NRCCA Soil Fertility & Nutrient Management — Study Guide — 10/26/2016

SOIL FERTILITY
AND NUTRIENT MANAGEMENT

Competency Areas

Competency Area 1: Basic Concepts of Plant NUtrition .............ccccoevvvviiiiiiie e, 2
Competency Area 2: Basic Concepts of Soil Fertility .............uuuuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiees 3
Competency Area 3: Soil Testing and Plant Tissue ANalySiS..........coovvvviiiiiiiieeeeeeeiiiinnnnn. 8
Competency Area 4: Nutrient Sources, Analyses, Application Methods........................ 18
Competency Area 5: Soil pH and LIMINg ..........uiiiiiiiiiiiice e 26
Competency Area 6: Nutrient Management Planning ................eeeeveeiiiiiiiiiiiiiiiiiiiiines 32

2016 Authors/Instructors for Soil Fertility and Nutrient Management

o Quirine Ketterings, Professor, Nutrient Management Spear Program, Department of
Animal Science, Cornell University.

o Karl Czymmek, Senior Extension Associate, PRO-DAIRY Program, Department of
Animal Science, Cornell University.

o Doug Beegle, Professor, Department of Plant Sciences, Penn State University.

o Joe Lawrence, Dairy Forage Systems Specialist, PRO-DAIRY Program, Department
of Animal Science, Cornell University.

With thanks to our past contributors:
o Tom Buob, Extension Educator, University of New Hampshire Cooperative Extension.

o Patty Ristow, Extension Associate, Nutrient Management Spear Program,
Department of Animal Science, Cornell University.

Lead Editors: Nicole Smaranda, NRCCA Intern, and Quirine Ketterings, NRCCA Co-Chair.

Last Updated 10-26-2016



NRCCA Soil Fertility & Nutrient Management — Study Guide — 10/26/2016

Competency Area 1: Basic Concepts of Plant Nutrition

1. List the 17 elements essential for plant nutrition.

Nutrient Macro/micro | Uptake form Mobityin Plant
1 Carbon Macro Co,HCQO
2 Hydrogen Macro H,OH,HO
3 Oxygen Macro 9
4 Nitrogen Macro NG, NH* Mobile
5 Phosphorus Macro HPQ2 HPOr Somewhat Mobile
6 Potassium Macro K+ Mobile (very)
7 Calcium Macro Ca?z Immobile
8 Magnesium Macro Mg2 Somewhat mobile
9 Sulfur Macro SO Mobile
10 | Boron Micro HBQ,BQ Immobile
11 | Copper Micro Cu? Immobile
12 | lron Micro Fe2Fes Immobile
13 | Manganese Micro Mn2 Immobile
14 | Zinc Micro Zn2 Immobile
15 | Molybdenum | Micro MoQr Immobile
16 | Chlorine Micro Ct Mobile
17 | Nickel Micro Nir2 Mobile

2. Classify eachessential elements as macronutrient or micronutrient.

See Table 1. The macronutrients can also be grouped as primantrogenphtsihorus and
potassium) and the secondary nutcaaisnimagnesium arsdlfur). This group of nutrientsds use
in large quantities. The micronutrients are used in much smallentqeguitiesessential

3. Recognize the functions of N, P, and K in plants.

o Nitrogerfound in chlorophyll, nucleic acids and amino acids; component of protein and enzyi

o Phospbrusan essential component of DNA, RNA and phospholipids which play critical roles i
membranes; also glaymajor role in the energy systéPh@ghglants.

o Potassiunplays a major role ptantmetabolism, and is involved in photosymlitesitt
tolerance, improved winéediness and protein synthesis.

4. Distinguish each macronutrient as mobile or immobilan the plant.
See Table In shortage conditiongriants that are mobile in the plant will move to new growth aree

so deficiensymptoms will first show up in the older leaves. Nutrieitsniblaiteane the plant will
not move to the new growth so deficiency symptoms show up in the new growth.
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5. List chemical uptake forms for each macronutrient.

See Table Take notepsneof the nutrients are taken up in more than one form.

6. Describe how nutrient demands change at different plant growth stages.

In general, nutrient needs increase as the plant grows through the seedling stage into the repr
stage (silking and tasggl For nitrogen, the rate of uptake incegédiggetween V8 (knee high
typicallyand R1 (silking). When plants are young and smaileedsriemAs plants enlarged

start to grow rapidiytrienbheeds increase dramatically.

Competency Area 2: Basic Concepts of Soil Fertility

7. Recognize the role of the following in supplying nutrients from the soil:

A.
B.
C.

Soil solution D. Soil minerals
Cation exchange sites E. Plant residue
Organic matter

Thesoil solution is the liquid in the soil and plant nutrients dissolved in the soil solution can
into the plant as the water is taken up

Cations (positively charged ions such as calcium, magnesium and potassinegaiecheld
charge@xchangsites in the sdllation exchange capd€fyC)s a measure of the amount of
cations that can be held by thangbileleased into the soil sal&idls with a greater cation
exchange capacity ($#@#0) are able to hold onto more nutBegésic aiter contains
nutrientthat arealeasd for plant uptakerougtmicrobiadlecomposition

As soil minerals (clays, carbonatgsywetther (breakdown) thenselautrients for plant
uptakeA good example of this is potassium

As plant retiies breakdown, the nutrients in them become available to growing plants. Nitroc
typically the one waelklof, but the other essemiit@ients in plant residues will become available
for plant uptake as well.

The speed anidkgreef thebreakdowaf residues will depend on environmental factors such as
moisture and temperature. Midsents are released as the organic molecules in the residue al
broken down by microbes. However, some nutrients, like K, are not pactrabéaoutagami
residues and thus are rekbamech more rapidly

8. Describe the following nutrient transformations and interactions:

A.
B.

Mineralization C. Nutrient uptake antagonism
Immobilization

Mineralization refers to the conversion ofsgarges (plant residues, manures, and biosolids)
to inorganid sources. This is accomplished by a wide variety of microorganisms.
Immobilization is the reverse of mineralization as this refargdsibie of inorganic forms of
nitrogen into organic forms, such as microbial cells and organic matter.
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o Mineralization and Immobilization occur at the same time. The net effect of these two proce
typically determined by the ratio of carbomitmdeecontent in the organic material. For
example, a C:N ratio less thatypi2ally results in net mineralization of N and a C:N ratio greate
than ~30 typically results in net immobilization of N.

o Nutrient uptake antagonism ref@rsumstancegere, depending on soil conditions and nutrient
form and availability, plant uptake is weighted favorably toward some nutrient(s) over others

Describe how the processes of mass flow, diffusion, and root interception affect nutrient
uptake.

o Masdlow of a nutrient occurs when it is dissolved in the soil solution and flows with water ir
plant. This is the major process for uptiadagen, calcium and magnesium.

o Diffusion is the movement of a nutrient from an area of higibcaiocemeabf lower
concentration. Typically the nutrient will move from the soil solution (high concentration) to
surface (low concentration). This is an important process for phosphorusantipa@i&ssium
theonpehind the use of bandestarter fertilizer.

o Root interception occurs when a root growBesharea or surface of clay or organic matter
reducing the distance a nutrient mustatifittags increasing absorptidgheohutrientRoot
interception is extremely impddanery immobile nutrients like P and thus having good sol
conditions for root growth is essential for good P nutrition.

Describe how cation exchange capacity (CEC) influences nutrient mobility and uptake.

Cation exchange cap4€iBC)s a measud the amount of cations (positively charged ions) that can
be held by the soil. As the clay content, organic matter content and pH increase, the CEC v
increaseAs CEC increases, so does the ability of the soil to hol&matientsh ofetiplant

uptake (and leaching) of nutrients comes from the soil solution, as the CEC increases, the nut
solution decrease and becommidsle in the sdilaving optimum levels of cations on the CEC and
having low levels of-natrient and potentially harmful cations such as Al on the CEC is importan
supplying these essential nutrient cations for plant uptake.

Distinguish each macronutrient as mobile or immobilén the soiland recognize
difference in mobility depending on form

The mobility of nitrogen is dependent on the form it is in. If it is in the nifrétesfoeny (NQbile

with the soil waterd can be easily leached. In the ammonium friinc@Hbe held cation
exchange sites and is not susceptible to I&aspyhorus is typically immobile in the soil unless soll
test |l evel s rise above the soil b6s ability
immobile in soil since they are heddiom exchangiesSulfur (as sulfate ©an animand not

held orcation exchangges) is mobile in most soils.

Describe how the following soil characteristics affect nutrient uptake:

A. Texture D. Moisture
B. Structure E. pH
C. Drainage/aeration F. Temperature
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Texture is definad the proportion of sand, silt and clay in the soil. As the clay content increa
so does the CEC, resulting in a greater ability to hold nutrients. Soils with more sand and le
have lower CECs and cannot hold asahangSince sandy soilscahave large pore spaces,
leaching of nutrients is greater than on a soil with more silt and clay.

Soil structure is defined as the arrangement of soil particles intoGggtegaitetructure is
represented by significant aggregation. Thismdptundl root growth and water and nutrient
access for any given Smkstruction of good struchyrepmpactiaor tillagean result in an
increase in runoff since water cannaasmealilgjown through the soil profile.

Under poor drainage dad, nitrate nitrogen can be lost through denitrification. With excessiv
drained soils (sandy) leaching losses are more important. Some nutrients like iron and man
are more soluble under very wet or flooded conditions.

Soil moisture is very irtgmd for root growth, so adequate moisture will improve uptake of nutrie
by diffusion and root interaction. Soil moisture is also important for organic matter decomy
(which releases N, P and S).

Soil pH affects the availability ohotoshts. For example, at low pH and lpbbggtorus is

less available than when the pH is around 6.5. At a low pH it is bouncibg mbbnmamdnat

a high pH isound by calcium. Many of the micronutrients are also sensitive to pH, being r
available in slightly acid soils. At highhmybdenum can become too available and be toxic to
plantsSee #3for more detailed information.

Soil pH igmportant iN transformations including mineralization of organic materials (biologit
degradatiy, nitrification (bacteria responsithies forocessmrepHsensitiveand N fixation.
Temperature affects the pl ant femperdiurelaisaa y 1
controls the mineralization of organic forms of nutrients to mineral forms that plants can t:
Mineralization and thus nutrient availability is reduced or stopped comjuetaycatryery

high soil temperatures.

Describe how the following affect the fate of N in soil:

moowz

>

Fixation by clay F. Immobilization
Ammonification/mineralization G. Leaching
Nitrification H. Plant uptake
Volatilization [. Symbiotic fixation

Denitrification

Since theoil has a negative charge, the ammoniumsipoaiiNHe bourtd soil particte
Depending on the type of clay, this ion can be trapped in the actual structure of the clay mine
become unavailafdeplant uptakas well

Ammonificatidhineralizatio(see diagram be)ove the conversion of organic nitrogen to
ammoniufN by microbes as they decompose the organic matter. If larg&laicioongsnic
materials with narrow C:N ratifsig<tidedsignificant levels of ammoniutnecparoduced.

This will then be converted to rfititiicationgqbsorbed by plants, fixed or held by the soil or
converted to ammonia and lost to (helatitizatiarilineralization readily occurs in warm (68
95°F), wellera¢d and moist soiés a rough estimatbput® 80 Ibs of Mcre is mineralized

on average from soil organic matter eaohtye&tortheasictual mineralization rates can vary
greatly depending on organic matter content of the soil, soil biological activity, and we
conditions.
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R-NH, A NH3 A NH4*
organic N ammonia ammonium

Ammonificatidhineralization

R reflects the (undefined) rest of the molecule.

. Nitrificatio(see diagram belasvp twetep process that convamsnonium to ié@r(by one
species of bacteria) and then to nitrate (by a secondf dpediesa). These bacteria are
sensitive to temperature, moisture and/Surifptdtion is most rapid when soil is wa&H)6 7
moist and walérated, buwirtuallgeasedelow 41°F and above 122°F.

Nitrosommas Nitrobacter
NH4* A NO3- A NOj3"
ammonium nitrite nitrate

Nitrification

. Volatilizatiofsee diagram belaw)the loss of ammoniurthiduglconversion to ammonia.
Volatilization losses are higher for manures and urea fertilizers that are surface applied &
incorporated (by tillage or by rain) into the soil. Manure contaimmatyrfamoespammonium

and organic N. If manure is incorporated withinappeakaynate®p% of the ammonium N is
expected to Ipetained; when incorporated after 5 days the ammonium N will have been lost thr
volatilization. Organic N in manoo¢ lisst through volatilization, but it takes time to mineralize
before ibecomgplant available.

