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THE PAST

AN _IMPROVED UNDERSTRNDING OF SOME PHYSICRL AS WELL

THE PRESENT-

AS CHEMICAL AMD BIOLOGICRL PROCESSES M SouS.

- SELECTED SOILS ¢ CLmrTES (LEVEL TDPOGRAPAY)
- SELECTED CROPS § CROP SEQUENKES (CEREALS)
-SELECTED RamFed § 1ReIGATED Soks (smawe PLo7s)

- SHORT DURATION EXPERIMENTS (WORE (AB THAN FrEd)

- EXPENSIVE. EQUIPMENT
— LARGE (RBoR § RESOURCE. REQUIRE MENITS

TOPICS STUDIED

= 01 WORPHLLCEY § AP Tyrn)
- Sot. STRUCTUEE F (on=r tbary
- EVRPCTRAN P IR ATION,

- AeLrTron

— THERMNL. KECIMES

- DRAMIAEE.

~TRRIGATICN § fECtamarin
-ERCS e

—PLANT . SOl [RTEL L i jon i

A

FIED TECHNOLOGY REMAINS [MMATURE AWdD MRE ok LESS
UNDEVELOPED

— DETERM/INISTIC. COMNCEPTS DOMMNATE oVER.
STOCKRASTIC CONSIDERATIONS

- POOCEDULES ARE (MAVRURBLE TO ASCERTR/N
LONG TERM CONSEQUENCES 0f ARESEANT- DAY
WRNVASEMENT SCHEMES

— PRESENT - DAY PROBLEMS ALE Mo7~ SUFFICIENTLY
LINKED WITH SOl MRPPING LN/ITS

~ CRITERIA FOR SUCCESSFUL WANAGENEINT ©F Soll
KESOURCES SHold MoT BE BASED SYLELY oA/
THIS YEAR'S CRIP YIELD



THE FUTURE

WHAT™ SoiL PHYSICS HAS ACCOMPLISHED (S NoOT
THE |[SSUE

WHAT <SHeul) Sei. PIYEICE pe f

= CONTINUVE FUNDRMENTRL RE SEARCH THAT IWDERPINS
PRAGMATIC. DECISIONS [N RERICLLTURE.

- BE AN INTEGRRTOR 0OF OTHER DISCIALUNES (CHEMISTRY,
PHKSICS, RIOLOGY, MATHEMATICS ASLWEL #S REANWOHY)

~ DRoUIDE LERDERSHIP N THE DEVELOPMENT OF A FIELD
TECHNOLOGY TO Mook , MERJULE § WANVAGE
OUR  Selt. RESoUHCES,

— COMVERT OUR THNWKING- oM DETERMWISTIC TD
MRE RERLISTIC STOCHASTIC ANRLYSES

INUYZING  FIELD -MEASURED Soi. PEOPERT/IES

WITH GEOSTRTIISTICHL #ND  RECIONRL 1 ZED

MRIRUE ~ RVFLYSES

- HOW MANY SAMALES ¢

- WHEY TO TRKE SAMALES ¢
- WHECE To TRKE SBMPLES T

- SAMPLE  REPRESENTS WART S/RE Domdm)

- UTILITY ©OF OBSERURTIONS N KELATION
T A CONCEPTURL ModEC 7

- UTILITY of CONCEPTURL MODEC N #ERTION
TO O3SERVATIONS 7

b



TAKING AURNTREE OF

SPATIAL VARIABIL 1 TY
RATHELR
THAN 1GNORING (T whEn

RNRLY 21N 6  FrEL)D
SOLS

)

LINE

- FREQUENCY DISTRIBUTIONS OF SoliL PRARAMETERS
- FISHER VERSUS GEOSTATISTICAL METHODS

- AYTO- CORRELOGRAMS

= SEM/~ VARIOGRAMS

- KRIG/NG

- CO-VARIOGRAMS

- CO-KRIGING

— SPECTRAL ANALYSIS

w SPATIAL OR TEMAIRAL  CROSS- CORRELOGEAMS
— CO-SPECTRAL ANALYS/S

— USE OF PRRAMETERS N EQUATIONS

- REY M) SCHLE oF ORSERVATIIN

— SOl MRING UNITS

— MEASURE WHOLE FIECDS, NoT SmALL “rvrce” Ao7s
w QUESTIONS T> BE ANSWERED RY RESEARCH
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FiSHER STATISTICAL METHODS (/SED BY
R6LICULTURRL SCIENTISTS USUALLY ASSESS
TRERTMENTS R EXPERIMENTRL ALTERVRTIVES &

CONTIRLS
FEST {CIDES

PLANT BREEDER =+
ENTOMOBLO GIST —»
SolL SCIENTIST —» FELT |11 2ERS
HYDROLOGIST —» (RRIGAT IONS
AGRONOMIST —> CROP YIELDS

FISHER STRTISTICS OFTENTIMES LEAD To THE
FoLLoWiNG ¢

— SEteeT A 'TYPICRL oR "REPRESENTATIVE  SITE.

