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Land units based on landscape features and g-eomorpholog¡¡ were

def ined ln two areas , lalharrninda and Stokes, totalllng 4 600 ha on

Eþe Peninsula, South Australia. T'he soils were mapped and were

rel¿ted to their position btithin the land units. The soil mapping units

were based on principal profile fo¡ms, great soil 6roups and soil pro-

perties lmown to affecü mlcronutrient avaiJability" The topogaphic

relationships of the soils wiühin the land r:nits enabled.the soll

Dapping units to be delineated readily.

Soils deficient in nicronutrients ürere identified by measurJ.ng

yield responses of r¿treat to foliar application of Cu, Zn, U!n, Fe, B and

Mo in 24 factorlal f ield ex¡reriments " The fertillzer applicatlons r^rere

made at the 1 -2 leaf stage, at tillering and at the boot stage. The

plants r*ere ha¡:rrested at tlllering, late stem elongation and maturity

for deterrnl¡atlon of dry maüter and gain ylelds. Pla¡rt samples from

the control plot,s were anal¡ned for total- úJr 7f,1, l4e, Fe, B and Mo.

The amounts of c:., Zn, ltFr and Fe extractable frorn the soils v¡lth solu-

tions of EDTA, DIPA and ga(NOr)2 were determined,

In addltion to the fact,orial experlments, 1 I simple ancillary

fleld e>cperinænts were conducted to help relate yield responses to ùhe

nature of the soll. the ancillar¡r experlmenùs usually i¡rvolved

appllcatlon of three micronuùrient treatmentso

In the factorlal e.:çeriments, grain yields were increesed due to

Clr applicatlon at 11 of the sltes. The j¡creases in yield ranged fron

110 to 2 OOO kg ha-l, the J.argest increases usually occurring on those

solls r¡l¡lch had the larçst graln yields without application of Cu"

Few inereases in grain yleld resulted from application of the other
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mieronutrients. Zn appllcation inereased graÍn yield at one siùeo

l,tr at one siùe, Fe at two sit,es anci Mo at two s;iües, while no increases

due to B oecurred. oecasionally ferùirizer applieation deereased

grain yield. rnteractions between Cu x'ht Cu x lrh, 'zn x Fe arrd IvF¡ x ì4o

occured frequently and sometimes sugg-ested rurginal deficiency of

particular micronutrients.

the soll- survey and fleld ocperiments made it possible to

ident,ify solls deficient or poùentially deficient in micronutrientso

cu cieficiency occurred on a wide range of soils, :ujrzo deep siliceous

and carcareous sands, solodized solonetz and solodlc soils with

light, bror¡n sand A., horj-zons at wharrni¡rda, Jateritic podzoric soils

and solodic soils at Stokes. Cu deficiency vras not observed on

shallow solodized solonetz and solodic soils urith brornn loam¡r sand

Àl horlzons or on solonlzed bro'¡n soils. Zn end lt[n deficiencles were

large\y conflned to soils hrtth hido carbonate content jn or near the

surf'ace horizon. Zn deficlency occurred mainly on solonized brown

soiLs uÈril-e ltrr deficiensy occurred rnainly on ca-lcareous sands. No

rel¿tionship between the nature of the soil and the occurrence of

Fe, B or l¡lo deficiene¡r was obseryed.

llne concentrations of EDTA-, DTPA-, and ca(Noj)2- exbractabre

Cu in the surface soils of the experiment sltes rdere poorly correlated

with grain yiel-d response wt¡en all- soils vrere coneidered. Horræver,

grouping of soils with similar properties improvcd the rel¿tionships"

Critical r¡alues in soils, thaü indicate a coneentration of Cr¡ below

whlch O¡ defictency is ltkcly üo occur in wtreat, are suggesùed for
these extractants for groups of soils.

Cu concentration in the grain was a betüer index of Cu

deficiency than wes G¡ extracted from the soil, and ùhe rel¿tion

between yieJ-d and c\¡ concenüration appeared to be independent of the
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nature of the soll. Þeln yleld response to Cr¡ uras usually assoclated

wlth <2"5 pprr û¡ in the grain. Anal¡rsis of the grain or Ca(N03)2-

extract,s of soil may be r¡seful for identifying solls deficient in ¡û1

and Zn. H*¡ever, iù was not possible to obtaln crltlcal values for

r¡lcronutrlents Other than Crr sLnæ there r¡ere few yÍe)-d responses

to their appllcation.
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II INTAODUCTIO.¡

Ttrc Eþe Peninsul¿, Souüh Ausüralia, is an old ]^and surface

of archean metêsedimenüs largply or¡erlald to variable depths by a

sedi-rnentar¡r mantle of alluvial and aeolian material (Jof¡ns 1961)"

Solodizcd soldtetz and solodlc soils, soLcrf.zed brown soils, red-brovar
tc

carths, laterJ,tr podzollc solls, terra rossas and caLcareous sands are

dørinar¡t solls (French 1958, Stace et aI 1968). The arca (li 500 OOO he)

of Elre Peninsul¿ devclopcd for agiculture has a t¡rpical nrediterrenear¡

climate rvith hot dry sunurers and cool moisù rvinters. The ¡¡ear¡ annual

rainfall varies from 300 rn¡ i¡ the north to 5oo mn in the south. E)ne

Peni¡sul¿ ls an imporüant ccreal and shccp prducing district,, This is

lllustrated for 1969, a year of average productÍon ührougþout the state.

E)¡re Peninsul¡ in this lFer cerried 13 per cent of South Australiars

sheep and poduced 32 per cent of the Statcrs wheat and 20 per cent of

its barley.

Çrt, Zn, lrtri and Mo defÍciencies Ín crops and pasüures hane been

reported frequently on thc solodized sol,onctz a¡rd solodic sollsr lateritÍc

podzollc solls, calcareous sands and terra rossas oi E¡re Peni¡sula

(¡æe t951 , Tiver 1956, French 1958 and Bickncll 196Ðo Ho.rever, the

exùent of deflciencies, êtrd thc spatial, rel¿tfonships betweer¡ the soils

involved, are not lstorn.

T?ris the*is descrlbcs an investigatfon made to del.ineate soi1s

on which deficlencies of C.I¡ b, l!h, Fe, B and llb occur in r^ireat" The

soils of t¡p ereas wcre survc¡cd and fi.eld cxperf-nents were conducted to

measure the response of r¡hcaù to follar appllcation of nicronutrientso

So11 and plant anal¡rses were used to aid identifleation of the deficient

a.reas "
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III LIIERATT]RE NEVIEüI

PART 1 SOII CLASSIFICATIO\¡

A Introduction

hior to Doùuchaeyrs work Ln Russia i¡ thc 1ate ltth century

only nrd5mentary forrs of solI cl¿ssificatlon ercisùed. These were

based on single properüies of l¡e soil. Dokr¡chaev recogrized t'hat

the env!¡onnent was involved l¡ soil fo¡:natLon and classified solls

using çnetlc criteria" Solls wlth similariüies in process of

fo¡uratlon uËre grouped together. SimiLar ap¡roaches were used in

other Europcan countrles, in U.S.A. a¡rd Ar¡stra1ia.

Soil cl¿ssificatlon has gradualty become based on propertles

of the soLÌ rather than processes of soil formation. This change has

resulted in many more cl¿sses of soils belng forrned and hierarchical

ke¡n trave becn cnployed to arrange soil-s in an orderly fashion for easy

tdentificationo Problcms and useful¡ress of þneti-c and morphological

cla.sslflcatlon a¡rd the advantages of the use of numerical methods are

glveno

B Develorrnent of soil classification

Tt¡e development of soil cl¿ssification can be traced back

to Anclent Chi¡a vlhere solls were classified r.rsing colour and struc-

ture propertteE. Llnne (17?0) j¡ his book ltS¡rstema Naturaerr gave

blnoninal nemes to soilsr ê,8. Arena (sand), ferrea (iron) or A. silica

(sillccous sand). Other r'vrlters simply named the soil constituents,
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o.B. calcareous sand, md peat" Later, quantitative expressions were

used such as sand, J-oam arrd cJay and percentage of each, and then

specific narnes based on locality of solls appeared. Geological crl-

teria, physiography and agricultural quality of soils were used to

give a qualitative assessment.

Dokr¡chaev (1883) revolutionized soil classiflcat,ion by recog

nizing that soils were produced by the interactio¡i of the environmental

factors: cl-imate, parent material, vegetation, topogaphy and time"

He emphasized the uniqueness of soil- bodies developed by ùhe conbined

action of these widely varyirg appnts, and classified all soils into

three divisions -

Non¡a1 a=+---,ra soils : these are characterized by well developed

morphologles reflecting the influence of climate and vegetation on

their developnent.

Transitional soils: These have wel-l developed morphologles but

refLect parent material and relief rather than c1lmate"

Abnorrnal soils: This grouping contains soils with poorly developed

profiles due to youth or the action of relief or parenù material.

The three divisions were then subdivided into 11 soiJ. t¡res,

the secondary division being made on the area of occurrence and

easily measured or observed properties. Sibirtzev (tgtl+) built on

Dolo¡chaevrs work and renamed the divlsions nor:maI, transition arrd

abnormal as zonal, j¡rtrazonal a¡d azonal respectively. These nalnes

were adopted by American pedologists.

The ùe¡m"great soil group"appears to have been introduced in

U.S.A. and is rougþl-y equivalent to Dokuchaevts"soj.I typeji. Greaü

soi), groups are based on all the properties of the soil profile and

derive their names from localities or from one or several properties
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of the profile. Each great soil group is extremrely variable and they

merge v¡lth one enother"

The use of genetlc crlteria for classlfy:Lng soils was linlted

by loosely defined categories snd lack of tmowlcdge regarding solI

genesis end the use of propertf.es other than those of the soiÌ lùself

such as cllneùe and parent materlal (Tavernler 1963, Stephens 1963).

Appllca tion of Rr¡ss ian methods in U.S.A.

Coffey (tgtZ) and tlarbut (1913) used the genetlc approach

of Doln¡chaev ar¡d sibirtzev to relate soils to parent materials and

climate. It 1922 Marbuù st¿ted that the obJect of classlficatlon

ougþt to be the natural soil bocly" In his work published tn 192? he

introduced nany norphological characterlstlca but retained some

genetlc concepüs of soils. t'or exanple he cl¿ssLfled llme free

a]-luvial solls ln deserts as Pedocals because he coneldered 1func

horizonc would cventually forrn ln thcm.

Baldhfi¡¡ Kelloggand T¡orpe (t938, 19/r+9) trled to avold the

use of genetlc criterfe a¡rd to base cl¿sslficatton on measr¡¡able

properties of the soll. Hovvevcr, they retained as orders in thelr

s¡ntecr Slbirtzevrs zonal, intrazonal and azonal dlvislons defj¡ed

partly in genetlc ter:ns, They divlded the orders into nlne sub-

orders ar¡d 39 greaL solL grouPs.

Application of h¡ssia¡l nethods in Australla

hescott (1931 , 19bt+) publlshed soil maps lntroducing the r^rork

of Dota¡chaev and his assoclates to Awtralia. Elgþteen sotl- Toneþ;

based partly on topographic regj-ons, climatic and vegetation zones

were described (fabte 1 ) and dellneated.
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TABI,E 1

-__J"-^fL-.$qil.zoret of Aurtra )

9" l4a11ee sand-hills

10. Solonetz soils
11 . Red loa¡ns

12. Rod-brou¡n earth¡a¡rd tena-
ros9a5

13. Rendzinas and blackearths

1l+. Podzols

15. Residual podzols and later-
itic sand.plaint

16. Lot^r country subject to
periodiËl flooding

1 7. Tidal marghes and deltaic
forurations

18" High moor

Sùephens (1953) added to the work of hescott and described

)2 great soil groups, and then in the 3rd edition of rrfi Manual of

Austratian Soils" (1962) increased the number to 48.

Stephens (1962) recognized tr¡ro solum classesr Undifferentiated

(alfuvial, skeletal soil and calcareous sand) and Differentiated.

Ibc latter solrn class r*as divlded lnto Pedalfers and Pedocals uslng

the definitions of t4arbut (tglt ):

a) Pedalfers: Soils vslth no llne carbonate, and such lime carbon-

ate as nalr be present in the parent material is lost continualþ fron

the soil profile.

ÎÌ¡ese soils rnære firrther divided according to pHr peat donlnance,

sesquioxide and clay illuvial horizons.

b) Pedocals: Lime carbonate has accr¡nu-l¿ùed in the profile as a

result of soil forming processo 
,

These are divLded further þr Sùephens using colour, ÞHreluvial

and llfuvial horizons, salt and gpsum presence in the profile"

1 " Table.rlands and rangeg

2. Iþsert sandþ la tns

3. Stony deserts

4. Iþsert loams

5. Desert sandPlain

6. Bnorl¡n soilsof light texture

qnd
7. Èey brown soils of heavY

texbu¡e

8. Solonized bror¡n soilç
(''.cllec soi ls)

I
Ì
I

i



9

TABI,E 2

Èeat soil øoups in order of degee of profile

developrnent and leachi¡e from Stace et aI (tç09 )

1. No profile differentiatlon. 1. Solonchaks
2. ALfuvlal soils
3. Lithosols
l+" Calcareous sands
5. Siliceous sands
6. Earthy sands

2. Minimal profile deve].opnento ?" Èey, brol¡n a¡rcl red calcareous soils
8. Desert loam
9, Red and bror¡¡n hardPan soils

10" GTeIr browr a¡rd red cl.aYs

3" Dark soils 11 " Bl-ack earths
12" Rendzinas
1 3. ChernozenÉt
14. hairie soils
15" Wiesenboclen

4. Mildly l-eached soils 16" Solonetz
1 ?. Solodized soloneüz and solodlc solls
18" Soloths
19. Solonized bror¡¡n solls
20" Red-brown earths
21 . Non-calcic bror¡m solls
22" ttocol¿te soiLe
23" Brown earths

5. Soils with predominant\r
sesquiæf.de cJ-ay minerals

6" Mlfd1y to strong\r acid
and hÍghly differentiated

2lr. Calcareous red earths
25. Red earths
2ó. YeILow earths
2'1. Terra rossa soils
28. Er¡chrozems
29" Lenthozenr¡
30" Krasnozems

31 . Þey-bro,rn Podzolic soils
32. Red podzolic soils
33. fellow podzolic soils
34. Bro¡¡n podzolic soils
35. IaI'eritic podzol-ic soils
36. Gleyed podzolic soils
37" Podzols
38. Hr¡mus podzols
39. Peaty podzols

40. Alpine hrnnrs soils
41. Neutral to alkaline Peaüs
43. Acid Peats

i

!
I

?. Doninated by organic matter
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Stace et al (19ó8) reduced the number of" çreat soil groups to

b3 W combining and deletlng soll groupe, then added others and

dlvided al.1' soiLs lnüo seven profl-le cl-asses e:ùlbltt¡tg progresslve

i¡crease in degree of profile differentiation (ta¡Ie e). IÏrese pro-

file cLesscs are not cmplctely satlsfactory because some soils in

them dontt flt the descrlptlon. For exanple, ühcre are soils wlth

profi.le development included 1n the class described as havlng tNo

profile dlfferentiationn. In the profile class rrMinimal proffle

developrrentrr there are exa¡np1es of sojls l,hat are r¡nlform in texLuret

olclcrs with gradational íncrease j¡ texbure dou¡n the profile¡ and aJso

solLe w'ith sha¡p tertrrral boundaries between A and B horizons.

Eaeh great soil group is deflned nore carefully by Stace et aI

(tgóg) than i¡ the previous s¡rstems, and morphologLcal descriptions

of great soil groups and representetive profiles ere giveno

C¿netlc cl¿sslflcation has little appllcation i¡ Australia

because it requires identification of the so1l forrning processes and

essì:mes that the soil- found is the product of current so1l forning

procesees. Australia cmsists mainly of old soil surfaces that have

been subject to previous climates and are often forrned fron varied

parent materials- (Steptrens 1962). Australie sherply contrasts with

E\rope a¡rd North America v¡Ì¡ere recent lce ages rqroved solls, md v¡trere

the present solls are the products of the interaction of cu¡rent cli-

mate, vegetation and parent materials.

C llrree modern s¡rstens of soil classifícation

(1 ) The Soils of Europe

rrlhe soils of Er:ropet' (Kubiena 1953) brought together many of

the s;ymonomoug soil na¡nes used in E\rope, preservlng the most cølnonly

used ones a¡rd listing others es s¡¡nonytrr. Kubiena established rules

ï
I

{;
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for further nanfng of so11s. Kubiena claims that hls is arrnatttralrf

s¡rstem of cLasslfication, making use of aIL the properties of a soil

that give it itsrressentialtcharacter. He art"angps the soils in a

key using a bifurcattng s¡ætem that operates on the presence or ab-

sence of certain defined properties.

TLre zonal, intrazonal and azonal divislons are not used by

Kubiena bn¡t are replaced by:

1 . Subaqueor¡s¡ or r¡nderwaüer soils.

2" Semi-terrestrlal or floodlng and ground water so1ls.

3" Terrestrial or l¿nd soils.

Ttrese divlsions are defi¡red on the h¿r,is of vltrat the solls are nour,

and so avoid problems that arise when proccsses of solI fm¡ation

are wed. KubÍena divldes the great soil groups l-nto ü¡rpes or sub-

t¡ryes using one or a few rí-irí:i't.,ies and then describcs these soil pro-

files giving r¡ariability of the soil and area of occurrence 1n E\:ro¡re.

l4lcrønorphologlcal details are girren of hunus forms ar¡d some speclfic

horizons.

Kublenars system appears to have its greatest value when cl¿ss-

ifying soils in large regions. It does not contain any infonration at
¡q{¿¡ocrcal l¿t¿l

tow cÈ*^thatwould allow description of varlants normaJ-ly found ln

)arç-scale mapping. Intergrading sol]s are not glven equal ranking

with the described modal solls, and the descriptlon appears to be of

vlrgin soils only.

(2) Seventh Approximaùion

the seventh approrcimatton is the most recent attempt to classify

the soils of U.3.4" and the authors intend tt to provide a perrnanent

c1¿ssification scheme (S¡rith 1960). The great soil group na¡nos of thc

previous s¡rsteurs were not wed because of thel¡ reference to genetlc
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procesees and loose definitlons, and lnstead uleIl-deftned caÙegorles

have been construct€d for easy incorporation of new inforrnation.

I?re authors clajm that the propertles used to form classes

i¡clude many characteristics of the soil, so making it arrnatur¡'lrl

s¡rstem. l.hey af.med to use at the higþest leve.L of categorlzatlon

those soll properties most closely related to a large number of other

properties.

Tavernlcr (1963) considers that the seventh approximation is

bette,r defined than existing E\ropean syj bems br¡t believes that it

will not be used widely there because of its ccnrfllct wlth traditlonal

genetic approaches.

The cateporles of Seventh Approxi:natlon

orders¡ Although the authors did not oçIlcltly use genctlc
asroøP4r<-as '4nce1ñtt'3 So¿ /

ldeas, pro¡rrties chosen for this category reflect +#Âgeneùlc

procesees. cll¡åtic grouping occurs as with Aridlsol and time is

expressed ln trtisol and Ul-tisol (taUte 3) "

The distinction between the 10 orders ls not clear as shoram

by ùhe fotlow'Ing quotation from the Seventh /pproxinatlon' rrDifferen-

tiae used among the orders were developed J-argely þr generalization of

corrrnon properùles of soils that seem to differ lltt}e ln the kinds

a¡¡d relatlve strengths of processes tending to develop horlzonsrr'

Tavernler (1963) consldered that two extra orders for h¡ndromorphlc

and sal_lne solls would harre to be included lf the seventh approxlmatlon

was used in E\:roPe.