(0]
"
HoN-C-NHz A NHs* A NHg
Urea ammonium  ammonia Volatilization

. Once nitrogen in theisaiithe nitrate (NPform, several things can happen. Under waterlogged
or flooded (anaerobic) conglititratecan be converted tesemus forms of Nnder typical
conditions the majority would be ingas.Nowever, a significant amount of N dellealsis
process is in the form of nitrous oxide, a very potent greenfibiss@rgasss is called
denitrificatiqsee diagram below)

NOs A NO2» A° NO A NO A N
nitrate nitrite nitric nitrous nitrogen
oxide oxide gas

Denitrification

. If the soils are not wet (aerobic), the nitrate can be used by microbes to breakdown more
materialdmmobilization refers to the predessnitrate andmmonium are taken up by soil
organisms and therefore become unavailable to crops. Incorporation of materials with a high
to nitrogen ratio (e.g. sawdust, strawitet€:N>30will increase biological activity and cause a
greater demand foaNd thus result in N immobiliZagerdiagram beloimmobilization only
temporarily locks up N. When the microorganisms die, the organic N contained in their
converted byineralizati@andnitrificatioto plant available nitrate.

NH4* and/or NOg3" A R-NH.
ammonium nitrate organic N

Immobilization

R reflects the (undefined) rest ofghrienolecule.
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G. If sufficient rain occuitsate can be lost to groundwater by leaching thsoilgirdfike below
the roots of the plants.

H. If conditions are aerobic (natnflebded) nitrate can be takday tipe plants.

I.  Symbiotic fixation of nitrogen is a mutually beneficial process between a legume plant a
associatethcroorganisnRizobiurap.).The plant provides the microbe with an energy source
to conveitb from the atmosphere to ammonium that can be utilized by the plant
Nitrogen fixation requitesobiagnergy, enzymes and mindralplant available form of N is
present, the crop will use it instead dfl freimgthe air.

N2 A NH3 A R-NH>
nitrogen gas ammonia organic N . .
geng g N fixation
R reflects the (undefined) rest ofghrienolecule.
The Nitrogen Crop
Cycle /" Nz \ Remowval
Industrial Biological /] N2O
Fixation Fixation
NO

NH3

Volatilization

See alsdhittp://nmsp.cals.cornell.edu/publications/factsheets/factsheet2.pdf
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Describe how the following soil factors affect symbiotic nitrogen fixation:
A. pH D. Nitrogen level

B. Moisture E. Aeration

C. Population of correct Rhizobiaspecies F. Organic matter

o The microbes that are responsible for symbiotic nitrogen fixation are very sensitive to pH. As
drops, fixation witbw. Very little will occur below a pH of 5.0

o TheRhizobiapecieshat are responsible for fixation operate under good moisture conditions.
gets towet or drgnicrobial activity will slow dowter drought conditions, fixation will stop.

o There are numerous speciRsiabbiupand they each require a specific host. The inoculation of
the legume seed with the correct species (especially the first time this legume has been in t
is extremely important to obtaining good leaisroffdr example, the symbiotic bacteria for
soybean will not fix nitrogen with alfalfa.

o Asreadily availabtgtrogen dm other sources (fertilizers, manures, biosolids, organic matte!
increaseshe amount of nitrogesdiilecreases.

o Since th&hizba are aerobic bacteria, aeration is very important. Under very wet conditions f
will not fix as much nitrogeder wet conditions, leaching and deaitdifissgéis may increase
as well.

o If the organic matter content is very high, and thessiilplyl® nitrogen is plentiful, the bacteria
will not fix as much nitrogen.

Recognize how different crops and cropping systems affect soil fertility and fertilization
strategies based on the processutlined in Competency Aren6Crop Management

Fertility management in one year will impact fertility status the next year. Thus, recommendation
should tee into account crop rotations. One example is corn in rotation with haydedtsfar alfalfa
grass). First year cafter hay does not need any additional N, aside from ped@ntialli/2@re

of starter fertilizas it benefits from the significant powlioérdlized from the roots and remaining
above ground biomass of the hay present before rotatidlstococomafter soybeans needs less
external N (typically32dbs N/acre less) as it benefits from the soybean in thambdalyomiten
manure is applied to meet N needs of a crop like corn, P and K are typically applied in excess
removh typically eliminating the need for additional P and K for the crop that follows the corn.
times in wheat and corn rotations, farmers manage fertility for the corn, while the wheat benet
nutrients not taken up by the corn.

Competency Area 3: Soil Testing and Plant Tissue Analysis

16. Recognize how the following affect soil sampling methods:

A. Method of previous fertilizer application
B. Tillage system

C. Nutrient stratification

D. Within -field soil and crop variability



17.

NRCCA Sail Fertility & Nutrient Management — Study Guide — 10/26/2016

Banding of fertilizgplications and manure spreading are known to increase spatial variab
within a field\bt every inch of surface area receives the same amount of fertilizer and/or ma
andthe more variability in the field, the meangulbs should be takkared sampling in any
fertilizer bands where possible.

. Tillage can impact distribution of nutrients over a field and over depth (deep tillage, zone ti

This can impact sampling density as fewer samples per unit area are needed feldess variabl
However, for practical implications, a reduction in sampling density is not recommended
intense (grid) sampling shows that a similar reliability can be obtained at a lower sampling d
In natill systemsyutrientstratification is udyajreater than for conventionally tilled fields
Consistent sampling to the recommended depth is cHticalstents. For soil pH #illno
systems, two soil samples will be needed, one représaalir{fp0 seeding) and another for 1

6 inclesdepth If the surface sampld ifich pH is below(& limestone application should be
made even if the deeper sample does not call for liming.

For the best sampling protage! 23 subsamples per acreamlbine intocampositeample

One composite sgple should not represent more than 10 acres (unless past sampling she
minimal differences)so the area to be sampled should be relatively .e@ngombari soll
properties and past management. If there are known significantniifierdémeearea to be
sampled.g. old fence rows, manure or lime stockpile areas, wet spoisdiéied sampling
strategy should be followed. If the areas are too small to manage separately, avoid taki
subsamples from these areas. If thieyrge enough for the farmer to practically manage them
separately, take a separate sample from these areas.

Indicate how the following may cause variability in soil test results:

oOwp

Time of sampling E. Type of extraction method used
Depth of sampling (Morgan, Modified Morgan,
Number of samples taken Mehlich-3, Bray, Olson)

Sample handling

Nutrient content of the soil sotuttbeoil matrix vary depending on the time ofrggamiZe
variability and build the strongest historictedeosdsnples in game time tieyear

Take samples ovaroamstant deptih minimize additional variability ahthbugtrongest historic
recordsDepth of soil samples dependillage used on the field. Samples are normally taken
from the surface to the tillage depth @8ualthes deep). This depimportant because lime
and fertilizer angixed withihé tilled layer. For lime recommendationslifar moinimutitl
cropstake a sample frame G1 inch depth andefrom & inches. The two samples should be
placedinsepartd asti ¢ bags -1 aibred a@i.amrtd a0y with
For the Is sampling protoarie sample should not represent more than. ihacsasple
should represame management (gonsider soil type and past managdresat)least once

in 3 yearsr twice in a rotation.

Use the right sampling mobe oauger and a clean plastic butake 2B subsamples per
acre across a uniform fMig.subsamples and take a 1 cup subdabpkhesample and
keep a record of the sample and its |Igoatidrsampling when the soil is veBcrage away
surfae littebefore inserting the soil piddee equal amounts for each subs@akaecores to
plow depth (#idl: G1 + 06 inches, conventional tilla§éenGhey Sample betweeroprows,

avoid fence rovigemove stones, wood, taashother dehris
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Have samples analyzed by a lab that uses soil testing extraction methods that are appropri
recommended for the area.

Historical records hetanagers and agronomisisk changes over tirker the best
comparisonkave the analyses done bgdime laboratdisame extraction metteath time

you soil tes€onversion equations between different extraction methods and laboratories ar
100% correlated and errors are introduced when conversion equations are used. Furthermore
from oae lalmratorgannot be combined with another to create a historical record.

18. Compare and contrast the following approaches for making fertilizer
recommendations:
A. Sufficiency level C. Cation saturation ratios
B. Soil buildup and maintenance

A. Sufficiency levMethod used by most land grant universities. In this approach, the fertilizer ra
based on expected crop respmtsegseylieldpased on the limiting factor cofdepagronomic

soil test is andethat can be used, based on a large amount of local field studies,(igitlatermine
response to extra fertilizer is to be expected &\yhdveauch of that fertilizer needs to be added.
Held calibratioase needed to develop a recommergyatiomln the diagram below the arrows
indicate the fertilizer recommendation for each of the three different soil test levels in this examp
on the calibration data.

_ \ _ \ v
100 5 - S— -
75 F © r
50 = L
25 soll test P=1 I soll test P=7 & soll test P=23
0 2 3 A '} A J
0 20 40 &0 80 0O 20 40 60 80 0O 20 40 60 80
Fertilizer P,O; , Ib/a
B.Thefi Soi | buil dup and maintenanced approach

rangeand then maintaining it in the optimum Iratige optimum rartgere is a low probability of

an additional response to adding faitiézeuilqupart of the recommendation is determined by the
expected crop response to the added nutrients similarienttydeudliapproach. The maintenance
part of the recommendation is based on replacing the amount of nutrient expected to be remove
crop. This should keep the soil test level from tbetmraoigmum between soilgedthen the

soil test reaches a level where crop removal will not reduce the soil test to below optahum, no a
nutrients are recommendld.crop is alloweditaw the nutrient levels down into the optimum range.

C. Thecatiorsaturation ratio approgeitles management of Ca, Mg andskiggas$ts benefits of
farming an ideal ratio of Ca, Mg, and K @E@d e most commonly applied ratio is: 65% Ca,
10% Mg, 5% K, 20% elianeousHowever, studies by e.g. Liebhart (1981), McLean (1977) an
McLean and Carbonell (1972) suggest no relationship between %K and Mg saturation anc
Especially for calcareous soils, adjustments to particular eatiesy capénsive and saturation
estimates based on summation of cations can be iGzeeralty, if the soil pH and the soil test K

10
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and Mg levels are optimum, the balance of cations on teepgpia® ptithum crop production and
further adjustments in cation saturation on the CHEraebanalt

Ca+
Mg+ Soil solution
K+
NH* ‘ > Ca+Mg+ K- NH*
Fe~ Al++Fe+ M+ Ht
M+

H*

60 R2=1% 60 R2=6%

42 - 42 )
257 9 11 13 15 2 57 9 11 13 15
% K saturation % Mg saturation

Liebhardt, W.C. 1981. Soil Science Society of America Jodsdal Mchédn, E.O 1977. ASA
Special Publication®avicLean, E.O., and M.D. Carbonell. 1972. SSSA Proceedi3gs 36:927

19. Recognize how the following affect soil test interpretation:
A. Probability of crop response to added E. Results reported as elemental

nutrients versus oxide forms (conversion
B. Estimate of nutrient sufficiency level factors)
C. Results reported appm or Ibs/acre F. Environmental risk
D. Within -field variability G. Extraction method

Itis important to recognize theqr@momic soil teghDEXf nutrient availabilitycal field research

is needed to calibrate an agronomic doil itssability to (1) idethié&ikelihoodf a response to
additional nutrients, and (2) accurately predict the amount of nutrient needed ty legaels sufficienc
This research needs to be conducted under local conditions to be applicable so fertility recomme
are statspecific and sometimes even region specific. The agronomic critical soil test level is defi
the solil test level beyond vahiebponse to additional fertilirdikisly. Keep in miswoi) testing for

fertility management requoeally applicable crop respshsdies that link soil test levels to
probability of a crop response and actual nutrieRisle@dsenvironmal loss increases with

11
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increase isoil test beyond the critical sovakst Withidield variability needs to be taken into
account in soil sampling protocoB(s2@).

