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Foreword

Alnee s neT egtcal oo test the entire volume of soal oa leld weanea, we must cely on saenpler laken
(roee e field or ared o determinge the chemic | aod Ferlily stabes The first bushe asannpion of @ soil testing
progrec 45 rhar 8oil sin be sanpled inosuch 2 way that rhe resates of the colected samples will aecustely
veflect thie puldent status ob the sod. Meore tecenr fertilization and dllage proctiees, o g Baeding fertilizen, no-
ullage and eiclging, have iocrensed thie heteropeneity of femiling paceros oosols, Sampling swstems ran weps
aclegquate For practees used i the fastane Thely 1o e guits inadesuate poeen these changes, Besearch in the
Gourheen Megdon bas suppoded Lthe eariation thar exses Do Tweiconioly aocd vertcally within Heldls s vl
s due Lo past practices of femlizer placemen,

This Fawlletine coartinins clpaers thae retlect the latest rescureh 42 sampling ard experiense of Hwee aurbors o
imprnee the avcuracy of sampling solls The siggested procedones snd considerations ane desigraed 1 in-
proave e cvenitll suniey of o soil testing propram thar w2 cefleer o cTemwc] o outdent stabus of soils.
Flant grenwih whether 1 be for production o acsorhete value, depends on the acouracy of aesessing tie
nucelent drers of diils,

WHlenm . Thom
Wavne Sabbe
Lo Ll
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Practical Aspects of Soil Sampling

ity £, Sabbe ¢

Imtroduction

An excellent soil sampling procedure does oot
necessanly lead w3 oofeect femlizer reconunendas
tion but 3 non-representtve sol sample wOll lead o
an wnworeect fertllizer cecommendation. A noa-repres
sentatve sample can gccur because ane o moce of
the pardmerers necessany for cotredn sarmphong ooy
b violated. These parameters inclode: depch, fre-
guency, and timing of samples; o few cores per
sample; samples @aken Incorcectly for assessment of
elesired] putcient(s); and sampling thal does ool repre-
gent the field.

The current statistical spproach o chlaining 4 rep-
reseniative sl sample has asswmed that each ohser-
vatlon fsample or come) is ndepeodent Fom the other
obeeryitions, Theeefore, the approach wia o ohtaln
yamplen based on classical sampling designg such as:
random (simple ot stradfied), syseemade, of Snmpos-
Ite. However the zigzag method of samples collection
Tecame the choice of che Manonal %oll and Fertldzor
Rosearch Committee (Fitts, 1956) because of ity rela-
tively bigh efficiency (compared o o andom coethed?
and U3 simplcity In utlizatlon.

The principles ol sod sampliog foe femlzer reg-
nrnmendatlon have boen revised {Peroraon and Culvin,
1982} after their presentation in 1944 (Cline), Recent
pracces In fervillzer applcatlon method and tdllage
operations have introduced sampling princples o
iclude these modliflgations [Mengel, 1982 and
Moncrict, 3T,

Considerations

Al crntbsnitlons ot Heldsdmatrleno baye vardations
in thoee dirsctions plus o time Teopotalld vackadng,
The abjedve of 4 sodl sampling peocedure s o ob-
win labomtory analyses that are o (rue o=t epfe-
seqrarict nf thar Beld o weew.

5ira and Shaps of Flalds

feveral authors (Keogh and daples, 1907, Camemn
el al, 1971 Cypra et al,, 19720 have repomad that the
number of zamples reguired to determing the mean
of a fleld dld nof Increase perpomaonally with an In-
o crease in field sire This was aspecially true for o
field stze of abore 30 acven (Kengh and Maples, 1863,

U P, Liverip af Ardmses

Coman aurhoes (3wenson o7 al, 1984, Keoph anil
daples, 19677 reported char while Aeld slze did not
anbithly affect number of samples & olfain & mean
value, each field had o sell test parameter (e.g., SO,
P oor Ky that mundated the minicuoo oumber of
sumples. This pammersr had the greatese allowahle
vaslatlon umang the pacieters and thereby eeguired
& greater number of sumpleys to defloe I feld mean.
Lindess the mindmum number fom thal Beled was ob-
tained, thershy descriing the mesn of thar paranm-
erel, a cofeect intenpretation and tus @ comect Tec-
ommendacon could net be given,

Nutdenty

The mobilicy and seasonsl biclogical aéovitr that
affects cartaln nugelents suggest tat dme of v angd
depdh of sumpling oeed to be considered. Sampling
Eowe the raoblle nucrleots (rltran: and anlfate) nocds to
oceur annually to rooting Jdepths €24 to 48 inches)
and showld be dong wheo biologleal acoioy 15 Tow
snd F possible, imupedistely before bl outdent
ulillzareon Ty the coop, & ol samplog prexexlure
foar putrate sulfate would be to abtaino samples at the
sainie deprhy ar approxinutedy the sime moanth each
WEHAT,

Irccunobide outneots {1 K) reguire T leweer depsth
samples (wually ene rample o a speclfle depth) and
less specific tme of sampling (ep., spring). [Tuw-
gver, 4 deflndte thme and depth of samplng 15 [ee-
scriimed. [ ceality, U bth mokile und immobile outr-
el Cudt e obtalnesd By oo samplng then the co-
soletions plaoed on proper sampling for mohile no-
tricols will provide sidedquate iecaudnns For inmo-
hiule auwtricnts.

Sampling Pattems

Sabber and Muacx (1967 proposed] & sigeay scheimes
for swmpling Toth pectaogular and toangobsr Geled
shapes, The zigrap pallecn reyuires chousing o [e-
ginring deed uv the Feld wnd a polnt wethin this area
far che initad sample. The other samples aee mken
from podnes presdetecnined Erom the indtial sample
meint and arme such that e cotioe Field s sunpled.
The 7agmag paacroen fllows o course widh samples taken
from specific distances depending upon the sles and
shay= of the Aold.




Raglonal Varlable Theory

Using Clussical statlatics the objectdve of determin-
ing the sopresentative mean for cach field thus leads
tr 4 uniform ferillzer recommendation for that Beld,
Wirh the wdvent of fertilizer appheatlon technolugy it
I5 mow posgibbe 1o profit from the varialion within a
tield Ty applving fenlizer if i is needed and at the
reeded rates at specific areas with a Geld. A satistlcal
procedure known s Regionalized Varlable Theory
(RVT) (James and Wells, 195903 has been evaluated as
a method for increasing ferilizer efficiency. The BYT
approach assumes that 4 sl test value fom any point
in che field gives an esdmate of the value of 2 oeigh-
Eohog [pobne (Sabbe and Mark, 1987). Each observa-
tlon within @ field 45 nox independent feom other ob-
servadnng. therefoes, the values are spadally depen-
Jdenr, While che use of BVT requires cather infensive
sl rampling there are theee inntediate advantages:
17 it estimancs a suil 18 value at amy point in the
fleld, 29 vun demonserate the relationshep berween
tw sl penpertics, even if nne property wrere sinpled
l=ss imtensively, and 37 it gives addional information
in The: less-sampled propemy. Contour maps for gach
nutdent cun be drawn for the fAeld woth fertilizer then
laging applied acconding to the map, With time ths
metbod of appileation should result in a field thart i
spatlally uniform for each nutcient.

Assms ot al (L9AS) wsed at adapuon af BYT for
invirparaong che sidp samplog eechnigue, The sl
sampling, done in @ horizontal and vertlcal pattern,
hadl rhe abdlity to modify the fertlizer applivation by
specitying dirsction of application.

