soll tests for Ca, Mg, S, Fe, Cu, Mn; not reliable for making recommendations.

IOWA STATE UNIVERSITY

Extension and Outreach



Returns to Cost of Fertilizer

175 © e® Corn, $4/bu -| Percent of P and K fertilizer
... 180§ &o A Soybean, $9/bu || applications expected to
o 105 L . P at $0.40/lb 1 produce ayield response with
c\% : o | soil test levels that are:
% 100 - o | ; Very Low  80%
- ® | <
O B0 b || Low 5%
| | | | | b .
o > ‘i L | Optimum  25%
B AT agfal . 1 High 5%
e A PR ® & Very High  <1%
w 25} ia ’ ..‘A ? o
= b ‘KO‘ ™ A For long-term profitable crop
3 -50 | ' ' , AL ® - . . ..
D  iet® 1 To production, maintain in the
o -75+F {ecal | o c
iog LVLL,L (O] H | VH Soil-TestClasses optimum category.
0 10 20 30 40 50 60 70 For soil test levels in the
Soil-Test P (Bray-1, ppm) optimum category, fertilize for
6-inch sampling depth crop removal.

IOWA STATE UNIVERSITY

Extension and Outreach



Maximize Economic Returns to
Fertilizer Inputs

Definitions & crop nutrient removal

Soil sampling

Send soil samples to a certified lab

Reading the soil test & interpret recommendations

Secondary and micronutrients

1.
2.
3.
4.
D.
6.

IOWA STATE UNIVERSITY

Soil pH and lime recommendations

Extension and Outreach



4. Read the solil test & interpretation recommendations

— Recommendations are provided as Ib/ac of nutrient I.e.
phosphate (P,O:), potash (K,O).

— Certified labs are NOT required to use ISU fertilizer

recommendations.

— Find the corresponding table in PM-1688 for the crop

nutrient recommendations and needs

IOWA STATE UNIVERSITY

Extension and Outreach



Table 3. Phosphorus and potassium recommendations for corn grain production.

Phosphorus Dry or Field-Moist and Slurry Soil Tests (ppm)
Soil Test Category Very Low Low Optimum* High Very High
Bray P, and Mehlich-3 P 0-8 9-15 16-20 21-30 31+
Olsen P 0-5 6-9 10-13 14-18 19+
Mehlich-3 ICP P 0-15 16-25 26-35 3645 46+
P,O, to apply (Ib/acre)
100 75 58 0 0
Potassium Soil Tests (ppm)
Soil Test Category Very Low Low Optimum* High Very High
Ammonium Acetate and Mehlich-3 Extractable K
Dry 0-120 121-160 161-200 201-240 240+
Field-moist and Slurry 0-50 51-85 86-120 121-155 156+
K,O to apply (Ib/acre)
Fine Textured 130 90 40 0
Sandy Textured 110 70 40 0

*The recommended amounts of P,O, and K, O for the optimum soil test category are based on
approximate nutrient removal for the harvested yield. The amounts shown in the table for the
optimum soil test category are based on 180 bu corn grain per acre. Nutrient removal amounts
can be adjusted higher or lower for other yield levels. In the high soil test category, banded NP
or NPK starter fertilizer may be advantageous under conditions of limited soil drainage, cool

; § : : ; X 35
soil, crop residues on the soil surface, or late planting dates with full-season hybrids.



Table 3. Phosphorus and potassium recommendations for corn grain production.
Soil test = 15 ppm P & 165 ppm K ISU recs = 75 Ib./ac P,0O: & 40 Ib./ac K,O

Phosphorus Dry or Field-Moist and Slurry Soil Tests (ppm)

Soil Test Category Very Low Low Optimum™* High Very High
Bray P, and Mehlich-3 P 0-8 C 915 O 1620 21-30 31+
Olsen P 0-5 E 10-13 14-18 19+
Mehlich-3 ICP P 0-15 16-25 26—-35 3645 46+

P,O, to apply (Ib/acre)

100 ( ¥y ‘> 58 0] 0
——

Potassium Soil Tests (ppm)

