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The Phosphorus Site Index:
A Phosphorus Management Strategy

for Delaware's Agricultural Soils (ST-05)

Phosphorus and Deloware Agriculiure

Phosphorus (P 15 one af the most inportant plam
nulrients required by Delaware crops. It is cssontial
for most physiological processes in plants, such as
photossnthesis, energy trmsfor, genetic regulation of
cell division and growth, and the production of seeds
and fruils. IT soils are deficient in P, plants may
become stunled, with pomly developed root systems,
and signiticant redoctions n vield may oucur

Profitable crop production requires that plants be
pronvided with an adequate supply of Poeither from 1he
soul or from soil amendments such as commercial
fertilizers or animal manures. 'FPhe amound of ferliliaer
or manure Poeeded for optinunm crop viclds has been
documented throuph Tong-term ficld research with
most of the soils and crop management systems [ound
in Delaware. Research has also been conducied to
determing the muost effective sources of P, timing ol P
application, and placement meithods for T lerlilicers,
Because of this rescarch, successful apronomic
nmapement praciices for Poare now available lor
Delaware agriculiure.

At present, the consensus of most agricolioral
scientists is that maximizing the relurn on an
investmaent in P irtilizers begins with the use of a soil
tesi-based P fertilizer propram. Soil desling is a
reliable, inexpensive way 10 evaluate the P fertilvecr
regquircmcnl of most crops. The University of
Delawars Soil Testing Propram uses the crileria shown
in Table 1 1o rate soils acconding to the likelihood of
an cconoimis  response to Pofertilization.  Actual
fenlilizer recommuendations recclved by farmers will
vary slightly depending on factors such as crop, sodl
tvpe. tillage, irrigation, and manure use,

Table I. General I' fertiicer recommerdations for Deliware.

Lo ‘Fypieal P Fertilizer
Sl P Fertility Feconmendation’
Hating Erolass Vo [H PR Sacre)
[ awi -5 11
hledim LB A
Chlaniui 1-100 23
Frioraive 06 ]

ettty mdes value < sodl test 1P O3chlich 3% i ppo.
TP entihizer vevnmmmedations are for a broadcast application. IPhe
Fertalizer v hamdod, recommendadiones see halved

Prepared by LT, Mo amd A, B, Lesten, Depssrbient. of Plant
and Soil Sciences, University of Delaware, Newarke D 19717,
Rewised qon Jannary 1, 20082,

Phosphorus and the Environment

Cuvironmental coneerns with TPocenler around
entrophication, delined 45 an increase in the ferithiy
stabies af netural welers thal causes qeeelerated growih
af erfgae or water-plants . Tnonest Tresh surface waters
{lakes, ponds. rivers), and some estuarics. [he growtliol
algac or agquatic plants s limited by ingdequate levels of
P. Inputs of T do surface walers lrom nonpoinl sources
v erosion, rungdl] or subsurface proundwaler Mow, can
reive this limitation and induce eutrophic conditions,
Poimt sources of T osuch as mnicipal wastewvater
svslems, can also contritmie (o cotrophication, The maost
common undesivable elfects of cutrophication are atpal
blovms, foul odors, insect problems, impeded water How
and boating due w aguatic weeds, sediment buildup in
shallow lalkes. low dissolved oxveen levels. and ihe
disappearance of desirable species of fish,

The University of Delaware Tas alwaes advocaled
an agronomically sound P management program, ong
1hat las traditionally focused on maximizing protitable
crop responscs Lo T Today, lwwvever, Lthe situation is
more complex, As seen i igare L, it s apparent thal
wasl of Delaware's agricultural soils are now rated as
aptimum or exoessive in P Soils in these catepories
have hitle, 1f any. peed for ferlibeer or maoure P
[ndeed. many Delaware soils hive soil P levels high
enough e meel crop Poneeds for 10 vears or morg
without any inputs of T Beosose in some silualicns
high P seils contribule to cutrophication of swrface
walers, P omanagement strategies that maintain both
agricullural profitability amd civironmental quality are
badly needed, Tlus Tact sheot describes one soch
approach, the Phaspdorus Site Index

B Low B Mediom 9 Optimum @ Excessive

Figure 1. Percentages of agricultural soil samples in
gach soil fest calepory in Delaware (hased on - 13,000
soi] samples submittad to the University of Dolawar
Cromn 12 19907,