Rasaarch Conslderatlons

An aspect of the soll teating progrm that requises
sampsliog is ¢rreelation and subsequent calibration,
These e research comprneets, wrhich leud 1o ferll-
izer recommeandations, musl be conduceed where the
aonl rest levels of small areas are known. Therefore. a
more copentrted effort is wamanted (o nbtain these
valuez, A practical sugpestlon would he o cbtain sed]
samples from 2 Jarge ared of the field vsing 2 grid o
zigzag method of sampling. The data fram Uiese
sumples wouldd e wsed to obwin Kiiged or contour
meps of the atea (Marx and Thompsan, 19870 The
maps would indicate where the desired 5ol eat bev-
ela may be lacated, thus giving dlrection fot more
detailes] sanpling. An additional benefit o this ap-
proach is the abiity to assist in designing both the
plor shape and direction of replicatlon and treatments

[McoHratney, 1965) The result should give the diree-
tium of gheatast varlaton to replications snd dicectlon
nf last varation [0 (TeaCmeEnci.
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Sampling for Soil Nitrogen

J. camberain gnd HOR Decton

A increased concern for NGO, contami|nated
groundwater and s possble link oo agricultucal sc-
thlties. ds well as a Jecrease in profit margdn, 15 1o-
creanlng che nberest 4 Ane-tutyiog B fenilizton. One
methed of fine-tuning W rate recommendatlons is o
meanure the amounr of Inorganic soil N and add|asc
the recommendstion =5 4 function of thar found o
the sodl sample

Svil sampling for G- has been roulitaly used
in the asld and semifarid reglons of the United Smies
(Hergert, 19A7), but has oot been used o e humid
regloms woti recently (Thicke, 198%). In the arid and
semlanid reglona, soll B2, |8 measumesd i the root
zo0e dod suldracted directy From the standard M race
recommendadaon. Sampliog depths mnge from 1.3 to
G feer,

Recenrly, a soul MO test For determining suledoess
N mvommenzdatlans for coen bus been intluced in
the Mortheast and Mwbarest {Magloff of 81, 19R4;
Blackmer ot al., 1983; Fox cr al, 19698 The clirate
m which rthis est is utéilized ranges from modsc
subbumid to humid (Thaorathesate, 19480 This Test,
refereed to as the Magdnff Pre-Sidedress Mitrate Tesr,
the Vermont Test, or the Lawe Spring Witrate “Test, is an
lr situ M micerd livation iodex, mther than i residual
NQ, test, because the mearred WO -Nis stiabler than
the actual amount of M made available to the plant
during the growing seasun (Thuoke, 10390,

Current Nitrate 5o0il Tost
Practices In the Southern Raglon

Theee states in the Southern Region-Arkansas,
Oklahoms, und Texas- pestorm sl MO, tests sand
use the pesulls w alter ™ mte recommendations. The
climate in Texus ranges feam acd to Burmid with most
af the stare classified as semiadd, drr subhomld, aocd
rrest syhhumld (Thoratheeaite, 19480, Most of Olkda-
bioens is e subhomid sod melst aobhomdd. The cl-
mate in Arkansas 15 humnid. Oklaboma and Texas have
similar programs, wheees doat of Adkansds 18 distinetly
different,

Obelhoma ane Texas wse sol NO, tesdng for mak-
lng M fie pecummendsdans on wdoer wleat and
hrermudsgrass (Jobnson, 1982, fohnson ant Tockor,
1085, larey Uorubi, persenal commuogution}, Thiey
recomment takdng snil sumiples for NGO, anulysis toa
depthy 0f 24 inches Texas suggesss T0-20 oOres per
uniform field ares and Cklaborma 16-20. The aamples
arg eried A 40-45°C (TK) and 10070 COR) Sveraight
hefore shipping to the Jaboetory, The suil 340,-N tesc
practloed In Oklahoms snd Texas iva reslual I tesr,
ax the smount of K-N found in the sample is con-
veirel [0 pounds of N per acre and subtected fmom
the standarcl B orarg peconnendation. Although the
recoiiinended sampling depth 15 24 [ncbwes, st farm-
crs in both states only sample to 6 inches. Hence, in
st wdses, e Nomte recommendgation 1 reducesd
naly by the NC-N coment of the plow layer,

Arkamsas supgescs chac sed] satniples fom ootton
Relcls fior 240, arwlvsis be taken at loast oo 16 iches
and dewpes, dependent on the monteng depth {(9ayne
#ibhey, perinnel communication}. Sampling depth for
Erasy JrEstures 15 & inches.

[r 1 recomommended that E3-20 sodl gores Be Litken
from the Otz 6 inch depth angd G vores e when o the
deeper depth per unitorm field area. The sod] |z
shipped 63 the luborawnny 4o a cardboard haox at field
euedstles Comifenty The sumple is air deled before mea-
suring NCH-NL

seanckand N rate cecommendations are altered de-
pendent an the crop and the sol NO - leve] (Table
13, For cotiun and grass pastures, only @ porton of
the 30X moasured o e 501 profile is subaacted
Froasy 1w stinelard cevommendadon, Standard recom-
mendationy For catoon aee RO, 90, apnd 100 [bs Noacm,
depentenl Gn sl lepe and ares of the state. The
solls o whlch cotron @ geawn dee mostly =1 loams.
[The standacd cecommendation b bermudagniss pas-
cure 18 90 Tha Mivear i e spring plus 0, 50, and 80
lbs M avre after each cotting for yicld goals of 2, 4,
apyt = 0o et et respeclively. Becommensdaninns
frar femcue pastare ane S0, 100, and 150 jhs SAacee for
Lizwe, miedlivm, and high yviell (evels, eespecthvely.

d Awvintas Feteanr gl el Vel CREuein, Yufersinm reginsioelp CeRRER IR
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Tasla 1. Adjustmant to the standard N rate recommendation
for goitom and Erfgs pastures bansd an soll NQ-H 8 pree-

Wcwd It Ariasass,

Cetban Parture

Ball Awducilon In Soll RAeduction n

N -M Recommmadation M,M Awcornmandation
[t/ B Ibn N/uars o/ mare T

o 29 o = B 0
26 4l e Ga - 104 B0
41-80 o & 1K 140

= Bl ao

Percalved LimHatlions 1o Nitrate
Soll Tasts In the Humld Southern

Reglon

Ctheer than Arkansas, Oklahoma, digl Toxas, siEes
in the Southern Heglon do oot moutinel: wse sodl MO,
gentlng. Beseafchors in e Ann-testing Siates merceive:
three rajer limitacions o the atilizabon of soil NO»,
respine-few seazony with enough carmy-ower N o war-
cant testing, the need and difficulry of sampliog to a
dJepsth greater than the pluw layes, aod the potential
foor messured N L Le leachesd after measurement.
Howeves, Several Manigemens pracdoes, such an pre-
plunt applicurinons of manuse and leglme cover crops,
eesull in lange snd voprediciaile quantities of spll X,
i webich it werild e usell o bave @ pellable weh-
migae 10 adjust acditlonal N appleatlons.,

The majority of states in the Soathedn Region have
annuil water surpluses o excesa of 12 jnches, and
et eof the edcess poeom duning the winter meonths
{Melson god Uhland, 1655, This may minimize che
nummbor of segsons with sgnificant WO, caom-—ner
Ferum cmie coop B the next and i ofe ceason the use
tf w snll KO, test in the bumid Soutbern Heglon may
bir Lurmite], Heggert (1987, using anouyl average per-
selanion dats froom Stewart et al, (1975}, thowghe that
(st sates west af the Missiasipni ovet, haviog wale!
surpluses less than 7 inches, could use MO, rests with
an approptire data bese, Doly Texas, Oklzhoma, ind
Arleunsy bave regions with Jess than 7 incles of aur-
plus, 29 evaluated by Stewdlt et al. {1575). However,
the muore dernled average annual Warer surplus data
presented by Nelson and Chland (1935} repocls
Florida, snd the Coastal Plain region of Ssuth Cam-
lirna gl Grongsa < have surpluses less than A inches,

Many soffs in Flotida and the Coastal Plain have
samcly auetace hopzons, and the leaching hazard i
cansidered great, even when the water surplus g less
them B dnches (Nelson and Lhland, 1955 Although
the surface toxtume of those soily @ sand e J0iwmy

12

sand, the suhsod is usually flner textuced-sandy luarm
t yandy Say buam, The subsodl, jo comparison to the
surface hoeirnns, bas bigher maelsture 10lding capud-
ity aoed lower satrpted hededulie conductivities
(Qulsenbeery ot 31, 1987} bence o lower leaching
potenrial. Te be productive sods withoot imegation,
the suhsnil st be well within the rootng zone.