Soil Test Category Very Low Low Optimum™* High Very High
Ammonium Acetate and Mehlich-3 Extractable K
Dry 0—-120 121-160 | 161-200 D| 201-240 240+
pa ————
Field-moist and Slurry 0-50 51-85 86-120 121-155 156+
K,O to apply (Ib/acre)
Fine Textured 130 90 C a0 D
Sandy Textured 110 70 40

*The recommended amounts of P,O_ and K,O for the optimum soil test category are based on
approximate nutrient removal for the harvested yield. The amounts shown in the table for the
optimum soil test category are based on 180 bu corn grain per acre. Nutrient removal amounts
can be adjusted higher or lower for other yield levels. In the high soil test category, banded NP
or NPK starter fertilizer may be advantageous under conditions of limited soil drainage, cool

anil Aaranm racidiice Al the il crirfFarcrae Ar 1ate nlantinceg Aatae wwiith fiillcecaaecan hyvwhride
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Table 10. Phosphorus and potassium recommendations for alfalfa and alfalfa-

grass hay and pastures. Soil test =19 ppm P & 134 ppm K
ISU recommendations = 80 |b./ac P,O. & 240 Ib./ac K,O

Phosphorus Dry or Field-Moist and Slurry Soil Tests (ppm)

Soil Test Category Very Low Low Optimum* High Very High
Bray P, and Mehlich-3P |  0-15 21-25 26-35 36+
Olsen P 0-10 10-13 14-16 17-19 20+
Mehlich-3 ICP P 0-20 21-30 31-40 41-50 51+
P,O, to apply (Ib/acre)
110 @ 65 0 0

Potassium Soil Tests (ppm)

Soil Test Category Very Low Low Optimum* High Very High

Ammonium Acetate and Mehlich-3 Extractable K

Dry 0-120 @1—1 60 161-200 201-240 240+

Field-moist and Slurry 0-50 51-85 86-120 121-155 156+
K,O to apply (Ib/acre)

All Soil Types 280 240 215 0 0

Footnotes explain Table 10 fertilizer recommendations are for 5 ton/ac of harvested hay.



Table 10. Phosphorus and potassium recommendations for alfalfa and alfalfa-

grass hay and pastures. \\What if the soil test = 220 ppm K?

Phosphorus Dry or Field-Moist and Slurry Soil Tests (ppm)

Soil Test Category Very Low Low Optimum* High Very High
Bray P, and Mehlich-3 P 0-156 16-20 21-25 26-35 36+
Olsen P 0-10 10-13 14-16 17-19 20+
Mehlich-3 ICP P 0-20 21-30 31-40 41-50 51+
P,O, to apply (Ib/acre)
110 80 65 0 0
Potassium Soil Tests (ppm)
Soil Test Category Very Low Low Optimum* High Very High
Ammonium Acetate and Mehlich-3 Extractable K
Dry 0-120 121-160 161-200 |C 201-240 )F 240+
Field-moist and Slurry 0-50 51-85 86-120 121-155 156+
K,O to apply (Ib/acre)
All Soil Types 280 240 215 QO _>l 0

Footnotes explain Table 10 fertilizer recommendations are for 5 ton/ac of harvested hay.
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Soil Test Results
Example Farm
Field 4: 138.87 acres

Soil Test Points

- Field Boundary
~ Soil Test Points

Field Boundary
Soil Test Points

(5]
Field ID
L=

iN4
K, ppm

242
151

132
139
143
268
98

30

290
146
82

232
208
187
137
150
122
127
155
268
336
183
180
227
137
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Soil Test Results

K, ppm

Example Farm
Field 4: 138.87 acres

B

K, ppm

0-40 Very low (0.1 ac) (0.1%)

40 - 80 Low(3.1 ac) (2.3%)

80— 125 Medium (13.3 ac) (9.6%)
125 — 200 High (87.9 ac) (63.3%)
> 200 Very high (34.5 ac) (24.8%)

K>O Nutrient Recommendations

K,O Nutrient Rec Ib/ac
30 —-40 (36.9 ac) (26.6%)
50 (21.6 ac) (15.6%)

60 — 65 (31.1 ac) (22.4%)
75 (9.4 ac) (6.8%)

85— 90 (6.7 ac) (4.9%)
100 — 120 (4.1 ac) (2.9%)
130 — 140 (2.1 ac) (1.5%)
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Maximize Economic Returns to
Fertilizer Inputs

Definitions & crop nutrient removal

Soil sampling

Send soil samples to a certified lab

Reading the soil test & interpret recommendations

Secondary and micronutrients

1.
2.
3.
4.
D.
6.