As afirst requirement, a good soil testing laboratory needs to have a good quality control system
However, high quality laboratories can give differenincégidtmifsamples are aptit setto
different laboratories. This is beaailsessng laboratories can differ in:

1) Nature of the extract usegiNlorgemnodified Morgavehlicts, Brayl).
2) Shaking time
3) Solution to soil ratio
4) Analytical procedure/instruments used
5) Way of reporting results (ppm or Ibs/acreQsf? Kok KO)
~ 1 ppm = 2 Ibs/a¢réinchesleep)
1 Ib P/acre = 2.3 Ib&fPacre
1 Ib K/acre = 1.2 Ib®Kacre

Most common extraction methods used in the Northeast include Morgan (sodium acetate), r
Morganaimmonium acetate), MeBlieimd for P alBoayl and Olsen. These various methodologies
were developed for specific purposes (Bray for low pH soils, Olsen for calcarédwes soils, et
recommended test for an area should alwaysResuttsromonemethoadanonly bequated to

those from another method (or labafateligpleonversion equati@xsst Even then, converted
results are not as good as using the recommended test to begin with.

Describe soil sampling strategieand know their application:
A. Randomsampling

B. Grid-based

C. Soil type based sampling

D. EC oryield map based

Soil type and management impacts soil nutrient levels and crop production. For most accurate
take 23 samples per acre in a randomnphgecovers the field and limit field size to no more than
10 acres to reduce the risk of sampling multiple soil types withif® @fidcati®ee for more on
sampling method
Grid sampling willl | © @) e
helpful if there i
large  withifreld
variability, f i that O @ ©
variability is with
the responsivi
range for nutrien| @ | © [
and pH, and if th
farmer has th

ability to manag é ® o
based on thi

variabity. In grid

sampling a field Bl Low  [[] Medum [ | High

12
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divided into small (usuadlyattres) blocks (grid cells) and a separate soi$ $akeplérom each of

these grid cells. The sample maj®suwbsamples taken from a small area at the center of the gri
cell or it may belB® subsamples taken randomly (see above) from throughout the grid cell. Sal
results are compiled eitherthjir@to a map showing the different soil test levels and recommendatic
for each grid cell or the test results may be statistically smoothed to (Featbgaman the
right)It is important that appropriate statistical methods are usdtideecreaps. recent years,

soil sampling based on electrical conductivity mapping or yield mapping has increased in po
These approaches both divide fields in zones (tprmailgsp which are then assessed for soil
fertility. Such samplican be more targeted and lese€dmsaming than grid samgfingher
research is needed to develop management guidelines based on EC or yield zones in the Nortt

Recognize factors that influence the results of the preidedress nitrogen test:
A. Timing of sampling relative to C. Field variability

weather patterns D. Sample processing
B. Depth of sampling

The Pr&idedress Nitrate Test (PSNT) issaason soil nitrate test that can be used to determine if
additional fertilizer nitrogen (N) is needed for corn. This test is taken at sidedressing time just be
period of major N demand by casmmtst useful foglds with history of manure and/or sod
incorporatiomhe PSNT it a direct measwf available N, butis si gned to: 1) e
nitrate supplying potential, and 2) decide if that is enough N to medthe &GiSNEdsparticularly
useful when it is unclear whether enough manure was actually applied. Over the course of a fe
carefully compare PSNT results with fertilizer and maandeiopuyisrformance.

When to use:
o In corn fieldsi9¥ear omore after a sod and/or where the manure rate is uncertain.
o If not enough manure was applied to meet the expected N needs of the crop.

Where not to use the PSNT:

o The test is useless for corn fields that recepladtpreearly pgsant broadcasttiizer N
applications (other than <40 | bs swilkbet er
picked upy the PSNTesulting in averestim@ain of thrueorganic N supply

o First year corn after a geas¥/or alfalfa does need additionalddyond a smalarter N
applicatiof2030 Ibs N/acreo, iis a waste of time and money to sidedoessdtlyear corn
thereford is not necessary to take a ABM@AdIitiolPSNT resultd first year corn fidleisd
to underestimate actual N supply makihesthestiabkes ndicators.

How to take samples?

o Limit samipigto areas d acres or less and take a separate sample for areas with different cc
standqdifferent population densities, stalgyeddpment, and/or color, crop histories, fertility
management, significant changes in slgpe, etc

o Sample between corn rows to a depth of 12 inches (stay away from the starter band).

o Sample when the cornig éhchetall.

o Do not sample too closeréneevent that could have resulted in nitrate leaching3(@aytsfor 2
after significant rainfall).

o Samples shoulddiieed immediatébpread the sample thinly and dry in the sun or under a fan) ti
stop N mineralization and sent to the laboratory.
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Interpretations can be stpexific. The PSNT guidelines for New York are:

PSNT | Likeliness of an
ppm | economic respons{ N guideline
nitrateN | extra N

O 2|Low No additional N needed
217 24 | About 10% If uncertain, consider sidedressbi|BS\/acre
<21 | High Apply sidedress N according to the Cornell N guideling

*The N guidelines for corn as well as the NYS Corn N Calculator can be downloaded from the
website nfnsp.alks.cornell.edu/nutrient _guidglines

For fields with <21 ppm:

o IfaPSNTsample is collected feofireld expected to need sidedress N (for example a field tha
received less manure than needed to meet N needs), add the extra N.

o IfaPSNTsample is collected feofrelchotexpected to require sidedress N (for example where
manure applications should have supplied sufficient N), make sure the field actually recei
planned manure application and that the field historly irrcodegCheck N needs with the
NYS Corn N Calculatamdier the lowest manure application estimeatak;ulatstillshows
that no additional N is needed, despite the PSNT being <21 ggrmioegalization rates
early in the season were likelsr than averdge nadditional N is needed because the field is
expected to supply sufficient nitrogen from organic sources once mineralization conditions i
(warm and moist soifghe calculator shows that additional N isameleithed?$T is <21 ppm
consider adding the extra N.

Describe how to use plant tissue analysis for:
A. Problem solving/diagnosis C. In-season nutrient management
B. Nutrient program monitoring

Analyzing plant tissue can indicatecttess of a soil fertility program and uncover potential problem
Plant tissue analysis complements soil testing by measuring the nutrients actually taken up by t
In addition, secondary nutrients and micronutrients that curreslynatg maasured in soils can

be measured reliably in plérdbould be noted, however, that plant nutrient content represents t
effects of not only soil nutrient status but also all the factors controlling plant growth. Therefore,
y e anfodmation may not be useful for planning a soil fertility management program. But as res
accumulate over a period of years, the information will become nfeaenpdduadlection is very
important. The nutrient concentration in a pant valiet h t he pl ant 6s age
sampled. If plant analyses are to be meaningful, the appropriate plant part must be collected for
of the plant, aedouglplants must be included to obtain a representative sample. Spesgific directi
on plant sampling generally are available with each sampling kit from the plant analysis laboratc

Plant tissue analyses may be useful in diagnosing crop nutritional problems. Take samples f
problem area and a maalhdnyse@havaiablaihfasmaton © eterpret
the plant analysis for diagnosing a nutrient deficiency. Look carefully at symptoms on the plar
any patterns in the field, and consinaallr th
nutrient deficiencies in plants are the result of nutrient deficiencies in the soil. Soil testing ar
analysis can confirm each other, but they also can indicate when the cause of the problem is sc
other than a nutrient deficienbe soil. If the soil test level is adequate but the plants are deficier
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some other factor is |limiting the plantos
possible interactions with other cultural practices such as tilladge wsepgmsti injury such as
rootworm feeding; differences in varieties or hybrids; or soil physical conditions such as compa
o Leaf symptoms are only guides to the source of thd tronbfet use | eaf sy mg

o Usually under field conditioms than one deficiency sympgpnssent; therefore, symptoms
are complicated.

o Diseases may enhance nutrient deficiencies\ardaice

o Stress of any type can produce or enhance plant symptoms, i.e., the purple coloring of corn i
is brought diy cold stresdry conditions arltivator damage resulting in root mamiagse
K deficiency. Zn deficiency is often the result of poor root growth.

23. Recognize how the following terms relate to plant nutrient level:
A. Critical value D. Luxury consumption
B. Sufficiency range E. Toxicity level
C. Optimum, below optimum and
above optimum soil nutrient levels

The critical value (or more often range) of a specific nutrient is the soil or tissue content below w

plantmost likely was deficient in that specific nutrient and production could have been enhan
addition of the nutrient.
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Thus, below the critical value, the nutrient levels are below optimum. Luxury consumption occu
plants take up more of a specific nutrient than needed for optimum functioning and product
example of a nutrient ¢hatbeconsumed in excessrop needs is potassium.

Recognize how the following affect plant tissue analysis results:
A. Crop species D. Crop stress level
B. Growth stage E. Time of day sampled
C. Plant part sampled F. Sample handling

Plant tissue nutriémterpretation deperwh (1)species sampled, (®ant part, and (&ne of
samplingsampling is not recommended when the plant part is soil or dust covered, mechanically i
damaged by insects, or diseased, or under moisture or tempefatarng steeagg sampling is
preferred). Plants under long periods of stress can develop unusual concentrations which
misleading. Samples should be cleaned to remove surface contamination. The washing should
to avoid leaching of nutridetgpbtassium and calciilivays look up specific sampling instructions
prior to sampliriExamples are:

Tree fruits: Time: between 60 and 70 days after average petal fall day

Part: t he mi ddle of the current season
Strawberries:  Time within the first 6 weeks after harvest

Part: healthy leaves, well exposed to light
Alfalfa: Time: bud to 10% bloom

Part: leaves from the top 1/3 of the plant

Recognize factors that influence the results of the corn stalk nitrate test:
a. Samplingorotocol
b. Manure history
c. Crop rotation
d. Fertilizer rate, method of application and timing

The corn stalk nitrate (€SNT)s anendofseason evaluation of the N supply for corn during the
growing season. It is useful as a management tool assesglNsmanagement at the end of the
growing season and whemtify if adjustments in N managewagmte usefinl future years. It is
recommended for useféorzhigher year corn after hay, continuous corn, or corn afteflseybeans.
interpretatisrare:

1 Low (deficient) = less than 250 ppm N

1 Marginal (possibly deficient in challenging years) = 250 to 750 ppm N
1 Optimal (target) = 750 to 2000 ppm N

1 Excess (more than the corn needed) = greater than 2000 ppm N

Low (deficient)

Plants had difficudtycessing enough nitrogen isatin@le aredNitrogen access was hindered by
inadequate supply, root restrictions, lack of moisture, or nutrient deficiency interactions. At harv
leaves are dead to or above the ear leaf and/or the entire langhesn color.
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Marginal

In some years, yields could have been increased with some additional N. In those years, plants
described as above. In other years, the N supply wasAsifffisidifficult to predict what kind of
growing calitions a season will bring, farmers are advised to target CSNTSs in the optimal range.

Optimal (sufficient)

Nitrogen availability was within the range needed for optimum economic production of corn. In th
three of the five lower leaves wilabebgénarvest time while the top leaves remain medium to dar
green.

Excess

If the sample has more than 2000 ppm N, the corn had access to more N than it needed for ¢
yield. Most likely, fewer than three leaves from the bottom will hapdehedsthentain medium

to dark green. If manure and/or N fertilizer was applied, the application(s) supplied more N than
needed that growing season.

A. Sampling protocol

Timing

For corn silage, samples could be collected Betwkeme, which is just before silage harvest, to
about 3 weeks after black layer formation.

Method

The portion of the stalk used for the test is important. Two methods can be used:ifithsample a
piece of the stalk, between 6 and 14 inchedhebground; or (2) takeénal6sample between 2

and 8 inches off the groliitide silage cutting height in the field exceeds 14 inches, collect the stanc
8inch section of stalk from & ifich height. When stubble height is less thas blirgrkater

than 8 inches, stalk samples can be taken between 2 and 8 inches off the ground. This alternativ
height should be reported to the laboratory when submitting CSNT samples so the laboratory ¢
properly adjust the result. Fhiseded because stalk nitrate levels are higher in the lower portions
the stalk; with&inch samples, laboratory values need to be divided by 1.5 for the test results 1
comparable to the New York interpretation scale of low (<250 pp2pR7itdrgipat)( optimal
(7562000 ppm) and excess (>2000 ppaf)sheaths should be removed and pieces need to be
handled to avoid contact with the soil, especially the stalk ends. Also, avoid sampling stalks fri
showing significant damage fronselisessects, such as corn b&m@iseach stalk into four parts

by cutting it lengthwise using a clean kitchen knife. Discard 3 of the 4 quarters. This will quic
drying process without compromising on the number of plants sampledl. ine unifornf O1 5
size), fifteeniBch segments should be randomly cut and combined to make one sample to be sub
for analysi®Vithin field variability from stalk to stalk can be large. Sampling density should not b
than one sample per acre. Avoid sampling of diseased or damaged plants, and sampl
unrepresentative areas. Targeted within field sampling could Beicawsigeretion with within

field yield mapping and precision applicatiehefdjtbrrmanure and/or fertliaemples should be
submitted as soon after collection as possible. Samples should bpapacéddnc plastic).