There {8 cvidenss chat sails with Bee-textuced siub-
salls can retan MO, in the oot zone Mivate wis
frownd ro rmove rapidly from the loamy sand Ap and B
hopzons of @ Madbore goil in Geongiy, bu slowly
through e sandy clay subsail (Boswel and Andee-
soty, 19641, dMost af the K applied in Neverber re-
manerd in the upper 3 Teet of soil alter 1 vear (Hoswell
anh Anderson, 19684; Boswell and Andercon, 19700,
Ttesrarchers in Maoyland seosking with souls similas to
tHiose prevalent w the Scuthern Region found that
fates of M lertllzation wat eorn crop arered the spring
M reguirements of the sulseduent wheal crop
[Mewslngeer < al, 19A2). Beduced leaching of MO, EBrom
the previows aup, due to limited winter minfall, me-
sulted Ln high <o yields withaue additional N o o
seusond on chree soll types in Morth Carclina
{Ramprath, 15883,

Smtes 0 the Northeast and Midwest Regiong wsing
the Mag doff test suggest sampling deptha of 1 foor,
wxeopt Micldgan, which suggesls 3 depth of 2 feet.
Peipemne M in Me 1 fak sample 18 an exeellont predic-
tor of W0, in the 3-6noc rowting #one {Potther ot al.,
10T Magdoff, 1991). Scils of these Begions on which
the tests are used sre primarily loam and slt Inam
textuzes, comparable o mdny Soils 0 TN KY, VA,
arwl MS. Whrer mavernent theough these soils o5 pre-
domitantly preferendal flow (Cermato et al, 1985,
sageaff, 1981). Water ronving theough e profile
flows thonuih large pores bypassing e geoeral 5]
preanrioe and 1emnonang ohly that MEE in the e por
itsedf WAth pn:&:rent{al flow, the pattern of MO, 54
decroasing concenmanon of 50, with depth wlth &
distitet enrichment of KO, in the suriage sadl (Pocker
et Al., 197,




Witer movement in uniferm sandy solls 35 Ukely
rscible displacement, whicl esalts in a bulge of
MO, meoving down the aoit pooflle with the werling
front (Endelman <t al, 1974, Smika, 1977} With thes
type of water movement, the WO, vontenl of a 1 Foot
sample well be oo little value for predicoing % avill-
ahility ro he crop (Tlackmer et al, 19850 Soil samples
Fiar X0 -M analvsis in soils with sandy surfaces may
have e ber ceepen than 1 T we seceessEolly product
M fertilization needs.

Aok dr tlie Southem Begion are extremely diverss,
Waker Aow through the st bsms of TH, KY, YA, and
M5 §s puvibably simidar to that of the 81t lowns of che
Midwest and Wortheuat, preterenz] flow, Water mure-
meng thuutegh the deep sands of Floogds, cthe Coastal
Plain, und the Sandhills reglons o ouscille displace-
ment The nevement of water through the many lay-
eredd sails of che Southern Reglon, thass with saody
suffaces oyveelying fine 1eatured subsnils, has noc yor
been cleady defined. The depth of saogsliog for ao
effecrive WO, Testing program is Lkely different for
each type of soil. Sumpling depchs greater than 1 Qoo
are difficult acd weuld likely hinder sdoptuon of N0,
testing, even if reliahle adjustments o N site fecomm-
mendations could be made.

The patental for KO, In che sl profile being
leuched, subsequent o s messurement, 5 also
thought to Hmit the uxefulness of soil MO, esting in
the Suuthern region. This is 1 minimal profler whey
the samping depth encompasses most ot the oot
cons and if rampling coincides with the penod of
it plaat uptdles of X (Magdoeff, 19210 Ar this
PO in time, the plant s edang wpe ™ sapiclly, the <oil
= generilly Lelow field cupacity, aodl evaporanspi-
ration often sxceeds procipetation. Al (hese oo
reduce e sk uf N0, breing Jeached foom the sod?
profile. Althaugh loas of MO after measurement is
nol peroeived as cocarning afeen, a *Hagging® syuem
5 0 pluce do Yermont o Lghlight these sitoationg
when they are impoertant. The peteatlal for rapid loas

of M from the sangller sois of the Southern Regioo
must b considered when implementing & sod] N0,
lemsting: progcam.

Tex deteradne whether soil MO, tesdag i Tt
succoastully in the more humid smeas of the Southecn
Regaon wod oo the sandy angd Lyered soils will me-
uire el resesicel. T determine Fa KO test of
any Wizt will be sucoessful, sampling Jepths of preater
thean T éniat abacudd b esgamined inigaly. I sol gampsles
needl to be greater than 1 foor, 4 methedalogy must
he desvetoped that allovws samples i e raken canily
and rapidly, a0 that the pracnce will ke adopted by
flernees ardd agoculturl consultuats However, aome
that sampling eepths of up b 3 feet are recommendedd
i CHe, WA aoeil WIS (FIergert, 19870 Tho doe of sion-
pling should be as close to ghe titme of fertilization as
prgaible o ke the best measure of crop availahle
K and t avoid hasing N ferdlization recommencla-
Hooa g1 W than is subsequently lost Brom the profile.

Eaxly Status of Soll Nitrate
Tasting In the Sowtharn Reglon

Herenl overydews af soil nltrate restng in the South
wdlcarg sonsjderable cesearch activity (John Grove,
University of Kentucky and Greeg Evanylo, Vigins
Polvtechnls Instloue and Stie Coiversity, personal
commuicsdony. Preliminany reauira stiow thet there
il SAruarions, fields recervving manure and sludige ancl
with legumes dn ratann, where sgnificant accomu-
latiows of sol X0, o oceur. Ane, several resparchers
have found a wsefil comvlation beiween the soil 50,
memsurement and response to N il zatlon o e,
the sumplog depth e cxaminesd 65 1 foat, whereas
i Afool sampling depth loaks prondsing far wehea
Crntlnged cogeelationscalibration ressarch 15 Beeded
w implement the sl nitcate est ia the Southern Ke-
stlon.



Water movement in unlfoom sandy sodls s Lkely
msclhle displacement, whiell resulls in 8 bulge of
KO, muving down the soil proflle with the werring
froot (Eadelinan e al, 1974, Smika, 19771 With thu
type of water movement, the KO, conbenl of a 1 Foot
sample will be of litle walae for predledng ¥ avill-
whility o the crop (Rlackmet et 41, 1985, Sail samplea
for NG -M snalysis in soils with saandy surfaces peay
hawe o e degper than 1 Jool w seceessfully preduct
M fertilization needs.

Soulg iry elie Southem Begion are extremcly diverss,
Waer Ao through the sl lopms of TH, KY, VA, and
M5 Is probably similar to that of the sllt loams of the
Midwest and Northeast, prefereniz] flow, Water moe-
ment thuvugh the deep sands of Flodda, cthe Caastal
Plain, and the Yandhilis roglons & mecille displace-
menk. The movemen of water throogh the many Lay-
eredd sails of che Southern Reglon, thoss wid) saody
suffaves overlying fine 1eatured subsolls, hes noc yor
bren cleary dedned. The depth of sampling for an
effacrive NO, Twesting program is Lkely dfferent for
tich type of soil. Sampling denchs grearer than 1 foor
are difficult acdl weuld likely hinder sdoption of N0,
testing, even if rellable adjustments in N site recom-
mendationd could be made.

The patental for NG, In che soil profile being
ledchied, subsequenmt to its measurement, 5 also
thought t Hmit the usefulness of soil NO, lesting in
the Suuthern region. This is 1 minimal problem when
the sampling depth efcompasses mast of the root
cone and if zampling coincides with the penod of
maxint plaat uptabe of K (Magdoff, 19215 Ar this
puint in time, the plant 4 ekng up ™ npislly, the soil
Iz generally Letlow fisld cupacity, and =vapatranapi-
mtinn often exceeds precipetation. Al chese factors
reduce the fisk of N0, being leached Foom the soff
profile. Although loas of N, after measurement is
fol peroeived a: cocarnng afeen, a *Hagging® syarem
i5 In pluce o Yermoob v LUghlight tiese sitaations
when they are important. The potentlal for rapid [oss
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of M fram the mancler soils of the Southern Regloon
must be considered when implementing o soil NG,
testing program.

T dhetetrnine whether soil MO, testing can e used
succoaafielly in the more humid ameas of the Snuthern
Region and vn the sandy and Lyered soils will re-
quire much resestcch. To determine o a WO tesr of
any twps will be sucoesafil, sumpling Jepths of greater
tkean  fnot abould be exumined inlgally. If soil gamgples
neesl to be greater than 1 foor, 4 methedalopy must
e deyvefoped that allovws samples o be aken eanily
and rapidly, Ao that the practice will be adopted by
Farrmners andd agoculturs] consultants. However, ok
that sampling depths of ufy bo & feet are recommended
In O, Wa and NI (PTecgert, 19872, The dme of same-
pling should be as close 13 the tlme of fertilization as
rossible o ke the best measure of crop available
K and ta avoid hasing N femflization recommendsa-
tnga on Woihat i subsequentdy lost fom the profile.

