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UNDERSTANDING THE SOIL TEST REPORT

WHAT ISASOIL TEST?

A soil test chemically extractsand measuresthe
elementsessentia to plant nutrition. It aso measures
soil acidity and pH. Thesefactorsareindicators of
limerequirement, nutrient availability, and the potentiad
of the soil to produce crops.

NCDA& CS'sAgronomic Divisoncarriesout two
types of soil tests: predictive and diagnostic. The
predictivetest focuses on thefertilization necessary
to optimize yields. The diagnostic test focuses on
identifying specific deficienciesor excessesthat are
interfering with optimal plant growth.

Predictive Soil Testing

Limeand fertilizer recommendationsin North
Carolinaare based on field experiments conducted
acrossavariety of soil typesand cropping sequences.
Theratessuggested aredesigned to iminatefertility
asalimiting factor in optimum crop production.

Other factorsthat have astrong impact onyield
aresoil moisture; planting date; variety; weed, insect,
disease, and nematode pressure; soil compaction; etc.
If any of the these factors are less than optimum,
reduced yieldsresult. Optimum production requires
reasonable management of dl thefactorsinvolvedin
theoveral crop production scheme.

Continuousfield calibration researchisessential
to determinefertility requirementsdictated by changes
infarming practicesand cropping sequences. These
studiesare being conducted by North CarolinaState
University researchers in conjunction with the
NCDA& CSagronomists.

TheNorth Carolinasoil test usesthe Mehlich-3
extractant. Resultsmay or may not agree with other
dateor privatelaboratoriesdepending ontheir method
of extraction and other |aboratory variables. Growers
areencouraged to usealaboratory that issupported
by field researchwithintheir state.

Diagnostic Soil Testing

Problem soil samplesarehandled separately from
theroutinesamples. Inadditiontotheroutineanalyses,
levelsof nitrate nitrogen (NO,-N) and soluble salts
(SS-1) may bedetermined.

Problem soil sampletest resultsarereviewed by
an agronomist. The agronomist makes appropriate
comments regarding the cause of the problem and
any recommended treatment.

Pant andyds, inconjunctionwithadiagnostic soll
test, isthe best way to ascertain anutrient problem. It
isalso wiseto collect soil and plant samplesfrom
both “good” and “bad” areas for comparison
purposes. Soil and plant samples from the same
vicinity should be labeled the same to facilitate
comparison.

ASSISTANCEAVAILABLE

An effort hasbeen madeto report soil test results
and recommendations in a manner that can be
understood by growers. NCDA& CS agronomists
and North CarolinaCooperative Extension personne
areavailableto assist growersin theinterpretation
andimplementation of theresults. Thefertilizerindustry
will also help growersinterpret their soil test reports
and addresstheir fertilizer needs.

In essence, asoil test recommendationisalime
andfertilizer prescription that isultimately filled by
local agri-supply dealers. Without soil test results,
fertilizer suppliers are somewhat handicapped in
advising farmersof their limeandfertilizer needs. If
they makegenerd fertilizer recommendationswithout
asoil test, unduecriticismmay belevied toward their
product if crop responseis poor.

THE REPORT
The heading containsthe report number, date,
grower’ snameand address, and alist of other people



receiving acopy of thereport. Each sheet contains
field information, applied lime history,
recommendations, and test resultsfor up to five soil
samples. The Agronomist Comments section may
contain a discussion of test results. Interpretive
information about theindex systemisalso enclosed
asacover sheet with all soil test reports.

Agronomist Comments

Thissection islocated on thefirst page of the
soil test report above the Field Information
section. Reportsfor diagnostic samples provide
helpful commentsand discussion.

Field Information

This section contains the Sample No., whichis
the sameidentification number that you provided on
your soil information shest.

Applied Lime

If you indicated that [imewas applied within 12
monthsprior toyour current sample, thisinformation
has been used to determinetheresidual lime credit
(RC). Residual limecreditiscalculated only if you
provided the date and rate of application on the
information sheet. For an explanation of theresidual
credit calculation and its impact on your lime
recommendation, refer tothe sectiontitled Lime later
inthisdocument.

Test Results

Theabbreviated headingsthat appear inthe Test
Results section of the soil test report are explained
briefly inFigure 1. Detailed explanationsfollow under
theappropriate headings.

Many of the nutrients are reported as indices.
Table 1 relates these indices to genera nutrient
availability and indicates the likelihood of crop
responsetofertilization. Table 2 showsmicronutrient
goplicationratesby soil type, nutrient, and gpplication
method.