This allows fsome drying to occur and minimizes growthTdfe@&NT levels were not impacted

by days of storage at room temperature during 8 days following sampling. Samples can be stor
fridge for up to 8 days (recommended if direct mailinghlehdtéeasig should be avoided.
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B. Manure history

This test is not meant as aioremeasurement; it is most effective when used for multiple years
the same field (or fields with similar histories) to determine how the fields respondeinghe way N
managed. However, if fields test 3000 ppm or higher in CSNT, there will be opportunities tc
application rates without impacting yield after just one year of results. Crop history, manure histc
N inputs, soil type, and growing coralitiomsact CSNT results and crop management records tha
include these pieces of information can be used to evaluate CSNT results and determine where
can be made. Manure will release N over time and this N supply will be reflected litsthe CSNT re

C. Crop rotation

It is not recommended to take CSNT samplgedorcthrn after hay &yéar corn fields do not

need the extra N while the slower release of N from organic sources (such as the roots and bic
a hay field), typically resultswer CSNT results. To avoid confusion, SampiligtZer year corn

fields after hay, continuous corn or corn after soybean fields only.

D. Fertilizer rate, method of application and timing

Nitrogen supply is reflected in CSNT results (in addition to weather and other possible stress fa
so fertilizer rate, method of application and timing all impact CSNT results. It is important to apr
4Rs(seeP#52)for optimum yield, qualigy reduced risk of N loss to the environment.

Competency Area 4: Nutrient Sources, Analyses, Application Methods

26. Describe the following crop response relationships:
a. Diminishing returns response curve
b. Plateau yield
c. Critical response level
d. Economic opimum nutrient rate

Crop yields depend on many different factors including soil properties, genetics, climate
management (cultural practices, pest and disease management), and fertility management. A:
good crop management and

Yield , .
- ofl; i Maximum Efficiency reasonablgrowing conditions, a
e r crop response to fertility

o, o2 | management could be expected

100 =1 i > , :

B C for sod that are relatively low in a

specific nutrient. For example, if

A D nitrogen is limiting yield, addition of

50 — N will result in a crop response.

Trials with multiple N ratas c

then be used to determine the
economic optimum nutrient rate.
Such trials consist of multiple rates

Fertilizers Application " of N (typically at least 5 rates)
where yield data can be used to
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determine the plateau yield, the critical response level and the diminiebpansetaunrse. An
example is shown below. In this example, when fertilizer was applied to a low fertility field, yield i
(phase A) until a plateau was reached (phppé/Bp Aofertilizethameeded aesnot increase

yield (phase C) andldom some situationause a yield decline (phaseoDcommonly observed

in field cropsOften, dditions oéxcessfertilizeralso increase the likelihood of losses to the
environment (sé¥3#51).The crop response curve will be differeatiforop and figldo
development of a crop fertilizer recommendation syssasgeahe datafrommany field crop
response trialBogethesuch trialsesult in identificatiocrdfcal response le\elitical agronomic

test leve) beyond which a response to additional fertility is unlikely to result in a @eldgncrease.
from A to B in the figure abbgesdonomic optimum nutrient rate takes into account the diminishil
return taddedertilizer , and is set where thadeéixion of fertilizer costs more than the return in yield
is worth. Thus, the most economic rate of fertilizer is slightly lower than the fertilizer rate at \
maximum yield is obtained.

Describe the role of the following in providing plant nutrierts:

A. Soil organic matter E. Compost

B. Commercial fertilizer F. Biosolids

C. Soil minerals G. Plant residue
D. Animal manure

Soil organic matter and organic amendments such as animal manurehiosoijuissteare
nutrients ovéme throughicrobiahineralization.

Soilmineral&and organic matt@eate negatively charged surfaces that attract nutrient cation
(cation exchange capacggils differ in thaeiineracomposition and organic matter content,
resulting idiffereces in thegapabilttoprovid essentiahinerals to plants

Commercial fertilizer is recommenfjedhenutrient supply frother sourcesinsufficient

Plant residues release nutrients back to the soil. Residue coverage of the soil can furthermol
in moisture conservationaaiued moisture can make nutrients more available

Describe the physical form and analysis of each of the following nitrogesources:

A. Anhydrous ammonia D. Urea/ammonium nitrate

B. Urea solution (UAN)

C. Ammonium nitrate E. Ammonium sulfate

See30

Describe the physical form and analysis of each of the following phosphorus sources:
A. Rock phosphate D. Diammonium phosphate

B. Triple superphosphate E. Ammonium polyphosphate

C. Monoammonium phosphate

See3Q

Describe the physical form and analysis of each of the following potassium sources:
A. Potassium chloride C. Potassium nitrate

B. Potassum sulfate D. Potassium magnesium sulfate
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N: N PG | KO
anhydrous ammonia (gas) NH 82| O 0
urea (granular) (NH)CO 46 | O 0
ammonium nitrate (solid or liquid) NHNG 34| 0 0
urea ammonium nit@té&N) solution Urea+ NG 2832 O 0
ammonium sulfate (solid) (NH):SOQ 21| O 0

P.Gs.
rock phosphate (solid) Ca(HPQ). 0 18 0
triple supgrhosphatésolid) Ca(HPQ): 0 | 46 0
monoammoniyphosphatésolid) NHHPOQ 13 | 52 0
diammoniuphosphatésolid) (NH)HPG 18 | 46 0
ammonium polyphosphate (liquid) NHPQJ 10 | 34 0

K0:
potassium chloride (muriate of potash) ( KCI 0 0 61
potassium sulfate (solid) KSQ 0 0 50
potassium nitrate (solid) KNO3 13| O 44
potassium magnesium suf$atal) KeSQ MgSQ 0 0 22 #11% M

31. Describe the physical form andanalysis
magnesium sources:

32.

A.
B.

Calcitic lime
Dolomitic lime

of each of the following calcium and/or

C. Gypsum

D. Potassium magnesium sulfate

Chemical name

Common Name

Chemical Formula

Physical form

Calcium carbonat calciticime

Ca,Mg carbonate dolomitic lime

Calcium oxide lime, burned lime, quick
Calcium sulfate  gypsum

dihydrate

Potassium Potassium magnesium

magnesium sulfat sulfateléngbeinije
Calcium hydroxide hydrated lime, slaked limr Ca(OH)

CaCQ@
CaMg(Cehp
CaO
CaSO&RHO

K:SQARMgS®

solid
solid
solid
solid

solid

Solid

Define the following commercial fertilizer terms:
D. Guaranteed analysis

Nutrient use efficiency

. Total availability
. Water solubility

Nutrient use efficiency is the yield output per unit input (e.g. bushels of corn per Ib of appliec
Total availability is the total amount of a nutrient that is eventually expected to become plant

(could be over many years).

Water solubility reflects the portion that dissolves in water (more immediately available).
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Guaranteed analysis isnpinr@munamount ool otalN, Available Rabeledas %P.0s, and

soluble Kabeledhs %0 (etc.) in the fertilizeaterial.By law,efrtilizer analgsarealways

labeled in these terms regardless of the actual chemical form of the fertilizer materials.
Soluble salt@re salts ithe soil solution, in direct contact with roots. High soluble salt contel
(resulting from e.g. large applicatibngofmonium salts) and K sQuaesause seedling
damage (dehydration).

For liquid fertilizers where the rate is given in gallons per acre the density of the fertilizer n
known to determine the amount of nutrients applied-peeaaraple tife recommendation

calls for20 Ibs N/acre atigk source ISAN 3@-0 thatweighs 10.85slgalon,the application

rate is calculated in the following way:

120Ib N/A ©.30b N/Ib UAN 20.89b UAN/gallen37 gallonsf UANMacre.

33. Define the following nutrient terms:

34.

A. Total Kjeldahl nitrogen (TKN) E. Inorganic P

B. Organic N F. Dissolved P
C. Inorganic N G. Particulate P
D. Organic P

Total Kjeldahl nitrogen (TKN)
— Total N analytical method that includes organic fraction for soils, plants and waters
— Soils range from 0.05 to 0.3 % typically,limisesaaral % for mucks
— Plants are normally 0.2 to 4 % depending on species, age, plant part, etc.
* OrganicN
— Not water solupbteganically bourely protein), slow to become avaitsdaligability
based on mineralization of organic matter
e Inorganibl
— e.g. ammonium, urea, nitrite, nitrate
* OrganicP
— P bound in organic form, not satmisiecommonly found as phytate
— Largest P fraction in animal mavaitability based on mineralization of organic matter
* Inorganic:P
— P not associated veidinbon (usually P dissolved in solutios-aslPGF, HPQy).
» Dissolved:P
— P inthe soiolution (P& HPG*, HPQy).
» Particulate:P
— P attached to soil particles

Calculate fertilizer application rates from fertilizer analysis information.

Examplel:

Needed: 45 Ib N, 45 Ib®, 45 Ib YO per acre
Determine ratio: 1:1:1 (N: ®x: KO)

Apply (example): e.g. 300 Ib/acre ofi1Bbi 15
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Examplé:

Needed: 150lb N, 30 Ib2Bs, 120 Ib O per acre for corn

Apply (example): Kpreplanfbroadcast) 150 Ib/acreid0i 61 = 0 0 91
Starter 200 Ib/acre 15151 15 = 30 30 30
Sidedress UAN 37 galloB0i 07 O =0 0 O
This gives us: 1507 307121

* For liquid fertilizers where the rate is given in gallons per acre the density of the fertilizer must
known to determine the amount of nutrients applied per acre. In this ex@rdplesightsN 30

10.85 Ib/gal. Theref@&gallonsicreequals 37 x 10.85 = 401 Ib ofddvelind thus at 30% N,

this equals 400380 = 120 |b &dte

Calculate manure application rates from manure analysis information.
Although concepts

N availability over tir
are accepted in ¢ Total Manure Nitrogen

states in the ( ~
Northeast, actual :
credits mydiffer from

state to stat®efer to ‘ ‘

state specificLand AmToniKlm N Orgljanif\l N

Grant Universit (fast N) (slow N)

guidance. The

following example Mineralized slowly Residuali mineralized
and the figure belc during the year of very slowly during
are fromwork by St application future years
Klausner anc

col!eaggeat Cornell Ammonium N Mineralized Mineralized
UnlverS|ty and Available N = from present + organicNfrom + organic N from
representhe existinc application present application past applications

New Yorlkguidelines
for manurdl. Manure
contains various
pools that can be
separated intqas t a b | eorganic Nfractiamw 0 ) u n s tamimdniesN foactio(feé a st 0
figure from Klausner, 1J93th N pools behave veryetitlg (with differences in N release for plant
growth) and a manure analysis sfeukbd anidclude an estimate of both major N pools. These
t wo pools are generally |listd®&ld as mangaei t

Thedecay seridor stable organic N in masbseanimal type. To deterthe@amount of N thsat
expected toe available to tberrentropit is necessarydocount for the N from the application to
thiscrop plus any residual Nisheatpected be available from manure applicatioeezent past.

The table below provides the factors to estimate the N from the present and past applicatiol
Apr esentismultigieddtyhfea catmoorunt of or gani ¢ tN yaepaprloi
factor of 12% indicates that an estimated 12¥ahibépplied in the manure last year is expected
to be utilized by the present crop a year after application. Therefasentitgplaxidiye amount
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of organic N applied in theure last year. Likewise, if manure was applied 2 years ago.

In order to calculate a manure rate for a currenterhye, @ntribution of N from the past manure
applications has been estahrtate should be subtracted frorautinent yead recomandation

along with any fertilizer Nritagbe applieth addition tmanure (g. starter fertilizer N) and any
legume credit from a previous legume crop. The result will be the net N requirement that coulc
met with the current manure agplicati

Cornell guidance for manure organic N release by animal type (Klausner, 1997, derived from
Klausner et al., 1994).