Eaxly Statux of Soll Nitrate
Testing In the Southarn Reglon

Hervent overdews af soil nltrae restdng in the South
willcare oonsiderable cesemrch activity (John Grosve,
University of Kentucky and Geeg Evanyle, Yinginis
Polytechnle Instloune and Seoe University, personal
vommunicadon}. Predminary el show that there
g sfiwaticons, fislds receiving manore and sludge and
with legumes in rotatoon, whers sgnificant scoumu-
lations of sold KO, o aceur. And, several resgarchers
have found a weefill cormelation Between the soil 50,
ressurement and response to N ferdllzaton. Lo oo,
the sumpling depth beng exatmined is 1 foat, whereas
i 3-foot sampling depth looks prondsing for whear
Contlnued coreelidonscalibraticn research 15 nooded
ta implement the sndl nitcate test in the Southern Ke-
flon,
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Soil Sampling for Soil Testing Purposes:

Conventional Row Crop Tillage

ar. fim Woogrugr ¢

Definitlon/Objeactives

Conventlonal ullage for the purposes of this chap-
ter encampasses the use of moldbeard plows or
mmtotillers with chisel plows or subsoiles, drag and?
or disk harows to onmpletely distueb the soil surface
and mix lire and fertilizer into the plowed layer, In
correenbnnal oliage, the added auteents tend ta be-
core uiborily distibuted througheur the depth of
the plewed layer through the miking action of the
tuendng plosw o reAutiller and harrawing cver a pe-
tad.

A 504l best beging with the callection of 2 soil sample
Erom 2 deferved acul area, The sampling objective s to
oltain 4 small volume of soul that wIll accucately ne-
Hect the cheadral propertios such as pH and sxtract-
alle natrients in the soil arca bewng sampled, 1o be
ebfecrive, the sainpling provedure must be adapted to
fit specitic land managemenc varlahles such as crop-
plng syacemn, tllags, and nethords of fertilization. Sol
morphalogy must also be consldered, The oldective
here 35 to discuss the Factons that should be consid-
ared for eftective soil sampling under conventicnal
dilage for row Crops.

Management History

Munagemeant hlstocy eroomipasses all presious prac-
tives thut have pocured in a field before smnplog.
Kiowledge of these poactives allows the develepment
of the maost effective and] samplag sieamegy

Cropping System

In sTUpping systems, most row coops wal he -
tated elther writh other Tow crops or with close growe-
ing annueals or perenndals. Some crops @ he grown in
thee Fusruee awill rio recesive dicect fertilization. For ex-
ample, in cropping svstems including peanuts, better
fesults are wbtained Brom potash spplied w the coop
in the praceeding year rather than on the pegnur clop.
Abso in cdouble cropping of small grin followed by
sovbeans, Ic in often heat fo add eqough femilizer w
the srmalt grwin to provick: for both coops. Thus knowk
exdge uf coops in the rEdoe Is impomane i planaing

T Eterins: Profewrn, Semsun Cnduersity
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when o sample. It 13 best (0 sample soils in the fall
for Sprlng planted crops and Lo the samdier for fall
planted coaps. Farm records are essential and should
nglude a fann msp, crop mtadons, aoil tear resulls,
and liming and farilizanon pravtices.

The cropping system and intenay of Use ylso io-
Huence the frequency of sumpling needed. Wher
dauble cropping is practiced, It 18 advisalle v gample
annually to ensure thar adequarte nutient levels are
helng maingained. Otherwlse solls showld be sampled
at least once during each rotation sequence,

AN impurtant consideration affecting the number
af coses needed acdses where 4 row coop 15 to Fablow
d perennial sod aop, espectally a pastues, which has
been plosweed for the ficsl lime in several years. There
8 Wsually & buildup of immobele nutrdengs such as
phosphoeus and calcium in the top few inches be-
cause of past top dressings. There mav alsny be aog-
unlforen distelbuanon of autdents resviting from -
ure droppings when the tield has been pastunesl,
The first plowing does feg achieve uniform mixng. It
Is Te2sr in eliis case W incresse the oumber of o]
sampling cores 1 X of 30 or moce cures than to ke
e uspal 13 w 20 comes. More cores will lessan the
effect of one core taken fram any given spat and wilk
Prowide a mom accurate average.

Imtensity of Managemeant

The ttensity of munagement vadea with the value
af the ceop and the yleld goal, Koemally the higher
walue cash coops such as tbacco and vegetahles re-
ceive kigher raves of fertilozer than feld crops such ws
soyheans and com, On the sther bund, irtigated cocn
with @ high vield patencial w10 recehve more femlizer
thian dry fand com. More intensive monitoing of soil
nutdene levels La required where higher rates of fem)
iwer are applied. This is tooe especially whers ammn-
blumn nicrogen cated are Tigh on soils wily low buffer
Mg Cpdcides, Often the soil pH is lowered consider-
ghly durlng the growdng season hecuse of rdemfica.
on of ammoniom. Under conditions of intensive
management, It i3 advisable o sample afnualle
ensurs the cudnrenance of sol R and w detec the
removal of fertlizes nutelents by Intenswe conqpping.




Cuttural Practices

Culbaral pracdees include ploesang and atier ll-
ape provedures for preparing the seedbed and con-
telling weeds, und inchude the axsoclated ferilizer
placement practices,

Row crops miy be planted flat or op cadsed beds
formed vtk tactdle Lusters, ripper bedders, bedding
tliskes, o nther besl-sbaping equipment, Bon tillage
anl method of fomilizer placement influcnee the cholee
af suil spmpling pecro.

Tillaga Mothod

Level meadhed: sampie horavesn tho oows befose
the Toees aee obliterawed by nllage to gvoid fectllizer
bands, Mare precdse depth of samplitg and uadfonn
anres are alao achicved if the field bs sampledd hefore
plowing af disking 1o preparation for the pext coop

Bedded or tidged seadbed: Avoid sumpling dhe
villeys berween beds or mdges Take coees in the
shoulder of the ¢ldge between the mw and micddle
valley away from any fectlizer bands, Avodd waking
soril From beboes the bedded material 90 as oot (0 o
elude soil where o and ferilzer have aot been
mixed oo 1t by tllage. Whete Acils are belng samphed
Tefare hedding or ridging, wke ooreg o the depth
ceached by the tllage implernents wsed, folloswing the
same procedures wy poescribed far wmpling level
seedbecds.

Fertllizar Placament

Enowleoge of the locarion of applied me and fer-
tlzer is tnportant for develuping valid sy mphig pro-
oy,

Brosdcaste This mechod of fardiizaion wawally io-
vulved hulk sprending of dry matedald before prepdr-
Ing the seedbed of planting. but may include the
brumdeasting uf fertilizer autnents thedugh ferdigadon
tee hnigues Jo which ligulds are apphed dircugh ovel
heall spoinkler syseems while the coop ls geowlng,
Urkeler comventonsl ke swstems, the notrienes added
hy broadcasing tend o become wndfgrmly distrib-
utec] owver tieoe: thioughont the depth of the plowed
layer Sui vrres may be ranlomly taket) from areas
tertilized Ln this munner aod should reflect the aver-
age fertlity of the fielkl.

Banded: Terulizer is often placed over e secd
o In 1 band ar bunded a few inches beslde and
below the seed to provide o portson OF the tutal fertil-
juer needel and o ve stmultion of warly grew,
Avnid sampling these atgas that muy gve wpwacd
Talas to e actual notricnt Jevels in the feld.

Permanent Strlps In coertsin iensively managed
{119 CrEIw, SETL-PECMANEOt WS My be malntined

cver huried eckle tobes thao caror willer and Fertil-
izer 10 the coup Ln these special cases and others
where poncenoates sirip ferdllzaton 15 practlced, andd
the permanent cow stop is malntaned o promote
fortlizer =ficlenoy, the fertdlized ared Dver the pows
shold be ssmpled and the snfertilzed areq hetween
prnaa should he omitted from the sanfHng,

Shdedreased: Pomions of (he total fertilizer are
cammanly sidedressed 6 1o H inches beslde the plant
row dunsg the prowing seasot, These nurtients will
palse the nutelent levels wchn the area of placetnent
ahrrve the field aveeage. High eates af aminopicm ni-
trogen sidledeessing wilt bover the 5611 pH within the
arey of placemeny. The ares near the o affected by
aidedreszing should be avolded if sampling is dnne
before the field 1s phoreed.

Sampling Pattemn

In ]l cases wher the crop moWs 2oe dmact, 1t s
adhvisahle to use & syatemalic onre sampliog plan e
ing the knowledge of the method of feotlizer place-
ment and following a zigeag pattern across the Held
ro abtuin Ar least 13 1o 20 coares, despute field size. If
the field bas beeo thled belome sampliog and the 1o-
carion of crep oows is obliterated, then mere cores
{20 o 300 shoub! be geihered at moddom in 4 zig2ag
pattern [0 leasen the effect on field results from sam-
pling some of the fertilizer Rands.