Suborders: The propertj.es used to fo¡a. the suborder category

are numerous, but are chosen tO prOduce classes wlth greatest çnetic

homogeneity. Chemical and physical propertles assoclated with water-

Iogglng, cllmate and vegetation are coÍrrnonly used'
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Crreat Grouæ: SubOrders are dlvided lnto great groups uralnly

through presencc or absence of diagnostic horlzons" Horlzons selected

are those that show maJor dlfferences in degree of developrcnù and min-

or differencee in kind.

Subgroups: Are defined only wiùh refere:nce to the great group.

Subgroupo are a s¡rstem of defining graduatlon between groups. One sub-

goup represents the ¡rodal greaL groupo Obher subgroups Ìnve mainly

the properties of the great group br¡t s ome others of neigþbouring

greal, groups.

Fa¡rllles: Are dlfferentiated malnly on propertlcs furportant

to grorrth of pl-ants such as horizon depths, tcrbnre, reacù1on, pennea-

bllity and. consistence.

Series: the soil series is a colleetfon of soil indlvlduals

essentlally uniforn i¡ dlfferentiating characterlstlcs and 1¡ amange-

nent of horlzons.

.ba

,Sr¡cL. as ç,.rr(ac¿ Lc-x1r¿t¿ ,LroSton , tloTe e-lc .

Nmencl¿ture

Roots of r,uords of Latin or Èeek origin arc put together to

produce a s¡æteuratic way of naming the categorles. The nemes of the

orders (faUle 3) ere colned syllables given the sufflx sol (Iatln

99f!9, soil).

Ît¡e suborders are naned wlth tr¡p syllables. The first is a

formative element suggesting a property of ùhe class and the second

is the fonetive element fron the name of the ordero For exanple,

strongly gleyed solls are a suborder of each ord.er. The fornative

elenent aqu (tattn Sr water) is used to convey this meaning.

Thus a strongly gleyed Vcrtlsol ls naned Aqucrü. Èeat group and

subgroup nanes are devcloped W fr¡¡ther additlon of roots of r¡prds

and the r.¡ss of bi¡omlal nånos. Families, scrles and soil typcs
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are given descrlptive or place nalnee.

TABLE 3

Fornatlve
Element

Fomatlve ts in Names of So11 Orders

Na¡nes of
Onders

Èrtlsol
Vertisol
Inceptisol
Arldisol
l¡lollisol
Spodosol

AIffso1
tlltisol
OcisoI
Hlstosol

ent
ert
ept

id
oIL
od

alf
u]-t

ox

lst

Ì¡þar¡i-ng

nonsense syllab1e
turn
beginnlng

dry
soft
wood ash

nonsenss syJ-labl,e

Iast
oxide
tissue

Itrernonicon

recgnt
invert
inceptlon

arid
noJ-lify
odd

pedalfcr
ulti¡latc
oxide

histolory

(3) Factual Key

EVen wlth the refinements that have becn nade to great soil

groups by hescott, S¡sp¡"tts and Stace and hls associates, Northcotc

(tlOO¡ considered it neccssarJr to develop e s¡æteur of classiflcatlon

based solely on wall-dcflned so1I propertles. A Factual Kcy (North-

cote 19óO, t965,19?1) r¡as developcd after the cxantnatÍon of 5OO sotL

profiJ-es througþout Australia. Four primary dlvislons of soils are

nrade uslng changes Ln tercture in the soil proff.le. This charecterLstLc

was chosen because nany other properties of the soil are r"el¿ted to the

chanç.

TabÌe 4 sho¡s the four divisions and subdlvisi.ons of the factual

key. Ttre subdlvisions rrrcrc divided into sectlons, subsectlo¡s.r clesses,

subclasses and principar profile forus .r" råpîå3.åi#.r|;H;" txt

the key.
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TABIE 4

Divi-sions and Subdivlsions of the Frrctu¿I KeY

Divisions Subdivlsions

Organic -O

tlniform -U

AIL solls

Èadational -G

D¡ploc -D

no further categorles deflned

Coarse terctured -Uc

!¡fedfu:n textr¡red -üû

Fine texturcC, not cracklng -Uf
Flne te:ctr¡red, crecklng -Ug

I
\

a Calcareous throueþout

\*ot calcareous throughout

-Gc

-Gt

-Ilr
-Db

-Dy

-Dd

-Dg

Table 5 shor,æ the dlvisLon of Uc solls lnto princfpal profile

fo¡:rrs" the other subdi-vlslons of the key are dlvlded into princlpai

profile for:ms in a similår nannero Table ó prescnts the so1I pro-

pcrtfes used to dividc the subdivlslons into sections. Wtrere possible,

Northcote has used the sane propertLes to forur sections frour each sub-

dlvlsion but lt has not alrays bcen possible; for example r Uct r hl t

Uf I and Ugl vary only in texbure represented by c m f and g br"rt Uc6,

t¡16, Ufó and Ugó vary in nany r'rays, and ó re¡rresents dlfferent proper-

ties in each case. Wlthln DivLsion D ssctl-ons Drl , DbOr DJrl varXr only

in clay colour; the 1, O and 1 being the same property. Drzr Dbl , ù{2,

Ddl, Dgt varT only in cJ.ay colour, the 1 and 2 referrlng to ühe same pro-

perty" This anonaly developed as new categories were belng addcd to

the key.
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TABLE 5

hinclpal Profile Forms of ivisl,on Uc. Section Ucl

SuMivision Section Subeection Classes Sub

Ucl 
"1

Ucl"2

Ucl.3

Ucl "l+

hincipal
Profile

Ucl .1 I

Uc1.12

Ucl"13

Ucl .1lr

Uc1"21

Uc1"22

Uc1.23

UcÎ.31

Ucl.41

UcI.lQ
Ucl.43
Ucl .l+I+

Cl¿sses
Forzs

a

Uc

Ucl

UcZ

Uc3

Uc4

Uc5

Ucó

z
\

b

IABIE 6

Solt hooerties used to divlde Subdivlsions ínto Sections

q horizon hard settlng
or not
B horizon colour and

nottling

Dn, Db, D¡r: surfacc
cn¡st

D

Pedallty of B horizons Gn¡ Fabrlc of B horlzonLt

General pcdologl.c or-
ganÍzation, l, horizon
presence or absence and

colour

ttrn: peds, At hori.zon

colour;
Uf: pJestlclùy; Ug: peds

U

Propcrties used in al]- Additl-onal propcrtles

used to dlvideSubdlvisions
Subdlvislons

Dlvlsion
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D Specific purpose classificatlons

Whère land is being used for specific purposes such as buÍlding

sites, roadways, aerodromes and reservoirs, soil classification s¡rs-

tems have been devised that classify partlcuJar propertles of the soll

related to the use of the l¡r¡d"

Casagrande (191+7) classlfied solls uslng texture, horizon
4o elass i(5

depth and conpressj.on ùests in soil, as an ald to road constructionr ar¡d

of abillty to support runura¡æ of aerodromeso The Federal Houslng

Adnlnistration of U.S.A. (1961) pubtished the unlfied so1l cLasslfi-

cation systen placlng solls 1n 1 5 ùcxtural groups and created other

categories for va¡lous plasticlty of cla¡rs and behavlour of soil after

vuorking a¡¡d after long tern stresso In another schenc (1963) gcolog-

lcal', hydrological and topographlcal featurcs of the so1l, and soll

slte, were uscd to cl¿ssify the capacity of soils to absorb efflucnt

fran septic s¡ætems.

E Use of nunerlcal methods ln soil classificatlon

ltuJ.cahy and Humphrles (1967) emphasized the need for statLstlcal

lnvestigation of variatÍon in soil propertles. They pointed out that

appropriate breaks could be made in properù1es that varSr continuously

only when large nmbers of examples were studied,. The sane prlncipJ-e

applies to the cmcept of nodal profiles and these can be approxlmated

only afler descrlption and ana\rsls of a Jerge number of proff-les.

R4yner (19óó), Arkley (tfe8¡ and Cipra et ¡\(19ó9,) used numsr-

lcal methods to form a hlerardy of soil propertles b¡r choosing flrst
those properties most hfghry correlated hrtth other soil propertlcs"

Arkley (1968) found that soll pH had the greatest cffect on other solL

propertl.os and should be uscd first.
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Texture of the soil and then colour were nerrü i:r order of numbers of

associated variabl-es. When he examined the ord.ers of the 6eventh

ApproÉ-uation he found that the soÍl propcrtics used to separate

them r.¡ere distributed at r¡arious leve1s ln his hierarchy, sug¡rpsting

that greater homogeneity of orders could be obtained by using diffcr-

ent properüles to dcfine thcmo On the other hãr¡d, Rayner (lgOt) and Cipra

et aI(1969) for¡nd that the sequence of soil popertles, given b¡r choos-

lng the most higþly comelated ones first, ruas sjmllår to the sequence

of the properties used to dtfferentiate srnong ühe varlous orders of

the Seventh A.pproximation"

Nr¡nerical nethods heve been used. to choosc propertJ.es that

best describe the soil. Sakar et aI (1900) used co-varience ana\æis

to reduce the nr:¡nber of parameters requfrcd ùo adcquateþ descrlbo a

soil-. l?rey chose 26 solLs and measured 61 propertles and shov,¡ed that

the number of properties used to describe the soil coufd be reduced

tÃ ?2 w'ithout appreclably affecting the precislon of the description.

Àrkley (tç09) retained highly correlated varlebles during anal¡rsfs

b5r a technlque called cluster analysis r¡hich deùenrines the natural

p¡oupe of soils in the populaticn"

Tanernler and Marechal (1958) used co-ordinate nethods to

classlfy soils of Be1glm. They defíned soil series in terrns of soll

texburerd organLc matter, drainage and profile developnent arul the

lnformatlon'urast stored ln three d1¡rensional graphs for computær re-

trleval"

Nr:¡¡erlcal methods are useful tools for exanining and lmprovÍng

existing hlerarchlcaJ, kc¡n and for s¡rsteuratlc study of soll pro-

perties, Hovrerm these nethods do not overcoßre the problems of existrn3

cl¿sslflcatlon systems, er6 dlfficult to operatc and concepùo such as

un¡Ltl-dlmensLonal space are difflcult to visua-ll2e"
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Fho soil classification

unit of soil The object classified, the spati-a1 unit of soil, is

not well deflned and varÍes between soil classiflcation systens"

Norùhcote conceptualized ùhe solum which 1s that portion of the soll

profil-e lnfluenced by current soil processes and each profile examined

has to be rel¿ted to thls. .ân exarnpJ.e of the rllf f iculty that can occur

is ll}¡strated ln solodlzed solonetz soils. These can be W5 "l+3 if the

solum is the sand and clay horlzons, or the soil could & llc2"2 if the

solum is the sand horlzons, these being aeolian and of more recent

origir than the c1ay.

Tt¡e Seventh Approximation classifies pedons (an area of 1m2 to
o , srrff iaa far most soi ls - but th :h aslQm'). This nay sufficc for most soils, but there are some suc

gilgai. soils and those with disconti¡uous horizons that requlre larçr

pedons to incLude al-l the horizons'

Contlnur¡m Ctrenrical and ph¡rsical properties of the soil shovr al-

nost continuous varlation l-n the field and ühe sanpllng of thc soll

and measr:rement or anal¡rsis of it add fr:rther veriation" Soil horÍzons

vary vertically and horizontally, endlng abruptly or p5adua[y *.gìrrg

i¡to another on their uPPerr lov,¡er and l¿teral boundaries. Î:e use of

rlgid class boundaries to form categories from continuously varying

propertles is an arbitrary way of dealing wlth variation, and

may result in separation of soils r^rtrich are essentlal-ly simil¿rr be-

cause a property in the key heppens to be dtvided in such a way that

two slnilar soils are on either side of the division" It may result

in grouping of r:nJ-ike sotls wt¡lch .happens when important properties

are not, used in the key, or when soils are at opposite ends of a

category having a wide range of values (nttz¡atrlc 19?1 ). Often

soils that do not fit easl\r into preset categorles are regarded as
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intergadcs reüher than solls ln their ollrr rlgþt (Lecper 1952, 1951+).

hþbster (1968) suggests two wa¡æ of redulcing the problems cre-

ated by forrnlng categpries. Bor¡ndaries around solls or soll propEr-

ties could be defined in a partlcular reglonrand could be alloured to

var¡r frcm one region to another. He sugçsted that, flexible bor:nda¡-

tes with broadly deftned li¡rits of varj-atlon v'lould allow eurveyors

to fit sotls into homogenous groups more easlly.

Inportance of soil properties Selectlon of diagnostic propertles

is required for grouping soils lnto various classes for the purpose of

forming hlerarchical cl¿sslfication:. Hierarchles are neccssar¡r to

handle ùhe nasses of data. Hottsver, the propertles have to be ranked

l¡ order of importance, and those hrith hldhcsü covariance wlth other

properties used first Ín thc hierarchy" thl.s cholcc often cannot bc

made correcüþ due to fnsufflclent informatl,on about thc soil, proPcr-

tles, e¡rd the error has the same effect as erbitrarily dividlng con-

tinuousþ varylng propertles into catcgories, and agaln separates

slmilar soils and groups r:nlike solls (Stephens 1963¡ El.tzpatrlc 197)"

Co-ordínate representatLon of soits ln mr¡ltldimenslonal space

overccmes the need fof,,frterarchy based on an order of inportance of

propertles because all soil propertieE used have equal fmportancc.
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PART 2 SOIL SURITET AND MAPPING

The purpose and scale of operation of any survey largely

deterrni¡es the technlques employed and the amor¡nt of informati-on

conrreyed i¡ a¡¡y nap produced. llocedures involved in soil survey

and mapping are described and their cost and utility are discussed in

the foll-oaring pages. S<amp1.es of soiJ- survey and land napping at

small and Large scale are pregented.

A Dpes of napping

(1 ) Soil nappine

The U.S.D.A. Soil Sr¡rvey l4anual (1951) presents four types of

soll- maps based on the degree of' .fleld r¡prk j¡trclved and the scale of

operation. \

Dètailed soiJ. maps are of soÍI types and pha.ses, and are mapped

ln enough deüall and with enough accuracy to plan agrfcultural acùlvlty

in the fieLd,

Reconnaissance soil naps approach the eccuracy,of deùa1led

naps at large scales but are mainly of soil associatÍons. They are

usually intended for e:çloratory purposes and are less preclsely de-

fined, contain fewer units and have snaller mappi¡g scales than the

detail-ed maps.

Generallsed solI maps are produced þr orderly abstraction from
nor¿ dz*ciúed

*+=+* soil surve¡rs. Ttre larpp numbers of detalled soil naps pro-

duced has increased the need for general.ísed soil maps depicting soil

associations of broad regions.

Schematl.c soil n¡appilg rese¡nbles generalised soll mapplng bub

is at smal.ler nappjns scale such as I : I ooo 0oo and 0."" ,ffiiill11u"
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available infornation and topographic napo in particulår. This type

of mapping ls generally used in large sparsely developed regions, ad

is the flrst step tn plannlng more detailed study of prevlously undes-

cribed ereaso

(2) I¿nd mappine

Christlan and Stewarf (1953) argued that large relatively unused

regions of l¡nd for which no i¡ventory of resoì.¡rces is avail,able should

b¿ i¡itially napped to show the essential characteristidof the region,

placing equal emphasis on the_ various environrnental features relevant

to possibÌe land use. This would allow e:çression of one character

of the la¡rd in one part, and another in a different part of the region.

As an exanplc of this princlple Ctristian (tç¡S) considers ctlmatic

effects on Ìand use and draws atüention to rainfall which may limit

L¿nd use j¡ onc area, and frost which may be more 5mportant ln another

â.rêêe

In Australia the Dirrision of l¿nd Research, C.S.I.R.O., developed

a s¡'steur of lånd napping based on the recognition of land zones, s¡rstems,

units and compcrents (Ctrristl-an 1958t Taylor 1970)" The reglonal sur-

ve¡æ of Australia conducted by this divlsion describe land s¡ætems in

terns of geologr, vegetation, soils, topography and existing land use.

Corment is made on potential l¿nd use and technical problems of devel-

o¡rrent are outlined. This approach can be applied at any scale of

rnapping, and the mapping categories naintain their relative s¡rstematic

relationship. For exanple, Jand units ln larger sparsely used areas

become land s¡rsùems in moderately int,ensive arcas, sd conponents'þe-

come units. \
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Spefght (1968) used a nrmerical technique to classlfy the topo-

gaphy of a prevlously mapped region. He defi¡ed land elements as topo-

graphical components of a land s¡rstem. Land elenents were described

i¡ terns of slope, rate of change of slope, contour curvature.'La.ød ;

systems were described in terrns of rldge denslty, ridge reticulatlon

and nagnltude and direction of rldge vectorso Thc diagram so produccd

resembled closely the l¿nd syatems napped by the conventional method,

Speight, believed that deflnition and reproducibillty of land s¡rstens

could be furproved by thls method.

(3) I¿¡rd-r¡sc nepplng

I¿nd can be mapped into cLasses based on partlcular public re-

qulrernents" Agricultural and urban planners have created cl¿sses

associated with particul"ar r¡ses in order to promote orderly develop-

ment of en aroao

Land capabiltty mapplng rel¿tive to agriculture is denonstrated

by the work of Kllngebiel (î958) in the U.S.A. and obeng (19ó8) 1n

Gk¡anao Each of these authors divided the land into eigþt classes based

on risk of deterioration and agricultnral we. Thelr elass I contained

the rrost productive land rvlth the least risk involved, and class YIfl

was steep, rocþ or saline rd.th litt1e agrÍ.cultura1 use. Cl¿sses

II-IV were bascd on sùeepness of slope and l¿nd i¡r these cl¿sses re-

quired control of erosion when developed for agrlculture.

B Survev and nappi¡g procedr¡re

( 1 ) Collation of releva¡rt i¡formation

ltre U.S.D"À" Soil Survey lrtanual (1951) p. 43 outlines a progra¡n

for s oil srrrvey and rnapping. The priaciples apply to other forms

of mapping as uæIJ-o The prelininary sùeps are:
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Establish the exact reasons for Lhe survey to¡¡ether wlth special

uses to be made of it, æd deli¡eate the boundaries of the area to be

surveyed.

Describe the physical features of the area and examine all

previous surveJrs of soll, relief, geologf and vegetation"

Declde on f ield and publication scafes of maps, æd bnlng

together base uraps, national grid systems and other controls of tLe

erea.

Plar¡ the preparation and publication of the report ln terms

of ti¡ne, labour and flnance.

Arrange items such as soil anal¡æis and field equipnent.

(2) Ilterpretation of aerial photographs a¡¡d use of renote sensors

Aerial photogaphy has been used extensively in soil and land

mapping. Analysis of pedological elements in photographs is often

posslble where they are clearly vlsible and measurable. Br:rlngh (1954)

estimated that prellminary exanj¡ation of photographs can reduce the

usual field raork by 75 per cent. Fr¡rthermore, exbrapolation from

a mapped and photographed are&! to an unmapped.but photographed area

can reduce field r¡prk to 15 per cent of that required without aerlal

photography.