Release rate for organic N in manure (%)
Dry Matter Present Year Last Year Two Years Ago
Source Content (%) ADecay AnDecay AnDecay
Cows <18 35 12 5
Cows 218 25 12 5
Poultry <18 55 12 5
Poultry 218 55 12 5
Swine <18 35 12 5
Swine 218 25 12 5
Horses <18 30 12 5
Horses 218 25 12 5
Sheep <18 35 12 5
Sheep 218 25 12 5

Once the net N requirement is calculated, the availability of the N from the planned application
estimatedThis is determined from the ammonium and organic N analysis of the manure an
application management. The availability of the esgéetieriined by multiplying the organic N
analysis times the appropriate pheamsmomunNy e a
availability is determined by mulAmmgniumN ng
utilizedbtheCrop f act or in the table below. The tw
is the available N for this manure. This is then divided into the Net Crop N Requirement to deter
N balanced manure rate. This rate should meegihenintsf the crop. No more than this rate
should be applied. If a lower rate is selected additional supplemental N fertilizer may be require

Cornell guidance for estimated amhlosises as affected by manure application method (Klausnel
1997derived from work by Lauer et al., A876)ium N utilized by the Crop (%

Manure Application Methog ~ Ammon#l loss (%) | Ammonium N utilized by the Crg
Injected during growing seg 0 100

Incorporated within 1 day 35 65

Incorporated withite3's a7 53

Incorporated within 3 days 59 41

Incorporated within 4 days 61 29

Incorporated within 5 days 83 17

No conservation/Injected i 100 0
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Examplecalculaton of manure application rates from manure analysis information

Crop NRecommendation: 150 deis/
Starter fertilizer: 15adb¢101010s015 |b Nicre.
Legume N credit from previous soybean cro@cs8.lb N/
Residual N frgwrevious manure applicat@iis: N/are.
Last yearDton dairy manuwaere4 Ib ammoniumaNd6 Ib organic N/id®%solids
20tonAcrex 6 Ib org. N/ton x 0.1l Nacrefrom last year
2 years ago: 20 ton dairy macined [b ammoniumaNd6 Ib organic N/tdb%solids
20 tordcrex 6 Ib omnicN/ton x 0.05 = 6 lladtéfrom 2 yeaesyo
Netcrop Nrequirement: 150 lladdé- 15 Ib Ndcre- 30 Ib Nicre- 201b Nacre=851b Nacre

Plannedranuramanagemendpplied in the spring and incorporated within 3 days

Currentmanureanalysis: 10 lbtal N, 4 Ib ammonium N, 6 Ib organjd BBtosolids.
Available ammonium N: 4 lENXBIn x 0.41 = 1.6 Ib MiAén available
Available organic N: @dfanic N/ton x 0.35 = 2.1 Ib Organic N/ton available
Total available N: 1.6 Ip-N&bn + 2.1 doganicN/ton 3.7 |b available N/ton

N balancednanuraate: 85 Ib Biécre- 3.7 |b avaibleN/ton = 23 ton/A

If thefarmer had his spreader calibrated for tha@er&ie/ this would apply: 2@d¢oex 3.7 Ib
avaibleNace = 74 |b Mtreaboutll Ib Nacreshort (85 Ib N/&4 Ib Nicre= 11 Ib MEre)

. Describe advantages and limitations of the following fertilizer placement methods:

A. Injection F. Foliar application
B. Surface broadcast G. Sidedress
C. Broadcast incorporated H. Topdress
D. Banding (different depths) I. Seed placemen{popup)
E. Fertigation J. Starter band
Method Advantages Limitations
Injection Reduce losses Slow, expensive
Surface broadcast | Fast, economical Higher losses
Broadcast incorporat| Reduce losses Slow, erosion
Band application High nutrient use efficiency | Costlyslow
Fertigation High nutrient use efficiency | Irrigation equipment needed
Foliar Rapid uptake Phytoxicity, expensive, limited t¢
small and/or repeated applicatio
Sidedress High nutrient use efficiency | Timeliness, slow
Topdress High nutrient use efficiency | Losses likely
Seeddlaced Lower equipment costs, stal Phytotoxicitpnly small amounts
effect greater than justeting | avoid burn or salt damage to the
nutrient requirements seedlings
Starter band High nutrient use efficiency | Only small amounts to avoid bu
salt damage to the seedlings, sl
down planting
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37. Describe howthe following nitrogen additives impact N behavior and management:
a. Urease inhibitors
b. Nitrification inhibitors
c. Controlled release products

In times of high production costzri@edvolatility for both crop inputs and commaodlitiygreass

an increasg interest in the use of nitrogen (N) sources that reduce the risk for N loss. Va
technologies have been developed to minimize the potential for N loss to the environment, ir
thosethat delay nitrification (nitrification inhibitors), elesfoooof urea to ammonium (urease
inhibitors), andé&mployulfur or polymer coatingdldarelease N over a longer time period (slow
or controlled release).

A. Ureasenhibitors

Urease inhibitors are substances that inhibit conversion (hydrolysis) of urea to ammonia and
dioxide, reducing ammonia volatilization losses. Urease inhibitors can be effective for up tc
fourteen days. Urease inhibitors especially targed\tisat have a high volatilization potential (e.g.
urea) in situations in which tillage incorporation is not possitik, (sagtum and grass hay
production). Adding a urease inhibitor allows more time for rain to incorporaté\thexXdrgptdizer

of a urease inhibitor is Agrotain (Agrotain International LLC) wotityWBRIp(fdsphoric triamide)

as the active ingredient.

B. Nitrificationhibitors

Nitrification inhibitors are substances that inhibit conversion (biodogichhaoxidatium to nitrate.
Nitrification inhibitors work by keeping N in ammonium form, which is dori¢itbysomibitas)
bacteria, delaying conversion for four to ten weeks depending on soil temperature and pH.
inhibitors can reduce N toss feaching and denitrification but are only effective on fertilizers that ei
contain or are converted to ammonium, including anhydrous ammonia, urea, and ammonium si
thehumid climatd the Northeastern, Wiification inhibitors havéititeest likelihood for a yield
response when applied at plantexs iwetirained soils (where denitrification dnssesre likely
tooccur) or in sandy soils (where the leaching potential is high). They are less likely to prevent lo
N is sledressed. Examples of commercially available nitrification infSieiteesrdrstsh¢Dow
AgroSciences) with nitrapyrin as the active ingredient, and Guardian (Conklin), with dicyandiamic
as the active ingredient. Nitrification intatbesadded to solid fertilizers. The mixture should be
applied quickly after mixing to avoid volatilization of the inhibitor.

C. Controlleteleasesitilizers

Controlletklease fertilizers are usually common fertilizers such as urea, coateerwithwalpolym
sulfur. The coating delays the availability of the nutrients for plant uptake after application and
nutrient release over time. These erdefficiedcy fertilizers allow for better timing of N release,
consistent with crop growtiNagteinands. For sutfoated fertilizers, N is released upon the physical
breakdown of the sulfur coating followed by soil microorganisms completing the degradation
release process. For polpoated fertilizer, N is released when water entansithand dissolves

the urea or other N forms inside it into a liquid N solution, and the solution diffuses through the
into the soil solution. The N diffusion rate is influenced by soil temperature; more N is release
warmer, active grayoeriods and less in cooler, inactive periods. There are advantages and pote
disadvantages for the use of contetdlade fertilizers. They can reduce leaching, denitrificatior
and/or volatilization losses, and can result in more uniforiragsaaii teeluced risk of seedling
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burn or salt damage. However, these products tend to be more expensive per unit of N and
desirable when a quick release is needed, for example, when sidedressinigaiostagetHa 6
addition, some produi¢gpplied on bare soil, should be incorporated to prevent runoff with heavy r
Some examples of controdllehse urea are ESN (Agrium), Osmocote (Scotts), and Isobutylide
diurea (IBDU, made byGxo).

38. Recognize nutrient sourceshat can be cetified organic.

Check with the appropriate organic certification agency.

Competency Area 5: Soil pH and Liming

39. Define:
A. Soil pH C. Exchangeable acidity
B. Buffer pH D. Alkalinity
1 Soil pH

40.

T
T

pH is the negative log of the H+ ion concentration
pH =Log H=log 1/H
pH 7.0 Jog 0.0000001 &t (H) = 1 x 1D

pH 6.0 Jog 0.000001 6t (H) = 1 x 10
Properties of pH:
pH 7 is ndral neither acid or basilkéling
pH <7 is acid and > 7 is bé&sialing
1 pH = A 10 fold increase in acidity. pH 5 is 10 times more acid than 6, 100 times more acid
Soils range between pH 3.5 and 9.
a. Hydrogen and aluminum ions and complexes are the two primary seidites of soil
b. pH Northeastern mineral soilé 8.8
c. pH Northeastern muck soil§ 3.2
Exchangeable acidity is a measure of the
addition. The higher the exchangeable acidity of a sollintedsmareded for a particular pH
change.
Buf fer pH is used to estimate a soil 6s eX
related to lime needs.
Alkalinity is the term used to describe the amount of base in a soil when the pH is above 7

Describe the longterm change in soil pH from applyingN.

Nitrification or the conversion of ammonium N to nitrate N produces acidity

2NH+4Q Y 32+ 4 N -©OHO

2 H are produced for every N in the amahbfoum (N#. This reactiarccurs regardless of the
source or the NH
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N source Theoretical Ib CadliON Official (AOAC) Ib CabON
Anhydrouammonia 3.6 1.8
Urea 3.6 1.8
Ammoniumitrate 3.6 1.8
Ammoniumsulfate 7.2 5.4
Monoammoniyinosphate 7.2 5.4
Diammoniuphosphate 5.4 3.6

Thre acidityfrom N fertilizessoften the largest siragiglifying addititiagricultural soilhe net

amount of acidity created when N fertilizer is applied depends on other reactions that occur
fertilizer. The aciditgated by different fertilizer materials is summarized jratie/édsean
example, if 150 Ib N/asspplied as urea, this will produce the equivalent of 270 Ib of lime requiren
(150 x 1.8 = 270). Similarly if 15ach&islapplied as ammonium sulfate, 810 Ib of lime requiremen
(150 x 5.4 = 810) will be created.

Describe how applying N in a netill or long -term perennial forage crop results in pH
stratification (acid roof) and how this impacts root growth, herbicide ativity, soil
sampling, and liming management.

The reaction of ammonium forming fertilizers (e.g. ammonium nitrate, urea, urea ammonium
anhydrous ammonia, ammonium sulfate) with oxygen (a process called oxidation) results in the f
of nitree (N@) and Hionswhich lowers soil: pH

2NH + 4QY 2+ A + 2ED
(@mmoniga (oxygen) (nitrate)

NHNGQ + 2Q Y 2 NZH + HO
(@mmonium nitraj¢ o X y g e n) (nitrate)

(NHCO + 20Y 2% NZH + HO

(ureg (oxygen) (nitrate)
(NHLSQ + 40 Y 72 IO+ 4H + 2D
(@mmonium sulfaje (oxygen) (nitrate)

In ndill situations, the fertilizer is not mixed throughout thessull guoBleguently, the acidity created

by tts fertilizer remains atthesurfaees ul t i ng i n the formation of
of soil is lower in pH than the subsoil. This can impact root growth, especially for new seedings, &
impact herbicide activity. Undenum or Atdlage systems, because the surface inch of the soil may
become acid more rapidly than the deeplelgyeralues of two soil layérar{@ @ inches) should

be determined. If the pH of the sulfateh@s is less than desired, but the pHrafitlte @ is adequate,

a small lime addition (1 to 1 %2 tons of lime per acre) is recommémelpéitofrtusesoil surface. If both
samples are strongly acidic, do nottilseeitods for the establishment of legumes unless lime has bee
applied and mixed with the soil for at least 6 to 9 months to permit the lime to react witlat¢ke soil. If tt
pH is adequate, but the pH ofitich 6ore is lower than desired, legumes miglitdeeded with a
slightly lower overall pH or without waiting so long for the applied lime to react as when both zones |
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soil pH. Downward movenénieto subsurface layers is very slow and only occurs after the surface |
has reached >80% saturation which means the pH of the surface needs to be around 7.0 to let lim
downward. If a rapid increase in pH is a@®singfinely grountelstone can be usduydroxide sources
(hydrated lime or slaked lime) can be canBokkredll be more expensive than planning ahead and
maintaining a good pH level oveAsiragplainethese sources increase the pH of the soil much faster
thancalcitic or dolomitic limestones. This could be desirable if a quick increase in pH is needed. Hov
effects are of shorter duration.