— THKE A "RAMDOM" SAMPALE TD AUOID _BIAS

— AVOID SPATIALLY UVARIRBLE (DCAT/ONS

- VARIABILITY (3 "BAD

- VRRIABILITY 3 "ERROR”

— COMDUCT EXPERIMENT oN ‘TYPICAL" SITE
REPRESENTING R _FPRRTICULAL SO/

.

BASIC ASSUMPTIONS UPON WHICH MOST
FISHER STATISTICAL METHNODS AE

BAsSkD :

— ASSUmE A FREQUEweY DISTRIBUTION
1S APPROAOIATE Rl R GI/EN POPULATION

— ERRORS oF ORSERVATION NAVE MEAN = ZERO
— ERRORS ARE INDEPENDENT ©F ENCH OTHER

Faew EXPERMENTALISTS TEST THE VALIDITY oF
+HESE ASsumPrions |

OBJECTIVES {

— REMIND EACH oF US THAT SOILS Do woT
ALWAYS SATISEY ABOVE ASSUMPTIONS

- [DENTIEY ADDITIONAL STATISTICAL TOOLS
Mor NeRmmaLLy USED A THE
PRERICILTURNL SCIEA/ceS

- PROUIDE EXAMPLES WWHCH WKL LEAD TO THE
DEUELOANEN Y~ O B TECHANLOSY

8- TO SAMPLE AND AWNLYZE FIELD XS
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SCALES OF _ OBSERVATION °F
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SEM!-VRRIO6RAM _FoR.
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WHERE TO SAMPLE — /N THE Row, BETWEEN RoWS,
How DEEP, How ocTEN TR
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Lo - VAR GGRAMS SrecTRAL ANALYSIS
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SPECTRAL ANALYSIS OF Son. Sowu7vom
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SPATIAL OR TEMPORAL CROSS- CORRELOGRAMS

PLANT

T Wﬁ»-Np»M«\_,‘ /A»,_./\/" N Asea TEMPERATURE
DISTANCE
SAND
S PERCENTRGE
DISTANCE.

SAND

y wwf\..'m\ i

VLTANCE §

DISTAN A

ROSS- COPRELDGRAN — Soil. FERTILITY

¢
CRoP
YIELD MNM/‘J\A/\MM' N r
Y ek T
DISTANLE 9 i
h (m)
AVALABLE |4
ProsPuotus r
P el o
DISTANCE ° 10
I (m)
Cposs - coReELot.MM
"lO L) -10 -4 0 4 10
AVRILABLE PHOSPHORU S AVAILARLE PHoS PHORYS

FIEAD cRoPS, Row cRoPS, TREE CRoPS
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WATER

0

DISTANCE (wm) O

g

DISTANCE (m) '©
31

CROP
TEMP.

. SOIL WATER ©

LowER WATER CONTENT 6
— LESS CROP AVRILABLE WATER.
— REDUCED TRANSPIRATION
— GREATER ¢ROP TEMPERATURE T
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COSPECTRAL ANALYSIS
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IF IN TRACTOR WHEEL FURROW :

/

SO|L WATER 6

CROP
TEMP.

SoiL IS COMPACTED
— GREATER SOIL WATER CONTENT ©
— FUNGAL Roor Ror DISEASE.
— POOR WATER EXTRACTION
— REDUCED TRANSPIRATION
— GREATER CROP TEMPERATURE T
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CO.

OSFPECTRAL ANALYS!S

DISTANCE.
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6

T’}_ TK COSPECTRAL PHASE ANGLE ¢
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PHASE angle &

CROSS - CORRELOGRAM (CROP TEMF. § SOl SARUNITY)
r

h —»
/
r(h>0)l+ r(h<0) r(h>0) ér(h< 0)
4 N
C &, A
° d
4 f__, | 4 f-—-»
| ~| Q(J‘)
¢ =-1T7m [Com]
QL)+ Co[f)