Morphological amd Nutrient
Conslderations

Matural Variatioh

Reowr coopa are grown oo all soils of the southemn
cepion, These soils occupy several physiographic -
Vistoms differing in patent materials, opagraphy, and
drsindge. Among the more excensively mw cropped
dlvlslons dee tne Coustal Flaing, Pledmont, Missssnpl
Aluvium, and Great Plains The mest extensive of
Wuese physiopraphic divisions is the Afantic and Gulf
Coasta] Plaln on wldch o major pact of the rome crops
are grown across the southern resdon feom Virgoia to
Texas. Although alk ren af the taxonomic sol orlecs
are Found in the southern reglon, Qv Mtisals are the
deninant =nlls. These sodls generally have Jow outfi-
ent - holding capacities in the Plawed layer. Mofpho-
Joglcatly, many of these solls feanre prominent clluvial
horizens thal allowy rapid leaching of mpbile mei-
gnts to deeper clavey harizons, evohing special coo-
sideration whet sampling for svil [Bilty wsting.
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Depth of Sampling

moil ganpiles should noc geneeally be taben ac arbhi-
tracy depths in comventionally tlled andd cew cropped
ftd Froe examiple, some solls bave shalle plowed
Juvers over sl horizons that differ greatly in chemu-
cal vompositleon  Carg musc be taken fo ensure that
ctch coee ineludes matedal Feom ooly one hodzoo ks
include fo the feld comprsng sample. Asa ole, b s
beest 3 tubee orsre sumples to the depch of plowiog se
thut the vome sanple cepeesents e auiwan present
e cher cobore zonwe of mixings.

Subsoll Sampling

fapid movement of mobile nrients ool of the
Plorwes] baver (o ceseper Clavey lavees 15 4 well-known
rhenamennn [0 macy southern region soils witl ke
nutrienl holding cupsicins in the sufilce Insome dnils
the Lndeelylngg elovey hosizan is roo deep fer nooisnt
vemeiderations cetained thers ue shallovs 1nnted e
crops O the other hand, o great many sl have 2
clavey laver sturting at 20 imches wor Jess below the

soll suddaoe LI bias been olipeoeed that io particulac,
potwssium, sultur, and boosn may moove Fom the
plrswed Twper wighin o Jow weeks wller the soil s
testilized and can be detected 1othe clayey honzon.
The speed of muoveient depends upoon the ameunt
of runfull.

%l cores twheo (eom the plowed lover on many
sowatbeen soalls peveal Josw Lewvels of the molale notri-
enls, vel few e cespornses may be found whens
Huweue nutricets ase applicd. Subsosl eone sumples fuken
Erom the wp four inchies of he clavey Javer mav pove
mare mesningiul informabon for sulbur and potas-
sium oeecds oo thess seils, Many oow crop facmees
s anbaed] chusels uncdee the row o a deptly of ap-
prestmately 10 incles o break wwffic pons and alows
raoTs to gro thenugh teo exoract Bhe aeslatung: and
outcients stored o the clovey sebsod laver



Sampling Soils Under
Reduced Row Crop Tillage

O TRV

with the cument emphasis oo soil and water con-
section, reduced Hliage systems arg now replacing
comvendonal systems. Reduced tillape systems, how-
gver, an ke many foros, wich tllage Intensicy vany-
inR significantdy amoop the systems. The more ioen-
slve syansns may Involve mewvergl roips oower o field
with a chisel plow, disk, and/or seedbed tool, thus
bedng Litle diffevent From a cnnvoatinnal system. Lesa
Intensive aystems are thase that utilise ddges o stale
segdbeds, WNoenll, of cngeag, is che Tosc conscryacive
&ystom,

The objective of this chaprer is @ discusa che
changa ln snfl samplng proceduces that sre neoes-
sary when a reduced illage svstem bas been adopted,
The nvpe of sysem utllized and changes in fertllizer
mandgement are the ot importott factors affecdng
the mannes o which soud sameples showld e collected.
Tillugre imtensity influences the degree and depth of
mdsing oF soal and added outdenes. Tnlke conven-
Lioma] systems, in which added ferdlizer is mixed well
wlith the sutfuce sail to a depth of 20 s 25 cm, 1e-
ducesd rillage Jues ool Incog=eraie nuidencs o such
an cxcent. Except no-till, the degree of suil and fenil-
izerT mixing cunt e simiar, bur che deprch of focoro-
radon o pot. In addioon, the method of fetilizer ap-
plication influences the spatial distributdon of -
ents before any tillage. Bocause of these factors,
changes in hoth sumpling depth and sampling pat-
terns are necessany under reduced oflage sysoems.

Effect of Tlilage on Nutrient
Distribution

Yarous mesearchers bave ceported that surface
hroadcast applications of Immehle outdents, such as
phosphorus, P, and potmssium, K, can Jead to signifi-
cintly higher nutelent lgvels ln sufaoe aoll Jayera (5
to 10 cm) as tillage is reduced  Meopel' found that
afper aoven years of contlnuous corn grown under
Four tillage systers, JJear differeoces In the vertical
dutclbuacen of 1P and K were evident (Tuble 12, Tooder
cooventivnal tlage, Loth P asd K were Jisteibuted
uniformly throughour che O 12 22.5 cm Liyer (plow
layer). Added P and K were mixed t0 4 depth of less
thiao 19 cann under the chdsel systen, Indwcatiog that
same nutrient siratification had occurmed. In both the
rickge tl-plant and no-H1l sysrems, lewels of P aod K
weere slsmifucntly higher inthe O to 7 5 om laver (Table
1]

Similarly, Tactivon et al?, cepuocted that after o thicee-
w1y ciuthle-coop rotabsn of wheat and soybean, fer-
tilizer B, both sudfave applied andl incorpoced o
depeh af 5w A cm wich a dlak, Jocecased soll P levels
mairdy i the uppec 7 5 i of sodl Some dowoameard
mvement inw the 7.5 o 15 em luyer oocurred as P
apmivation ey increwsed from 0 e 128 by ha

(o stocther aoudy, Mackaw er at,? found chat after 12
veurs 0 corn-savheun rotation, exchangeable K lev-
el in the 9 7.5 om enll layer in the row were 2.4-

Tahia 1. ¥oll Tast P and K lsvals after swvin yadits of ontiHEUS 20 grown

undar four tiRags sy wtsma.

Tlilags Sywtam

Sampling Comvantionaf Chiwal Ridga THI Mo-til

Dmpth P K P K P K P |

em il KE

0-7.h5 3u 143 BE 240 T 225 91 283

TE-158 4 1TE s 128 26 113 41 120
15-22.5 21 135 15 108 11 BD 17 105
22.5- 341 13 1k 13 108 ] 140 13 1085

1 Andernr Frfbsn Trilaagne Nerle ) Meieerin
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TaMa & Bof gH of thy 0 1o 8 end 5 40 LS o layars
Wt 10 yanrs of H appHoution In fwo tHage systans.

Soll pH After 10 Yaary

Annual N Canventional [T
Rats a-B cm B18 cm =3 cm B8 om
kg/ha
0 E.4q5 &, 45 L) 2.05
B4 E.40] .Jd5 a.20 540
18H B85 L 4 23 5.63
234 .58 5.43 445 4 .28

f21d greater unders no-tll than under sooverngonal nll-
gge. In the 7.5 o 27.3 em layer, however, oxcliatgre-
ahle X levels were similar in hoth tillawe systems.
Mackay et al* concluded char the stratificanon of K in
the sucface layer cesulted from both the surface ap-
phcation of K tertillzer and the annoat retym of comn
rexidue o the surfuce.

frie we the mobihly aond vansforagtions of pitro-
gen, N, heoiudcast applications of & fertilizers do 1o
cesbll in stratdicatlon of readily aveuable N, although
it has been shown that signiflcantdy higher levels of
organic N appear inosarface layers as tllags s me-
duced”. Mnre impurtantly, susface browleas applica-
tons of o usuwally decrease pH walucs In =udyce soll
layers. Tha effect depends on the mee of N applled,
@i dhiown by the datn of Blevins ot gl* in Table 3.
After 10 veaes, soil pH in hoth the 0 e S om and §
15 e layers in the no-till reatments waz sfymificantly
lewier than In the comvenflons] wllage creatments.
Uadler the comvendondl system, the resldual acidio
resulting feean X applleation was distributed e
evenly throughout the sudace 15 em of soil. The se-
vere surfyce acidificabion under no-till, espechally a
the high N rates {Table 2). suguests thar prablems
with hebicide efficlency gl aluminom, feon. aod
Mangan=se rwoxdities are possible, Oler research 4
indueates that the pacengal for an increase Iy suface
a0l meidity, due o sucfuce ¥ applicalion, grows as
olldge imensity i5 reduced

Effect of Fertllizer Management
on Nutrlant Distribution

Fertifizer manugement adds agother vanable 1o the
problem. Subsudace placement of M, such as accars
when anhyclmes ammenda or AN salution |18 kaifed
ente the soil, can credle sunes of undesirable acldiey
betrna flie surface sall layer, Mengel' repcimed) that
injectien of sekydeous ammonla resulted in the fo3-
matdin ol acid zoecs Inthe 7.3 o 15 om soil laper
{Tulle 33, The cffect f: evident among fhe chisel, idge,
and ne-hill feaments. Under conventional ollage,
hivwever, the pH Is more unifom throughout the suc-
Bace luyers (Talde 3. A with sinface N appluttion,
mellboard plowing mixed the avidifled and nore-acidi-
fierd Zoned eich year.