42. Describe howcation exchange capacityGEC), soil texture, exchangeable acidity and soil
organic matter affect lime requirements.

Lime requirements increase witlai@faC s OEC inéresases with organic matter and clay content.
Thus, clay soils with high organic matter require more lime for a simitaapshctigsgds low

in organic mattér.other wordsigh CEC soils tend to bebwiéredneaning they are resistant to

pH changes and as a resetfiiie more lime to change the $ady soils are poorly buffered,
requiring less lime per unit pH chdogeverbecause of the greater bufieajpagitythe soil pH

will decrease slower on higher CEC soils than in poorly buffered sandy soils.

43. Describe how soil pH affects the availability of each nutrient.

o Most fants usually groestat pH valuesbove 5.5
o Lower pH increase solubility MhAFe.
a. In excess Al, Mn, Fe are toxic to plants.
b. A critical effect is that root gresltiwed or stopped by excess soluble Al.
o Extreme pH values decr¢hse : -~ )
availability of most nutrients. pH versus availability of nutrients
effect of soil pH on nutri
availability is summarizedhe
figure below. Low pH reduces
availability of the macro &
secondary nutrientsligh pH
reduces the availability of n
micronutrients.
o Soil pH around 6.5 is usu
considered optimum for nutr
availability
o Microbial activity mayafieted
by very low or very high pH

44. Describe how liming materials increase soil pH.

o Limestone is calcium carb@matenagnesiwrarbonate
CaC@and MgC©O

o The limestone dissolves in veaferm carbonic acigO@®&) andCa(OH)
CaC@+ HOHz 48Q+ Ca(OH)

o HCQis unstable and converts to carbon dioxide arttiev@®gas escapes
HCQz GO®HOH
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o The remaining Ca(&xh9sociates inBz*and OH

o The Cé&replaces 2*Hrom the spihcreamqg thesoil base saturation

o The OH anion reaeith the soil acid cation H+ forming water
H+OHZ HOH (water)

CaCO, — Ca?* + COz*

+ Ca2++0032— — + H* + AP+ + 0032_

Excess EXChange +
H,O
Neutral l
Soil
CO,
Very
Insoluble +

H,0 + AI(OH), €—— H* + A* + 20H

Neutralization

45. Describe how purity, fineness, andalcium carbonate equivalent (CCE) affect the
neutralizing ability of liming materials.

9 Calcium Carbonate Equivalent (C@&neutralizing value of a liming material compared to pure
calcium carbonate. A CCE of 100% sitieataterial will neutralize the same amount of acidity
per pound as pure calcium carbonate.

1 Finenessthe finer a limestone is ground, the fagteed#ct in the soil. Fineness is reported as
a partiel size distribution usually as the percentage of the material that will pass 20, 60, an
mesh screendnexample of the size distribution farad gyod quality limesisrgb% passing
20mesh60 % passing 60 mexkdPo passing 100 mesparticle sizdistribution suchthgsis
a good compromise betweenastical agronomic effectivearessmedium term maintenance
of pH Material larger than 20 mesh reacts too slow to belhfenasch Nming material. All very
fine, less than 100 mesh material, will react quickly but it will be much more expensive and
difficult to handiad the soil pH will decrease faster because there is a lack of larger lime part
available tordakdown over tinfineness does not increase the total neutralizing value of ¢
limestone, just how fast it will react.

1 Effective neutralizing value (ENV) of a limestone is detesroateidrbycdrbonate equivalent
(CCE)multiplied bis particlaze distributi@xpressed as fineness
o Limestones react at rates proportional to the surface area of.the particles

Thetotalsurface area of the particles is related to the size of lime particle

100% of lime that passes 100 mesh screen will reactin 1y

80% of lime that passes 60 but held on 100 mesh will react in 1 yr

40% of lime that passes 20 but held on 60 mesh will react in 1 yr

The Calcium Carbonate Equivalkietreactiyortion of the lime

O O O o o
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To determine the ENV of a limestone:
Subtradhe % passing 60 mesh from the % passing 20 mesh and multiply by 0.40.
Subtract the % passi@@riesh from the % passing 60 mesh and multiply by 0.60.
Multiplghe % passing 100 mesh by 1.00.

Add the above 3 numbeobtairthe fineness facttirshodl be less than 100%.

Multiply the above number by the CCE in dectmgkfoime ENV

O O O o o o

The ENV should be between about 30 and 100 for pulverized limestones sold in NY.

Limestone #1

Calcium Carbonate Equivalence (CCE)..... 78.8
Calcium (% Ca) .......... 20.8%
Magnesium (% MQg) .cocovnennnnn.

Particle Sizes

98% passing 2@nesh sieve

90% passing 6@nesh sieve

70% passing 10fnesh sieve

Effective Neutralizing Value (ENVY-70.3
Weight required for 100% effectivenesg 4

Calcium Carbonate Equi V
JCal cium (%Ca) ivvvviiiiiiieie e
Magnesium (% MQg) .ooevviiinnnnnns

Limestone #2

Particle Sizes

98% passing 2nesh sieve

80% passing 6@nesh sieve

75% passing 10énesh sieve

Effective Neutralizing Value (ENV3}89.9
Weight required for 100% effectivenes4.1

Instructions
Line 1. Enter % limestone passing i@sh
Line 2.
a) Enter % passing 2thesh sieve
b) Enter % passing 6Mhesh sieve
c) Subtract values on line 2b. from 2a. an
enter here
d) Multiply value on line2c. by 0.40 and
enter result.
Line 3.
a) Enter % passing 6fhesh sieve (same a
line 2b)
b) Enter % passing 16fesh sieve (same |
line 1).
c) Subtract 3b from 3a and enter here
d) Multiply value on line 3c by 0.80 and
enter here
Line 4. Sumlines 1, 2d,3d and enter on line 4
Line 5. Enter calcium carbonate equivalence
(CCE) in decimal form, .i.e, CCE+ 100|
Line 6. Multiply line 4 by line 5 and enter on lir
6. This is the effective neutralizing valug
Line 7. Divide 100 by the ENV (line 6) and entg¢
On line 7. This is the quantity of lime
required to equal 1 unit (i.e. 1 ton or 1
Ib) of 100% ENV.
Line 8. Enter the cost of 1 ton of lime on line §

Limestone effectiveness value score card

The information needed for the calculations of the
limestone effectiveness value (ENV) is shown on tf
label or on the delivery sheet. Two examples of the
calculations for the limestones arstdd.

Score Card Limestone#1 Limestone#Z
1. Passing 10@nesh 70 75
2a. Passing 2thesh 98 98
b. Passing 6dnesh 90 80
c. 2060 mesh 8 18
d. 20 to 60 mesh
reaction value X 0.40 3.2 7.2
3a. Passing 6fhesh 90 80
b. Passing 10@nesh 70 75
c. 60- to 100mesh 20 5
d. 60to 100mesh
reaction value X0.80 16.0 4.0
4. Fineness score 89.2 86.2
5. % Calcium Carbonate
Equivalence /100 0.788 1.043
6. ENV 70.3 89.9
7. Weight equivalent to
100% ENV 1.42 1.11
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Line 9.

Multiply amount on line 8 by line 7.Thig Cost Effectiveness
is the cost of 1 ton of 100% ENV lime
andprovides the cost comparison of eg 8. Cost per ton 25.00 30.00
material for the quantity of material that

will react with the sdiwithin the F'year. | 9. Cost per ton of 1009%ENV
35.50 33.30

46. Calculate limeapplication rates to meet lime requirements.

Lime recommendations are given in 100% ENV. To convert to lime recommendation for a p:
liming material A: Lime rate (tons/acre) = 100 x lime rate for 100% ENV (tons/acre) / ENV of me
Forexamplehe soil test recommendation is Jabremfi/100% ENV and the limestone has an ENV
of 70.3How much of this material needs to be added?

AnswellLime rate (t@worg = 100 x 1.5 ton 100% ENV + 70.3 ENV = 2.1 tonsdicnestone/

Aglime Quality - ENV

e Calculated value
— CCE * Fineness

 Must be listed on bag and/or delivery slip

Cornell recommendations are for 100% ENV

Recommendation

Actual lime required = —— *100
ENV of limestone

47. Understand how biosolid application and soil pH affectavailability of heavy metakto

plants.

In general, heavy metal availability is highest at low pH so liming can decrease heavy metal av
while heavy metals, if present, could become toxic Btdealiggican contain heavy metals while
some biosolids might also bestabéized, resulting in a pH increase upon application.
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Competency Area 6: Nutrient Management Planning

48.

49,

Describe how to set a realistic yield goal by using:

A. Production history D. Solil type
B. Soil productivity E. Artificial drainage
C. Management level F. Soll nutrient use efficiency

Fertility practices should be based on realistic yield goals, also called yield potential, recognizing
limitations to yield. Yield potetatk@snto accouprbduction history, soil productivity, management
level, soil type and artificial draindifjéalAlraining can increases/jetdsoils that are, by nature,
poorly drainedield potentials aratained by averaging yields obtained 4 out of 5 years, discardir
extreme years (e.g. due to severe drBeglhistic yield goals should take into account nutrient use
efficiencyability of the plants to make use of the nutrients inghivabiipt be economically or
environmentally viable to fertilize fields with very low nutrient use efficiency.

Determine crop nutrient needs by using:

A. Yield potential F. Field-specific N testing (e.qg.,
B. Crop rotation/sequence pre-sidedress nitrate test, corn
C. Soil nutrient supply G. Stalk nitrate test, lllinois soil

D. Solil test information nitrogen test)

E. Field history

Nitrogen recommendatiorise Northeaste not based on a soil nitrate test as nitrate is very mobile
in the soiFor nitrogen, crop nutrient needs are usually derived based on information about the
potential of a fi€ideally based tistoric yield datéy place in the cropation, estimated soil N
supplyfrom mineralization of organic etttrmanagement history of the field, especially when
manure is applied in previous ydasinal recommendation needs to be adjusted for N fertilize
uptake efficiencognizingpat not all N applied will end up in the crop

For example, N requirement for corn in New York is calculated as:
N = ([yield potential (bu/acted]i soil N supplysod N supply)/N uptake efficiency

Example:8year corn after alfélfeo manure applied in any of the previous 3 years

1 soil = lima (tiled drained) 0 soi l N = 75 I bs/ acre
1 vield potential140 bu/acre 0 sod N = 10 I bs/ acre
1 N uptake efficiency = 70% 0 malbsur e N = 0

N =([140 x 1]2 75-10/0.70-119 Ibs/acre

Nitrogen from sbecomes available throuigleralizaticemd nitrificatiod.availability from crop
residuesaries depending on sod composition and ysamsinagof-orexample, in New York
the following N credits fronasodpplied to corn follosaray

1 5%%-126-5% of total N for the 2d and 3 yea, respectively
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1 For total amountyltiply the decay series value legtingated total N pool in thédsook
in the table below)

Expected N credits from plowed down sods.

Available N
Legume in sod Total N poo Year 1{565%) Year Z12%) Year 35%)
% Ibs N/acre Ibs N/acre Ibs N/acre Ibs N/acre
0 150 83 18 8
1-25 200 110 24 10
2650 250 138 30 13
50 or more 300 165 36 15

* First year following plow down.

Soilnutrient supplyRfK, Mg, etés, evaluated usiagoil test.

For N, several tools can be used to guide decisitreyoakirtge base recommendations developed
with the approach outlined alidwese tools inclutiepresidedress nitrate tERENT,)thecorn

stalk nitrate te€ESNT)and thdllinois soil nitrogen {¢SN}. The PSNT and ISNT arebaséd
assessmesnthat guide decisions prior to N applicati@BSNT is an eafseason tesgtquivalent

to a report catdat allows a producer to evaluate if N applications, as implemented that year, |
insufficient, sufficient, or exceBsivenore dmts on PSNT, se®#21.For details on how to credit

past manure applications, see PO#35.