Wavelengths other than the visible light s1æctrum harrc also been

successfuì-ly used. fnfra-red and radar sensors hsve been used for

rnapping natural plant comnunities, determlning hydrologic features and

soil water content, discriminating among forrns of l¿nd use, crop ù¡pe

and various factors affecting growbh, and delileating soil and geomorphlc

r:nits (Simonett 1968, Colwell 1968, Romanova 1966).
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(3) Surr¡ey procedures

Beckett (19ó8) dlvided soil survey procedures j¡rto three groups

rrhich dlffer nainly in the rel¿tive use of profile examination and

extrinslc properties. the different procedures may be used singly

or i¡ combi¡ation.

C¿rid surtev

By thls procedure solI profiles are exa.urined at predetermined

points along a traverse or set of traverses. This procedure has its

greatest use in large scale napplng and ca¡r be used to estimate the

proportion of particular soils in an area. Beckett and Burrougþ

(19?1) suggested that the proportion of a partLcul-ar soif series in

a region ls better esti¡nated from grid than fron free survey, especially

r,rhere there ls no obvlous sr¡rface expression of soil. boundaries"

Btrrrough et al (1971) shorrrcd that precision of soll series mapped

by gid survey is reLated linearly to the logariùhrns of cost and scale.

Free surnev

Tt¡ls is the most conuronly used msthod jlt Er:rope, U.S.A. and

Australla and refers to mapping of soils try locatirrg their boundaries.

T'lre surveyor makes a prellminary examinatlon of the solIs i¡ the area

and determines the mean or modal properties of the units to be mapped"

He then locates the bor¡ndar¡r of the soiI, and follows it until the

bo:ndar¡r is clOsed. Thls method overloolcs inliers more than does

grid survey. tcñfñfquct"

fn free survey the soil differences must show at the surface or

have other ercüerna1 expresslon in the l¿rrdscaper and the surve¡ror only

uses the soil auger to conflrrn that the boundary lies vlhere predicted.

As the rnapping scale becmes larger, the proportion of soils with

external e:(pression becones prog¡essively less and grid surveying

becomes necessarJro
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Beckett and Burrougl¡ (1971) showed that the density of soil

observations required to map soil series by free survey at the sane

map scale in different temaj.n was approximately proportional to the

l-ength of mapped boundary per tø,2, or to the number of separately napped

soil occurcnces per lanz. Ttre density of soil observatlons ls least

wherc soll boundaries have clearest external expressions. Survey

effort was increased by observatlon density, the need for cross-country

access, md the work necessarTr to identlfy the soil at each sife"

Phvsiogaphic sr¡rvey

Ph¡rsiogaphic survey maps are drav¡n with little or no ground

check on boundaries, and are simil-ar to Lhe schematic soil maps of the

U"S.D.A. So11 Sr¡rvey ltfanual (1951). Boundaries are drawn around areas

of tone or pattern dffference visible on aerlal photogaphs, and fleld

checks are then used to identify but not to map the so1l in each

mapped areao

At smaIl map scales, ph¡rsiographic napping is equal or superior

to free mapplng,.and is likely to require fewer observations to achieve

this, but at larger map scales the precision of the ph¡æiographlc sur-

vey does not increase while that of free or grid survey is proportional

to effort"

Use of single property maps

Beckett ar¡d Br¡¡rough (1971) compared special purpose maps

of one soil property only, with general purpose ¡naps and concluded

that there is little advantag,e in mapping one property cnJ6:7 rather

thar¡ several simply determi¡ed field properties, such as would be re-

quired in soil serÍes mapping. Burrough et al (tgll ) shor^¡ed

that the cost of producing isoline maps of a single chemical property

is twice as nruch as that for a series map by grid survey"

Single property maps, using other than soil properties, have
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been used to assist in mapping micronutrient deficient areas. Two

exampJ.es fol,Iow:

(1) In landscapes with large nunbers of streams the geocþemical

stream sediment technique can be employ'ed. Analyses are made of sed-

lnents to detect differences in micronutrient concentrations over a

large areae By relating the concentrations of micronutrients in ttre

sediment to that in paddocks, successes ln dellneatinp; deficient areas
. ach,ieu øÅ '

Y,ave bevn.*, (Webu et aI 1968).
^-

(i.i) fn New Zealand regional microrrutrient deficiencies for

livestock are srrveyed b1r neasuring dit'ectly the response to micro-

nutrients fed to a¡rimal-s. Andrews (çAg and 1970) delineated Se

and Co responsive areas by this method.

(t,) Naturally occurring ÉÍ'oups of soils

, 
V'lhen propert,ies of soils change abruptly in the field, boundaries

may be drav'¡n readily, but r^¡tren properties vary continuously so that

one soil merÉles with another, arbitrary bor.¡ndaries are interpolated

after soil examlnation at a set of sampling points.

'r¡'lhere continuous variaùion occurs, grouplng of soils has fre-

quently been based on repeating sequences. Milne (1935) and Middleton

(1951+) observed the regular repetition of sequences of soll profiles

in association with recurring topographic patterns" Milne sugp:ested

the catena as a generic term describing repeating sequences of soils

fo¡rned by differences in drainage associated with topography" Middle-

ton used the tenr, toposequence to describe the sequerrc€ of s oils i¡ the

topography. Ruhe (tfeO¡ recognized four elements associated with

slope from upland areas to adjacent plains, &d relaùed the soil pro-

file at any one place to erosion and gravitational creep of the soi,l.

¡o¿al.lg. *c re,a¡^lr/ 5 "( n'¡eles" ,; 5¿v{A-¿ qst A,tsl'tl'q ' C¿l1nn ('7c+) sl'ot"e ol

I
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+L¿t l^ t:a¡l Al,,iqn soil cqlenqs '¿'¿ deue'hß /
¡ partly frqn lateratr movement of decomposition products of soils. The

catena has proved to be a useful mapping unit especially in smal-l

scale maps where the amount of information has to be restricted"

The soil series and association are two coÍTnon groupin6s used

in mapping. fn these groups soíIs bear no fixed relation to one

enotherr and the definition of each gtorp is influenced bn¡ the con-

ceptual schene:employed by the surveyor (U.S.D.A. Soil Survey luhnual

1951)"

Þramples of s o11 and la¡ld surl'e:rs

I\oo soil survelrs arrd two land surve¡rs are described to illustrate

ar¡d to contrast approaches to mappi:r¡1 at r¡arious scales of operatlon.

(1) Soil survey

Atlas of Australian Soils

Tt¡e Atlas of Australian Soils (Northcote et a1 19ó0-1968) ai¡ned

to introduce uniforrr morphological description of soils throughout
na¡r€S

Australia, ed to equate local names, gfeat soil grouFl^and other soil

names with the code names of the rrFactual key for the recognltlon of

Australian soilsr' (Northcote 1971) "

To prepare the Atlas, Northcote ar¡d his associates derived

soil bourrdaries and principal pro{ile forns nainly from previous sur-

veys. Where previous surìreJrs were not available, the authors used

aerial photographs of the l¿nd to dlvide it i¡to geomorphological

areas. firese were examined in the field along traverses and the

principal profile forns utere deüernined at regular sampllng points.

Ttre mapping unÍts of the At1as are so1l associations that

contain doninant soils and modifiers. The domi¡ant soils either cover

most of the area of the mapping unit or have properties that are

H
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cormon in the mapping unit, so that the mapping unlt can be character-

ized by that soil" Modifiers are soils or groups of soils that are

extensive in the mapplng unit and uñich indicate soil variability in

the unit.

The conti¡ent of Australia was dÍvided j¡to 1C regi-ons. !4aps

of each region were drav,tn at 1:2 000 000 scale and booklets were

prepared for each map listing local nanes of soils and giving basic

geological data. Prìnclpal profile forms of the dominent soils of

each mapping unit are listed úogether wjth one or two main features

such as pæsr B horizon structure or the occurrence of laterite"

hincipal profile forms were rel¿ted to the ùopography in each

mapping unit, by dividing the land i-n the unit lnto landscape compon-

ents, and listing the soils occurring on these.
fo? .o pLg alkels f 1.. inc', l¿nce o1 .ainle- ll ouzr sLo*t

¿li s+a,tcc. ìn *l¿ ,ue (¿ . a.¿4s o( +tt¿ tlosJr<-(iqr. ,n.-*¡'q€*f , cLaaJ€s

ì^ sà¡ I a(go oêe¿r 'tn ¡Leç4 re3ioas and *l^ìs t .loXe*Ac. ,,i+( +l'e

t

i

and land use in of Goulburn V

Ihis survey r¡ras conducted on an area of 228 OOO ha i¡¡ the irriga-

tion areas of the Goulbr¡rn Valley by Skene and Poutsma (1962). HaIf

of the area is used for irrigated fruit growing, dairying, fat lamb

production and market gardening" the remai¡der is used for dryland

sheep ar¡d vlÌreat i¡d,us*ælse. prodtteløn

The object of thls survey was to map accurately the soil types

of the area, and to i¡dicate the suitability of.these soils for irriga-

ted crops. Particul¿r attention was given to the perneability of the

I
il

lr
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surface and subsoil, because the solls are susceptible to water-

logging and much damage had occu¡red to hortlcurtural crops in the

area, particuJarly in wet auüurns and winters.

Skene a¡rd Poutsma identified six land use categories based on

drainage characteristics and recoranended crops for each category.

they recognized and described 26 mai¡ soil t¡rpes, divided the area j¡rto

l+0 parts and presented naps of the soil t¡pes for each part at 1.-3O OOO

sçale" Potentlal land use, based on the permeability characteristics

of the soÍI horizons htas described for each so1I type. Chemica1 ar¡d

physlcal properties of each soi]- type were determined a¡rd the norphol-

ogies of representative profiles were described i¡ detail.

To ald i¡ locating the soil types in the field ùoposequences

were presented with the posiüion of each soil t¡rpe r¡arked on dlagrans,

A general view of the soils was given by neppt¡g ühem at l:,l20 OO0

scare i¡ 10 soil associatlons ln vùrich indivrduar solI types were

classed as dørinarrt or subdomi¡ant.

I d
'&

I

l
I
I

¡

A study of the l¿nd i¡ south-western Vlctoria

In this survey Gibbons and Dot'vnes (19ó4) applled principles

ar¡d methods for the study of l^and developed in Victoria since 1953"

They rupped the l¿nd at various scales making use of envi¡onmental

features, and consideri¡g erosion risk and potential productiviüy to

forrn categories for classification. The arca of I 20o 0oo ha was

classlfied into 9 l¿nd rnnesr 2l land systems end loo land units and

the l¿,nd s¡rstems were napped at 1:250 000.

The land component is the snallest, discrete unit described

by Gibbons ar¡d Dor'¡ies. rt is regarded as an area where crimate,

parent material, topography, soil and vegetatlon vary within umits

tr
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that bound particul¿r foms of land use. Land components are grouped

to form land units rn¡hich are usua-lIy derived from one parent material.

I¿nd units that are related to one another by slnll¿r geomorpholory

or cljmatic conditions are gTouped togpther to forrn land s;ystens'

knd systems having broadly similar climate, parent naterial, topo-

gaphy and vegetation are grouped together as l¿nd zones o

The text and the legcnd attached to the map describe each

tand s¡rstm, h terns of l¡ndscape ancl extent of the la¡¡d surface.

Parent materlals of soils, topography, native vegetation, crop types

and potential productivity and susceptibility ùo erosion are detailed

for each Land s¡rsten. The land units were not napped, but were des-

crlbed; thc great soil groups, soil series and t¡pes, using the

survey of Bl¿ckburn and Leslle (191+9 ), Ueing given for each unit.

The approach of Glbbons and Do¡¡nes relles on boundaries of

land components, units, s¡rstems and zones belng identifiabþ 1n

aerial photographs or bnr fleld reconnafssarlce.

l¡lurrav Ner,vLou¡n site selection

The aim of Chittleborough ancl V'Iright (19?3 arb) in this

survey was to present to urban planners an fntegrated stuùy of 35 OO0 ha

of land nea¡ l"lurray Bridge, South Australla, togetheq with an evaluation

of the area for urban land use.

The authors compiled information from geological and soil sur-

veysr contour plans and aeriat photographs" They then divided the

area into 10 land..form r¡nits based on topographical differences and

described each rmit. 'ytfithin each r¡nit landform and çoIory $rere detail-

ed and the soils were described givíng the relation of them to topo-

graphic features such as crestg and slopes of dwes, f lats a¡rd calcrete

ridges. ltbrphological deecriptions of the soll-s and princlpal profile
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fonrts were given.

The authors envisaçd two broad categories of land use: namelyt

engineering (roads, buildings, drains) a¡d agrlcultural (parks, market

gardens). Tv,ro problem areas were detailed in the survey:

(i) saline soíls wlùh plastic clays that r,ould give poor support

to for¡ndations of buildingg werq for¡nd in the south-ü,est of the areao

(ii) Sand dunes that are unstable and lÍab1e to wind erosion

if dlsturbedrwere for¡nd in the north-west of the a^fsâo
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PART 3 SOIL CHEM]STRY OI' IfICRCNI,¡ITRTENI'S

A Distribution of micronutrients in soils

Occr¡rrence in parent materials

Micronutrients tend to concentrate in certain minerals contained

in igneous rocks depending on the lonic radius and charge of the íon

and the interálO,¡n-i¿spaces of the ml¡era1 (Coldschmidt 1951*). Also,

C\r, Zn, l'fr arrd Fe are more abr¡ndant in basalt and Mo and B more abun-

dar:t in acid rock such as granlte (Krauskopf 1972).

6\r and Mo ere associated w"ith sulphldes (Coldsctrmt¿t t954) and

Hodçon (1.963) concludes ln hls review ilhat, 7.rt is frequently found 1n

silicatês and sulphides, Fe i¡ sll-icate, sulphides and oxides, lûr 5-n

silicates and B frequently ln tourn'a1j-ne"

SoiI weathering processes release elements at varying rates

depending on the t¡rpe of mineral containing them" Cu, Zn and Vf¡ often

occur 1n more readlly weathersd minerals (t'litcf¡e:,t 1961+) 
"

Drring the formation of sedinentary rock the micronutrlents are

unevenly distríbuted with sqne rocks containfng more than others

(l'rauskopf 19T¿). MÊ is concentrated ln lf¡resùone whlle the other

micronutrients are more abundant in shales. Boron ís particularly

hiih i¡ shales due to incorporation of dissolvcd borates from sea

water during sédimentatlono

The geographical distribution of mlcronutrlents i¡ soils is

closely related to the colrposltlon of the paront materíal (Ho¿æør

1963), althougþ the effect of the parent neterlal is lcss 1n old soí1s

(uitcrreu 196b).

Distrlbution ln thc so1l proflle

As rock wsathcrE lnto Eolln the mlcronutrLents are subJect
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to leaching, reaction with soir constituents and use þ micro-

organisns and pJ-ants. Ttre prlnclpal effectg of these processes on

the dlstrlbutlon of mlcronutrienüs in the profile are glven þr
Mitchell (19ó4):

(i) Surfaco enrict¡nent fron organic debrLs.

(li) Iæaching of soluble nLcronutrient constituents into zones

of accrmtulat,ion or out of the proflle.

(ili) Translocation of the nutrients during soll formatlon in

c1a'¡s, sesquioxides andorganic natter, resultlng ln their being

concentrabed i¡r Ior¡er so1I Ia¡rers; erosion and soll creep move micro-

nutrlents laterally.

(iv) weathering of soll mlneraLs as a resurt of g.eying j.ncreas-

lng soluble forms of mi-cronutrlents lower i¡ the prrofire.

Wrigþt et al (1955) anal¡rsed a modal podzoflc proflle and

showed that su¡face enrichment of cu, zn and B occurred. Deptetion of

cu, h, ¡tr, B a¡rd Mo was for.¡nd in a breached horlzon Just beLow the

su¡face a¡ld accunulation of Cr¡, ZA, lfr and Mo ln ühe illuvlal clay hor-

izon" Mltcherl (lçól-) anal¡æcd sandy soirs from scot,l¿nd. a¡¡d found

that the sand fraction contained a Large proportion of the totel soÍl
micronutrients but the clay contalned hlgher concentrations" Swaf.ne

and Mitcherl (19óo) and Folrett and Llndsay (19?o) found no evldence

of depletion or accumul¿tlon of totaÌ ml.eronutrfents in different hor-

lzons jn the soils of Scotl¿nd and Colorado respectlvely" However, in
the latter study the concentration of ÛIPA (aiettrytene triami¡e penta-

acetic acid) extractabre z.n, Ir[3, Fe and cr: decreased with depth"

subsurface zones of accumuration of micronutrients usualry

resul-t from conditions favourfng inpedence of leaching. Swaine and

Ivlitchell (tleo¡ showed that in poorry drained scotüish soils g]-eying

i¡creased thc mobitisation of micronutrients.
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McKenzie (1957, 1959) examined South Australian soils and found

thaù in red-bro'¡n earths total Cu and l4o content was higþest in the

cJ-ay horizons and l'tr was distributed evenly in aII horizons. fn

shall-ow tema rossa and rendzina soils fhere r¡ras no variation in the

distribution of micronutrients with depth"

B Chemical fo¡ms and reactions of micronutrients in soil
(r ) Concept of chenlcal pools

Each micronutrient ocLsts in the soil in different amounts

and i¡ a variety of che¡nlcal forms wtrich have var¡ring reactiviüy.

Viets | (1962) concept of chemical pools (a - e) itlustrates ühe

relationship of different chemical forrns of mlcronutrienLg:

ta) Contains water soluble micronuürients that are readily

available to plants.

Lb) Readily exchangeable ions eogo cations that are readlly

displaced by NH4*.

(c) Adsorbed, chel,aùed and conplexed ions exchangeable by ions

or chelates hliüh higþ affinities for the exchange site or ion.

Not readily displaced by NHt+.

Ld) ùllcronutiíents 1n lattices of secondar¡r clay mínerals,

insolubl-e oxldes or carbonates"

Lg fons hel,d i¡ lattlces of primary nlnerals.

Pools(4,Lb)and(c)ere ln equiltbrlum wlth one another and contain

the available mlcronutrient fraction. Pool(c) is usually much Larger

than ¡a) or [u). Poo]s (d)ana (e) are generally not in equlltbrium w'ith

pools (a) - (c) but the mlnerals of pools (d) and (e) rnay f ix micronutrients

frour pools (a) - tc)by lsonorphous substitutlon for Al and Si in cJay

l-attice structures or they may contrlbute ùo ühese pools by weathering.
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Þ<cept in arid regions and i¡ young soils pool(dlis usually much

larger than (e).

(2) Adsorptlon reacùionE and occlusion

It is evident from the revlew of Hodgson (1963) that the avail-

ab1l1ty of the micronutrients Gu, Zn, Mt, l4o and B ls regulated in the

soil \r adsorptlon reactions or combination qr mineral and organic

surfaceso Ècenlar¡d (1971) daronstrated mechanisms fnvolvl¡g the

attachmenü of hurnic materials to clay minerals in the soil and showed

that cations can be lnvolvcd ln forrnlng brldgas between the hr¡nic and

clay substanceE.

The specÍes of metal 1on adsorbed has a large influe¡rce on

the anount adsorbed. Blngþam et aL (1961+) observed that the apparent

cation exchange capacity of the soll lncreased r,uhen Cr: or Zn compared

to Ca were adsorbed. Slmllar effects have been reported for Co (Ho¿-

gson 1963)" An e:çlanetion for this lles ln hydrolysÍs of Cu, 7.rt ot

Co (U) before adsorption follor¡ed by reactton rarlùh and disptacement

of H+ fron the cr":!æta1 lattlce by the monovalent IIDH+ ion. Hodgson

Tiller and FeJ-[or¡rs (196t+) tested two postulated reactions, one involv-

tng hydrol¡rsls and the othcr dlrect reaction of the divelenü ion with

clay. The reactlons tested were:

f+ + H2o troH+ + H+

Mf,H+ + X- :XllOH

ar¡d

i¿+ + HX, ;-- M*x t H*

where f* f" thc dlvalent metaL ion and X thc adsorblng surface.