Apphcatiun of B, and sometimes K, in 4 hand he.
lizw o below wod 1o e side of the seed row is often
used in pecluced tllzze systeans-especially ne-tll, 0
the positinn of the cew does oot change significantiy
over A funnber of veacs, 2oaes of residual P anddor K
will develop®. Rellubility of soll tesr results then can
vary, depenling oo whether subeamples foom these
gones e inclygled fn 2 composite saanple  Kitchen et
sl found that an expooendal decay functlon given
by:

Y=dAdexqp®-¢

Tubls 3. Soll pH* sfar s4van ysara of continions
oarm with ankydrous smmanis (283 KK N/Ta) Injaciad

betwaan rows,
THlagn System
Sall Depth  Convantionml Chisel  Ridga THH  Mo-TIl|
cm
G734 =W L == b5
ThH-1% 5.8 5.3 L | 1
15 -22.5 R.g 5.4 B8 =)
225.130 5.8 L B.1 B2

* Samples podtected from the midigws of &Y frastmanta.
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where ¥ iz the soil-lest vadue, x is the Tateral distance
front thie haned, A ane B ace eenplneal constanes, aned
ooy U soil-test conventdation when unsffected by
chit 1* hand, could Be uscd o descolae sodl-eat [ oat
inncreasing luteral distances froom the mesidual bands in
chroe 50k Bewdoal P oeould oot he detected & om
from the band and P in the bands incressed with
Ineteasing P rae siove K oalso s ivlatively ioanolsle
In che &0dl, the ddstribudon of soil-tese K may be slma-
lar 14 thal cepoced for B when K fectiliser bands ce-
maln ungdsturbyed, Tharsfe, v Relils thar grnkin
residual bunds, randum sumpling can resull o inflated
yoil-test valoes wnd an undecesomnation of fertlhzer
requireroents Mobled, however found Ui Uus probs-
lern could be avoided F the sumber of subsamples
collected for o comepuosite suople was iovreased sig-
Tuficantly.

Effact of Modifled Nutrient
Distributions on Plant Uptake

Considering the cesearch thal hue been done, it
eviclent thaur boch diluge peactices aod ferdllzer man-
gprement affect the distobution ol Autriends i1 e soil.
The Blogvatbblldy of nntricnts, aevor, depends oot
anly on the abdiny of the sol & supply nutrieats, but
alsed ooy Thee sy oF the plant oo absock the autrlencs
present. Previows studies™ ' have shown that soil
wiler contenl 0 osurfiwce lavers 1 higher wndere pe-
ducced tilage, thus enbancing the ability of plant oo
res alsocls aeienrs, Adthough mesearch o the elfect
of Hlage o the: dwrelbuoon of plant reos 18 ool ox-
terwive, the available data indicate that moot distobu-
ritaey 3k chiacipees s Tilldges 45 reduced=h, Lhe data of
Thomus and Frye? {Table 4) show that oot Iength
dlensity woder no-till can e sigoificanaly pearsr n
the suckface layer-N # 5 cm in this case-than oneer
conventiomal illags, This swpgeests that the cnop woulid
he boeoer able fo soguire the available outrients in
thus sull laver

The results of soveral studles codecboranes g by-
porbesia Hlevits ot al® reported that K upeake by
CLm goorern under a ne-till system was 505 greater
rhan uptke uodet o conventions) svstem. Sumitacly,
Mackuy et al? caloulated that P oand K uptakes: from
the 0 7.5 om sol laver was 300 anil 323, mespre-
tively, of total uprake under no-nll, compdred 0 265
andd 20%, resprolively, under conventional tillage. In
unrther shwcly, Taotlon <t al® found tat wheat and
sovbean vields were noc affected when P Femillzer
recetianerdaions weee based oo soil P levels inoei-
ther the O b 7.5 cm laver or the O o3 15 cm Layer,
ltheagh addirional P fertilines was requined 1o saristy
rectrmnencdalivons based on P levels inthe 0to 15 cm
layes. They concuded char wheo samplng solls Foe
avuiluble B othe G 7.5 cm laver, rather than the plow
layes, should he sumpled for both oo-dll and disk
[lage sysienms

Recommended Sampling
Procedures

As Is oviden, ollage Ingenalty and fectllzer mao-
aperent are he most smportant factors il Jeer-
nune the munner In which ecpoesentanye sod sampics
should be collected from fields under reduced dllape.
The depth to sample depends o the sotenglor of doce
tillagre, The position to sample, melative & the row, o
the number nf subsamples w eomlHEne for each com-
posite depends an whether Ferilizer materials are
litoucbend oo surfaces Tavacleast.

In reduced dllage systemy in wheeh o Jhisel plow
oradisk 1% usesd, sume muxiog of 6l and surface booadd-
Cilsn NUerients oocurs The amount of dmikiog, how-
ever, 1% less than that under conventional bllagee, there-
fiorg, nurelants aned soul acichty cn hecome stradticd
in the upper 2.5 ta 10 cm of soil. Soil sample=s col-
lected Eruen this sone will be sdeguare Jor makiog P
K, und fime cecommendsdons in most cases. T, F,
wnikiur B bawe lagen imjected foo cdepth greiden than

Takiw 4. Compardson of #0m root
lsngth density under convantional sud

mo-Hil symEsmm.



Ul €m, prior w vhdscling or disking, ie wi] be neces-
sary g0 sample W 4 depith equal o that ar which the
rraterdal way placed.

In portlL svsberns ivy whch feertilizer iy surface braad-
Last samples showld be collecred from the 0w 7.5
cm oy (o 10 om layer to assess B ognd K orequire-
miengs. 1t alse may he advantagects 12 sample toe 10
to 20 v Yawer, a5 nutents i this 13w begome im-
pocEar in dry veucs, [F I W surface Iondeast, an ad-
dittonal sample from the 0w 5 cm layer should he
coletted o detemming pH

N ar P und B are injected (haaded), samples
should e onliccted n such 2 way 45 o accounc for
e Incezase in 5001 acldity and nuoicat Jevels In the
fertilized 2one. Kichen ec al? sugeest that when the
band locativn is kaown, o compoaite sample should
consigt of ooe in-te-hand sample by evene 20 b
pwreerl-the-band samples with wide (76 om) band spac-
ing anil one for every slght samples with nacow (30
1117 hand spacing, I the lacaton of the fenilizer band
L8 nuea bencpwn, sampley steonld be collected randomly.
Huowever, approximaely fwice 45 Many subsamples
shold be collected fur each compasipe sample as
would gromally be taken from a feld seheree fectiizer
I5 hraadease, Tyler anc Foward” found thar 10 cores
prT Cnpnposite was Aarisfactary. wWhercas Kitchen e
al® and pahler® sugeest 3 10 G0 corey per crdnposite
are nequired. The exact number of subsamples o wke
writl vary with nuulent conceneration in the band, rela-
tve To that o the bulk sodl. As codcentratlan in the
band jncresdes, relative o that n bolk soi, the nom-
bt of subsamples per coomposite alsc Shoold Increase®
In all cases, samples should be ollected o a depdh
af 15 om.

i ydge till or stale seedbed systems, the tios of
fimple collectlon alse is woportant IE ferillzer L sur-
fuce hroadeast, the soil with the highest putoens con-
tent i shifted foom the eow oo the qddeow during
Planling. When ridges or beds Jares dre reformed, the

susface baver of goul (5 to 10 cm) in the e milddle s
digplaced back: imwe the eow. Therefore, affer plant-
ing, but pdor (o refomming the cidges, aml samples
shiowld b collected from the midrow, [F signpllong
nocurs afiet the ddges am refotmed, samples shoold
be collecred from the cow. Sampling to & depith of 12
w2 15 cm will give the best estiopare of nuenient swrus,
IF, o the other hand, femillzer materials are ojected,
proceduces siepdlae v thore fay g po-t1l syatem itk
resiclual bands should e followed.