SOIL CLASS

Each soil sampleisclassified asminera (MIN),
mineral-organic (M-O), or organic (ORG). These
classifications are made based on the humic matter

percent (HM%) and weight/volumeratio (W/V). Each
soil classhasadifferent target pH: 6.0-6.5for MIN
soils, 5.5for M-0 soils, and 5.0 for ORG soils.

Mineral soilsrequireahigher pH to neutralize
exchangeable aluminum so that plant growth isnot
affected. Since M-O and ORG soils contain less
exchangeable aluminum dueto their lower minera
content, alower pH can be maintained without any
detrimental effectsto crop production. In addition,
sinceM-O and ORG soilshavemuch higher buffering
capacity, it is not economically feasible or
agronomically practica togpply limeat ratessufficient
toraisethesoil pHt06.0.

HUMIC MATTER (HM%)

Thehumic matter percent representsapercentage
of the soil organic matter that issolublein adilute
alkaline solution (NaOH). TheHM% isreportedin
0/100 cm?® and isameasurement of humic and fulvic
acid componentsof thesoil. Thisportion of thetotal
organic matter representsthechemicaly activeorganic
fraction usedindetermining limerates.

Tablel. Crop Responseto Fertilization asRelated to

Soil Test Levels
Nutrient Response* toApplied
I ndex Satus P K Mn Zn Cu
0-10 VeylLow VH WW W W W
11-25 Low H H H H H
26-50 Medium M** M** N N N
51-100 High N LIN N N N
100+  VeryHigh N N N N N

* Crop response to fertilizer is expected to be very high
(VH), high (H), medium (M), low (L), or none(N).
**  Response decreases as soil test index increases.

Table2. Recommended Micronutrient Rates*

Banded Broadcast Foliar Spray
Soil Class Mn Zn Mn Zn Cu Mn Zn Cu
MIN 3 3 10 6 2 12 12 1/4
M-O 3 3 10 6 4 12 12 1/4
ORG 3 3 10 6 6 12 12 1/4

* Rates = Ibs element per acre.
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Thereative humic matter content may or may not
represent the total organic matter content of asoil.
For example, sandy soils have avery low organic
matter content and acorrespondingly low HM%. In
contrast, organic soils may have in excess of 50%
organicmatter withaHM%of lessthan 10. Thisimplies
that most of the organic matter in ORG soilshas not
been decomposed to the humic and fulvic acid
fractions. Inageneral sense, HM% isrelated tothe
weght/volumeratio (W/V): thatis, asthe W/V increases,
theHM% usually decreases.

WEIGHT/VOLUME RATIO (W/V)

Theweight/volumeratio, expresseding/cm?, is
used to classify the sample'ssoil type. For example, a
very sandy soil may haveaw/V of 1.50g/cm?, whereas
that of an organic soil may be aslow as0.5 g/cm?.
Soilshighin clay fal withinthesetwo extremes. W/V
isgenerdly inversely related to the cation exchange
capacity (CEC) of thesail: that is, soilswithahigh
W/V generdly havealow CEC.

CATION EXCHANGE CAPACITY (CEC)

Thecation exchange capacity isardativemeasure
of thenutrient-holding capacity of asoil. Itismeasured
inmeg/100 cm?. CEC isdetermined by summation of
the extractable cal cium, magnesium, potassium, and
exchangeableacidity (Ac).

TheCEC of North Carolinasoilsrangesfromlow
(lessthan 2.0 meg/100 cm?) for sandy soilsto ashigh
as 25 meg/100 cmé for clay and organic soils.

A high CECisdesirablebecausenutrientsareless
subject to leaching and adequate quantities of nutrient
reservescan bemaintained. However, sandy soils, by
nature, have alow CEC, and little can be done to
change this phenomenon. The CEC will vary with
changesin soil pH, organic matter, and clay content.

BASE SATURATION (BS%)

Thebase saturationisan expression of theportion
of the CEC that is occupied by basic cations,
principaly ca cium, magnesium, and potassum. BS%
and pH aredirectly correlated: aspH increases, so
doesBS%. A higher base saturation al so corresponds
toalower level of soil acidity.

EXCHANGEABLE ACIDITY (Ac)

Exchangeable acidity representsthat portion of
the CEC that is occupied by hydrogen (H*) and
aluminum (Al***) and isexpressed as meg/100 cm?.
Exchangesbleacidity isoneof the measurementsused
in caculating thelimerecommendation.