IOWA STATE UNIVERSITY

Soil pH and lime recommendations

Extension and Outreach



Sulfur deficiency in alfalfa. Gunder

June 24, 2006
Fayette silt loam

‘ Sulfur deficiency in corn. \ Thorpe Sites

Chelsea fine loamy sand August 11, 2006

\

Kenyon loam
Site 1 Site 2 *
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Sulfur Management for lowa Crop Production

ISU Extension publication CROP 3072 is available as a free pdf at:
https://store.extension.iastate.edu/product/14280

Sulfur Fertilizer Recommendations in a Nutshell:

For corn:
e Soil and tissue tests are not reliable.

e Consider 10-15 Ib./ac on most soils, but up to
25 |b./ac on sandy soils.

For soybeans: No recommendation.

For alfalfa:

* The soil test not reliable.

* The tissue test is fairly reliable.

— Clip the top 6-inches of ~35 stems at bud stage
and send to a lab for %S plant analysis.

— If the test is lower than 0.23% S, fertilize with S.

— Consider 20-25 Ib./ac on most soils but up to
35 |b./ac on sandy soils.

Sulfur Management
forlowa Crop Production®

ulfur (S) is often classified as a “secondary™ essential
Sdcmtnl. mainly due to a smaller plant requirement,

but also because it is less frequently applied as a
fertilizer compared to nitrogen, phosphorus, and potas-
sium. This was certainly the case in lowa where research
had not documented S deficiency or fertilization needed for
optimal crop production. However, if deficient, S can have
a dramatic effect on plant growth and crop productivity—
more than the classification “secondary” would imply.

Before 2005, over forty years of field research with corn
and soybean conducted at many locations across lowa had
d a yield resp to S application only three times
out of approximately 200 trials—an indication of adequate
available S supply and quite limited S deficiency. This
began to change in the early 2000s as producers in north-
east lowa began to notice yellow plant foliage and reduced
plant growth in areas of alfalfa fields. After investigating

Alfalfa Response to Sulfur Fertilization
In 2005, the observations of poor alfalfa growth and
production led to research trials at several northeast lowa
field sites. At each site 40 Ibs S/acre applied as either
ammonium sulfate or calcium sulfate (gypsum) was
compared to a non-S treated control in replicated plots.
The S fertilizers were applied during the first crop growth
prior to harvest, and in paired locations in established
alfalfa that had exhibited poor growth/coloration and
alfalfa that appeared normal in growth and coloration.
The alfalfa yields from those trials (Table 1) documented
a large increase (doubling of yield) from the S application
in the poor growth areas, but no increase in the good
growth areas. This yield response was also measured in
the first cutting of the second year.

several potential reasons, such as plant disease, demonstra- 3

tion of S fertilizer application showed improved coloration 2

and growth of alfalfa in affected areas; see example in

Figure 1. Several factors for why S responses have increased 24

include reduced deposition with precipitation, fields with

no manure application, higher crop yields, and low Scon- g

tent in commonly applied fertilizers.

IOWA STATE UNIVERSITY
Extension and Outreach

application showing
Ifalfa in sffected areas.

CROP 3072 April 2015
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Commercial Fertilizer Sources of Sulfur
Sulfate-sulfur fertilizers are immediately available

Chemical Fertilizer Sulfur
Dry fertilizer formula analysis %
Ammonium sulfate (NH,),SO, 21-0-0-24 24
Calcium sulfate (gypsum) CaSO, 0-0-0-17 16-18
Potassium sulfate K,SO, 0-0-50-18 18-20
Potassium-Mg sulfate K,SO-2MgSO, 0-0-22-23 23
Elemental sulfur S 0-0-0-90 90

Initially insoluble & unavailable. Requires months to become available.
Requires oxidation by soil bacteria, influenced by soil incorporation,
weathering, temperature & moisture.

Liquid fertilizer

Ammonium thiosulfate (NH,),SO4 12-0-0-26 26
50% sulfate-sulfur and 50% elemental sulfur.