U'nformunate]y, little correlation cata arg available
try inchicz10@ Whecher the modifled proosdures outhned
above produce sojl samples that apprecdmare the
“true” soll-tast values. It cin be argued, howevar, that
sampling methods uaed under coovendonal sysiema
Renetate representadve simples simply Pecanse
agmy1 ey are oo Jleope d fom the sedl i whilch oot length
dengiies and nutdent levels are penesllr greacest, I
ront growth patterna and ouldent distrlbuton chapge
under reduced rillage, Ir follomes thil soil sampling
peooceduress stionld e modified to account fop these
changes,

The recommenditlons gven (n thls chapter anc
based un the need to muoider sndl addity and P and K
avallabilty. T Jerermine the gvallapdtlty of mohlle
nutrients, such as nicate and sulfate. sample collec-
Ton procedure; need oot be modfled for reduced
tlhape syatems, As under coventional fillage Systems,
samphng should oeour every three to four years.
fample every teo yearms under no-Gll with surface
applied M to moniter pH in the 0 t0 5 cm layer, (-
cronutrient tecommendatons can be made from
sarnples collected by the above procedurss. There
currently is little evidence that tllage affects micrm-
nutdent gvalahility to sach 2n extent that separe
sampling procedures are wamaned. The procedurnes
discugsed In this chapter assume that reduced vilage
15 tollowesl, [ decp plowing oomues, sample o plow
depth
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Pastures and Forages

Stever O Hodpes * g Dam Kirkinnd

The prlmary season bor soil samplioe forags crops
is to assess the porentlal for cosponse o inpues of
I of feetllizee Ta achieve this chiective, e sa11-
rling methedabugy muost deal effectively with spatial
wildabillty ard verteal atracitication of soil chemical
properties resulting Jeodn past managoaent practices
and depesitlin by srazing amial, a5 well s changes
with tme Soils, fertlny lovels and munsgement vacy
tremendausly throughout the Sauthen Region, thus
sarnpling methods cowld roasonatly be expected o
vary. This repor s based vn a sureey of sampling
metheals within the g and che svailable liters-
[ pnn whueh these recommendalions s Taaed,

Spatial Varlablllty

A ol of studley have examened the proldem
of spatial varisbility {Jlammond ec al., 105%;
Tlemingreay, 1955 Hlleman et al., 1561 Melnrae,
19A7; Subhe und Maca, 19872, In thar spvicw of these
amcl uthet spuches, Beockett and Wehster {19711 <on-
cTuded that a major potion <f e widablHer ocours
wilhin a1 [ew figlides merery of 2 sampling point, dwt
varlahillty tonds m inceease with sampshng area cal-
though this itwrease may be relatvely small), and
that wgrlenlmral practices such as grazing, manuslng,
fertilizaticn and Hming rend to lncrease the vadabdin
present withon @ pamicular field. Whitney ecal., (1%0R5
andl Sabbe and Mam (1OAT) ewiewed the praclices
mest onmmanly recommendesd 19 inprove the ese-
fulness and reliahiline nf composite sedl semples W
repirosent the sampling vl

Sampla Unltorm Sclls

All seates in the regicn meonmomend sepamton of
fielddz Inco sgmpling units based oo unioim sol rypes,
Cropping histocy, erosien, 0f past MmEniEement prac-
tees, Tnlform ares may be defined uslng detalled
aall mups if available, oo based on ohserved similad-
titss in colod, slope wnd tedure. Trooble spots i -
Hewlar sbyrakd b sampled sepacinely or excloderd, sioce
thesir ine Jusicn oan have profound sfects oo the whnle
gample and che resuliing ceomnmendation.

For poeonnial forage and pasture crops, the pres
ence of g perroanent grownd cover can make It dIfti-
cilt 1o pomectly idendfy uniform soil sreess. Abropt
changes in soils can occur withdn 2 apsall arga In
sreonigly sloping and o mcky fields. The use of suil
maps and cureful observabing of the soll as it is
sampled can decrewse variability mesulting (o 3oil
bheterogenedty, Tt such areas shouald be svoided where
possible Grezing can resull it concentratlon of mutrd-
enrs witn 2 reladvely small portion of 3 pasiure,
aften ac the exprose of bess productve areas. TF these
urens cdn be defined, they should alse be sampled
sz[vLrately.

Sample Slze ard Area

For pructical purposes, the mininwm saanpling undt
shaouldd Bt groaller than che smallest unit which the
Facrner will lime and fertilize separarely (Cline 1945).
Litle wdll e gained by scparace sampling if mans ge-
ment will not wse the infurmarion, Recommended
sampling areas and numbers are based pomarciy oo
aruilles Bor rowr coome (Clne, 1945: Keogh and Mapics,
1547, Fits and Melaon, 1956; Koed et al, 1953) There
it vary Lde reseanch oo the sise of the sampling deea
wnd oumbet of spmples required 0 ob@in o repre-
sentatlve sample within perennial pastures. which
tvpcally cocar o argoal and inherently moare vari-
ahle sedls, T2aing a systematic grid ssmpling rechnique
in 23 ha puddocks, Blesen and Blair (195842 found
that pH could be westimated within 14 pecosnt of the
mean with oy oo subsample, whereas P oreguined
hepwroen 23 and 121 subsamples and K cegquired 29
te TH subsamiples, They repomed that 30 subsamples
would be adeguate B esticete the mean of all pa-
ramelers Warhin 20 porcent. While recommended
yamiple areds in the Unied Stanes have sanges as low
uy e compnsie sample for each 3 10 4 acres (1.2 10
16 ha). within the Southern Reglon one composile
sample cotnpelsed of 15 o 20 subsamples (eoces) 15
generally recommended for sach 1015 acres (4 to 6
hu).
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The diamerer of the subsample can ulso affect
sariple vanabilivy, %] prohes 0.7% w 4 in (4 1o 10
cm) in dismeter are typically wisd in the Region.
MoTntyre (L9E7) reported 4 decrease in samrle vad-
ahility as the sample dlameter increased from 110 7
In (25w 17.H cm).

Avold Araas of Nutrlent Concentratlon

Grazing andmals lend 0 congregate and deposic
large amounts of excrement and uring accund water-
iR aceas, shade, fences sl gares, rosulting in high
concenteatlens of nuetients in these areas. At a stock-
Ing rate of § diy cattlefu, Dubog and Weeda (15740
esnrnated that dung influgncos nutrient uptake on an
area 5 dmwed that acooally cuversd by feces, This would
pesult in 40 uf the pasture gres belng affected by
dung in the flrsc year, and 73% affected in 3.7 vesis.
Tl lnceeascd numbser of sbeep requined 10 exert simi-
lar grazing presaare would jocesase the poteatial fo
spreading wnd mixing of fecos. Hilder (19667 found
that 50% of u Targe (37.2 ha) rotatlonally grazed pad-
ik mecehved 835 of the Feres.

The high conceotration of nuarients in patches of
urine and feces thooughout the fiold can also strongly
affcet soil st peoommendations, ale (19610 repurds
that K i wilne patches can etfoct sod] rest 1evels as
rauch as seven months fallowing depostlon. o pazed
pasluced, the enhanced growth of vegeratono in the
aftecterl arems uswally indicares higher nutdent con-
centrations, but urine pitches are mors difficolt o
dentify and avoid In well fertilized flelds.

Sampling Strategias

Th the =stablistunent of Borage coops, apatial vac-
ahility 5 dealt with in the same manner 45 with an-
nudl coops. Recommended practices to olituln repre-
zentatlve samples oclude randon sampling or 21g-
zag satnplog of homogenenus soil units (Gne, 1544;
leed et al, 1993; Tetersen and Calvin, 1065)

tither sampling strategics bave been examuned, the
mast promisiog nf which seems o be a clustet sim-
pling steatcgy (Froesen and Blair, 1984; Yallis, 197231,
This method has heon stadied mosdy in Auderalia,
bur appears o have promlse, especially for assessing
change In soil chemical propestles. Ina Commparisnn
of syseeinanc grid, dg-zag, stratified 2ig-zag (strati-
fied [ased on wdla) and cluster Cstrantied based oo
soils) steatepics, Friesers and Blaic (1864) found that
precssion of cluscer sampling was cqual to 2g-Fig
arid Al zg-cag samphing stratepdss although fur
fomeer sulasmples were regldmed.