50. Know how to calculate an N or P based manure application rate based on:
a. Crop requirements
b. Manure analysis
c. Planned application method and timing
d. Linkage with supplemental fertilizer application (e.g., starter)

Manure contains all essential nutrients, but in ratios that are not necessarily what plants need. For
if manure is applied to meet N requirements of a corn crop, P and K witi{oe sgppfiedoip removal
(seePOHB5)To determine appropriate manure applice
nutrient needs. The N and P value of the manure can then be determined based on the N and P ¢
the manure, and thlanned application method and timing. Incorporation of manure in spring, pri
planting corn crop will increase the amount of N that is plant available (due to reduced N volatilizatic
manure is incorporated). For more details on N crethtsuitensel@O#B85.To calculate how much

P.Os and/or ¥O are applied with a specific rate of manure, multiply the manure application rate in tor
1000 gallons by the Ibs/ton or Ibs/1000 gallons of P205 in the manure (as is column onithe manure
report). If an application, for regulatory reasons, cannot exceed the equivalent of P205 removed
crop (based manure management), first estimate crop re@obgahuiléplying the yield goal by the
average P content of the crop. ForlexBtimated &5 removal by a 20 ton/acre corn silage harvest at
35% dry matter amounts to 20*2,000*35*0.61/10,000:8%ah lbstPhated 4.3 Ib&R0onN of silage).
Seehttp://nmsp.cals.cornell.edu/publications/factsheets/factsbeet®depdétail angDPcontents

of various field crapssufficient N or P is applied with nfartilizer applications can be done to ensure
sufficient nutrient supply for the crop. Where initial soil fertility levels are low, a starter #pplication o
and/or ¥O should be considered as nutrients from manure are released more slowly over tim
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51. Describe environmental effects from nutrient loss by:
A. Erosion D. Denitrification
B. Runoff E. Leaching
C. Volatilization

Erosiorand RunoBecause P is held mainly in insoluble forms in the soil the predominant mecha
forP loss is when soil containing these insoluble minerals is eroded. When the eroded soil ente
the dilution effect will solubilize some of this P which can lead to eutrophication. The capacity f
to fix P is very large, however it is mtg.iftfiis possible to add enough P to use up most of the
available Fe and Al, at least in the surface soil. When this happens we say the soil is saturatec
Thus, additional P is not fixed and it remains soluble and can be lost withcamef.VEns be
important when large amounts of P are added to the soil surface. The surface layer of soil can
saturated very quickly and then, when there is runoff over the surface, it interacts with this s
surface soil layer and picks upcaghdmount of soluble P and transports it off the field. If this runc
goes into a water body the P is immediately available to cause eutrophication. In very sandy s
little natural Fe and Al, there is little capacity to hold the P acdntiegssiatoirated more quickly.

In these soils soluble P loss is an even greater concern and even P leaching can be sigr
Management to minimize P loss is a compromise. Incorporating the P positions it so that surfac
and erosion will notdaccess to the added P thus reducing the potential for loss. Also the mixing
occurs spreads the P out so that it contacts mareasodsutlhe soil does not saturate with P as
rapidly. However, tillage to incorporate P usually incressesathiperosion which is the major
loss mechanism for P. The ideal is to place P below the soil surface in a way that minimizes :
residue disturbance. Direct injection of manure or fertilizer P can be very effective in reducing
Finallytiming can help. Most P sources are highly soluble when first applied. If a runoff or erosio
occurs immediately following application, loss can be very high. However, with time P reacts witl
and becomes less soluble. Thus timing Riapplidzen it is less likely that you will have significant
runoff or erosion events can reduce losses. Finally, soil properties which control water moverr
play a very important role. If a soil is compacted or crustémirocaimasint of residoecmore

water will runoff increasing the potential for P loss. Managing soil drainage can have a similar ir

Volatilizatiodrea nitrogen (Urea fertilizer, UAN solution fertilizer, and manure all contain urea
unique in that the available ammonium)Nr@dtHurea can be rapidly converted to ammgpnia (NH
which is a gas. If this reaction occurs on the soil surfatanilgs lost into the atmosphere. Losses
of over 1/3 of the N from urea can occur within one week of surface application of a urea col
material. Tillage or ¥ inch of rain that incorporates the urea will minimize this loss. The sooner:
rain occurs after application the smaller lossgewiédiate incorporation or timing application just
before rain are important to reducing this loss. Other common N sources such as ammonium su
ammonium nitrate are not susceptiblelipatmatiostrease inhibitors have been developed as
additive to urea to effectively réfueicisk of volatilizatass(for up to 14 day#)en incorporation

is not possible.

Denitrificatiowhen soils become saturated with water, ansthesdiddlenitrification occurs. This

is especially a problem in poorly drained soils. Denitrification occurs when organisms in a satur
begin to run out of oxygen. Some of these organisms have developed the ability to extract the
from niite (N@) to survive. In the process, N from nitrate is released as eitherjonitmdagmmns(N
oxide (PD) gases which are unavailable to pyailes BD is agreenhouse gas with serious
environmental implications.
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LeachingMost N sources are rapidly converted teNnii&@g by bacteria in the soil. This is an
important process because nitrate is the most common form of N taken up by plants. Howeve
nitrate is an anior.(has a negative charge) it is natrhiéld soil CEC, therefore if water percolates
through the soil it can easily carry significant amounts of nitrate with it. If the nitrate is leached b
rooting zone of the crop it is no longer available and if it leaches to the grovesentater it rep
pollution problem with public health implications. This is especially a problem on well drained sc

Describe the basic concepts of the 4Rs (right source, right rate, right timing, and right
placement).

The 4R nutrient stewardship condapgsdehe right source, rate, time, and place for fertilizer
application as those that produce the economic, social, and environmental outcomes desire
stakeholders to the plant ecosy$tedR stewardship concept helps crop producers and their
advisers select the right soratetimé place combination from practices validated by Ses=arch.
http://www.ipni.netéfrmore information on the 4Repisnc

Understand the role of the NRCS 590 Nutrient Management Standard in national
nutrient management planning policy.

The NRCS590 Standssthblishes criteriatf@nutrient management elements of comprehensive
nutrient management plans (CNMEsnfmntrated Animal Feeding Operations (CAFOs) and othe
farms receiving state or federal cost sharing for best management practices (BMPs).

Define nutrient mass balance and
describe why therecan bea net excess Whole Farm
nutrient mass lalance on dairy and Mass Nutrient Balances

livestock farms.

N fixation

Seebh
o == -

Distinguish P-based from Nbased INPUT
manure application and describe
implications.

A mass nutrient balance can be descril]
the difference between total amount of nyerrerms
imported onto the farm and nutrients expbitetn Balance Phosphorus Balance

via milkmeat, crops, manure, etc. ZerJC@WDaiW Manure Corn/Dairy Manure
negative balances are not sustainable |as ¢
biologic systems have inherent losses. Due H“HHHHWH W“H“H

differences in N, P, K ratios of manure /erSI

N, P and K ds, it is difficult t
accepiatle. N, P and K balacesdd U i Imm
simultaneously on dairy and livestock farmsi P.O; KO N P.0s K0
balancing field applications for N with manur~

will increase soil P and K over Seeethe
exampléo the rigtior corn and dairy manure. [l Dairy Manure Nutrient Content

Corn Nutrient Requirement
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Understand the importance of precision feeding for whole farm nutrient rmnagement.

The largest amount of nutrient imported by dairy and livestock farms tends to be from feed impor
forage quality and matching diets with animal negaswa@nimal nutrient use efficiency, reducing
nutrients in manure andtbdsc e f eed nutri ent 1 mports, | mpi

Describe various conditions and environmentally sensitive areas associated with an
elevated risk for nutrient loss from crop fields.

Phosphorus can be lost from agricultural fieldff #satumay be dissolved or sediment bound.
Dissolved P (mostly orthophosphate) is available immediately for uptake by algabaumite sedimel
P is a more lotgym source of P to algae in water bodies. Erosion control is needed to reduce sedi
boundP loss but it is critical to understand how water moves and where surface runoff occurs
lost as dissolved P as well. The total amount of P lost through runoff is typically very small, bt
requires a small amount to cause water quigitysptigh risk spreading conditions are likely when:

1. Significant rainfall or snowmelt is predicted within the next 48 hours.

2. Concrete frost, ice layer on soil or in snow pack, deep or dense snow, or water saturatec

present.
3. Tile drains are flowing at least moderatdlgléf@rainagas opposed to ground water
interception).

Manure application under the conditions outlined above have a high probability of causing
pollution. Thuwdyring these conditidnsgeneally recommended to avoid spreading on fields with:
1. past runoff problems or groundwater/well problems
2. significant surface runoff or subsurface flow that can reach a stream or ditch
3. an orientation toward a stream or watercourse with a slope Gfe¥erttiam
4. concentrated flows.

Describe the importance of the following steps of an economically and environmentally
sound nutrient management plan:

A. Location of facilities and fields on maps
Enhances communication between planner, prodstadf,dachtustom applicators
B. Identify environmentally sensitive areas, including wells

Allows for careful manageafanitrient® nmimize offsite envirentalimpacts, often
involving the 4Rs and setbacks from sensitive areas.

C. Specify crop rotation
Drives fertility guidelines, especially N.
D. Determine expected yields

Drives fertility guidelines, especially N, and helps with overall assessment of forage producti
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E. Obtain results of sail, plant, and water analyses

Soil tests drive P, K, Mg, guidelines and manure application rates. Plant and water analysis ¢
be done as diagnostic tools.

F. Quantification of nutrientsfrom all sources available to the farm

We must know what nutrient sources are present to allocate tlaenogsdpéaiyn and to
know if export of manure nutrients is ri¢eiient sources include: manure, compost, biosolids,
fertilizer, legume N, residual manure N, etc.

G. Develop a nutrient budget for each field

A fielespecific nutrient budget is the amount ouér@ent required for optimumQredd.it is
known what crop needs feréllizer and manure camllmeated to meet crop needs and not
exceed other environmental goals.

H. Make recommendations of nutrient rate, timing, form, and applicationmethod
(4Rs) based on both agronomic guidelines and environmental risk assessments
(NRCS 590).

Rate, timing, form and method affect nutrient availability and risk of environment loss.
I. Review and modify plan as needed

Annual updates are needed to reflectapglication rates, timing, method etc., rotation shifts,
purchase of new land, and other changes that that could impact management in the next ye

Know how to calculate total animal manure production on a livestock farm:
A. Animal units
B. Load records and manure spreader calibration

Manure quantities and analyses are needed to properly allocate manure to cropland on an annu
Manure production can be measured based on the size of the storage, from records of how ma
of manure of a given size are hauled each year, or from animal inventories and production leve
farm.The tablen paget0from the Penn Sta&gronomy Guide gives estimates of daily manure
production for different anifalgse these factors you need to determine the number of animal ur
that are producing manure and the number of days in the manure collection period. You may
dividghe animals in to groups based on different size, age, storage or handling systems, etc.
units are determined utsiadollowing form#l&l = Number of animals x Average weight~=ed.000
growing animals use the average weight during ibe petiect For example, if you are working
with finishing pigs that are growing from 45 |b to 245 Ib you would use an average weight of
Therefore if you had 500 pigs you would have:

500 animals x 145 Ib/animal = 1000 Ib/AU = 72.5 AU.
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Lookingtahe tablédelowyou can see that finishing pigs produce 11 gallons of manure per animal
per day. Therefore the 500 pigs would produce:
72.5 AU x 11 gads/AU pelay = 797.5 gallons of manure per day.

This would then be multiplied timesntier of days that manure is collected. For example if manur
is collected and spread every 4 months (120 days) the calculation would be:

120 days x 797.5lgagday = 95,700 gallons to spread every 4 months
Any additions to the manure such adesim@abwater, bedding, ethould be added to this total

for the collection perfeat. more information about various ways to calibrate a manure spreader,
http:#Mimsp.cals.cornell.edu/publications/factsheets/factsheet18.pdf

Table 1.2-13. Average daily production and total nutrient content of manure.

Manure % Analysis

Animal type Daily production  dry matfier umits N P K0 Comments
Daity cattle
Lactating Cows, Liquid 13 galidl/day <B% 1b#1,000 gal 28 13 25 Production does not include dilution.

Analysis includes dilution to
appraximately 5% solids.