IOWA STATE UNIVERSITY

Extension and Outreach



Table 1. Traditional view of concerning likelihood of micronutrient deficiency

Micronutrient Soil Conditions Most Sensitive Crops
< Boron (B) Sandy or highly weathered soils low in Alfalfa
organic matter, drought. Clovers
Copper (Cu) Very sandy soils. Corn
Acid organic soils. Oats
Wheat
Iron (Fe) Soil pH >7.0 Soybean
Manganese (Mn) Organic soils with pH >5.8 Oats
Mineral soils with pH >7.0 Soybean
Sugar beets
Wheat
Molybdenum (Mo) Sandy or very acid soils (<5.5 pH) Legumes
< Zinc (Zn) Sandy or organic soils.
Low organic matter soils due to erosion.
Soil pH >7.0

IOWA STATE UNIVERSITY

Extension and Outreach



Corn and Soybean Yield Responses to Micronutrient Fertilization

Antonio Mallarino, Professor, lowa State University

Proceedings of the 26" Annual Integrated Crop Management Conference
Ames, IA, Dec.3-4, 2014

® 65 field trials with corn and soybeans on foliar fertilization with B, Cu, Mn
and Zn, and soll fertilization of B, Mn and Zn did not increase grain yield at

any trial.

¢ 25 foliar fertilization strip trials with a mixture of B, Mn and Zn showed a
yield increase in one soybean field and a yield decrease in one corn field.

® In contrast to lack of grain yield response, fertilization sometimes
Increased micronutrient concentration of plant tissue and in grain. No
yield response to the micronutrient applications suggest the previous
nutrient supply was sufficient.

® Lack of grain yield responses in lowa to fertilization of micronutrients do
not allow for establishing reliable soil or tissue test interpretations.

IOWA STATE UNIVERSITY

Extension and Outreach



Maximize Economic Returns to
Fertilizer Inputs

Definitions & crop nutrient removal

Soil sampling

Send soil samples to a certified lab

Reading the soil test & interpret recommendations

Secondary and micronutrients

1.
2.
3.
4.
D.
6.

IOWA STATE UNIVERSITY

Soil pH and lime recommendations

Extension and Outreach



Shaded region includes significant areas with high pH subsoil (calcareous soils)
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Figure 1. Map of lowa delineating the 21 principal soil association areas (letters). B designates Mississippi bottomland.
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Available Nutrients in Relation to Soil pH
F C/S A

vitrcgen

shosphorus

sotassium

sulfur

calcium

boron

copg er and zic

molybdenum

4 5 6 7 8 9 10
pH



Table 16. Corn Example:

Soil pH tells us if we
need to apply lime...
Buffer pH tells us
HOW MUCH

Target pH
alfalfa 6.9

other forages 6.0

corn & soybeans 6.5 (or
6.0 on calcareous soils)

Example:

6-inch soil depth

Soil pH of 6.1

Buffer pH of 6.4

Lime for corn to 6.5 pH

6.5 Buffer = 3,500 Ib.

Lime recommendations use Buffer pH to give Ib/ac

Table 16. Lime recommendations based on SMP or Sikora buffer pH methods,
given in pounds per acre of finely ground pure calcium carbonate (CaCO,) to
increase soil pH from its present level to pH 6.0, 6.5, or 6.9 for the soil depth
to be neutralized.t

Depth of Soil to be Neutralized

A
2 inches 3 inches ( 6 inches)
s E—————
Target Soil pH
Buffer
pH pH60 | pH65 | pH69 | pH6.0 | pH65 | pH69 | pH6.0{ PH65 |) pH6.9
Amount of Calcium Carbonate to Apply (Ib/acre) ¥

7.0 0 0 400 0 0 600 0 0 1,100
6.9 0 0 600 0 0 1,000 0 0 1,900
6.8 0 200 900 0 300 1,400 0 600 2,700
6.7 0 400 1,200 0 700 1,800 0 1,300 3,500
6.6 0 700 1,500 0 1,100 2,200 0 2,100 4,400
6.5 100 900 1,700 100 1,400 2,600 200 2,800 5,200