CURRENT pH

ThepH isameasure of the active acidity inthe
soil solution. ThepH vauea onedoesnot determine
how much limeisrequired but isused in conjunction
with exchangeable acidity (Ac) in determining lime
rates. ThepH determinationisuseful for indicating
whentoo muchlimehasbeen gpplied andfor evauating
micronutrient availability, particularly manganese.

PHOSPHORUS (P-1) & POTASSIUM (K-1) INDICES

Levels of phosphorus and potassium are
reported asindices. Theindex rangesareasfollows:
0-10isvery low; 11-25islow; 26-50 ismedium;
51-100ishigh; and 100+ indicatesvery highlevels
of these nutrients.

When levels are low, plants will respond to
addition of these nutrients. At medium levels, plant
responsewill depend on particular crop needs. At high
nutrient levels, afavorablecrop responsetofertilization
isnot generally expected. Soil test indicesabove 100
arevery high, and nofertilization isrecommended,
except for high value crops.

Thefertilizer recommendationisbased onthe soil
test results and varies depending on the crop to be
grown. Refer to Table 1 for Pand K ratingsand crop
responsetofertilizer at given soil test levels.

CALCIUM PERCENT (Ca%) & MAGNES UM PERCENT (Mg%)

Levelsof calcium and magnesum arereported as
percentages of the CEC. For example, if theCa%is
62, then 62% of the soil’scapacity to hold nutrientsis
occupied by Ca. SeldomisCalow enoughinthesoil
to cause adeficiency. Peanuts are an exception, and
inthiscase, landplaster (CaSO,) isagood source of
supplemental Ca. Ingeneral, Caisthe predominant
cationin most soils. Cadeterminationisessential to
calculate the CEC and to evaluate the relationship
among Ca, Mg, and K.



TheMg% value determineswhether Mg should
beadded tothe soil. Dolomiticlimeor aMg fertilizer
areboth good sources. Multiplying Mg by CEC gives
you theamount of Mg present in meg/100 cm®. The
following guidelinesare useful in evaluating theMg
Statusof asoil:

1. If thereis at least 0.5 meg/100 cm?®, Mg
applicationisnot necessary.

2. Ifthereislessthan 0.5 meg/100 cm® and Mg%
islessthan 10%, apply Mg.

3. If thereislessthan 0.5 meqg/100 cm?® but
more than 0.25 meg/100 cm®* and Mg% is
greater than 10%, Mg application is not
necessary.

4. |f thereisno morethan 0.25 meg/100 cm?,
Mg applicationisnecessary. Usualy 25-30
Ib of Mg per acreare suggested when needed.

Additional information regarding magnesium is
providedinthe$ Note.

MANGANESE INDEX (Mn-1)

Thisindex isameasureof Mnlevelsinthe soil.
SinceMnavailability isvery closely associated with
s0il pH, aMn-availability index (Mn-Al) isca culated,
depending on crop senditivity to thiselement.

MANGANESE AVAILABILITY INDEX (Mn-Al)

Two manganese indices are given when
recommendations for a second crop are included.
Mn-Al (1) isthemanganese availability index for the
first crop; Mn-Al (2) applies to the second crop.
Mn-Al valuesdecreaseas soil pH increases. Values
above 25 are considered sufficient for most cropsif
the pH isbelow 6.0.

If Mn-Al is25 or below and arateisshown for
thefirst crop, thereader isreferred to the $ Notefor
suggestionson manganese application. Thisnotation
isdesigned to bring thisnutrient to your attentionin
theevent it was not applied to thefirst crop.

ZINC INDEX (Zn-l)

Thisindex isameasureof Znlevesinthesoil. Zn
avallability isaso influenced by soil pH. UnlikeMn
availability, Znavailability isnot based directly on pH.

Zinc availability dependsonthetarget pH of the soil
class.

ZINC AVAILABILITY INDEX (Zn-Al)

Thezincavailability index isbased on soil classas
follows. 1.0 x Zn-I for MIN s0ils, 1.25 x Zn-I for M-
O soils, and 1.66 x Zn-I for ORG soils. Thecritica
Zn-Al is25; abovethisindex levd, zincisconsdered
sufficient for most crops.

COPPER INDEX (Cu-I)

The Cu-I isameasure of plant-available copper
inthesoil. Adjustmentsinitsavail ability are not made
asthey arefor Mnand Zn.