Tlreir evidence suggested that a stcp lnvolvlng h¡ndrol¡rsis of the cation

occurred" Àbove pH ?.O Zno,f end C\¡Olf are furportant formg of Zn and
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Ct¡ ln the soil solution (nfffs & Zenek 1972) 
"

Hatcher et aI (196?) shcr,¡ed that B can be adsorbed on Fe and AI

ocldes and hydrocides, micaceous cla¡rs and Ug hydrory com¡rounds, while

Jones and Snlth (19?2) dennonstrated that llb is comnonly adsorbed by Fe

and Al" hydroxldes and oxldes"

where micronutrients are invorved i¡r entry into cr¡rstal Lattices

or co-precipitation with ottrer soil materialsroccluslon occurs" Evi-

dence for these reactions f.s pnesented by Elgabaly and Jenny (191+3),

Hodpon (1963\ and others.

Data from Hodgson (tç00) shows that a snal1 proportlon of cu

and Zn added to soil æuld not be removed by neutral salts or acids

and thls fraction was regarded W the authors to havt been lncorporated

into the ocüahedral la¡ær of the crystal lattfcc, posslb\r by solid

state diffusion.

So11 ltr ar¡d Fe e¡dst prlncipally as oxlde and hydroxlde pre-

clpitates (C,eering and HodgSon 1969, Lindsay 1972). The transfer of

these netals to pool.s(a)and(e)depends largely on reductlon - orcldatlon

processes o

Dçerfnrents co.,d.rcted at Rotha¡nstead erçerl¡nental statlon
aaorþl,oos

reported by lrlltchell (19ó4) short that thenÞe"O, fract,ion of the solI

often eontalns l¿rge portlons of the soil mlcronutrient metals. For

exanple, a soll consistingof 5 per cent F.ZO3 contal¡ed ó0 per cent

of the soll Fe, 50 per cçnt of the Cu, and 8O per cent of the soil

l¡h in the FeaOr. 'I'he wæk of Jonee a¡rd Smtth (19T2) lndicates that

!¡þ is adsorbed by Fe and AI o:rldes and may aþo be occluded during

precipltation reactions "

Boron is frequently present in the soil ln tourrnali¡e. Few

reactions remove B from solution and added B reurains water soluble

for J'ong periods (wear 1965)"
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(3) Oreanic matter reactlons

a) Total soil orsanic matter and micronutr ient deficiencv

Micronutrient deflciency has frequently been denonstrated

in soils with hlgh organic matter content. For exampte, peat solls of

Europe and u.s.A. hane been reported to be severery deficient in fu by

Yan Arphen (1956) and Kubota and Alraway (1972) respectivery" con-

versely, high organic matter content may sometimes be assoclated with

increased avail¿bility of micronutrl-ents" Berger and Truog (1gl+j)

reported that B deficiency occurs on certai¡r Wisconsin soils when the

organic matter of the A1 horizon is fess than tr¡¡o per cent of the soil
naterial. Miljkovic et aI (1965) showed that B accumufates in organic

layers of the soil-.

Jensen and Lanm (lçOt) calculated a correlation coefficfent of

0.81 between Zn content and organic matter content of soils 1n Scan-

dinavia" Hodgson (1963) refers to work shor,rrJ¡g ühat both cu and l4o

concentrations in the soil are frequently increased 1n soils wiùh

high organic matüer content. These relationships can be e>çIained by

strong affinities. for organic matter. Hjglrly organic soils have many

sites ',vhere these micronutrients can be bound, i¡ some cases preventing

uptake by plants and causj¡g deficíency, in others the micronutrients

are still able üo be abeorbed by plants.

b) The chemical forms and reactions of orc.a¡ ic matter complexes

A wide range of micronutrient-organic maüter complexes exist
j¡ the soil. Most of these compounds are lnsoluble ln water, br¡t the

smal1 percentaç that are waüer soluble are extremery Ímportant in

npvement of micronutrients in solls. For example, uncomplexed Fe con-

tent in soil solution is much ress ühan that rcqulred þr plants" At

pH 7-8 inorganlc Fe in solutlon ls lO-llluro" 105 tines lower than that
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requlred bry plants" Organic complexes of Fe aupply the plantsrrequire-

ments (Lln¿say 19?D"

Hodgson et a]. (196?) and Elgarùrary et gl (1970) denonstreted that

chelating agents lncreased the rate of diffusion of Zn in agar gel

and soil respectively by 1OO tirnes and 1? times ífr.t of *,"oàpÞ*"d Zn.

Hodgson et al (1966) for:nd Cu concentratlons in soil solution

of 11 x 10-'ppr and that 99 per cent was in chelated forrno the oüher

1 per cent probably consisted of Cu carbonates, hydroxides and phos-

phates. In eontrast to C\¡ onÌy ó0-75 per cent of the Zn occumed as

chel,ate in a soil Zn solution concentration of 2x 1O-3 ppm. Zn carb-

onates and hydroxides were suggested as the nain forrns of non-chelated

Zno Geerlng and Hodgson (19ó9) showed that 8b-99 per cent of l,tr 1n

soil soLutlon was chel¿ted.

Altphatic and aml¡o aclds forrn lmportant complexes ld.th nicro-

nutrient metals. Do1ar and Keeney (1971 ) and Hodgson et al (lg6l)

shor,cd thst Cu and Zn wcre ettached to soll organlc chelates of these

acids. Aliphatlc acids are more Ímportant lùren the pH ts less than

J"O and anino aclds¡ vùren pH 1s greater ühan J.0 (Geerlng and Hodgson

tct69).

Organic acids such as acetic, oxallc, acryIlc and succlnic

abor¡nd in soils and forur neny types of water soluble cheletes (Hodgson

et al 1965). the most effectlve aclds ;Arß ,. dt and trlcarborçrIIlc

types. Stevenson ar¡d Ardakanl (1972) show ühe complex structure witht

cltrate as 
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oflner
A.nino acids are almost as irnportant as^organic acids as

solublllzers of metal ions according to Brerrrer (1967) and fvarson et aI

(1970). Stevenson and Ardakani (1972) report that free amino acids

in soils are increased by fallor^ring ancl Rovira (1965) found that

amino acids lncrease in concentration in the vicinity of roots and i¡
higþer fertiltty conditlons.

Sugar, aromatl.c and phenoUc acids occur frequently fn sol.ls

and migþt, possibly be important in chelation of metals, ht Stevenson

arrd Ardakar¡f (1972) report that many of these chelates are not stable"

Soluble chelates formea b¡r reaction of metals with carboxyl

groups of fulvic acids are responsible for movement of metal ions in

the soil during pedogenesis (Ceering and Hodgson 1969). They are

frequently found in natural waters i¡rdicating their movemenù out of

the soil profile.

Inso1uble netal complexes are formed through binding of metal

íons with both humic acids and clays. Four types of slte, of atlach-

ment of Ct¡ to humic acids were denonstrated but not ldentified by

Broadbent (lgSZ) by eluting Cu frorn hr¡nic acLds with varlous con-

centratlons of hydrochlorlc acld. Dawson and Natr (tç¡O) found evldence

for complexes of Cu wlth SH and COOH gouptngp 1n peat sollg.

Hodgson (1963) thougþt that B nlght be l¡unoblllzed through meta-

bolic pathwa¡rsr ed Parks and trlhite (195?) demonstrated that B can forn

diols such as

T-.t.
J,/

-C- 0
B-OH

0- C-
I

0_ c_
or

-C-0
with polysaccharldes or cyclic compounds.

Davies (1956) showed that natr¡ralIy occurring Mo -chel^ates can

be found ln the soil, and smith and r,eeper (1969) found evldence for

retention of added Mo bS/ soil organic matter. Ttle chemical nature of
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the Mo chel¿tes in soil is still unlclown.

c) Synthetic cheLates

Micronutrlent dcficlcncy in soils has been ovêrcome by appHca-

tion of chel-ates of the deflclent element, and thls urethod 1s particu-

ìarly lnportant 1n hlgh pH and calcareous so1Is. Varlous studies have

shown thet Ct and Zn uptake can be increased by applylng chelates

rather than lnorganic sa1tg. Hc¡wever, the salùs are usuelly used be-

ceuse they are moderately effective ín overcoming deficiencies and

are much cheaper than the chelates. The latter are nostly used ln

gardens and orchards.

The behaviour of ctrel¿tcs in soíls h¿s been predicted succees-

fully by Lindsay et aI (196?), Lindsay and Norvell (1969), Halvorson

a¡rd Llndsay (19?1), Lindsay (1971 ), Norvell (19?2) and others from

chelate stability diagram. For example, Norvell (1972) calculeted

the stability of metal chel¿tes for deflned relatlonships of f, OH-,

c^% , ,ntê. ,413* and îeT " He showed that Fe was al.rnost ccurpl.eùely

chelated by EDTA (ethylene dia¡rine tetra-acetic acid), DTPA (afetny-

Iene tria¡rlne penüa-acetic actd) and EDDIIA (ethylcne dla¡nfne di

(O-nyaroV-penta-acettc actd))at pH values lcss than ó. Above pHó

precfpitatlon of fe(ql)3 bccomcs inportant and Fc tcnds to be rcplaced

in the chel¿tes alùhougþ EDDI{A contlnues to conplerc Fe strongly to

pH 10.

Lindsay et aI (1967) tested the stabillty of Fe ctrelates in a

greenhouse e:rperirent v,rlth sorgþum on an Fe deficlent calcareous so1l.

For the first crop Fe-E:IIIA, æd Fe-IIIPA geve üluel reoponses but dld

not entirely overcome the defic5-ency. In the second crop Fe-EtIA gave

no advantage brt Fe-IIfPA contlnucd to glve a sl1gþt responsc r¡h1Ie

Fe-EDDHA r,uas higþIy available to both cropso l4urphy and Vrlalsh (19T2)
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report that Fe chelates of EDTA, HÐTd EDDHA have been used in the

U"S.A. to overcome Fe chlorosls.

Fe is most, strongly complexed þ the llgands foll-o¡¡ed in order

by. Cu, Zn and ìtr. NorveIL (lglZ) showed that Ùtr chelates would not

contributc significantly to available l&r ln the soÍI.

(4) Reduction and o:cidation reactions

Mr and Fe are subject to reduction and oxidatlon reactions in

the soll. Oh¡¡rn¡ et a1 (1973) showed that valence state changes in Fe

and lt{¡r can be caused by chemical and by biological neans.

lvlost evidence shows that biol ogical oxldatlon of ph is more

important than chemj-caI, even jn alkaline golls where the rate of

chenj.cal oxidatlon lncreases wittr pH (Rivenbark 1961 , llren 1969)"

Dion a¡rd l4ann ( 191+6) proposeci the fotlowing schcne for ltrr transforma-

tions in solls"

auto oxidation

Plant r- Dcehangeable l4n

biologjcel
reductlon

¡fi 2+ l++lfi
DtrSMUTATTOÌi

Blologi.caI
oxidatlon

hoz

hzo
3

The eseential features of the scherne are:

(i) hJatersoluble and exchangeable dlvalent lt¡ is available

to plants,

(ii) I'tr oxldizes spontaneously from +2 Lo +4 when the pH is

greeter tha¡¡ 8"

{ L1c)roxj- g+täf- "l\tr*- olia,¡'øe - ..|'.^aosÊ.c cact4 .
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(iii) Biological oxidatlon of l,!r from +2 t'o +3 occurs when the pH

is less than 8"

(iv) ltrl dlsmutates to ¡612* *o %4*.
(v) Micro-organisms may reducu It¡"4* to lttr2*,

This scheme over- sirnplif les the soi-l reactlons. The oxi.des of

l'fi j¡clude four forms of !ürOa that have different crystaI structures

and solub11ity, a¡rd over 20 forms of other insoluble orides are lsror^nr

e.g. hausma¡,rite (1tr304) manganlte (mrooH) and crypbomelene (Kl'rrgOl6).

Althougþ mlcro-organisns reduce and oxidlze soil l,frr læeper

(19?0) reasrons that the processes may elso be catatysed by non-microbial

organic naterials releesed, for exanrple, by waterlogging resulting in

the fonration of strong reduclng compounds lvlthout changes i¡ pH" Dry-

ing of thì soil reduceg the production of lûTOa by biological oxidation

due to the lnactivlüy of the mlcrc-organLsns, vuhlle the rcduction of

l,fiO, to ür2t r"y proceed bhrougþ the action of volatíIe organlc com-

por:nds such a,s h¡rdrorcybenzaldehyde (Iæeper 1970) moving frealy in tÌ:e

soil. TL¡e net result is lncreased avallabiltty of lttr in the soil"

Fe2* doe" not exist in significant anounts in soiLs except under

acid or anaerobic conditi-ons r,trhere reduclng compounds may be formed

(linasay 19Tz).

Fe3* ls extremely i¡goluble in raetcr. The reactlon

re(OH)3 g psl + 3OH- has a solubitity product of lO-38. Alter-

ing the pH by one r¡nit alters the solubiltty of Fe3+ 1 OOO-foId" The

pH has to be lov.¡ered to 4 befo.e Fe3* concentratlon becqnes micromolar

lleeper rqro).

C Plant fact¡rs affectine nicronutrient avail¿bi]ltv

(1) Genotypic variations

Di-fferences between species and r¡arietles i¡ susceptibility to

micronutrient deficiency are cormono For exanple, ulheat, oats and

)
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barley are more susceptlble to lûr deficiency than vetch ar¡d beans

(ttambiar and Cottenle 1971)" Ioneragan, J"S., Gladstones, J.S" and

Sir¡r¡ons, W.J. (19?0) cited by hown et aI (9n) found that rye and

oats took up ntore lttt, and both were better adapted to low l¡h soils than

barley and rrlreat. Reith (tgóg) reported that oats and bartcy ere more

Itkely to be deficlenù than grass-clover pasture. Piper (191+2) and SmlJ.do
fa t4a /g(rc,en<3

ar¡d Henkens (t96?) for¡nd ühat r¡rheat was more susceptlbl-er.than oafs and

r1re. In partJ-cul¡r cl:imatic zones only a narrow range of genot¡4rcs of

cach cereal species is grorrn and differences betr¡een species ney be
ra^XL o€ c'lt4o]¿

appa,rent but av¿r 4 t'otder 
^ 

dlfferenees between cultivars agsume

greater in¡rortance.

Cs'llaggr and Walsh (191+3) i¡dicated that, different culttvars of

each cereal could be fot¡nd such that some urere susceptible to and

others tolerant of low concentrations of anellablc mlcronutrients in

the soil. they deduced fron this that it iE not valid to make com-

parisons between species of cereals r¡rtll the cultivars have been

exa¡nined agalnst one anothero üeeves ar¡d .Anderson (1936) showed that

reslstance ln rùeat to Cr¡ deflcLency nay be partly due to hlgher

uptake in rcslstant cultlvâf,9r They shov,red that resistsnt cultivars

of vrheat conüained htgþcr concentrations of Ct¡ ln the grafn than

susceptJ,blc varieties on deflclent soilso

Various æchanisnrs ührougþ wtrich differential uptake of nutrl-

ents may occur beüween specica end cultlvers are revlswed by Vose (1963)"

The distrlbutlon of rooùs in the r¡arious soll horlzons nay heve a J-arge

bearing on the amount of micronutrlenü that can be absorbed. In section
{p. z+)
A^it was shor,ur that micronutrienta are frequently nore available i¡ the

topsoil than withln other horizons. d Hencc plants wÍth high propor-

tlons of rootE ln the topsoll mlght be expected to absorb more micro-

nutrients than deep rootlng pLantso
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hown et a1 (19ó1 ) showed that Fe utirisation by soy-beans was

enhanced þr fluorescent reducing ccrnpounds. These were exuded by the

roots of healthy soy-bcans but were absent fron the roots of deficlent
prants. The effect was shown to be related to a single gene differ-
ence between the two stralns.

Differential tolerance of specÍes to toxicity occurs arso.

Brown et aI (1972) illustrated this b¡r comparing potatoes and barley

grohrn in rotation on acid soils containing hisr,avail¡b1e A1 concen-

trations. The potatoes grêw normally while the barley showod eevere

toxicity s¡nrptcns. These authors reiloi't variable concentratlons of

Itt¡ thåt can bc tolerated fn the tops of prants. Rlce can conùaln

2 5oo ppr, beans 1 000 pp and peas only !0o ppnr before toxlclty
s¡mptorrs êppear"

Broun et al (19T2) also discuss the r¡echanlsms of tolerance

to high concentratlons of micronutrients. For example, cu is preclp-

itated as cus or removed from solution as protein complex. zj:nc

Lolerance 1n bentgrass is due to reaction of þtnc wtth pectins in cell
wal-Ls of roots and b¡r foruratlon of stabl-e anlonlc structr¡¡es ln the

tops of resista¡rt cultlvars.

(2) Rhizosphere effecùs

The nicronutrient requlrenrent of plants 1s usualþ very surall

and any change in the supply of aveilable forms fn the soil may deter-

nine wtrether plants are deficient or not. Changes l¡ rhizosphere con-

ditlons are arso important, becau^ge most of the mÍcronutrlent absorbed

b¡r roots comee from the rhlzosphere vorume, d,ue to the reratlve

i¡mobility of micronutrients wlth the exception of boron.

Several effects that lnfluence micronutrient availability take

place near the root. During the process of water absorption ions are
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ünnsported tor'rards the root surface. Differential ion uptake may

occur. cations and anions are absorbed by the root and H+ or Hco3-
+o

released in^ the soil to naintain electro\Éic neutrali.ty, rf 
.more

cations thar¡ anions are absorbed the soil pH is lowered while e;ccesò

anion absorption increases pH" The evolution of co, by the root

during resplration may also decrease pH. Wilklnson (lgZZ) argued that

lons such as Ca** moved to the plant rooÈ by convection and excluded

frorn entry into the root could change the precipltatlon and adsorp-

tion reactions of other ions in the rep,;j.c,.n"

Ðardaües frør tho plant, roots may directly affect soil pH or

fornr chelates with mfcronutrlents sameti¡nes fncreasing their ,,íOrrrr"

and'even bringfng insoluble forms into solution" Þardates also stjfiu-
)ate grourth of ml,cro-or.ganlsms which may compete wlth plants for nicro-
nutrients. Rovl,ra (lçtS ) sh"aræd that ùhe nÍ.cro-organism content of

the rhizosphcre ls 10-50 tfunes higher tharr l¡ the sol1 beyond" The

nicro-organÍsns thenselves accelerate release of nutrient,s frosr insol-
uble sources (Ivarson et al 19rc, Wilkinson lgTZ). Or the other hand, l,trr

øcidizing bacteria l¡ the rhizosphere of susccptlble oat varletles

heve been demonstrated by llmonln OgUa) wtro lnferred from thls ùhat

the def icJ.ency ü,as c aused by oxtdation of Dtr by the bacterla. obher

effects of mlcro-organisæ and en¡dates are descrlbed b¡r Rorrlra (tç65),

Foy et gl (t 96?) r Rtley and Barbcr (1969) ar¡d lrfilklnson (19?Z).