The Phosphorus Site Index

Im 199, the TISDA Sail Conseovation Service
(nowy the UsDA Natoral Besources Conscrvation
Service or USDA-NRCSY formed a natonal work
group of scicotisls frnm Universities, Cooperative
Uxtension, and the USTIA Agrcollural Research
Service to develop a P-indexing procedure thal could
ideolily soils, landforms. and manggement practices
with the polential for unfivorable impacls on water
bodies becanse of P losses from agriculivral svils The
tong-term goals of this national work group wera:

® Un odevelap an easily wsed, sitesspecific, fiedd
pating syestem feeferved o as the Plosphoras Site
Trilex) for USIM-MROKN fechnrical specialists,
Coaperative Hetension, crop eomsafiants, finers
aied others thar rates sails gecording o reir
relative potentiod for P loss 1o supfoce walers,

® o oreloie the P Kie Index w e semstoente of
peeviving walers fo silrophicalics

B To develop aurculiveal managenent proctices
thal minimize the huildup of sl 1Y o evcessve
levelds aed the troaspore o 7 from soils o sensilive
vt hodies,

The P Nite frdex is designed o assess the relative
risks of P loss (rom differing [elds, not to estimate the
actual quantity of T lost in runal This risk assessment
allows us 1o desion best management practices {BMPs)
to recluce agricultural P losses o surface walers and 1o
priorifizc the locations in a walcrshed where BMPs
will have the preatest water quality benelils

Using the Phosphoras Site Index

The P Site Index evaluates 12 characteristics,
which are separaled inlo two groupss Parl A (sile
{actors aftecting P transport) and Part B (F source and
management factors) to obtain an overall rating ol the
puleniizl for P loss ala site {Table 2). By doing this it
15 possible to obtain separate risk assessmenis for P
tramsport from o site, based on factors such as
lopoeraphy, hydrology, and prosimily (o surface waters
{Part Aj, and for P source and management praciices
(501l test P, fentilizer/mpnune P management - Par 1),

Each ol the 12 characieristics in the P Site fndex
is assigned a nomencal value from an fnterpreine
peafing soofe: YURY LOW, LOW, MUEDILIM, THGLL
or YERY HIGH or from calculations using a weiehting
Jactr hased o dhe  relationship helween Lhe
characteristic and the potential for P loss from the site.
Al present. the interpretive ratings and weighling
Faclors are hased on the hest professional judement of
the scientists who are developing the P 8ifte Tndex. Thoe
final P Site Index value for the site mlegrates the
clfects of Taclors (i Parl A and Parl B (sec below Tor
the acmal steps used o calculate the £ 8ite fadex)

Pable 2. Site charscleristics aod nmnagement factors usid
tp deterinine the P Sire Index.

Suil Ervsien

Soil Burlvee Bunoll Class
Snhgnriace Dramape

Laeachimg Potential

Dhstonce ITorn Dield 1o Sarfaee Waler
Pronty of Receiving Waler

Sl Test 1 Valoe

P Vet lvmer Apphoaton Kae

I Fertilizer Applicatiom Mithiod
Chpanic P Source Application Rate!
Uzt PSowmee Application Method

Mot that variatiens mo 1 availabnlilvfalabilily belween
different types vl erganic 1 souwrces are accounted for by use
ot Phosphormis Availabilily CoeMeied (PAC)L

Calenlation of the Phosphoruy Site Index
The currenl version of The P 8te Trdex (Tahle 3)
is provided in this fact sheet, along with two example
calculations. Use the following steps to determine the
1 Site fndex Tor asite, The Tlniversily of Delaware also
provides a Yechnical Guldance Mannal foe fhe
Phosphorus . Site fedex that has more detailed
information on this process Contact vowr  focal
Cooperative Lixiension office to obtain this manual

1. Calewlate Neld values for oall of the site and
tramsporl characlevistics o Part A osing, dala
obtaimed from a county soil survey manual, the
revised universal soil loss eguation (RUSLE), and
ncieessary Nield messuremenis (1, distanee [T
licld 1o surlace water).

st

Add all Purd A Tactors logether and moltiply them
by a scaling facior (0021 'The scaling, factor is
nsad to comvert the overall Piransport potential ol
Lhe site o a scale of O o 10 Chighly erodible sites
may have o final Part & value = |0}

3. Calculaie field wvalues for the P osowce and
manggement  charactenisiics in Tarl B using
mtormanon collected from the farmer and recent
qoil test results (oldain new soil test data iFcurremt
resulls are over Three years old or 20 signilicant
addition of P has ocourrad since the last dest),

4 muliiply the final sile valoes for Parl A and Parl B
topether to obtain the overall £ Site fudev value,
Compare the P Site Tndex value obinined with the
interpretations in Table 4, which calegorizes sile
vulnerability o P lozs, Then delerming the BMIPs
needed at this site to reduce the risk of P loss (o
walers (see Table 5 fiw examples of BMPs);



able 3. The Phosphorus Site Index for Delaware.

art A: Phaosphorus loss potential due to site and transpor( characteristics.