Coh(f) = —5 HE.H
0<Coh(fi< | ~322—

WHY SPECTRAL ANALYSES T

w LiINk OBSERVATIONS WiTH YFFERENT PHYSICAL
¢ CHEMICAL PHENOMENA

- FI12d5 ARE TRAVERSEY) W ¢reL/C FATTERNS

— IMPACT AND PERSISTENMCE oF (CYELIC
PAYTERNS SHoUulb BE KNowN

— SIRE oF SENSOR SHoULd DEPEND UPoN
PERIOD oF oOScreaTron

— OVER. WNAT DISTRNCES SHNouvld 08SERVATIONS
BE MAVE > "MEANINEFUL AVERASGE "

- CYCLIC BENAVIOR mAY RE MORE IMPORATANT
THNAN AVERAGE RENAV/IOR

~ FRTER -0UT TREANDS ACROSS A FIELD To
ook AT locAc Vﬂzunmds, orR
VICE VERSA

— ANRLYLE ENTIRE FIELD RATVER THAN
PLeTS g



USE OF PARAMETERS IN EQUATIONS

|, SSTIMATE OF AVERN £ VALDE PLUS (TS KArDest FUNCTION

J, = K iz

Ju ¥ Ju ='(K+K)d_(HC%H_)

dH _ o odH _ o dH
= -K§ -KGE-KE-K
0
Smirty, [NG] = f (RawrALL, TEMPERATURE)

d&

[NG + NG T = fFL(R+R)(T+T)
2. PARAMETERS oF ERQUAL 'QUALITY ok ACLAACY { FRECISIonS
l;°f|o¢: o (‘.400)
a(6c 2pS) - _ 2(Jdsc
L« I RCE

3, ComPATIBILITY ©OF CoMcEPTVAL. REPRESENTATIVE.
ELEMENTRRY VOLUKME (REV) ANp SCALE oF
OESCRVATION O AUTDCORRELATION LENCTH (j )
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SOIL_MAPPING UNITS

EXAMINE. SPATIAL AND TEMPORAL.
VARIAMCE. STRUCT URES

EXAMINE. RELATIVE TD HORIZOMS

EXAMINE. RELATIVE. TD so/.. DEPTH

CATALOG SOIt. PROPERTIES i TERMS OF
VARIANCE STRUCTUKES ) NOT" VARIRACES
AT~ MODAL SITES

&

“TREAT R TEST WHOLE FIELDS — NoT  Ro7S

20 o cree RN
' 0

TERETEOf

VL e < H
ELELD ' / i/‘oo kj/lm

L . Treareed N (&/h)

- RNALYRE  SEN i~ URRIOERAMS oF Yised, Sirc Mossrwes

Nureienr Levees, Iisccr PoPULATIONS,

SEVERITY of DisknskS , PESTIC/0N fes/Niks,
£Te.

SPRTIAL (R8s - (oRRECRTIONS
a. YIEW Vercus & AT TASSEGNG~

— DIVIDE_ o8 TNTEELMATE AREAS of EQUAL
/M#Méz/)fﬂ/?’, ETC.

L2



QUESTIONS ?

= ARE PRESENT-DAY MWAING UNITS
COMMENSURRTE WITH THEIR SPRTIAL

VRRIRNCE STRUCTURES ¢
-WHM‘ S THE FEASIBILITY oF ASCERTA M/ ws-

= SHOULD SAMM NG SCHEMES BE |- 2- M oR MBS AN STRMIARD dEVIAYION) LOCATIOMIS
3= DIMENSIoN 2L T FOR  MON! TOR/NG THE BEHARUI0R oF
— EQUALLY SRAceD T . A FlEWD ?
—FENCE PosTs 7
~ TRIANGULAR, //Emsw,oa Ere, ? LT ,rf." - Wit are e criTERIA ForR CHOS/NG A
— TURNING BANDS 7 ,7 b DETERMINISTIC RATHER THAN A M/XED

DETERMNISTIC - STOCHASTIC EQUATION T
— WHAT 5 THE FUTURE oF KRrgmc.-fCo-kfzewa?
— UNDER- SAMPLED  OBSER UATIONS 7 - FoR 4 GIVEN PROCESS oR OBJECTIVE, WHAT
—~ DECINERTE. BOUNDREIES BETWEEN MRAPNG UNITS ° ARE THE CRITERIA FoR CHOSING A
PRRTICULAR REV AND SANALING SCHEYE T
= How USEFUL IS SCALING?
— GEOMETRIC, DYNAM/C , KINETIC 7
~ DETEAMINISTIC. o8 STOCKASTIC ©
~ CORRELATIONS WiTH OTHER S0/t PROPERTIES T
— LINKAGES WiTH MAPIING UNITS 7
— SIMULRTIONS wit#i A Doman 7 Gl
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DETERMIN(STIC _VERSUS STOCHASTIC EQUATIONS

ol WATER
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