SULFUR INDEX (S-)

A valuefor S1 isgiven, but no rate for sulfur
applicationisrecommended. Sisrarely lackingin
piedmont or mountain soils dueto their high clay
content. Under normal growing conditions, Sisalso
sufficient onorganic soils.

S, however, doesleach very readily from sandy
topsoils. It accumulatesin the subsoil whereitisstill
avallablefor crop use. Therefore, the Scontent inthe
plow layer doneisnot agoodindicator of the Sstatus
inthesoil.

If theS-| for the plow layer of deep sandy soilsis
lessthan 25, however, thereisahigh probability that
Sshould beincludedinthefertilizer. A rate of 20-25
Ib of Sper acreshould satisfy most crop requirements.

SOLUBLE SALT INDEX (SSH)

TheSSH representstherdative content of fertilizer
saltswithinasoil. Theresultsare expressed in 10°
mho/cm, whichisameasureof eectrical conductivity.

This assessment is made on soil tested from
greenhousesor problem fields. For greenhouse soils,
theeffect of solublesdtsindifferent mediaisexplained
inthe Notesincluded with thereport. For problem
fidd soils, aninterpretivecommentisprovided only if
sdtlevesareabnormdly high.

NITRATE NITROGEN (NO_-N)

Thistest givesanindication of thelevel of available
nitrogen at thetime of sampling. Itisperformed only
for greenhouse and some problemfield soils. Since



nitrogen leaches very readily and fluctuates
considerably withrainfall and soil texture, NO,-N has
little predictivevauefor field soil samples. Testresults
arereported in mg/dm?, which isequivaent to parts/
milliononavolumebasis.

AMMONIUM NITROGEN (NH -N)

Thistest isperformed at the discretion of astaff
agronomist. Theva ues, when reported, areexpressed
asmg/dm? (partsmillion on avolumebasis).

SODIUM (Na)

Sodiumisevaluated for al samples. Vauesless
than 0.4 meg/100 cm? are inconsequential to plant
nutrition. However, vauesgreater than 0.4to0 0.5 meg/
100 cm? on sandy soils may indicate that sodium
accountsfor 15t0 20% of the CEC. Suchlevelscould
interferewith plant uptakeof cacium, magnesum, and
potassium and a so adversaly affect soil structure.

Recommendations

Fertilizer and limerecommendations depend on
theinformation supplied on theinformation sheet.
Recommendationsaregivenfor "1st Crop" and"2nd
Crop," depending on the crops specified on the
information sheet.

When recommendations for two crops with
different target pHs are requested, the lime
recommendation givenwill befor thecropthat isleast
acid tolerant. Therefore, the higher of two possible
limerecommendationswill begiven.

Soil test calibration for micronutrients (boron,
copper, manganese, and zinc) isnot aswell defined
asfor the primary and secondary nutrient el ements.
However, with theincreased concern about maximizing
yields through better management practices,
micronutrients have gained more attention. Hence,
research efforts to refine the calibration for
micronutrient soil tests in relation to yields have
increased. In addition, advances in laboratory
instrumentation have led to more accurate
determination of critical soil test levels.

LIME

Limeratesfor field cropsare expressedintons/
acre (T) or Ib/1000 ft2 (M) for small areas such as
lawnsand gardens. Rate calculationinvolves soil pH,

exchangeableacidity (Ac), target pH, andresidud lime
credit (RC). Theformulais

target pH - current pH
get p p ]-RC

tonslime/ acre= Ac [ 6.6 - current pH

RC isthe amount of lime applied inthelast 12
monthsthat hasnot reacted with soil acidity. Residua
credit for limeapplied varieswith soil type over time.
RC isreduced by 8% per month for MIN soils and
16% per month for M-O and ORG soils. TheRC s
reduced at agreeter ratefor thelatter two soilsbecause
they contain higher levelsof acidity that increasethe
reactionrateof lime. Theequationfor determining RC
isasfollows:

RC = (months)(rate)(reduction percentage)

where

e monthsisthe number of months betweenlime
application and the current soil test,

« rateistonsof limeapplied per acre,

e reduction percentageis0.08 for MIN soils
and 0.16 for M-O and ORG soils.