= = >
{ 64 300 1,200 2,000 400 1,800 3,000 8OOQ 3,500 6,000

P _— N ——”]
6.3 500 1,400 2,300 700 2,100 3,400 1400 4,200 6,800
6.2 700 1,700 2,600 1000 2,500 3,900 2000 5,000 7,700
6.1 900 1,900 2,800 1300 2,900 4,300 2500 5,700 8,500
6.0 1000 2,200 3,100 1600 3,200 4,700 3100 6,400 9,300
5.9 1200 2,400 3,400 1900 3,600 5,100 3700 7,100 | 10,100
5.8 1400 2,600 3,700 2200 4,000 5,500 4300 7,900 | 11,000
5.7 1600 2,900 3,900 2500 4,300 5,900 4900 8,600 | 11,800
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Table 16. Alfalfa Example: Lime recommendations use Buffer pH to give Ib/ac

Soil pH tells us if we
need to apply lime...
Buffer pH tells us
HOW MUCH

Target pH
alfalfa 6.9

other forages 6.0

corn & soybeans 6.5 (or
6.0 on calcareous soils)

Example:

6-inch soil depth

Soil pH of 6.6

Buffer pH of 6.9

Lime for alfalfa to 6.9 pH

6.9 Buffer = 1,900 Ib.

Table 16. Lime recommendations based on SMP or Sikora buffer pH methods,
given in pounds per acre of finely ground pure calcium carbonate (CaCO,) to
increase soil pH from its present level to pH 6.0, 6.5, or 6.9 for the soil depth
to be neutralized.t

Depth of Soil to be Neutralized

g

2 inches 3inches ( 6 mches)
Target Soil pH
7 S
Buffer

pH6.0 | pH65 | pH69 | pH6.0 | pH65 | pH6.9 | pH6.0 | pH65 | PH 6.9

PH N/

Amount of Calcium Carbonate to Apply (Ib/acre) ¥
7.0 0 0 400 0 0 600 0 0 1,100
= Ty <,

(\6.9/) 0 0 600 0 0 1,000 0 04 1,900
6.8 0 200 900 0 300 1,400 0 600 2,700
6.7 0 400 1,200 0 700 1,800 0 1,300 3,500
6.6 0 700 1,500 0 1,100 2,200 0 2,100 4,400
6.5 100 900 1,700 100 1,400 2,600 200 2,800 5,200
6.4 300 1,200 2,000 400 1,800 3,000 800 3,500 6,000
6.3 500 1,400 2,300 700 2,100 3,400 1400 4,200 6,800
6.2 700 1,700 2,600 1000 2,500 3,900 2000 5,000 7,700
6.1 900 1,900 2,800 1300 2,900 4,300 2500 5,700 8,500
6.0 1000 2,200 3,100 1600 3,200 4,700 3100 6,400 9,300
5.9 1200 2,400 3,400 1900 3,600 5,100 3700 7,100 | 10,100
5.8 1400 2,600 3,700 2200 4,000 5,500 4300 7,900 | 11,000
5.7 1600 2,900 3,900 2500 4,300 5,900 4900 8,600 | 11,800
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Table 16. Alfalfa Example: Lime recommendations use Buffer pH to give Ib/ac

Soil pH tells us if we
need to apply lime...
Buffer pH tells us
HOW MUCH

Target pH
alfalfa 6.9

other forages 6.0

corn & soybeans 6.5 (or
6.0 on calcareous soils)

Example:

3-inch soil depth

Soil pH of 6.0

Buffer pH of 6.3

Lime for pasture to 6.0 pH

6.9 Buffer = 700 Ib.

Table 16. Lime recommendations based on SMP or Sikora buffer pH methods,
given in pounds per acre of finely ground pure calcium carbonate (CaCO,) to
increase soil pH from its present level to pH 6.0, 6.5, or 6.9 for the soil depth
to be neutralized.t

Depth of Soil to be Neutralized
2 inches ( 3 inches) 6 inches
Target Soil pH
B:fl:e’ pH6.0 | pH65 | pHE9 | \pH s.ﬂ pH65 | pH69 | pH6.0 | pHES | pHE.9
Amount of Cm Carbonate to Apply (Ib/acre) #