Sampling Depth

Establlahment

For establislunent. the sampling depth should e
derermined by che depth of inerporadon of lime or
fertllizer. While this wawally results in 8 sampling depth
af & to % i (15 19 20 cm}, the effectlve depth of
ineorporadon sellum excesds 4 in (B2 cm) when
dishing alurer i wied for incorponaton. Many pas-
tures jra the rogion are lucated oo rocky soils where
gampling depth nyw e Umited to the actual depth of
the sudl.

Por some deep-roated coops, subsol sanypling may
give u bemer mdleadon of fertilizer response. tn theds
revlew of K nureldon of forages legumess, lanyon and
Smith [10A5 cancluded] thar alfalfa had the flexitihty
try use soil K 1esecvos from the sutfacs soll, the sub.
soil or both, Assessing K needs requires an under-
sranchng of the namre and distdbunon of s K ore-
geppas, In Arkansas, cowstal hermuodagrass Failed to
sespond to K applicationa over a S-year perlod even
thaugh surfage seil levels wers Tow (Hileman <t al.,
1061 b, Potassiucr levels were found [0 fnceease sub-
stantially Pedow che 12 in G50 vm) depth.

Establiahad Perennla] Pastures

Cver time, nuirients heoome stratbed with depth
in untilled solls as a resull of secveling of redidaal
plant tlasue, te deposition of urine and feces In prazesd
pastures, afd aurface applicatioo of line and Fertlliz-
ers, Freguent oo heavy appHoations of N-cootainiog
fertilzers and manuoes N wan Jower pH in the undis-
tuckend suface as well, Askew (1932) noted that sub-
divamaon of the swefaies soul was required $for aocumate
charucterization of tertilized pagores. Welch uned Fits
{145 sampled estdbllshed aods a3 i (7.5 cm) in-
teevals in soils of the Piedmont and Coastal Plain of
North Canding @nd frund marked <decreases inoor
ganic mater, pH, P and K with Increasiog depth, Slo-
lar dita are witely reported in estabilabed, fertilized
flelds fells and Parks, 1961; McIntyre, 196%; Josdan
el al., 1966, Walker €t al., 1970, Hleman et al. (15011
In Arkansas, found similar decreases in pllwdch depth,
but recordesd significant increases jo K and My below
L4 in £39.5 ¢m) in one ocaton.

Prones assessnent of lime and ferdlizer oeeds may
requice that sampling deprh vary wilh the formges
procineet, intersity of srnagecnehr, iherent sid] prop-
erties and the factor most Wmltng peoduedan. The
merpbolagica) differences between zrass and legume
rpts affoot their capacites for Pouptake from sodl.
Mt grasses produce a dense perwerk of fine Bbrous
mors which penerrate the soil to 4 depth af 25 w30




cron TTis root teraork extensdwely explores the zoil
meas and is uble to extract sulfciest P froan sois dac
would oot supply adequate T for legumes or other
plants with a less extensive cool systenn Forags |-
guines are rapiocted or have heavy, hranched raots
which are much less extensive and fbeous than grass
roots, On the orber hand, leguroes such as alfalts and
serlrey lespedeza have taproots which may extend 3
m oo more into deep s0ds Grasses opdcally bave
grearer ghdliny tn grow at low B levels, but usually
display less total uptake Own clovers aod frchs at
high soil-F Jevels,

In the Southem Region, managernsml 5P shes cangs
fromn undendlized tathve pascares to lnkensive sysams
for production of imigated bybod Bbecmudagrass o
alfglfa hay, ‘1he momn: Inoenslve the productien sys-
term, the preaster the potential kor rapid changes in
nutrienl stars, especlally In the top 2t 4 in (51w 10
cm), The needs for lime, P and K dlso vary geeatly
within the Hegion,

The relative immability of suface-applied P and
Ume anrd to a ledser exteny K, hpve fansed ooncem
civer the effeccwensss of these trealments, espectally
for dewp-ronted crops, Urdform rixing of lime in the
sueface A 10 12 4§15 to 30 om priur Lo establshmednt
i impocwnt for senative crops. The reaction rate of
lime 15 greutly roduced when applied w an untilled
sonil, reducing s ahline v etfece andl pH changes. To
acourately assess the lime reguicesmenr of estathsbod
plantings, Adarns {1984} recommended sampling of
profile layeea, wirh the upper 5 ¢m samplad sepi-
ratedy. It is critical 0 prevent extremes af pH in this
upper 2onie it oontalns lacge oumbers of fewder roots,
Feasan and Hoveland (1974} reviewed ihe offectlve-
tiess of surface-opplicd ime on forages and [ownd
thar deep placement of lime seldom proved mooe
effective than surface applications, probably doe
the poor mbxing inherent in ot metheds, Thom and
Rice {1VHE) state rhat sudace applied time wilk pro-
vide adequate neotralization of sod] acidiny for both
rerovanion and nn-tll seedlngs of forge leganes i
applled at least six months Delocs seechng, and that
surfare-appled Yme o offective for mainwining pH
for establimhed legumes. 1Tilemun ot al, {1961] found
that Lime applied to the sudace of a seoogly acidified
profile was effectlve in the upper 2 in {5 cm), and
Iess s0oin the oext 4 1o (10 c). Coroebarating evi-
detice For the effcotiveness of sucfuce-appled lme
can he taken from experience with on-till research
(Tacricty €t al., 19R2; Blevens et gl 19770 These stadd-
ies recnmmend sgimpling the 9 10 5 In (0 to 7.3 cm}
depth for lime and P requireroeny - the zone which
van ke alfecred b management practicss.

dlohility of sudface-applied lime may be greater
than frequendy ceedited based oo shor-term: studles.
Frllett snd Wilkinsen (1985) cited evideoce suggest-
g that lime applied concurrendy with N fertillzadon
can form residually busic nitrate salts of Co and Mg
which aee moble and can help comect subsoll acud-
lty. Peercival £t al. (1935) presented evidence that sur-
[ace-applisd Ume mayv Increase pH a3 deep as 20 om
Inte the &oll prafile after 4 to 5 years.

The reviews of Mays et al, (19300 and Follett and
Wilklnsnn (19A5) concluded that farupes may effec-
tively use suface-appled P O'Donpell and Towve
(197 tound than over 30 percent of the ront syEtem
of Kentucky Bluegrass ocoutred in the upper 5 cor of
the moll, and was capable of removing significant
amuunts of P [eom 5] ac this depth, Masscy aod
Sheard (19700 reparted that many actively absodsing
roots of alfalfa are In che vop 1.5 In (3 cmd of the keil,
Wikinson (1984) compared P placed io rows 20 om
gpart and 5 of 19 ¢ deep with sudzce-apphied P
and found no signiticant difference in P uptske, P
content, or vield of Codscal becnudagrass in the Pled-
moat of Goasgia. Apparent P recovery in the furge
was much preater for surfce-applied P

tdglnoere {1967 cancluded that the sampling depth
required w0 accutarely agsess the needs for lune and P
[5 tory shallowr to assess needs of K and K, especially
in pemmeable solls wheee rooting and leaching pat-
terns may difter. Similarly, Iilemman a4l (1961 found
that shallow sucface samples wers lnadequate to pre-
dict the sosponse of Cosstal bermudagross © B io-
puts where lagge amounes were availahle lower in
thie soll, even though shallorw sumples wemns adegquare
try Teflect needs of Pand K., vaught et al. (1977 founed
that & ang wear old stand of alfalts onoa Bembroke silt
foam in the Western Peooyroral area of Kenmcky did
not ceapond significantly m P and K additions over
the follorwing six wesar period ‘They amibured this lack
of response n part to the supply of these nulbents
from soil below the § inc €15 o) depth. Applica-
doos of PO, at 135 and 180 [bs per acee and K at
200 |bs per sore increased aml veat levels slgnificantly
in the uppor & inches (15 cm), with much smaller
changes at the A @ 12 wnch {15 t0 3 cm) depth. Inoa
five-vear study on sandy soils (lakeland-Norfolk as-
anclatlion) of Alabama, Tordan ec al. (1966} found that
0-1 it (-5 o) aamples were oot only adequate m
prodles P and K responses, but weee bettor camrelated
with 1elagve ¥lelds of Coastal bermuodupmass, They
Founil 0o response o lime additiong even though pH
deopped to 4.2 dunng the sudy.

In summary, 4 ahallow sampling depth cun fail o
derect nuaients such a5 N and K deeper In the sail
prufile wlich aze avallable to rome forage species,