D Micronutrienü soil tests

lllcronutrient soil t'ests are designed to provide a diagnostic

method to separate soils on v.ù¡ich micronutrient deficiency occurs

fron those not deficient. Relatively few attempts have been r¡ade to

grade ¡¡esponses to applied micronutríents bsceuse the nlcronutricnù

requirements of most cro¡rs is sma]-l and soÍls are often cl¿sslfied as

responsive or r¡nresponsLve. The foltori¡rg methods are used:

l
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(r ) Biolooies.]. tesüs

Frled and Dean (qSZ) developed the gJasshouse rAt test to

determine vrt¡ether an octractant removes avail¿ble forms of the nutrient

belng studLed, as Judged þr comparison r¡rlth plant uptake. Other rnprk-

ers have added nl-cronutrients to soil collected from ùhe fielci and

measured grcwth responses to applied nutrients. The Mltscherllch

equation can ganeraJ-ly bc used to describe the growbh response; all
other nutrie¡nLs betng in anple supply"

dv

ò(
- (l - y)c where

y ls the ylel-d rü¡en the anount of nutrient (x) ls app1led. A ls tt¡c

marûm¡n yield and c is a constant"

l4lcroblologlcal technlques haræ been used to detecù ava1lable

levels of nLcronutrients in the soil. Nichol¡s (lç¿O) speclfies eigþt

requlrerrents of micro-organlsr¡s to be used in bloassay procedure, and

concludes that Asperelllus nJ-ger fll-ls these prerequisiùes. Besldes

A. nißgr other fw¡gr, bactcria, yeast a¡rd bLue green algae her¡e been

used to detect avallable micronutrients (Donald et aL 1952)"

Donal-d et al (1952), îrcker et al (1953) and Pi¡rkerton (196?)

used A. nlger to detect anailable fo¡:ns of Cu, h, yfr, Co, Fe and I'Io"

Iþna1d et al (1952) collected samples of several great, soil groups

frour varlous parts of Ar¡stralia knov¡n to be deficient h ûr, T,n, Vn,

Fc or !b as a resuJ-t of fleld cxperiments rvtth various crops" They

found ùhat deficienc¡r j¡ A. nÍger on these sol.ls corresponded with

deficlency of Gu, Zn and l,lo but not l¡tr or Fe. Roschach (tçet) found

that the concentratlon of soil Mo ercbracted with a¡rronfu.ur oxalat e was

correlated (r-O"8) to the concentration of l¡b extracted fron the soll

þr A. niger" The main limitation to biologlcal techniques of soiJ-

testing is the length of time and l¿bour required to do the test.
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(2) Chemicat tests

Þay (,|948) proposed that ldea1ly, e:ctractants used for soil'

ùests should erbract all or a proportionate part of the avail¿ble

fom of the nutrient in the soil. the nutrÍent should be accurately

and quickly measurable, and the amount exbracted should be sorrel-ateo

wlth the grourbh response of each crop to thaù nutrlent"

Quantlty-intensity relationships of ttre erctracted ion are

imporüant with nicronutrienùs because only a snal-l proportlon of the

total elenent is removed. Successj.ve exbractions may remove simllar

amOr¡nts Of mlCronutrient or e sharp dee.t-,Iìrr Iüay oCcur. TlILer et al

(1gTZ) shorved in a range of South Aus brallan solls, that the a¡rount

of 7n octracted with EÛIA sotut,lon decreased w'lth successlvc cxbractions

and then reeched a constant value. This was lnterpreted as removal of

Zn W dissolutlon rather then desorptlon. TiJ-[er et al (1972) also

emphaslzed the need for carefuL consideratlon of pH, soll-solution

ratlo, ed anount of tj¡re for shaking.

l{ater soluble fraction

lrfater has been used as an extractant to remove soluble or

weakly adsorbed forms of Cu, !fi, !þ and B. Although the quant'lty of

elenent ercLracted is someti-nes \tery J-ow and dlf ficult to measure, it

is often closeþ related to uptake by crops. Berger and Truog (tlltO¡

and lrlear (1965) used hot water ês srr extractant for B, because nearly

al'ì added B could be recor¡ered from the sol.l b¡r thls urethod. Barshad

(1951) shorarcd that l.lþ exbracted with hot water was closely related to

uptake by plants"

Neutral salts

Solutions of NHrClr NH4No3, NHtc2H302, CaC]-2t Ca(No3)2r MgCl2
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and Nal.¡O3 have been wed to remove mÍcronutrient cations weakly

adsorb€d by coJ-loidal sized particles (Cox and lGnprath 1972).

Þcchangeable l,1o has been displaced from the soil by solutions of

oxaLaüe, acetate, citrate and resins (Crigg 1953, Bhel'ìa and Dawson

(1912).

Dilute acids

Acids hane been used e)ctensively to remove water solub1e,

exchangeable a¡¡d soluble combi¡ed forms of Cu t 7Ír¡ Mo and B from the

soil. Dilute tÌ,10, wa.s used to extract Cu from ]-our moor and fen

peaü soils of Enrope (fna¡e 1967) and. the concentration of Cr¡ Ín the

e:ctract r,uas closely relatæd to yield response and plant uptake. Wear

and Evans (tgóg) showed the,t the concentratl-on of Zn extracted with

dilute HCI and HZSO' from 12 coarse textr¡red solls from southern U.S.A.

was highly comelated (r-O.89) with Zn uptakc b¡r corn.

Cox and Ka¡rprath Gglù report that !{o and B e>rbracted by

dilute acids from a range of soils in Lurope and U.S.A.qnre not closely

correlated with yield j¡rcrease or uptake, md that ercbraction þr water

ghve^: betùer correlatlons.

Acids have disadvantages as extractants because they radically

alter the pH of the soil, and this may itself change the avail¿bility

of micronutrieñts (goAgson 1963)" Soils wlth higþ carbonate concen-

trations may release occluded elements, as well as neutralizing the

acid extractant"

Chel¿ting aeents

Strong\r bound or adsorbed forrs of Ch, Zn, Fe, Ir6e and Ì4o have

been extracted from the soíI by solutions of EDTA, EDDHA and ûIPA.

l¡h and l4o are not readily complexed by soil organlc uetter, and there

r
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is Leas scope for the use of chelates.

The anounts of mlcronutrlent exfracted from the soll by the

chelating agent are often closely correlated wlth plant response, are

high enough to be measured easily b¡r atonic absorptlon methods r æd

consequently are used widely in soil testìng J-aboratories (Vtro 1955,

Fiskell, 1961+, Johnson and Ïoung 1968, Norvell and Lindsay 1969¡

Lildsay and Norvell 1969 a and b)"

Reducing agents

Easlly reducible Ì&r can be e>ctracted by adding soluüions of

quinone (Jones and læeper 1950) or hydroquinone (Johansson 1962)"

NUUC2H3OZ has been used with quinol but breakdov,¡n of higþer oxides

that are not considered to be avaÍIable to plants occì,rs. These neth-

ods have not been used extensively due to low correlatlons frequently

obtained between extracted anounts of lún and plant uptake"

(3) Calibration and interpretation

The r¡seful¡ess of soil tests depends on the effort put fnfo

calibratlon, and j¡ def ining the conditions to rùrich the results apply.

Factors that i¡fluence the interpretatÍon of a soil test i¡c1ude the

abiltty of the soil to replenish removed nutrients, and the effect of

pH, line and clay on the amount extracted. The managerial skiIls of

the farrner, yield potential of ühe land, type of crop being gton ioa

social and economic aims also affect interpretatlon.

Standards for i¡rterpretation of soil tests need to be deflned"

Some auùhors, for example Trlerweiler and Lind.say (1969) sirnply sep-

arate soils i¡to tup groups - deflclent and non-deficient. Cate

ar¡d Nelson (1965) plotted Ii¡es paratlel to the X (soll concentration)

ar¡d Y (f yield response) axes so that nost of the points r¡ere contained

t
I

,

Ì
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TABLE 7

Soil Test lhùhods. soil factors influencine their

lnterpretation a¡rd tvpical ranees in critical val-ues

ppn sol1

0.î-0"7

0.2
o"75

3'l+
2-3

2"o

2.5-l+"5

5-9

15-20

25-65

2

0.04-0.2

1 .O-7 "5
o"3-2.3
1 .4-3"0
o.5-1.0

Hot water

NHlrCZtjO¿ (plI 4.8)
0.5 m EDTA

o"43 N HNO3

Biological aEeay

NH40ZH302 (pH 4.8)
DTPA + CaCI" + TEA,

(pH ?.3 )

0"05 N HCl + 0.025 N

H2S04

0.1N H,FOU + I'l
NHI+H2rcL

h¡droquinone +
NH4C2H3O2

Hzo

(uHu)rc.o u (vH 3.3)

0.1N HCl

Dithizone + NHUCaHroa

EDTA + (UHu)aCO,

DTPA + CaCl-, (pH 7.3)

Texture pH

Lime

Onganic
matter Fe

pH

Lime

pH

Organic
matter

pH , Fe
E'Cl t 9.

pH
P

, lime,

B

Cu

Fe

Ivh

l.'Io

Zn

Ranee jn
criüical
values

ÞttractantInteractine
factors

F.lement

r¡

r

t
I
I

l

r

{
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i¡ the lov,¡er left ha¡¡d and upper rigþt hand quadrats. The j¡tersection

with the I axis was defined as the critical value. Table ?, adapted

fron Cox and Kanprath (19T2), gives the main extracüants used to

detect avail¿bIe micronutrlents in the soil, and presents llkely

interactlng factors that cause wide ranges lnrcritlcal nalues obtain-

ed.

I Occurrence of nicronutrienü deficiencies

Tt¡e nature of the parent r¡aterial of the soil, its organic

matter, carbonate and clay content and pH frequently determlne wtrether

enougþ micronutrient is available for normal plant grourth.

@neraI

Copper deficiency frequently occurs on organic soíls and peats

in Europe a¡rd U.S.A. (Van ltptren 1956, Kubota end AIIaway 1972). Other

solls on vù¡ich Cr¡ deficiency occurs include sandy solls with lou¡ Cu

content in parent material i¡ Scotland (Reith 19ó8) and Australla

(Stephens and lþnald 1958), and the laüerlttc podzollc solls of Aus-

tralia (Tiver 1956, Gilbcy et al 1970).

Zi¡c deftciency most coûutonly occurs on neutral to alkalíne

soils wt¡ere the Zn is r¡navailsble to ptants (V:.ets 1966). The cal-

careous grey brom soils of hear5r te:rbure, dlgee soils and calcareous

Iake bed soils of the RiverLna i¡ Australia (Ktelnig et aL 1962),

clayey calcareous soil,s in the lrlirnnera of Victoria (Jessop and Tuohey

1973), ed bl¿ck earth soils of tte Darling Dor¡ns of Queensland

(Duncan 196?) are Zn deficient. Acid leached sands and podzolic soils

of Ar¡stralia are deficient in ?.rt due to lsw concentrati-ons in the soÍI

(Stephens and lþna1d 1958t Ozanne et a]- 19ó5 and Anderson 1970). ID

the U.S.A. responses have been obtained on various te:ctured soils fron

sands to cla¡n (Yiets 1967)"Cess Smith (1948) similarly reports a wide
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ranå€ of textr.¡¡e for responslve soils in blegtern Australla.

Avatlabillty of l&r to plants is closely related to soil pH and

carbonate cørtento Australian sojls reported to be deficient include

calcareous sar¡ds, terra rossas, rendzilas and shallow CAlcareoug

soils (Stephens and Donald 1958, Leeper ßrc)" Kubota and Allaway

(9n) report exarnples of lfir deflcleney in recl¿imed hi$r}y organic

soils of U.S.A. and Tiver (tgSS) found deficlency on l"ateritic pod-

zolic solls 1n Australia.

Boron deflciency fs often associated wtth hr¡mid areas and soils

with lcnl organic matter content (gerger and Truog 191+5¡ Berger 1962).

Cooling and Jones (19?0) and McComb et al (f9?0) found B deflclency on

pJateau solls of Zambia and basaltlc soils in Niçria respectively.

In contrast to the studies mentioned, Bu¡dine a¡rd ñrzrra¡r (1969) showed

responses on organlc solls in Fl.orida. B deficlency has been proved on

silty solls in France (Uutif 19?0) and granitLc soils of New South

Wales by the Biolory Bra¡ch of the Departnent of Agricultureo

IÞficf-ency of Ì¡þ occurs exLensirrely in Australla and New

Zeal¡¡rd on laterittc solls, deep siliceous sands and many others

(Uctectrl¡¡r 1955, Davies 1956, Stephens and Donald 1958 and Leeper

19?O). Iþficiency has been reported i¡ the u.s"A. by Berger (1962)

and in Holland (Henkens 19?2) on sandy solls and acid organic soiis

with high iron content.

Kubota and Allaway (19?2) report that Fe deficiency may occur

on a wide rarige of sojls but the most frequent occurrence is on arid

calcareous sollsr with hlgþ PH"

Occurrence i¡r South Australla

lhe histories of South Australian agriculture, horticulturet

forestry and pastoral l¡dustrLes are dependent on discoveries of
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c't, Zn, lûr, 16 and Fe deficiencies u¡hi1e B deficlency is r8r€. An

occurrence of B deflciency rìrås reported in the Adelaide Hi1ls by

Watkley and Kery 6939) and Piper (1936) indicated tha{ B deficiency

uns wrlikely in South Àustralla" Sunmarles of plant and aníma1 res-

ponses to micronutricnts on varioug solls of South Australla are given

by Riceuran (19t3), ltver (qSe), Stephens and Donard (lçiS) ana

Pearson (196?)"

the calcareous sands and rendzlna solls of South Australia

have been shomr to be deflcient in Cu, Zn, ltfri and Fe by Samuel and

ptper (1928), Blackbr¡rn (1959)¡ winn (1965), seellger (lgn), Reuter

and Alston (9n) and Egan (t972).

Deep slllceous sa¡¡ds a¡rd solodized solonetz soils of the

upper South East were shor¡m to be deficient in Cu, Zn, ltn and Mo by

Ricenar¡ (1943-191+9), Rlceman anci Por,r¡rie (1948)" l¿ter, responses to

these elements on these soll,s r,rr:re also reportcd by Tiver (1956),

French (1958), Blackburn (1959), Pearson (eíz¡ and Biclmell (1965)"

Responses to Gu, Zn, Yn, l¡þ ar¡d Se ùrrc been reported or the

laterttip podzollc soils of South AustralÍa by Andersm (t 9l+2), Tlver

(1956), French (1959), ¡nå Cart€r and l{ieg (1963) and Godwin g! -al

(tg70)"

' Red-bror¡n earths and mal-lee soils are relatively free of micro-

nutrient disorders with marginal deficiencies of Zn being reported by

seeliger (1968).

The applicatlon of lfune to solodized solonetz and lateriti.c

podzollc solLs has induced Fe and Zn deficiency and overcome lvlo

deficlerrc¡r (Stephern and Donal.d 1958¡ Carter and lrligg 1963).
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IV I,AND AND SOIL CI,ASSIFICATICh{ A}.ID MAP

1\.ro areas shown in Figs. 1 and 2 were chosen to represent

the soils in the solodized solonetz and leached sandhill, ä',,1 podzol

and solodized solonetz napping r:nits of French (1958), The area in

the forrner unit is referred to as V'lharml¡rda and the latter, Stokes.

The areas were deli¡eated so ühat the cUmate was sirnilar in each but

Iarge dlfferences occurred between them.

l4apping systeq

Iand componenùs and l¿nd units (cibbons and Downes 19ó4) were

identified in each area and nrarked onto 1: 161000 aerial phoüographs.

Tk¡e land conrponent ls an area where cl-imate, parent material,

topography, soll and vegctatlon are uniforn wlthi¡ the llnits

significant for a glven fo¡:n of l¿nd use. Ihe land components are

sel-dom- distributed at randon but occur in subrandom patterns.

This makes it possible to descrLbe larger areas 1n terms of basic

sequences of componenüs terrned l-and r¡nits. Idealised block diagrans

are presented for each la¡rd unit showing the reLative proportion of

the land conponents.
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FIGIJRE 1

shorri¡s l-and units

Lend Units

Dune and swale s¡rstem

Irregular dunes and fLats

Rock strer¡¡n calcrete hills

Rounded þflls, broad fl-ats

Stream valJ-ey
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VI
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vIII

FIGIIRE 2

Stokes - showing l¡nd units

I¿nd tÍtits

Isteritic penePlai-n, steeP ecarp

Læ¡ roundcd hilts

I¿teritic peneplain, dentrital ridges

and gu).lies
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Sojls oÊ tfre land components vrcre reppcd by free survey 8s

outllned by Beckett (1968). Sfngle land cørponents were usual\r

comprised of one or two soll mapplng units.

colour of the surface sol], surface rock, and pJ.ant species

were weful for flxing soil bor¡ndaries and could often be

disttnguished on the photographs. Geological data of Johns (19ó1 )

was used in Stokes but little geologicel infoluratlon was avell¿ble

for ldha¡nri¡da. The mean dcnslty of proflle pits was 0.21 per ha.

The soil was cl¡sEtfted fnto great so1l groupe (Stace eù aI

19óS) and then keyed to pninclpal profile forn (Northcote 1971).

Further subdlvlslons r"ere n¿de using differences i¡ texture, depth

and colour of A horizone, depth of soh:nr, presence of and form of

Iatcrltc. Ëouping of scvcrat principal profile foms lnto one soil

Dapplng untt r*as nade wtrcre soils had sma1l structural or colour

dlffcrcnccs ln the A or B horlzons or where cultlvationr or wind and

water actton had mtxed or ronoved shallorr A horizons, Iocalþ

producing several princlpal prof J-le forms. Areas where wind or

water eroslon had renoved tarç amor¡nts of soll were mapped as one

unlt. No attempt was urade to ldentify the soils ln such areas.

S¡¿IL ¿rroas (2-lr ha) of red-brounr earth a¡rd solodic soil were mapped

together, because they were too smal-l to warrant separation.

ftre following pnoccdnrcsb€re adopted ln the subsequent

descrlptløt:

(i) Occugence: Each so11 is loceted in the land wlits

(abbreviated LU ), urtrtch ere referred to by Ronan numeral, and i¡

land components referred to þr a letter.

(fi¡ profile descriptionr Ptr¡rsicaJ- and chemical description

of the soil profiles at the sltes of the factorLal experiments are

given tn Appcndlx I "



(iii) Definitions of soil terms used in the texttære taken

from Northcote (1971). Soit l,fapping Unit is abbreviatéd to SMU.

(iv) Names for the original plant conrnunity and botanical

na¡nes of speciesh,Êre taken fron Bl,ack (191+3-195?) Boomsma (1971) anò.

Specht (1972). Botanical nannes are used in the texb when a species

is mentioned for the first time. Subsequently conrnon names are used

for ùhe better known species. Both common and bota¡ricaL names are

given in AppendÍx 2"
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MIARTiINDA

Sections À Verran, 19,20 Butler

This area extends from the torvnship of Wharminda in a south

westerly direction for about 10 !m. It is 2 krn wide and 21350 ha in

area.

Archean basement rock is overlain by Quarternary limestone and

recent aeolian deposits (.lonns 1961). The area tilts gently downwards

to¡¡ards the east anC sand du¡nes are orientated in e N.hI. - S.E"

direction across it. At least two movements of sand occurred as

siliceous and calcareous dunes exist and frequently can be found

superimposed, the forrrer overlyhg the Latter. þheneral strean beds

trend parallel to thé dr¡nes.