7.0 0 0 400 0 0 600 0 o| 1,00
6.9 0 0 600 0 o[ 1,000 0 o| 1,900
6.8 0 200 900 0 300 | 1,400 0 600 | 2,700
6.7 0 400 | 1,200 0 700 | 1,800 o| 1,300 | 3,500
6.6 0 700 | 1,500 o| 1,700 | 2,200 o| 2100 | 4,400
6.5 100 900 | 1,700 100 | 1,400 | 2,600 200 | 2,800 | 5,200
6.4 300 | 1,200 | 2,000 400 | 1,800 | 3,000 800 | 3,500 | 6,000
q: 63 D 500 | 1400 | 2,300 ¢ 700 D 2,100 | 3400 | 1400 | 4,200 | 6,800
6.2 700 | 1,700 | 2,600 | 1000 | 2,500 | 3,900 | 2000 | 5,000 | 7,700
6.1 900 | 1,900 | 2,800 | 1300 | 2,900 | 4,300 | 2500 | 5,700 | 8,500
6.0 1000 | 2,200 | 3,100 | 1600 | 3,200 | 4,700 | 3100 | 6,400 | 9,300
5.9 1200 | 2,400 | 3,400 | 1900 | 3,600 | 5100 | 3700 | 7,700 | 10,100
5.8 1400 | 2,600 | 3,700 | 2200 | 4,000 | 5500 | 4300 [ 7,900 | 11,000
5.7 1600 | 2,900 | 3,900 | 2500 | 4,300 | 5900 | 4900 | 8,600 | 11,800
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Josh’s Soil Fertility “Order of Importance”

1. Take care of soll pH (typically the easiest and cheapest)
2. Address P and K concerns (ok to stair-step it)

3. Address Secondary Nutrients (Sulfur, Boron, Zinc)

-Going to be crop and situation dependent

IOWA STATE UNIVERSITY

Extension and Outreach



Supporting resources:

1.

10.
11.

12.
13.
14.

CROP 3108, “Take a good soil sample to help make good fertilizer decisions”
https://store.extension.iastate.edu/product/3915

Web Soil Survey: https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm

lowa Soil Properties and Interpretations Database (ISPAID): http://www.extension.iastate.edu/soils/ispaid

lowa Department of Agriculture and Land Stewardship: Commercial Feed & Fertilizer Bureau (Certified soil
testing labs; Ag limestone quarry report): https://iowaagriculture.gov/icommercial-feed-and-fertilizer-bureau

“Some soil test information is important; Some isn’t,” handout by Dr. George Rehm, University of Minnesota
https://www.extension.iastate.edu/dairyteam/files/page/files/Some%20s0il%20test%20information%20is%20

important.pdf

PM-1688, “A general guide for crop nutrients & limestone recommendations in lowa”
https://store.extension.iastate.edu/Product/5232

CROP 3072, “Sulfur Management for lowa Crop Production”
https://store.extension.iastate.edu/product/14280

Corn Nitrogen Rate Calculator: http://cnrc.agron.iastate.edu/

PM-1558, “How to sample manure for nutrient analysis” https://store.extension.iastate.edu/product/5059

PMR-1003, “Using manure nutrients for crop production” https://store.extension.iastate.edu/product/12874

PM 1941, “Calibration and uniformity of solid manure spreaders”
https://store.extension.iastate.edu/Product/5536

AE 3600, “Distribution of liquid manure application” https://store.extension.iastate.edu/product/14891

AE 3601A, “Calibrating Liquid Tank Manure Applicators” https://store.extension.iastate.edu/product/6499

ISU Extension soil fertility home page: http://www.agronext.iastate.edu/soilfertility/
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https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm
https://www.extension.iastate.edu/dairyteam/files/page/files/Some%20soil%20test%20information%20is%20important.pdf
https://store.extension.iastate.edu/Product/5232
https://store.extension.iastate.edu/product/14280
http://cnrc.agron.iastate.edu/
https://store.extension.iastate.edu/product/5059
https://store.extension.iastate.edu/product/12874
https://store.extension.iastate.edu/Product/5536
https://store.extension.iastate.edu/product/14891
https://store.extension.iastate.edu/product/6499
http://www.agronext.iastate.edu/soilfertility/
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