Toconvert tongacretoll/21000ft2, multiply tons/acreby
46. Example: 0.8 tong/acre x 46 = 36.8 |b/1000 ft2

NITROGEN (N)

Nitrogenisnot routinely tested onfield soils, but
arangeof suggested gpplicationrates(Ib/acre) isgiven
intheN column. Theserateswereestablished for each
crop based onfield research studiesand observations.
Supplemental N applicationsmay berequired under
certain soil and climatic conditions. Note 3, which
accompaniesthesoil test report for field crops, offers
suggestionson conditionsunder which supplemental
N may be needed.

PHOSPHATE (P,0O,)

Therateor range of P,O, recommended isbased
on the P-1 value, soil type, and the specific crop
requirement. Crop requirement isdetermined by rate
studieson anumber of different soilsand cropping
Situations. Equations have been established to meet
themajority of soil and crop conditions.



POTASH (K,0)
Therate or range of potash recommended was
established in the same manner as phosphate.

MAGNESIUM (Mg)

If theamount of magnesiuminthesoil sampleis
found to bebelow apre-established critical level, a$
will appear inthe Mg column. The $refersthe reader
to the $ Note enclosed with the soil test report. The
notediscussesoptionsfor goplying secondary nutrients
and micronutrients, including Mg. If lime is
recommended for your soil, useof dolomiticlimewill
provide adequate Mg.

MANGANESE (Mn)

Theneed for manganeseisevauated for al crops
onthebasisof responsesimilar to corn and soybeans.
Theavailability of Mnisaffected by soil pH, that
is, as the soil pH increases, Mn availability
decreases. Thisrelationship hasbeen established and
isusedto cdculatetheMn-availability index (Mn-Al).
Thecritical Mn-Al valueis25.

A zero (0) will appear intheMn columnif the soil
test level isconsidered adequate. A ratewill beshown
for corn, corn silage, sweet corn, soybeans, peanuts,
smdll grains, and both flue-cured and burley tobacco
whentheMn-Al is25 or below.

If arateisrecommended for thefirst crop, a$
appearsonthelinefor the second crop. The$ brings
thisnutrient el ement to your attentionin caseit was
not appliedto thefirst crop. When soil levelsof Mn
arelow for cropswithout established response data,
a$ appearsonthe soil test report. Thissymbol refers
you to the $ Note for suggestions on supplemental
manganesetreatments.

COPPER (Cu)

A ratefor copper will berecommended if the Cu-I
vaueis 25 or below for specific cropsthat have been
showntorespondtofertilization. Uniform broadcasting
and thorough incorporation contributeto optimum Cu
applications. If the Cu-1 is25 or below and dataon
crop response arelacking, refer to the $ Note, which
givessuggestionsabout Cu application.

If arateisrecommended for thefirst crop, a$
will appear on the line for the second crop. The $

bringsthisnutrient element to your attentionin caseit
was not applied onthefirst crop. The $will appear
whenthe Cu-I is25 or below and when Cu response
dataarelimited or unavailable. The$ Note contains
further information on rates of applicationand issent
out with each report that indicates amicronutrient
deficiency.

A potentid Cutoxicity isindicated whenever aC
gppearsunder Cu inthe Recommendations section of
your report. The C alertsthe grower that theCu-I is
greater than 2000. Thecritical toxiclevel for Cuis
3000. If thisnotation appearson your soil test report,
check the Agronomist Comments section for further
informetion.

ZINC (Zn)

A ratefor zinc may begivenif theZn-avail ability
index (zZn-Al) is 25 or below. A rate is given for
specific cropsthat have shown aresponseto Zn. The
current recommendation for Zn is 6.0 Ib/acre
broadcast or 3.0 Ib/acre banded.

If arateisrecommended for thefirst crop, a$
appearsonthelinefor the second crop. The$brings
thisnutrient element to your attentionin caseit was
not applied to thefirst crop. The $will appear when
Zn-Al is 25 or below for crops on which data are
limited or unavailable. The $ Note providesfurther
information on rates of application.

A potentid zinctoxicity isindicated whenever aZ
appearsunder Zn in the Recommendations section of
your report. The Z alertsthe grower that thezn-I is
greater than 2000. Thecritical toxiclevel for Znis
3000 for most crops. Peanuts are very sensitiveto
zinc, so growersare alerted when Zn-1 = 300 or 500
(critical toxiclevel). If thisnotation appears on your
soil test report, check the Agronomist Comments
section for further information.

BORON (B)

Boron recommendationsare madefor cropsthat
are known to respond to this micronutrient.
Recommendations are based on field studies for
variouscrops. Actual levelsof B inthe soil are not
measured.