Mean annuaL rainfall et Wharminda is 33O rmn, ó5 per cent

occurri-ng between l4ay 1 and October 31 (lppendlx 3). Rai-nstorms can

occur in aIL seaeons. Wlnter üemperatures are mild, the mean

maxi¡num July temperature at Cleve ls 15oC. 1l¡e summers are hot, the

mean maxjmrmr January temperature being ZloC. Mean annual tenrperature

for each tottth at C1eve is given in Appendix 3. The drougþt

frequency at Cleve i" 41É and at Arno Bay 1s 52ft (trwnbLe 1948)'

For conparison in the lrlharminda area the drougþt frequenry Is 5O!f"

SmaII areas of origlnal vegetation remain on skeletal soils t

along roadsides, and. on hlgþ dunes where clearing is restricted by

law. A nr¡mber of types of mallee (Eucalwtus sacilis F.v.M. ¡

E. i¡rcrassata Labill-, E. leptophylla F.V.14., & oleosa F.V.M.) are

dorninar¡t on these uncleared areas o

Ttre l¿nd is used for sheep and cereal production with caùtle

becøring more important in recent years. lr'Jheat is grown on the more
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fertile areas and barley and cereaf rye dn the less fertil-e sandy

soil-s. The pastures consist chiefly of annual grasses - Wi¡rr.era

ryegrass (Iolir¡n rieidLm Cgud. ), rigid brome (Bromus rlgldus Roth" ),

barley grass (Hordeurn leporinum tirrk) and wild oat (Avena barbata

Ilrotero.), together with lesser anounts of annual medics. Ar':as of

Iucerne (!,ledicaso sativa L. ), perennial veldt grass (Ehrharta calycina

Sm.), evoring primro.se (Oenothera spp) and blue lupin (Lupinus

pilosus L.) occur on deep sandso

Since clearing of the land in the 1 92Ots wind erosion has been

a continuous problem. At first the probl.em was exbremely serious due

to l-ow soll ferùility and i¡rsufficient ¡nanagement experience. At

present the problem is less severe but it still- affects crops which

are easily damaged by moving sand.

References to erosion in the Soil l4applng units sections refer

to wind action because this occurs nearly e\rery yearo Water erosion

occurs on rare occasÍons and is associated hrlth storms. In 1966t

storzrs that prroduced 330 nrn of rain in five days l-ed to gullying

anrl sheet erosion¡ r^rtrich together removed mrch surface soil from certain

land componehtso

The folfori¡g categorÍes are used to descrlbe wind erosion:

(i) Þ<tremely hidr erosion risk describes conditlons rvhere

light winds rnove sanrl, Generally the sand j.s deep and plant growbh

is very poor, as on dune crestgo

(1t) Ser¡ere erosion occurs on dune slopes where some

protection from wind occurs. Hæ¡ever, extensive damage to crops nay

oeeur partlcularly wtren wind direction is along the slopes of the

dt¡tes.

(i1i) Þfoderate erosion occurs on sarrdy areas where higher

fertility results in more rapid growbh of pasture and crop and
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residues protect the soil surface from wind. Here erosion occurs

only in dry windy years o

Ioary sands covered with crop reSidue or pasture have a Jow

likelihood of erosion. Calcareous loamy surfaces resist drift and

there is no risk of eroslon.
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LAND UNITS

Five land units were identified as shown in Figs. 3-7"

FIGURE 3

LU I Drne and swale system

Parallel siliceous sand dunes originating from the ''n¡estern part of

E]rye Penilsula cross Wharminda in two disti-nct areas "

Area: 750 ha

e Tops and upper slopes of dunes

b Middle and lower slopes of dunes

c Sandy ri,ses in flats

d Flats between dunes

c Calcrete rises in flats

'1.
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ö

C----/
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G----
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FIGURE l+

LU II frregr:Iar clunes arìd flats

The calcareous sands of the Tooligie-NichoLls area (Irrench 1 958) form

a longrthin spur in the south-east whjch crosses Wharrninda, forrning

this lancl unit.

Area: 470 ha

¡ Crests of high dr¡nes

b Lower slopes of high dr.¡nes, 1ow dunes

c SlightJ-y raised, unduÌatin¿1 area between dunes

d Broad flats

3 Calcrete nises on flats

d

,l

c

c

e

\

b
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FIGUI{E 5

LU III Rock strewr calcrete hills

Surface cafcreLe is a feature of the unit. Soils are shalIow anC

incl-ude recent deposits of sand.

Area: 410 hâ

¡ Flat tops and upper slopes of hills

b lower slopes of hills

c Raised areas of sand

d Flats between hills

. Sharp calcreLe ridges

ll
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FIGURE 6

LU IV Rounded hil1s broad flats

Centl-v undulating area with broad fLats. Almost devoid of surface

calcrete.

Area: 390 ha

¡ low rounded hill

b Broad flat

b

/

I

1

\

e

,l

I
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FIGURE 7

LU Y Stream valley

Ttre southern end of hJharminda is crossed by the Dutton river which

is an ephemeraJ-, saline stream i¡ a mature vaIley.

Area: lrO0 ha

¡ Upper slopes and tops of hill-s

b Lo.wer slopes of hills
c Drtton river flats

d South barrk slopes with aþrrrpü boundary to watercourse

c Sharp calcrete ridges

f w"te" corrrse

'í--
\d

l

c
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SOIL MAPPING UNITS

SILICTDOUS SANM

Deep sand

Principal Profile For:n : llc2.21

lrlorphologr¡: Deep sand, gpeater Lhart 75 cm and often I m deep.

Three horizons exist. An organic A, usually very light-

brown (dry) overlying a wtrite (¿rv) A2 Sading to brownish

¡reIlow as the A3 merges into the B horizon. This is under-

lain by sandy clayr llmestone or calcareous sand.

Occurrence : Land tlnits I a, If c, V a b

hofile descriptlør : 1, 2, 3

Original vegetation : Iow woodland. Domlnant trees :

Er¡calyptus incrasssta, &alyptus. gracil-is, Casuarina

stricta Ait,. Comnon herbs : T?remeda sPP.r Danthpnia spp.

Land use : Gbazing and intermitLent cropping. Conmon pasture

species are perennial veldt grass, evening primrose, blue

lupi¡. crops gov{n are cereal rye, barley and wtreat. Erosion

risk is extremely high. crown 1aw prohibits clearing of this

so1] r¿trere it occurs in higþ dunes. Yermin are a serious

problem where this soil carrles natural vegetation.

2. Shallow sand

hlncipal Profile Forms : Uc1 .41 , Uc5.22, tJc5.11 , Uc2"11

Ìbrpholory : SoLum is phallow (usually less than 15 crn) a¡rd

Lors in carbonate although underlain by calcrete. The A2 is

bleached or coloured, B horizons may or may not be present.

lT
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Occurence : Land llnits fTf a, V a

Original vegetation : I"orn¡ urcodland" Dominant trees :

[\rcalyptus incrassata. Common shrubs

unci¡ata R.EF., læptospermrrm spp.

¡ Melaleuca

I¿nd use : ftazing and cropping, shelter befts.

Pasture consists of silver grass (Vulpia nyuros (f,. ) Onef. )

rigid trome, barley grass, Wilrnera l'¡reg?ass and clrrster

clover Trifolium tu¡n L. ). Wheat and barley are

¡q'own. Erosion risk is severe. l'ìrrch of thls soil is left

under scrub because ealcrete prevents cultivation.

CAIJCARE0(,É SANDS

Horizon 1ow in carbonate3. Al

.I
ru
tlÌ
ùc

I

hincipal hofile Form : Uc5.12

Itlorpholory : 4., horizon, J.ow in carbonate and darker in colour

than underlying material. Soft carbonate concretiorrs occur

at 70 on.

Occunence : L,and tlntt rr b

Oniginal- vegetation : Lovl woodland : Et¡calyptus spp"

Land use : CrTazing and cropping. Pasture eonsi.sts of barrel

medic (lþdicaeo truncatul.a Gaertn. ) cv. Hannaford ancl woolJ.y

burr (l{edica.go minima (L.) fufb.) nredic with silver gass,

rigid brome, Winmera rJ¡egrass, r^rildturnip (grassica tornefortii
(þvan.), Lirrcoln weed (Diplota:cis tenqifolia (L.) DC.) and

capeuæed (Arctothecs, calendula (f,.) I-erryns). Wheat and barley

are cropped. ErosLon risk is moderateo

4" Qalcareous througrout

ii
r
I
I

I

ff

hincipal hof ile Forn : Ucl .1 1
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Morpholory : A1 horizon, sliglntly darker l¡ colour than under-

lying material. Soft concretlons of carbonate occur at

varlring depths below the surface

Oceurrence : Land lJnit II a

hofile descriptlon : lr

Orlgtnal vegetatlon : Lor woodland. Dominant trees :

Eucalyotus incrassata, IgcaIEþg.EeglÞ. Conrnon shrubs :

Irþlaleuca unclnata. Cormon herbs : Triodia rlfilans R.Br.,

Theneda spp.

I¿r¡d use : Èazing, intermlttent cropping, shelter belts t

Pasture consists of barrel medic, Ielmcoln weed, wild turnip,

capeweed, silvergrass, rigid brome and WÍrmera ryegrass.

lrlheat and barley are cropped. Þoslon risk is moderate and

restriction of cleariri¿'has been íutposed on some areas.

SOIODIZED SOI{NETZ AND SOI.ODIC SOIIS

These are the most extensive soils of Wharminda. The solum

of these soils varies in depth from less than 1 5 c¡n to one metre.

There 1s no clear demarcatlon between deeper phases of the

solodized solonetz and solodic soiLs and the deep siliceous sands.

Six subdivisions of ùhe solodized solonetz and solodic soils

based on colour a¡rd textu¡e of the A1 horizons, depth of the two

A horizons and solun depth blere recognized (taU1e 8) and napped.

The subdivisions are as¡sociated in the field with

differences in vigour of plant gror,vLh, bota¡rical composltion and

msnagement practice.

d,f
,t

I
I
I

i

lr

'i'



71

TABI..E 8

Subdfvlsions of solodized solonetz and soLodic soils

516

7

8rg

10

l4orphologr :

a Soljls with very lidlt h.omr (dry) sand A1 horizons ¡

fhe A horizørs consLst of an A1 sllgÌrt1y darkened by

organlc uratter and e bleached 42. The deeper soils show

yellowlng at ühe base of the 42. B horl,zons are yellow

nottled sandy ctay ulth soft carbonate concretions or

celcretþ lower tn thc horizon. Soils i¡ SMU ? and I shor.¡

prøtounced dølng et the surface of the B horlzon'

11 ,12

13

Id ,
b
rr drrrr d,

IV

I erII erIIIa b e
Vab

So}m depth

) t5 cm
usually JO-
1@ qn

(15 cm

W.l+3
w5.83
w5.13 W5.53
-^5.l+3
Dr5.83

w5.83 3

9

10

b A1 horlzør bror¡n (dry) Ioam¡r sand A horlzons (t 5 cm deep

I b crII crV b

f b crlf crY b

f b crlf crIII c,
Vbc

I b c drII c d,
III c, fY b,
Vbc

A horlzon

depùh

) ln5 cu¡

3O-l+5 cnt

15-30 cm

(15 cut

ùy5.83

w5.83

Dv5
w5

83
l+3

W5.l+3

6

7

I

â. A1 horizon very 1igþt brovn (¿r¡¡) sand

hofile
descrlption

Occurence
I¿nd tlnits

SubdivisionPrincipal
hof ile
Fo¡rns

SMU
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Soils wlth brown (ary) Ioany sand - sandy loa-ur A., horizons :

the A horizons conslst of a dark coloured 41. An A2 horlzon

of white (drv) sand is sometimes present but cultivation often

mixes it with the 41. B horizons are red or yellow, mottled,

blocþ or apedal r¡nderlaj¡ at varying depth by calcrete.

Fig. I shorr¡s the horizons of the dr¡ne-swale s¡rstem. The depth

of sand has a lerge effect on the horizons that, develop. In the

deepest sand areas a yeì-Iowish bro',rnr B horizon develops that

i¡rtensifies i¡ colour as depth increases. Tt appears that depth of

sand affects the nature of Fe compounds that occur.

the clay layer of the solodized solonstz and soLodlc soils

is finest in texLure a¡rd shoræ the greatest a¡rount of doming when

the depth of sand above it is less than J0 cm.

Soil-s with brown loamy sand A' horizons appear to have developed

from urrderlying maüerials raùher than from the aeolia¡r materials of

the dwre soils( Frr-an,J.B. S. É. Dept. fvlmes t lLrsonal *n^.rnìc^f'on)

Original vegetation : Low woodland. Dominant trees ¡

Eucal)ætug incrassata and Iiucalyptus gracilis. Conrnon herbs :

Triodia spp. r Themeda spp. Danthonla spp.

I-ar¡d use : Èazing and cropping. Pasture species occurring on

SMU 5, ó and 7 are evening pri-nrose, Iucerne, blue lupin,

perennial veldt grass but capeweed, rigid brome and wil-d

turnip frequently dominate over these. SMU 8, 9 and l0

contain soils that are arnong the most fertile in Wharmi¡da.

Hannaford a¡rC strand nedic (leaicapo littoralis Rhode ) "v.

b

Harbinger make up the bulk of the pasture. Burr nedic



FIGIJRE 8

Horizons and soils 1n dune and swale land unit
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Sor Is 1 5 6 7 I I

TexLures: s - sand; Im" s. - loamy sand; s.c1.1m. - sandy clay loan
lt.clo - light clay; m.clo - nedium clay; lån. - lamellae

Carbonate layer: so.co" - soft concretions; rü. - calcrete rubble
li" - calcrete sheet, rock or rubble

Horizons, L1 , AZ, B, C.
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Medi denticuLata $Iilid. ) grows in some seasons. Bartey

grass, rigid brome, silver €trass, Wirnrnera ryegrass, capeweed

and wild turnip grow pro1ifically. V'lheat, barley and oats

are grov\tn on all soils ar¡d cereal rye on SMU 5 and 6 on1v.

Productivity is lor'¡ on SMU 5, ó and 7 and these soils

are cropped less frequently than those of SMU 8, 9 and 10.

Þoslon risk is severe on soils of SI4U 5 and 6, moderate on

7 and 8, low on 10 and almost nil on the soils of 9.

SOI,CNIZED BRO'9ìIN SOILS

11. A horlzons low in carbonate

Principal hofiLe Forms : Grl .83, (h1 .63

Morpholory : A.t brown (¿rV) Ioamy sartd, single grained.B horizon

highly calcareous, lipht coloured,

clay loam, apedal. IlnderLain by calcrete rubble.

Occurrence : land units III a, fV a

Profile description : 14

Original vegetation : Iow woodland. lþminanf trees :

Eucalyptus spp.

Land use : Inüenslve grazing and cropping. Pasture is mainly

barrel medlc with rigld brome, Winunera ryegrass, barley

grass, wlld turnip, capeweed and Lincol¡ weed. V'Iheat, barley

and oat crops are grown. Erogion risk is aLmost nil.

12. A' horizons high in carbonate

hincipal hofile Forms : Gc1 "12, C'c1.22

Ivbrpholory : So1um domineted by fine carbonate. ^ Al dark

reddlsh brown (¿ry) loan, weak crumb.B horizon pale brownt

increasing to cJ-ay loarn, apedal, r:¡rderlain by calcrete
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rubble or sheet stone.

Occurrence : i¿nd Units II d, IfI e, V d

Original vegetation : Low woodland. Dominant trees :

Eucalyptus spp. Common shrubs : Leptospermum spp.

Larrd Use : Gnazing and cropping. Pasture specles malnly

woolly burr and barrel medics w"ith barley €fass, hlinmera

rJ¡egress and Lincoln r,æed. lrlheat and barley are the main

crops " the erosion risk j-s niI"

RED-BRO¡I\¡ EARTH and SOLODIC SOIL

13. A1 horlzon pale red (dry)

hineipal hofi]'e Forms z Drl+.63, Dî2.63, W5.63

Ì4orphology ' A1 horj.zon pal.e brown to red (aw), sand to loam,

apedal. A2 RaIe red (dry) sand to loarry sand" B red or

yellow, mottled or r,¡tro1e coloured, urediun clå)t, apedal"

llnderlaln by calcrete rubbl-e"

Oceurrence ; Land tintts Y b c

Original vegetation : Lour woodland. Dominant trees :

@Iæ!gg sPP.

I¿¡rd Use : Fazing and croppj.ng.

1!.

IERRA R6SA

Solum varies in depüh (a) 1 5-b5 cm (U) Iess than 1 5 cnr

hlncipal hofile Foms : (a) (l¡2.13, È12"63 (b) Ih4.31 ,

Ih5.1 1

l,lorphologl Al horf.zons red (dry) Ioany sand - sandy 1oam.

B horizons present or absent, loam or clay loam, red, apedal,

rx¡derl¿in þr calcrete sheets or boulders "
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Ocsurrence : Lehd tlnit V d

Le.nd Use : Ligþt grazing

ALLWIÂI SOIL and SOLJCIi¡CHAK

15" Sallne su¡Ð¡np

hincipal hofile Forms : Uc1 , ùy1.83, D1'! .63

l,lorpholory : Areas of solonchak soils with flaking surface,

A' horizon, sartd ùo sandy loa¡r a¡rd B horizons of cl-ay are

interspersed with alluvial sand and gravel and erçosed

surfaces of tn¡ncated profiles.

Ocsunence : Lerrd ttnlt V f

Original vegetation l Samphire sülampo Co¡m¡ron herbs :

@spp.
Land Use : tight grazing of salt water barley Éfass

(Ëotd"r¡n tr"it*t L.)

INCI,ASSIFIED SOIÉ

16. Severely eroded areas

Ttre orlg5nal profiles are unrecognizable, the l¿nd is devoid

of vegeüatiqr and not used" Wi¡d eroded areas are urrstable

and drift contfnuous\r. l¡Iater eroded areas have bare hard

clay horizøts ex¡rcsed.

Occurrence : I¿¡¡d Unlts I a d, V a b c.



77

STOIGS

-
Sections 3,4,12-16,29,3O,33-35,56-59 Stokes . 79l..81,14O Koppio

This area is }ocated at the northern end of the Li¡coln uplands.

Tt extends in a north-easterly direction from Tallunda Flat for

13 lon, and is 2 lcn wide and 2 27O ha j-n area.

the area is hiLly wj-th one ridge and adjacent valle¡rs extend-

l-ng througþout its length. Three geological formations are des-

cribed by Johns (1961 ). These are archean metasediments named the

FLinders series which outcrop i¡ the area as two forrns of granitlc

gneiss, one dominantly pink in col-our and the other white (lppendix lr-) 
"

Overlying the Flinders series are tertiary Laterites which are rem-

na¡rts of a peneplai¡. I'hese are found on top of the r idge. Areas

of recent alluvium cover the archearr basement in low lying areas.

Both fossil and cyclic salts have been leached from the soils

and parent materials, due to changing water relationships in the area r
( T ß . Fr,aaa, S. 4os4. Mines Depl -fersona.l co¿nttuní¿a.f tór- ,ßo,l4enay !lg!Qe+)

resulting from clearing the origi-na1 vegetation^" The sal-t has moved

into low lying areas causlng the rapid spread of salinized fl-ats.