Lactating Cows, Solid 106 IbvAL day 12 Ib‘ton 10 4 8 No bedding included in production or
analysis figures.
Dry Cow 82 Ib/AUfday Ib/ton a 3 7 No bedding included in production or
analysis figures.
Calf and Heifer 87 Ib/ALfday Ibfton 7 2 T No bedding included in production or
analysis figures.
Veal 5 galialfday 4 Ib#1,000 gal 3% 27 55 Production and analysis do not include dilution.
Beef cattle
Cow and Calf 60 Ib/ALday 12 Ib/ton 1 7 10 No bedding included in production or analysis figures.
Steer 75 IvALlday 8 Ibiton 14 5 8 No bedding included in production or analysis figures.
Swine These comments apply to all swine categories:
Gestation 4 galil)iday 4 101,000 gal 30 i) 15 Production does nat include dilution.
Lactation 10 galiAliday 2 Ib#1,000 gal 25 20 15
Nursery 14 galiAl/day 6 Ib#1,000 gal 40 40 25 Analysis includes dilution to approximately
Grow-finish 11 galidliday 7 141,000 gal 50 55 25 the % dry matter indicated.
Farrow to Feeder 7 galaliday 4 101,000 gal 40 a5 15
Swine, anaerobic lagoon These figures apply only to a treatment lagoon,
Supernatant _ 0.25 1b#1,000 gal 29 0.6 3.2
Sludge _ 76 Ib#1,000 gal 25 23 63
Sheep 40 Ib/ALday 25 Ib/ton 23 8 20 No bedding included in production or analysis figures.
Horse 45 IbVALlVday 20 Ib‘ton 12 5 9 No bedding included in production or analysis figures.
Poultry
Calculate manure production using one or the other of the following approaches:?
Calculations based on average weight Calculations based on final weight
Awerage Manure Average Manure
Typical manure produced manmwe produced
prodguction produced per — per pariod woduced per per pariod
period | Average day (bA,000 (81,0000 Fnal wt  day® (/1,000 (11,000 Manure % PO,
(days) weight (1b) b average wil  average wil (1) b final wt} b final wii dry matter N (BT Ko
Layer 364 3.3 26.2 9,537 37 23.4 8517 M a7 55 3
Pullet 126 1.5 48.4 6,108 29 24.2 3,054 35 43 45 26
Light Brailer 44 2.2 22.2' o77! 44 1.1 488" 34 79! 62" 421
Heavy Broiler 57 3.0 196 1117 59 9.8 5581 25 ity 63" 47
Turkey (tom) 123 14.3 128 1,554 2856 6.3 7 60 521 78 42
Turkey (hen) 88 7.4 1.2 agp’ 147 5.6 4957 65 731 881 48!

1 Production and analysis figures for broilers and turkeys include litter.

2 Estimate poultry manure production based an either the average weight of the growing animals jused to calculate AEUs under the PA Nutrient Management Actj, or the final weight of the birds. The final
weight is more widely recognized than the average weight. Both methads are valid; use the one that is mest convenient.
Note: When possible, have manure analyzed. Actual values may vary over 1008 from averages in the table.
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Recognize production, environmental and management factors that determine the
capacity/duration of manure storage needed on a livestock farm.

Size, type and number of ahmffelct the amount of manure generatedhakarehd weather
determine accessibility in variousofithesyear. Equipment and labor force might restrict the ability
to apply manure in short time frame.

Explain the purpose of the P index and list the for management categories of the P index.

The P index is designed to identify fields at high risk for P runoff by combining sources of pho
(soil, fertilizer, manure) ¥eithiors contributing to runoff (distance to streams, erosion, floodir
frequeay, drainage, etc.). Phimdex scores are linked torfanagemenategoriesow, medium,

high or very highctual scores will difterstates in the Northeast (and nationally) but managemen
guidance in each of the four categories will be.tl@satspecific P index calculations, contact
the local Land Graimiversity. The table beddlects management categories as applied in New York.
Similar tables are available for other states.

NY P Index scores, vulnerability rankings andneinagaications.

Rankinyalues  Site Vulnerabili Management

<50 Low N based management.

501 74 Medium N based management with best management pra
751 99 High P applications to crop removal.

2 100 Very High No P fertilizer or marapplication.

Describe the impacts of the followingnanure application practices on the Prunoff
index score of a field:

Application rate

Application method

Application timing

Location relative to streams

o0 wp

Greater application rate = greater P index score

Incorporation lowers the P index score

Application in summer is less risky (lower score) than application early spring
Application close to streams carries greater risk (higher score)

Lower erosion means lower P index score

O O O o o

Calculate crop P removal giveryield and P concentration.

To determine crop removal, multiply yield (in Ibs) times the dry matter content times the P conte
dry matter. For example, 20 tons silage yield at 35% DM a@slrei28 iR a cropdBremoval

of: 20*2000*0.356@/100=87 Ibs @ (or 87/20=4.35 Ibs:OP per ton silagefSee
http://nmsp.cals.cornell.edu/publications/factsheets/factsbeatiZfhpeimoval estimates for the
mosttommon field crops.
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Understand the nitrate leaching index principles and interpretations.

The Nitrate Leaching Index (LI) is an indicator of the potential for nitrate to reach groundwat
current LI rates leaching potential based on soichydngtognd precipitation datd.l below 2
indicates that the potential for nitrate leaching below the root zone is low. An LI greater than 10 |
t hat the potenti al for nitrate | eaching b
considered intermedidte.meet the N leaching requirements of the NRCS Nutrient Managem:e
Standard (590), producers are expected to implement best management practices (BMP) if the
for a field is high (>10) and to coBditiesif the LI scorfer a field is intermediat20)2 See
http://nmsp.cals.cornell.edu/publications/factsheets/fact$bestaieptttail for New York.

Describe and understandoractices that reduce the risk of nitrate leaching.

Example of practices based on New York guidelines:

o Unless the New York P Index identifies the need for P based fertility management, manu
fertilizer application rates should be based ogutdelieds for meeting crop N needs.

o For corn, pgant (other than starter fertilizer) and early pdsbadmaisapplications of
commercial nitrogen without the use of nitrification inhibitors are not recommended.

o Sidedress applications shoutdbole after the corn has at least four true leaves.

o For row and cereal crops, including corn, maintain starter fertilizer N rates below 50 Ibs/acre
N under normal conditions.

o Manure and fertilizer applications should be adjusted based orpimfaynvatiod e d i n
Recommendati ons for Field Crops in New Yo

o Evaluate the need for sidedress N applications based on PSNT or other soil nitrogen tests.

o Sod crops should not be incorporated in the fall. Chemicphsndiellcarried out when the
soil temperature at foch depth is approaching.45

o Minimize fall and/or winter manure application on good grass and/or legume sod fields that a
rotated the following spring.

o Appropriate ammonia conservationograged. Losses can either be reduced by immediately
incorporating manure or eliminated by directly injecting manure as a sidedress application to
crops.

o Plant winter hardy cover crops whenever possible, especially when fall mangrengeapplied (e
winter wheat, or interseed ryegrass in summer).

o Manure may be applied in the fall where there is a growing crop. Judicious amounts of man
be applied to or in conjunction with perennial crops or winter hardy cover crops. Applications
generally not exceed 50 Ibs/acre of first year available N or 50% of the expected N needs
yearods crop.

o Frost incorporation/injection is acceptable when soil conditions are suitable, but winter appl
should be made in accordance with Bresphorus Index.

o Manure N application on legumes is acceptable to satisfy agronomic requirements when le
represent less than 50% of the stand. When legumesireqa ¢éisentc0% of the stand, manure
application should be limited to no more than 150 Ibs of available N/acre.

Describe and understand practices that reduce manure odor issues.

Manure treatment and incorporation are two main ways to.reduce odor

40


http://nmsp.cals.cornell.edu/publications/factsheets/factsheet11.pdf

67.

68.

69.

NRCCA Sail Fertility & Nutrient Management — Study Guide — 10/26/2016

Describeand understand practices that reduce agricultural impacts on air quality.
Manure incorporation is one way to reduce air emissions of ammonia from fields.
Describe and understand practices that reduce pathogen concerns from manure.

Improved calf caherd management factors that reduce pathogenatchd@myperatures, long
storage, methane digestion and composting can reduce pathogen loads.

Understand the concepts ofptive nutrient management and associated tools:
a. Corn stalk nitrate tedtlinois soil nitrogen test, standard soil fertility testing
b. Nutrient mass balance
c. Record keeping
d. Analysis and adaptation over multiple seasons based espigelfic observations
e. Precision agriculture equipment (crop sensors/soil sensors and models)

Adaptive nutrient management (ANM) is a process where farmers can test input response anc
field management over time. The ANM process is based on a recognition that optimizing both y
input levels will help maximize return per acre andheioweirad environmental footprint of crop
production. The process promotes ongoing r ¢
right nutrients, at the right rat e, ti ming
(4Rs). The ANM procesguires the use of assessment tools (measurements, record keepir
combined with learning and adapting management over time. The NRCS gives the following d
AAdaptive nutrient ma n a g e me rsttnutriers applicagon and e s
utilization strategies over time (multiple seasons). The process allows for continued adjustmen
NRCSassisted Conservation Practice Standard (CPS) Code 590, Nutrient Management, to a
better nutrient use efficiedgptive nutrient management promotes the coordination of amount (ra
source, timing, and placement (method of application) of plant nutrients to minimize nutrient
Stateapproved adaptive nutrient management activities are consideneckinvdbrttpdi operation

and maintenance requirements of the CPS Code 590, Nutrient Management, and step 9 (plan ev
of Title 180, Nati onal Pl anning Procedures
(NRCS Technical Note #6; Seke Addin a | Resources) . 0

The ANM process has five steps:
1. characterize the current condition
2. develop a plan for evaluation of an alternative practice
3. implement a comparison of the current practice and a management change
4. evaluate results, learn idedtify potential management chamges
5. adjust management based on lessons learned.

Step 1: Characterize the current status

Current farm management and conditions are the starting point for ANM. For example, if ANM i
to a nutrient management decision, the sta
and timing of various nutrient sources. vinoleafarm mass nutrient balance assessments (see:
http://nmsp.cals.cornell.edu/publications/factsheets/factshantB®.pdéd to monitor progress in
nutrient usefigiency at the whole farm level.
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Step 2: Develop a plan for evaluation

In this step, a solid research question needs to be developed. This is where management alte
are discussed an® 2omparisons are selected for evaluation; for examp@gsancofrgpfferent
starter N rates, or a comparison of manure application methods. The exact comparison neec
decided (rates, timing, sources etc.) and a design for the comparison needs to be develope
important that the different treatanemeplicated within the field (at least 4 times) and that within eac
replication, each treatment is randomly agsignede details on setting up practifzahotrials
seehttp://nmsp.cals.cornell.edu/publications/factsheets/factslterstéBgodimportant to decide
what to measure. In addition to yield and dry matter, regular soil, tissue or forage quality tests
advisable.Other potential measurésenclude the corn stalk nitrate test (CSNT,; see:
http://nmsp.cals.cornell.edu/publications/factsheets/factshadtBinod soil nitrogen test (ISNT;
seehttp://nmsp.cals.cornell.edu/publications/factsheets/factsheet36.pdf

Step 3: Implement a comparison

Before an eflarm trial is implemented, it is important to decide trial location(s). Practical consider
that affect suitability are distance to farm scales, size, field uniformity, management history, and
status. For example, to t&8stliferent P fertilizers for their impact on yield a low P field should be us
as high P fields will not respond to extra P no matter what the source is. Keep good records as th
goes along as records will be needed to try to learn from Atgawsuigd.technologies such as
crop sensing and precision agriculture tools (gidlmsteenitorstc.) can greatly enhanckaon
experimentation and collection of relevant data.

Step 4: Evaluate and learn from results

The review of the data ev&duate how well the alternative practice worked, and to make adjustme
as needed to improve nutrient use efficiency and reduce nutrient losses iRdiuteigateics.
onfarm trials, rely on university staff to help with statistical aakslygesimportantifiolividual
farmersbut there is great advantage of being part of a larger group of farmers who all conducted
trials. The latter has the advantage of discussing results as a group, the data can be used to
Land Grafutniversity guidelines, and with a larger number of trials, we can build confidence in the
much quicker. Keep in mind that often multiple years of data are needed for a retiadle answe
same research should be repeated until the farnoenfoasble with the results under varying
conditions.

Step 5: Adjust management

Once the far mer is confident t hat a manac
productivity, and/or environmental stewardship, it is time to inmgemeartalgement. In addition

to an individual practice evaluation, a whole farm nutrient balance can show the impact
management change on the farmdéds nutrient
production and other farm protjuictilicators.
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