Characieristios Fhosphorus Loss Rating Vealue
Soil Evosion 2 x| Soil grosion value from RUSLE (onsfacre) |
Suil Surface Very Low Low Mdedinm High Very Llipgh
Runott (lass i 2 4 ) £
Sulmurface Wery Low Low hledium [igh Woery High
Drainage ] 2 + i H
Leaching Laow Medium High
Potential ] 2 4
< [0 1L AN < 100 [ = 100 i AND < OO0 AND
S L V| = A0 i vepetated AN =251 < 15 i vepelaled <2510
bulter (R vegetated buller buffer AML vepetated boffer
Dstance < 100 L AND AND = 2511 =25 ftadditional | AND <250
from Field to = 25 Movepetited additional no 1P ue P application | additional no P
Surtace Water buller AND = 25 fi | apphication zong ONG applicalion
additional no P OIS
appliciion 2o
0 2 4 G B
Priority of Vory Low Lo Medinm High Very High
Receiving YWater 0 1 2 3 +
Nuerr of Nite and Transport Characteristics:
Scaling fuctor: x (0.0
Towal Site and Transport Value for Part A:
urt B: Phospliorus loss potential due 1o P source and management practices.
Phosphorus Loss Rating Fealue

Characteristics

Soil Test P
Fertility Index
Yalue (FIV)

[ 0.2 = [FIV from University of Delaware Soil Test]

P bertilizer
Application Rate

[ 0.6] x {Ibs P,O, applied per acre)

P Fertilizer

Application

Muothod sand
‘Timing

Mo InjeciedBanded [noorporated Surface applied March Surlface applied
apphed | below sorface al wilhin 5 days throueh November R Dieecmber
least 2" ol application incorporated tn = 5 days throngh
Febmary
i 15 i 45 b}

Oreanic T Source
Application Rate

[Phasphorus Availability Coefficient (PAC; default=0.6} ] = (lbs P,0. applied per acre)

Oroanic P Source
Application
Mlcihinl and

Timing

Mone [njected/Bandad Incorporated surface applicd March surliee gpplied
applicd | below surface al williin 3 davs through November OR December
lenst 2" of apphication | mncorporated in > 5 duys through
I'ehruary
] L5 30 45 i

Total P Source and Management Value for Pare B,




able 4, Generalized interpretation of the Phosphorus Site Index.

Generalized Interpretation of P Site Index

LOW potential for Provement from this st given corrend management practices and site characlerisiics. There is

a4 low probability of an adverse impact to surface waters from P losses from This sile, Mitrogen-based nutriznt

management planning is satisictory for this site. Soil P levels and P loss polential may mcrease in the liore duc o

MEDIUM potcaual far P movemeni from this sile given current management practices and site characteristics.
Practices should be implemented 1o reduce P fosses by surface rumodl, subsurfce Mow, and erosion. Mitrogen-based
nuiricnl manazement should be implemented no more than one yvear oul of three. Phosphorus-hased nulrient
management should be implemented two yeurs out of three during which time P applications should be Limited 1o the
amount expected o be removed from the field by crop harvest or soil Lest P based application recommendations,

HIGH polential Tor Poaewvement from this site given current management practices and sie ol racleristics.

Phosphorus-based nuirient management should be used for this site. Phiosphorus applications should be limited to the
amount expected o be removed From the fickd by arop harvest or soil lest Phased application recommendations, Al
praclical management practices for reducing P losses by surface runoff, subsurface fow or crosion should be

—

VERY HIGH potcntial for P movement Trone this site given current management practices and sile charautorisiics
Mo phosphors shonld be applied Lo this sile. Active remediation technigues should be implemented in an effort te

P Nite Index
= 50
N-based nutvicnt management.
31-73
| whichoever 15 ereator.
To - 100
implemenicd
> 1040
reduce the P loss potential of this sile

PHOSPHORUS SITE INDEX : EXAMPLE CALCULATIONS FOR DELAWARE

e ared Hpdredogy: 'T'he dominant soil tvpe is a Matapeake silt loam, g well-drgimed soil with mederale pecmeability and a depth tothe

asemial high water table = &% The field his slopes of 5 to 7% that lead 1w an adjacent stream. There is a riparian buffer between the
e of the cultivated Geld and stream that varies Tn widih from 8" 10 12° and either a gully or steep grade leading down 1o the stream.

fospheoras Source and Management: The crop rotation at this site is wheat (conventional till) — double cropped sovbeans (no=-1il)

e o=l The soil fest P yalue is 75 FTWs (UD Fertility Index Valuesy which is in the “optimum™ range 101 crop produclion, Swarcr
sriiliver is psced omly wilh the o al an application rade of 25 Lbs P.OGacre. Noowmanure is used at this site.