The mean annual rainfall is 500 rri., l2 per cent occurring

between l4ay 1 and October 31. Winter ternperatures are mild. The

mean maximum July temperature at Pt" Lincoln is lóoC. The su¡rrers

are hot, the mean maximum Jaru:ary üemperature at PL. Lincol¡ being

25oC. The drought frequencyat Koppio is 15 per cent (Trunble 1948)

ar¡d is 2 or 3 per cent higþer in the area of study.

Iarge areas of original vegetation consisting mainly of

eucal¡rpts, broombush and bottlebrush exist on steep slopes, in gully

lines and along roadsides. Dense stands of eucal¡rpts deter clearing

in some areas because 9f high costs.
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fntensive grazíng of predomlnantly subterraneum clover

(Trifotír:m subterraneum L.) and Wimmera ryegrass pasture, with some

perenniaÌ grass pasture, 1s the main land use. Wheat, barley and oats

are grown bn¡t the area that can be sown is limited by waterlogging

of the soil. This restricts the use of machi¡rery in cult i.vation a¡rd

weed control.

Water erosion has been severe in the area, particularly in

wet winters. The shal-Ior soils do not hold large amounts of water.

Contour banking of the area has progressed steadily since 1948 and

most of the sloping crop,Iar¡d has been banked.
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I,AND TJI\ ITS

Three Land units were Ídentified as sho'¡¡n in l'igs. 9-11 .

FIGURE 9

LU VI Lateritic peneplain, steep scarp

Component a is formed from tertiary lateritic materials,

b from wtrtte gtanitic greiss and c and d from pink granitic gneiss.

Area: l¡,1+0 ha

¡ l¿terltic peneplain

b Steep scarp

c Gent1e sloPe

d Rocþ graniÈe hills

(
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FIC{JF.E 1C

LU VII Low rounded hi]-l-s

Cornponent a is formed from tertiary lateritlc rnaterial, b, c and d

are mainlv formed on r¡hite granitic gneiss with pink ganttic gneiss

on the lower slopes of c. Areas of aJ-luvium occur.

Area: 69C ha

¡ Lateritlc peneplain

b Rounded hills and deeply dissected peneplain

ç Irregular slopes

d lributary gullies

e lJranno creek water course

d

c

\\-

\

I
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FIGURX 1 1

LU YIII l¿teritic penepl¿in. dendritia r idr,.es and zullies

long Lateritic ridges and gullies exùend from the peneplain to the

rnain valley floor. As the maln stream descends so the dendrit.rþ

ridges become more pronounced. Small areas of granlte arrd alluvir¡n

occur.

Area: 1O70 ha

e Lateritlc peneplaln

b Dendrit+.Þ ridges

c Subdued ridges i¡l hi$rer watercourse area

d Tributary gulties

€ Tod river watercourse

\

\l
/ll 1\
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SOII l4JrPi'IN G LIN I'IS

I,AIIJRITIC rcD:l,OLlC SOIIS

Three forrns of l¿teritic soil-s occur differing mainly in

A horjzon characteristics (taUte 9)" All are devel.oped on tert,iary

l-ateritic sandstone and their development is related to minor changes

in topography and drainage.

TABLE 9

Subdivisions of l-ateritic podzolic soils

SMU 17 occurs on sma]-l abrupt rises, 19 occurs in areas prone to
waterlogging and 18 on the areas ln between.

17 118VIIIabcÞey to grey

brorr¡n with pls-
olitic laterite,
bleached A2

W3.82
Dy3.62

19

1gYIa
VII a

Vlffabc

Red-bror,r¡n (ary)

pisolitic later-
ite onÌy, colour-

"dÞ

Drz.22

Drz.62

Dr3.62

W3.62

18

15 11óVIa
YIII a b

Dominated by

massive and

concreted
plsolitic ì-at-
erit,e

w3.æ
ùy3.62

17

Profile
descr-iption

Occumence
I¡¡d llnits

A hori-zon
conditions

hlncipal
Profil-e

Forrns

SMU
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l4orphoì-ogy , A1 horizons are loamy sand to sancly loam, apedaÌ.

AZ horizons are loarry sand to clay loam, apedal. B horjzons

red, whole coloured or yellow and red mottled, nediurn elay,

usually apedal. Soil-s of SMU 18 occasionally are structu¡'ed

in the top 15 ø.

Original vegetation : SlvlU 17 Closed scrub. Pr¡re stands of

l4elaleuca uncinata occur. SMU 18 and 19 [-av{ woodland.

Dominant trees : Er¡callrptus cladocaly:c F.v.M. Comnon

shrubs : Melaleuca rmcinata and Callstemon spp.

I¿nd use : Þazing and croppi:Tg. Pastu¡es consist of subter-

raneurn.clover wlth barley grass, Winunera ryeÉrass, wild oat,

geranlun (nro¿ir:m Uotr¡æ Cav" BertoÌ) and capeweed. Wheat,

barley and oat crops are Érown. SMU. 1 I is more productive

than SMU 17 or SMU 19.

SOI¡D]C SOII.S

2C. A horizon (dry) with urhj.te quartz savel

hincipal hofile Forms z DrZ"la2, Dr"3.\2, ù12.12, W3.l+2,

w3.æ

!'orphoJ-ory , \ grey (dry) loamy sand - sandy loam' , apedal,

much quartts gravel, surface often littered wlth scree later-

itic material. þ sometimes non-existent; bleached (dry)

sar¡d to sandy clay, apedal. B red or yelIow, nottJ-ed or

whole coloured, medirm to hear6r c1ay, blocþ or rarely apedal.

Solum usually underlain þ weatherlng rock at 75 cm or less"

Ceologt : ',i'Jhite granitic gneiss oceurs on outerops arrd often

can be recognized in and under the solurn. Some of these

soils may arise from the deeper weathered horizons of
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Iateritic profLles.

Occurrence : Land tlnits VI b, VII b c, VIII b

Þofl1e description : 22., 2)

Original vegetation : Woodland forrnation. Dqninant tree

E\calyptus cladocalylc occurr i¡g i¡ pure stands.

land Use : Intenslve grazing and cropping, shelterbelts.

Subterraneum clover is the main pasture plant with Wi¡nnera

ryegrass, barley grass, wild oat, geranium arrd capeweed also

common. Wheat and oats are grown on less steeprcleared areas.

21. Ar horizons broì^¡n (dnr). with plnk

hincipat hof ile Forms : Db2.22, Db2"62

Morpholory : A horizons bror,vn (¿"V) with characteristic pink

sand that colours the surface, sandy loam - loa:n, apedal or

weak crumb. Separation into an A1 and A2 is gra.duaI. GTavel

and rock frequentÌy occur at the interface of A and B horlzons.

B horizon mottled, brown medium to heavy clay, blocþ or apedal.

The Io¡rer portlon contains weatheri¡g granitic materials and

occasional carbonate"

Geolory: Pink granite gneiss occurs as outcrops wtrere the soils

of this SMU occur. Fragments of this rock can be found in

the soil profile.

Cccu¡rence : L€rìd lJnits Vf c d, VII b c, VïII d.

Proflle description z 20, 21

Original vegetation : Woodland forrnation. Domi-na¡t tree :

Er¡calyptus odorata Behr et Schlechtd occurs ês¡ pure stands.

Lend tlse : Intensive grazing and cropping. Pasture consists

of subtenaneum clover, phal-ar is (ttralaris tuberosa L. ) and

Wi-nrnera ryegrass with geranium, capeweed, wild oat, barley
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grass, sllver grass and cluster clover as subordj¡ate species.

Wheat, barley a¡rd oats are prolific producere on these soils.

22. A horlzons sand

hincipal hof ile Forzr z Dy5 "82

l,lorphoIory , A1 light-bror,rrn (¿ry) sand, single grained.

A2 bleachea (Ory) sand. B yellow, rpttled, medium clay,

apedal..

C,eology : SoLum r¡nderl¿in by tertiary alJ-uvlum. Sandy A hor-

lzons may be partty formed from aeolianite.

Occurrence : Land Units VfI c, VIII b.

Orlginal vegetation : Vrloodlend formatlon : Domi¡ant tree :

Eucalwtus leuco¡cylon F.v.M.

Land Use : Glazing, lntermittent cropplng.

23. Low saLinitv, zuIly-1ine soils

hincipal Profile Forms : Dy3.82, N2.82

Morpholory Al dark broumr gre¡¡ or bl¿ck (dry) sandy loa¡r -

clay loan, apedal. A2 bleached, loany sand-clay loam. B

yelIoru to dark broun, nottled, medlum to heavy clayr dries

to prismatic structr¡¡e that crr¡mbles easily, apedal when wet.

Geologr : felJ-ow sandstone frequently occurs at the base of

these soils.

Occurrence : I¿nd Uniùs VI cr VII d e, VfJI d e

kofile description t 2l+

Original vegetation : V'loodland Formation. Dominarrt ùree :

E\¡ca1:rptus leuco:q¡lon. Conrnon shrubs : Calistemon sPP.

Land use : ùazing and cropping. Phal-aris and subterraneÌrm

clover are the main pasture plants. BarJey €Fass, Wlmmera



u"

86

ryegrass, r^ril-d oat and capeweed are cormon. wheat, oats and

barley crops are grobrn. lrlaterl-ogging often li_mits the use of

machinery.

saline and soil-s

hincipal hofile Forms . Dyj.B3, lld.2.83

l4orphologl : As for SMU 23. Small- areas of sand, gravel and

truncated profiles occur.

C,eo1ory : As for SvlU 23

Occunence : Ia¡rd Units VII e, VTII e

OrÍgina1 vegetaùion : Low shrubland. Cormon shrubs :

Calistemon spp. Cournon herbs : CVperus spp.

l¡nd use : Ltgþt grazing. subterraneum crover and strawberry

clover (Trlfolium fragiferum L. ) groh,'s vigorousry in some

areas, salt rrnater barl-ey grass is comlono

LITHOSOT

25. Skeletal sand and gavel

hincipal hofile Forrn : Uc1

Morphologr : varlously coloured, sandy with r¡eathering rock.

organic staining of the surface indicates an i¡unature A1

horizon.

ceolory : soil forrned on quartzite and sandstone ridges"

Occr¡nence : Iand Unlts III a b, VII b

Original vegetation : Iow woodland. Dørinar¡t tree :

Eu¡calrmtus cladocalvrc. Con¡non shrubs : ìÞIaleggg ,tpp.

Xanthorea spp.

Land Use : Shelter belts.
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V MATffiIAI^S AND METIIO$ - FIELD EXPERIMENTS

A Factorial øcperiments

(1 ) Selection of experiment sites

Sltes rarere select"a foilield experiments to represent the

most frequently occuring soils and to provide as wide a range of soil

propertiee as possible. Areas affected by past application of mlcro-

nutrients, erosion, verrnin activity and concentrated farrn activity

such as sheep ca¡nps, tracks and hay stacks were avoided. The soll.

at each prospeetive site r¡as examined for ur¡lforrnity of principal

profile form (Northcote 19?1), depth and texture of the horlzons

present" The sites r¡aried in ühe number of years of agricrrltural

use from nil- at Site 15 to over lO years at Sites 8-11+117122 and 2l+"

(2) Þcperimental, desim and treatments,

The experiments were of I replicai" Z 6 factoriaL design

vuhere 32 of the 64 possiUll conbinations of factors are used alfow-

ing the slx main effects ard the 1 5 first order lnteractions to be

measured accurately. The combinations were arranged in two blocks

each with 1ó (Appendlx 5) so that withín each block eigþt plots were

treated wlth each micronutrient a¡rd eight were not. For each pair of

elements four plots per'Utoct< were treated with neither, four plots

were treated with'"""h element by ltself and four were treated with

both elenents.

The ¡nicronutrienüs 6)r Zn, lfr, Fe, B and Mo were applied in

aqueoue solutions to wt¡eat and the effect on growbh was observed

visually a¡rd meast¡red W saurpllng the plots during the grovrlng season
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a¡d at maturity. The vltreat cuftivars used were those recommended

for the respeetlve districts bry the South Australian Governmentrs

Advisory Comnittee on r¡treat quality. Insignia was used a'" Wharminda

in 19?O and replaced by the newly released variety Halberd in 1971.

pi¡nacle was used i¡ the Stokes area in both 1920 and 1971 "

the seedbed at each site was prepared for sowifig by the

far.mer, . Tt¡is usually entailed ploughing following auturn rains

a¡rd cultivation after later rains. the sLtes htere sovúrì at the same

ti¡re as the rest of the paddock and the plots were orientated so

¡!}¡at they para}led the slope of the land surface. All errperiments

vfere sohn with ó5 tg ha-1 of seed at 4 cn depth |n plots 20 m long

and 2 m (t2 rows) wide.

Ba.sal fertilizers were applied at aIL sltes end these con-

tained low concentratlons of mlcronutrlents (Appendix 6). Pttosphorus

(40 t<g t"-1 ) as sodium trlpolyphosphate was drl1led ürith the seed

a¡ld nitrogen (50 kg t"-1) as amnonlurn sulphatæ was dropped on to the

soil surface and incorporatcd þ the back t¡mes of the combine seed

drill. An addltiona-l ? tg fra-l of niürogcn was applied as urea in

foliar spra)rs on sites 2r3rt+r6¡7 and 9 at titlering following devel-

opnrent of N deficiency s¡rmptonrs"

Avadex (l*6 w/v)(s-Z, 3 dichloroallyl {{ N-dllgopropyl-

thiocarbanate at one litre per hectare vras used to control Wf¡mera

ryegrsss and wi-Ld oat. It was appued to the soil by boom sp,ray

innediately after sowing and incorporated lnto the eolI by

harrøríng.

Wild turnip, Lincoln vleed and capeweed lnfestatlons hlere

controlled by spraying at early etem elongation of the vuheaf

with l OO n]- ha'l of 50 per cent /v Amine 2-l+O (df¡rethylamine 2-[
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ciich lorophenoxy-acetic acid ) .

The micronutrient fertil-izer treatments were applied to Lhe

rvl'reat as foliar sprays at three growlh stages: single leaf to early

til.lering, late tillering to early stem-extensj-onr Ðd at the boot stag-e.

The sprays were applied duri¡g humid weather wÌren the wind velocity

was low and a plastic shield wag carried between the plots to inter=

cept any drifting spray.

At each time of application the micronutrients were applied

either singly or i¡r pairs in 5OO I ha-1 of deionized water. Each plot

was sprayed one, two, or three times as necessar¡r to complete the

application of the micronutrients. The di-fferent spray volumes applied

to different plots were not an important source of uater to the wheat

because the plants were already wet with dew and the nærlmum vofume

applied was less than 15OO I h"-1, equívalent to 0"15 mn rainfelJ-.

The amor¡nts of micronutrients applied at each time of spaying are

given in Table 10.

TABLE 10

Rates of micronutríents and cørpounds applied

ÊLement Ânou¡rt used Amouot of
Conpound used

-1gha'

390

880

2 030

1 150

25

2 l+8o

Cu

Zn

I,ft

B

ì4o

Fe

.-1gha

100

2æ

5W

2æ

10

500

CUSO'. SHZO

ZnSOL.THZO

trhso4.[H2o

H3w3

Narl4oo

FeSO'"

L.zH20

ßzo

r

i
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These amounts of nutrients were calculated from data of

t4itchell (1963 Table III), on the assumption that the total dry

matter of the crop was 10 0OO tg fra-1, ¿hat ttn crop required the

amotrnts of nutrients quoted by Mitchel-l, and that the percentage

recovery of nutrients frc¡n ühe spray was 30 per cent"

(3) Sa¡rp1i¡e and yield measurement

Soil

On each site 10 small pits were dug to the ba.se of the

solum (Northcote 1971). the depths of each horlzon were measured

in each pit and the mean r¡alues are given in Appendix 1. Assessnents

of structure and texLure, wet and dry soil colour and pH were made

frqn the pits. A sample of about 0"5 kg of soil was taken from each

horizon except wt¡ere an horlzon wae unusually deep, when sarnples were

taken from the upper and lower parts of the horizon, or rahere the

horizon hras s halIow, r^¡tren it was not sampled (Appendlx 1 ). For eech

horizon the samples from each pit r¡ære mjxed, and a 2 kg subsanple was

retai¡ed for anal¡mis. The soil samples were alr dried. Soils from

sandy horlzons containing coarse l-aterite or quartz gravel were sieved

(2 nrn) without crushi¡g, and the oühers u¡ere crushed to break hard

aggregates before sievlng. The less l"han 2 rn fraction was used for

anal;rsis.

PLa¡tt

The plante þrere sampled by cutting quedrats two or three

tirnes during the year at the f oJ.lowirrg grohrth stages:

Harvest 1 (Ht ) fate tillering (before the second applicatíon of

micronutrients ),

I
Ì

Ì
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Harvest 2 (HZ) boot (before the thi-rd application of miero-

nutrients),

Harrrcst 3 (H3) naturity. The actual harvests made at each site

are gJ.ven ln Appendlx ?.

On each occaslon 10 qtradrats totalllng 1 5 or 20 m of row r,ære

taken. Pl¡nt numbers ürcre counted at the fi¡st two harvests and the

rûreat was then br¡Lked and ueipþed. the bulked sample was then sub-

sanrpled and oven-dricd et ?OoC for dry welgþt determlnatlon.

At Harvest 3 quadrats were bulkedr thrashed and grafn and

straw nelgþts meesured. llþlsture contents were deterrn:ined on subsampÌes

talen after thrashtng. The plots were reapedwith an autoheeder for

graln determir¡atl-on. Thc statistlcal signiflcancc of g¡otrÊh cffccts

rms detæmi¡ed by analysla of varlancc.

thc responses hterc then used to cl¿sslfy cach slte into four

categorics of deflciency (O-3) ustng thc follo¡rfng criteria:

Not deflcient - O: No response to appllcatfon of mlcro-

nutrl-ents ocsuned.

tlerginally defl-cient - 1 : Sites were classif Íed here if

deficl-enry s¡mrptonrs appcared for a u¡t¡lle but dlsappeared by final

harvest or 1f ¡raln effects ocsurred ln plant number or Lf responses

to nlcronutrlents occu¡red øIy ln lnùeracùlon wlth others.

Defislgnt - 2: Dry natter increascs due to the appllcetion of

nleonutrl'entE neasured at Harvests 1, 2 or 3. Ttrc l¡creage in grain

yield ms less than 4O ¡rer ccnt.

Very deficient - 3: Ìbrkcd dcflc lcncy synptoms utd yleld

increases in occess of 20 per cent occurred at these slteso

Elg - T: Also noted wcre aeveral decreases in yteld

æasurcd ln naln effccts or lnüeractlons as e rosult of appllcation

of nfcrorutrlents.

l

ll

'tt
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(lr) Chemical- and phrrsical analysis

Soil

rhe pH of the soiL was det,ermined in 1 : 5 soiL-water suspen-

sion with a glass electrode. Particle size fractionation was made

using the Plurnnett balance method of Hutùon (lçSS) following urtra-
sonic dispersion of the soil (Edwards and Bremner 1967), Ilulk

densities were esti-rnated on the (2 rr¡¡ fraction of the soil by weiglring

50 cn3of soil. This method used by the South Austral-i-an Department

of Appiculture laboratory has accuracy equal üo field determination

macie with a Coile sampler (n..1, French pers. cornm, l9?Z).

ï?re carbonate content of the soil was estimated by rapid

titration with hydrochloric acid (piper 19b7 p.135). organic carbon

was deternined by r¡æt oxldation (Walkley and Bl¿ck j93l+), usi¡g the

spectrophotouretric method of si¡ns and Haby (lgZ't ) to rneasure the

residual dichrcnnte.