Site Informution Information Used to Determine P Loss Rating Value for P Yite Index Calenlution
IPurI Az Site and Transport Factors
Soil Evosion RUKLE: 2.5 tonsfacte 5 AMELDLM
sSurface Funoll Class Slope; soil permeabiliy 4 WRDTLM
Subsurface Drainage Urainage, water table depth [N
Leaching Potential LSDA-NMRCS rating scale based on soil series i LOW
Distance o Water Liistance from field o surface water H VERY HIGH
Prigrity of Recetving Water state watershed caleponization seale 5 IIGH
Sreent oo Part A 22
Scaling fuctor x i
Fuart A Value {44
Ifun! B: P Sowrce and Munagement Factors
Soil Test P LI soil test value: 75 FIVs 15 1G]
P Ferilizer Rate 25 lbs P ere L3 LMW
P Ferilizer Application Method Banded balow surlace L5 LA
Oirganic P Rate MNong applisd U 14
Organic P Application Method Nonge applied 1 15
Poart 5 Value 45
P Site Index (Part A Value x Part B Value) = [0.44] x [45] 0 (LOW)




PHOSPHORUS SITE INDEX : EXAMPLE CALCULATIONS FOR DELAWARE

cepario #2: An agricoltural field located in the coastal plain region of Sussex County,

ite aned Hydrology: The dominam soil type 1s o Pocomoke sandy loam o very poorhy drained soil with modermtely slosy permieability
ud a depth to the seasonal high water table of 0-1'. The ficld has slopes of 0.5% and is boedered by deainage ditches. There are oo
Ters hetween e edge of the cropped Geld aod e ditehes

frospieries Source and Management: The crop rotation at this site is corn-sovbeans-com (all conventional tilly. The soil test P value
00 FIVs (U Fertlity Indes Values) which is in the “excessive” mnge for crop prodoction. Starler ferlilizer is msed anly with the
i al an application rate of 25 lbs PyOGacre. Poultey manure 1s applied in March each vear at a rite of 3 tons/acre,

Kite Infornation Information Used to Delermine Value for P Site
P Loss Rating Tadex Cafculution

Fart Az Sive awid Transpor? Fuctors

Soil Lrosion RUSLE: 003 tonsfacre 1 LOW

Surface Hunoll Class slope, sol pormealility 0 YERY LOW

Subsorlace Prainage Dramnage. water Lable depih ¢ HIGGH

[eaching Poicntial USIIA-MECS rating scale 2 MEDTUM

Distane: 1o Walcr Dhstance from field to surface water 4 VERY HIGH

Priority of Receiving Waler State watershed categorization scale 4 VLRY HIGH
S of Puri A 21

Ncaling fuctor | 2002
Part A Value {2

Puri Br P Sowrce aod Management Factars

Soil Tesl P LY sail fest valoe: 400 FIVs Kb VERY HIGH
P Furtilizer Rule 25 Ihs PO acre: 15 LWy
P Fertilizer Application Moethod Banded below surlace 15 LOW
Orpanic P Rate L8O Ty O a0 O VERY HIGH
Organic P Application Method Surlace, March throuph Novembaer E1¥ HIGH

Part B Value 2 ;
P Site Tidex {(Part A Value x Part BB \’alm&} = E(?.d-lj X [243| =104 14 {VERY Hl.G-H}

Management Options for the Two Example Scenarios

nlormation on best management practices W consider afler P.Site Index evaluation is found in Table 5. Some management
ptions that would be appropriate for the two scenarios above are:

wenario #i:

‘ollow a mtrogen-based nutricnt management plan. Review the need [or soil conservation measures that can reduce the
sk of P loss in certam areas on Lhe larm (e g, consider widemng bufter strips in some areas near surface waters), Monitor
onl test P values Lo prevent the builldup of soil P to excessive levels. Consider effects of any major changes in agricultural
raciices on P losses before implementing them on the farm,

cepirio #2:

ollew a phosphorus-based nulnent management plan, Avond apphications of I at this site from any source (fertilizers or
nanures), Use a starter ferlilizer that only contains nitrogen (N). Review and/or update soil testing results for the entire
armng operation w identify areas where [P can best be applied. Apply manure to other fields that have lower P Site Index
alues. Implement seil conservation practices that will reduce the likelthood of P loss to surface or shallow pround waters.
donitor changes in soil test P with time to determine when N- and P-bascd management praclices can be followed,



| Management Options Based on the Phosphoras Sife Index

Minirizing nonpomt source pollution of surface waters by P from agricultural cropland requires management practices tha
trol both the suppl and iransport of soil P, The basic objective of environmentally sound P management is to maintais
P fertility levels in a range that is optimum, bul not cxcessive, for erop growth while reducing the loss of particulate an
ible P by processes such as erosion, runoff, or drainage. Dotermmation of the P Site Tndex for soils near to sensitive surfac
ers is the first step in this strategy because this prioritizes the efforts needed to reduce P losses, Once this has been done
rapernient options that are appropriate for soils with different P Site Index ratings can be implemented, Some genera
smmendations are given in Table 5; however, P management is very site-specific and requires a well-planned, coordinated effor
veen farmars, extension agronomists, and soil conservation specialists.

ble 5. Management options to minimize nonpoint source pollution of surface waters by soil P.

Yrosphorus Xite
Index Value

Muanagement Options to Minimize Nonpoint Source Poflution of Sarfoce Waters by Soil P

< 50

(LOW)

Soil testing: Have soils tested for P at least every three vears to menitor build-up or decline in soil P

Soil comservation: Follow good soil conservation practices. Comsider efTects of changes in lillage practices or
Land u=e on podential for increased transport of P from sile,

Natrient mawagesmcnt;  Consider effects of any major chanpges in agricollural pracltices on P losses belore
implernenting theo on the farm. Examples include increasimg the number af animal units onea Firm or changing
to crops with o high demand for feelitieer P,

51-93

(MEDIUM)

Soif testing: Have soils tested for T al least every three vears 1o manilor build-up or decline in seil P Condugl
a mote comprehensive soil lesting program in areas that have been idenlificd by the P &ite Tndex as being mosl
sensibive Lo P loss by crosion. runofl. or drainage.

Soil conservation: Implement practices 1w roduce P losses by erosion, runolT, or drainag: in (he most sensilive
Aedds (1 o reduced Lillage, Nield borders, grassed waterways, and improved irigation and drainage management),

Nutrien maragement: Any changes in agriculinrnl pracuces may affect P loss: carefully consider the sensilivity
of ficlds 1o P loss belfore implementing any activity that will increase soil P Avoidd broadeast applicattons of P
frtlizers and apply manures only Lo felds with lower P 8ige frdese valucs.

76 - 100

(HIGH)

Soif testing: A comprehensive soil testing, program should be conducted on the eotire Tarm lo determine fields
that are most suitable for further additions of P, Lor fields that are excesgive in P, estimates of (the lime required
to deplote soil Pl optimom levels should be mads for use in long range planning, Consider using crops with
high P remaval capacitios in felds with high soil wst Poalucs,

Soil conservation: Tmplement practices o reduce P losses by erosion, monofl, or drainage in the most sensitive
ficlds (e, reducedtillage, ficldborders, prassed waterways, and improved ircigation and drainage management),

Nutrient management: Tnomoshsiluations fertilizer Poother than a small amount used in starter Tecilizers, will
not be necded. Manure may e in excess an the Buom and should anky be applicd w Gelds with Tower P 8ife fredex
values. A long-term P management plan should e considered.

=)

VERY HIGH)

Neif testing: For felds that arc excessive in P eslimate the time requined Lo deplele soil Pto eptinoum levels for
use in long range planming, Consider using new sl testing methods that provide more informalion on
covironmental irnpacts of soil P (contact UD Cooperative Extension for information on neiw soil P iests), Consider
using crops with high P romoval coprcitics in fclds with ligh sail test P yvalues.

Kol comserwation: Tnplement praclices 1o reduce P losses by erosion. runofl. or drainage in the most sensitive
fields (1. reduced ullage, ficld borders, prassed walerways, and improved rrigation and drainage management),

Mutrient management: Forlilizerand manore P should not be applied for at least three vears and perhaps longer,

r more information on how o use the Phosphorss Site Tndex please contact University of Delaware Cooperative Extension, t
A Natural Besvuwrces Conservadion Service, or your local conservation distriet.