Mineral content and clay t¡pes were deterrnlned from X-ray

diffraction patterns of <2/t m material frqn selected horizons from

Sites 1í.r9) tl r ,çt tl r)"o tt -/ z z ,

Total so1I nitrogen was determined by sulphuric acid digestion

in ùhe presence of NaaSOU and selenium (Bremner 1965) and measuring

the arrnonium fomed using the í¿dophenyl reaction of Van Slyke and HiILer

(1933). Total soil phosphorus was released from the soil blr con-

centrated HCI dlgestion of fused soll and magnesium acetate (necn¿it¡t

a¡rd Little 1963)" Avail¿bre soil phosphorus was extracted. using

dilute acid (Bray snd Kurtz 19\5) for the soils of Stokes and

bicarbonate (Colwel.1- 1965) for the soils of lrlharminda. The phosphorus

in the soil digests and extracts was measured þ the molybde¡ullr-blue

method as described by Jackson (1%2) p.135, nethod f .
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Water soluble and exchar¡geable cations and cation exchange

capacity were determined by the methods outlined 1n the U.S.D.A.

.Ègricultwe Handbook No. ó0. Total Cu, Zn, ¡,fr, Fe and Mo in the

soil were determined by aùomic absorption spectrophotometry (Al1an

1961 ) on HF and HCIOU dlgesüs of the soil (Hanna 1961+). Boron nras

measured with arc emission spectrography (Robinson and Lomnan 19?1).

Extractable Cu, 7,r1, lltl and Fe were determi¡ed by three

rpthods 3

EDTA Twenty grans of soil was shaken for 16 hours irr 40 mI

of o"05 M NaaEtIA and 1 M CH3COCDIHU soluùion adJusted to pH ó.0 with

a¡rmoniun hydroxíde (Vfro 1955¡ lucker and Kr¡¡tz 1955).

DTPA Ten grams of soil was shaken for one hour with .001

ll DTPA in CaCla solution ar¡d triethyl amine buffer at pH 7.3 accord-

lng to the meùhod of Lindsay and Norvelt (t 969).

Ca(NOy'2 tarcnty grans of soil were euccessively extracted

three times with 70 m]- of 0.01 M Ca(NO3), al pH 6.0. The first
extraction period was 16 hor¡rs followed by two one hor¡r ecrtractions.

The soil and extracts were centrifuged, the e¡cbracts decar¡ted, bulked

and made up to 200 m1.

hel-iminary experiments were conducted to deterzrine optimum

pH for the conplexlng of Cu, Z.tr, ytr and Fe with APDC (anmoniwr

p¡¡rollldine dithiocerba¡nate) and concentraùion in MIBK (methyl

lsobutyl ketone). Varlous tnrffering solutions were tested es competi--

tors with APDC for cornplercf.ng of the metals. APDC was most effectlve

a,s a conplexlng agent in acet,ic-acetate buffcr and the optfunum pH of

extraction was 5o0. fu, b ar¡d Fe detection $rere greatly improved by

the method but lûr wag not. t.t, Zn and Fe vÍere complexed wlth APDC

and concentrated into 5 m]- of MIBK from Il0 ml- of the bulked solutlon
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that had been adjusted to pH 5.0 with aeetic-acetate buffer. The con-

centration of Cï, Zn and Fe in the MTBK and Irfrr in the bulked Ca(N03)'

solution were deLermined by atomic absorption spectrophotometry

(¡Itan 19ó1 ).

PIånt

Approximately 100 g of dried (ZOoC) tops and ggain from each

pJ-ot were ground in a Wiley mill fitted with stainless steel bl¿des

and O.5 um sieve, and were retained for anal¡rsis. Ca, Mg, P and K

in this material were determined by X-ray ffuorescence methods as

outlj¡ed by Norrish and Hutton (1969) and N by Keldahl digestion and

measuring amonium as for solI nlürogeno 6), 7'n, l,ti and Fe were

measured in HNO, - HCI04 diçsts of the material by atonlc absorption

spectrophotonetry (¡,tfan 1961). Boron was deterrnined by the

colorimetric method of Berçr and Truog (1939) and Mo by the method of

Johnson a¡rd Arkley (1951+). Ihe concentration techniques of AII¿n

(19ó1 ) were used when measurjng plant Cu. Soil- and plant chemical

anaJ.¡rses were f itted to yield response data i¡ diagrams.

B Ancill¿rv experiments

Elgþteen small- experiments were conducted in various areas

of $rre Peninsula to provide additional information on the extent

and frequency of occurrence of micronutrient deficiencies on soils

similar to those i¡r the study areas. A detailed list of sites, vûreat

cultLvars, æd basal fertilizers used ls given in Appendix 8"

Dcperimental design

The experiments on Sttes 31 and l+2 rære of ra¡rdomized block

design w'lth three replications. The treatments were:
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Treatment
Number

lreatment

Ni]-

Zn, W, B, Mo, Fe

Cu, lfr, B, Mo, Fe

C;'t, Zn, B, Mo, Fe

úf, 7.n, lfr't, Mo, Fe

Qu, 7.n, Ivtrr, B, Fe

Cu, Zn, W, B, Mo

o't, Zn, Mx, B, !lo, Fe

In 1ó ex¡rerlments (Sites 25-3Or 32-l+1), Cu, Zn and lür were

applied slngþ or in various unreplicated cøtbinations. The number

of treatments 1n each experiment depended on the number of elements

used. Tl¡e treeted pIoùs were separated fror¡ each oüher by control

plots to v,¡trlch no micronutrlent was applied ag illustrated in t'J.g. 12.

AII plots received the sa¡re basal fertillzer applicatlon"

FIGIIRE 12

Þ<anples of treatmenùs on r¡nreplicated plots

Nf]-

CI¡SOI + ZnSOU

N11

l.tr,Sol. + ZnS0À

Nit
Grs0r

ZnS0

N

Nil
lrtr,S0

l+

Nil

1

2

3

)+

5

(,

7

I
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Applicaùion of micronutrients

on Siùes 31, 35, 38-l+0 the micronutrients were applied to the

plants as foliar sBrays at tillering and boot stage at the same

raLes as those r¡sed in the factorial experiments. In the remainÍng

experinents solid fertilizers in sulphate form were applied to the

soil at the time of sowing. The fertitizers were drilled with the

seed at the following rates of application: Cu (1.0 kg ha-l ¡, ttø"

(1.? or 3.1+ kg rr.-1 ) and zn ('t .6 tg h"-1 ).

Assessment of vields

Three methods of yiei-d assessment were used. In for¡r experi-

ments 1O quadrats per plot were cut to estimate g¡ain yield; in three

experiments headers were used; and in 11 ercperJments only visual

estlmates were mad.e. The nethod r:sed is recorded in Appendix 8" For

each of the three methods of assesement described, the sites were

classified similarly to the factorial experl¡rents, lnto the sa¡re for¡r

categories of deficlency"
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VI RESULTS AND D]SCUSSION

TIELD I\ FTELD EKPERIMENTS

Part 1 describes the weather conditions at the experimental

sites, describes deficiency s¡mpùoms observed and presenüs the vege-

tative and grain yields where responses occurred due to micronutrient

treatmenüs. The grain yields determined by heading are presented in

the texb for the factorial experi.ments except for Siteg 15, 17 ¡ 20 and

?2, where estimaües of grain yield were made by quadrats onIy. Header

yields are better esti:nates of gain production and çnerally have

Iower variances. Estlmates of straw yields presented were determined

from the guadrats. The conplete results obtained aù each site are

given in Appendix 9. The factorial experiments were designed to test

only main effects a¡ld first order interactions of the micronutrient

treatments. The ínplications of the micronutrient interactions are

dlscussed"

A Factorlal experiments

(l ) Cllmatic and other fectors

Ðrperlnents 1 , 5, 8, 11 , 15, 17, 20 and ?2 were conducted in

1970 and ÞrperimenLs 2, 3, \, 6, ?, 9, 10, 12, 13, 1l+, 16, 18, 19, 21 ,

23 and 2l+ were conducted ín 1971. The mea¡r rainfall and screen temp-

eratures togeùher with the 1970 and 1971 neasurements aù Cleve, Porü

Lincol¡ and tlngarra are given l¡ Appendix 3. Tn 19?O the lt4ay-June

rainfall was below average ar¡d fel-I in li$rt showers before warm periods

with dry north wi¡ds. This 1ed to postponenrent of sowing until l-ate

June througþ to August. Þoslon at Sites 1 arid 5, and weeds at Sites I

and 11, caused the experiments at these four sites to be dÍscontinued
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after Harvest 1. Above average rains felL in August and September,

but October and November were dry.

Calm conditions prevailed in May and June 1971 and prolonged

rainy periods contj¡ued from l4ay througJr to September. The weather

produced ideal condítions for cultivating and sowing, and later in the

season the rain provided ample soil water for the crop to grow unchecked

until maturlty. SeveraL very hot da¡æ occr:rred in early October foll-owed

by further rainy periods througþ to Decembero Wheat grorvbh was llmlted

b¡¡ N deficienry due to leaching, despite liberal N application, at sites

on solodized sol-oneùz and solodic soils with ligþt-brown sand 4., horizons"

lrJheat plants in bl-ock 1 at Site 2 were damaged by rabbits and grain

yields were determined fro¡r block 2.

(2) Deficiency slrmptoms

Copper

Cr¡ deflciency v'ras obscrved in 14 of the facüorla1 experiments.

I?re symptoms uære early occurrence of wil-ting, curved ears, dieback,

whiteheads, nelanism and abnorrnal tillering. The earlier the symptons

occurred in the season the greater was the reduction in yield. Wilting

and ct¡rved ears were more obvious in cultivar Halberd than Pinnacle.

trliltlng (plate 1) was the most comnon deficiency s¡rmptom and

occurred in13 ex¡reriments. It appeared as early as tillering but

usually was not evident r¡¡rtil the boot stage. At two sites wílbing

occurred at flourering but the effect had disappeared by m¡turity.

Dlfferent reflection ¡ratterns of sunllght from the wilted leaves allowed

eaey recognition of the s¡mrpton. Curved ears (ptate 2) occurred on

many deficient sites appearing as Late as soft dough stage and was the

only symptom seen at one site. Dieback of the 1-eaf blade and vuhiteheads

(ptate 3) was frequent at sites where Ch deficiency was severe.
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Death of the upper portions of the stems occumed resulting in

brhite dead ears above gfeen succulent stems. This s¡rmptom was often

associated with mel¡nism (dark straw and ears) and a second period of

tiller initiation towards the end of the growing season.

Zj.nc

Deficiency of Zn produced few disüinguishing synptoms during

ùhe growing season, with Íncreased vigour and height after application

of Zn being the only observable response. After harvest of the grain

the mature deficient straw developed darker colour where Zn had not

been applied, slmilar to the C\r mefa.nism s¡mdrome. At one site Zn

application caused substantial reduction in yleld, and melanism

was evident on ttre Zn treated plots but not on the r¡ntreated plots.

At some sites the application of Gu and Zn together resul-ted in lighter

coloured straw than r¡trere Cu or Zn were applied alone, showflg that

mel-anisn is affected ry both these elementso

Ivlar¡øa¡rese

Manganese deflclency appeared about three weeks after emergence

as yelloring of the leaves, æd dieback of the leaf tips follored by

coll-apse of the whole plant (elate 4). The leaves were brittLe a¡rd

cracking of the bLade r,{as conmon. These s¡rnptoms were accornpanied by

d¡astic reduction in yieJd.

l¿lolvbdenum. Iron ar¡d Boron

At two sites some of tJre plots

¡relloær in color¡r than those rvlth Mo

indlcated Fe deficiency on some plots

groivbh and height responses to lttro and

of B deficiency were observed.

without l,fr application were

appüed. Intervenal chlorosj.s

at two sltes" Occasiona$r

Fe were obsenrcd. No s¡rmptoms
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PI,ATE 1

Wl]-tine in Halberd wheat

PI,ATE 2

(hrrrcd ears ¡nd nelenism i¡ Helberd wheat
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LìB;ì,ARY 101

PI,ATE 3

V'lhiteheads in Halberd wheq!

PI,A'TE I+

l¡traneanese deflcLencï' i¡r Halbcrd v{treat
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3) llain effects on yield

Copper

The response of wheat üo application of Ch varied greal,ly from

site to sit€ but was greater on tJne higher yielding sites (taUte 11).

No response occurred at six of the 20 sites continued t,o final harvest.

At Sites 6 and 10 s¡rnptors of def iciency (wiltùtg) were observed but

neither veçtative growth nor grain yield were affected. The occurrence

of increased dry matter of tops at Harwest 2 (boot stage) was not a

st.tre indication of grain yield response to follow. At Site 19 vegeta-

tive gro,vbh response occurred and wÍIting s¡rmptons were observed at

Harvest 2 but at Harvest 3 no evidence of res¡ronse remalned. Grain

yleld increase was someti-mes preceded by wilting s¡mrptonrs without

rrcgetatlve lncreases as at Sltes lnr 9, 12r 2Or 23 and Z+. At, other

siües (3, t5r 16, 18r 21) both drywelgþts of tops at Harvest 2 and

grain yie)ds at Harvesþ 3 were lncreased by Or application. Of these,

three sites brere very deficient but at the other tu¡o siùes both response

ln dry natter of tops at Harvest 2 and of grafn were small. In no case

did appl-ication of Cu (P-O"05) reduce dry matter yields of tops or grain.

Flg. 13 shor¿s the relation betuæen the grain yields fron plots vrith and

vrithout C\r for the 20 sltes on vutrich grain yields were determined,

Response to Cu is proportionately greater and nore cormon at the higher

yleldlng sites. Sfunllår rel¿tionships exist for dry matter yields of

plant tops at Harvest 2.
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TABLE 1 1

Effect of Gr¡ on wtreaù vield (ks ha-1
)

+

+

+

+

+

+

+

+

+

+

+

+

+

+

650

230

?o0

600

?odorx

101d

?90

890

800

800

760 logdoo(
2280 2210

1 050

1 580

1 O30

15

950

1210

2120

2160

205C

181C

2%o

2520

?260

11ód
1650

1 000

191ff
14ú
1 25O

23?Ox

2130

262ë

381 clcn
2390

31 Odoo(

26zff

1320

20rc

1 godoo{

2250

25?O zJ+?O

Z+3O

5160

2?6ff
5370

t+27O

35t o

3%o

2590

2980

3810

3320

1+31+O

5160

4890

3910

6440

376a

,lrllÙ0

3480

3280

30sdoo(

3360

3820

3?1ú
1+380

5t+zo

666ff
4o3o

7cBü
39?ú

12J+O 15odoo(

26tO 28æ

2O7O 1920

2580 27t+O

2O5O 2J+9O

t1910 4940

4390 )+35o

51?O 5300

3560 35?o

2t+3O t+Ozff
3t+5O !;Wff
l+51+O l+514

5o7o 56t+ú

t+T+O 5?J+ff
51)+o 5270

5140 óó4dQo(

\52O t+21O

6210 6510

3800 3900

I+7O 480

720 650

570 580

830 800

530 ó3do(

520 520

620 660

1

2

3

l+

5

6

7

I
9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

21+

D.Vú.

-Cu

!.U. straw

-Cu +Ct¡

D.U. tow
-S +.Q

D.![. tops

-@ +@

Site
re.

Harvest 3Harvest 2Harvest 1

Slgnificance: x P-0.05r tcK P-O.OI , )oo( P:O,0O1

+ Deficiency sJ¡mptoms Present
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FTGI.ME 13

Effect of Cu on Ê:rain vield in the factorlal experiments
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Grain yietd (- Cu ) kg ha -l

Deep siliceous a¡rd calcareous sarrds and solodized
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Solodized solonetz and solodic soils with brown ì'oarry
sand horlzons, and solonized brown soils

X Lateritlc podzolLc sol1s

A Solodic soils of Stokes

Zlnc

Increased vegetatlve growbh was seen at Sites 13 and 1l+, and this

uras accompanied by increased dry natter yield at Harvest 2 (Tab1e 12) 
"

At maturity the visual differences at Slte 13 had disappeared, and the

grain yield showed only a slight but non-signlficant (P*0.O5) increase

due to Zn appllcation, utrite at Site 14 response conti¡ued to be

apparent at the final harryest and gratn yleld was significantly increased.

o

0
1000

o

o
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TABTE 1 2

Effect of Zn on u¡treat yield (ke ha-l )

Significance: x P-0.05r ,oc P=O.01 , lctcK P-0.001

+ Deficiency s¡mptoms present, T Toxicity s¡mptours present

At Site 4 Zn application greatly reduced vegetatlve dry matter

yield, straw yield and grain ¡rleld. I?ris effecù was accompanied by

increased mela¡rlsm in the nature plants in the Zn treeted pIots" At

Site I a small decrease in dry naùter occurred at Ha¡vest 1 (titlering)"

Manganese

Slgnlftcant lncreases ln plant and grain yiclds due to l4n

appllcation occurred at Site 4 (taUte l3). Vegetative yield was

increascd by 40 per cent and grafn yield by 100 per cent. Neither the

straw nor the grain fleld at Site 3 were sfgnificantly reduced (ÞO"05)

by l'tr appLication, howener the combLned straw and grain yield was sig-

nificantly reduced. lYris effect of Þtrr at Slte 3 was larger ln inter-

action wlth Cu (see Cu x lûr section).

T

+

+

z+oo 1g3o 1210 5oo)ooc

3l+l+O 3560

3150 3|gff
1 580

950

1650

1 08ox

zgt+o zt$o

501+0 5ßú
3050 3:9ff

590 56ú
l+

I
13

14

D.Vrf. straw D.W. ffain
-4. +Zn-7,n +Zn

D.Vù. toos

-Zn +7.rt

D.W. tops

-7.n +7,n

Site
No.

Earvest 3Harvest 2Harvest 1
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TABI,E 13

of ltl on r,vÌreat vield (kg ha '1nffect )

,i

,l
[f
t)V

¡ì

+

1 590

1770

1520

2260

490

560

440

1150F
131+O

2280

1 400

31zff
3

4

D.l,ìI. straw D.W

-¡frt +Mr -Ml
È!|. tops

-t{', +þ

Site

No.

Harvest 3Harvest 2

Slgnlficance: ¡oc ÞO.01 , + Deficiency syrnptoms present

Iron

Stgnlflcant (P-0.05) but small increascs in yield due to

Fe appllcation ocsurred at Sites 3, 16 end 19 (taUte 14). Intervenal

chlorosis was vlsible on plots without Fe appllcation at Sltes 20

and 2l+r but thls had no effect on yfelds. AtSlte 17 Fe application

sllgþtly reduced the yleld of the tops at Harvest 2.

t

r

)or P-O.OI ¡ + IÞficiency s¡mpùors
Present

ff

+

+

1l+9O

3060

389o

l+31+O

3390

4gox

1 170

1170

221ú
2320

2J+60

1ó3doc l4o
3280 1o1o

3730 128o

t+38o 2o8o

2350

36t+o 2t+1o

1370

3530

l+69O

t+96O

5?J+O

528O

1 380

39Lú
L%ú
501 0

5170

il+J+O

3

16

17

19

æ
2l+

P.W. straw D.W. sain
-Fe +Fe -Fe +Fe

tops

+Fe

D.W

-Fe

Site

No.

Harvest 3Harvcst 2

Slgnificance: x P-O.O5'
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Boron

There were no increases (P-O.05) in yield due to B application.

At Slte 2, B applicatlon depressed grohrbh (Tab1e 15.)

TABIE 1 5

Effect of B on wtreat vleld at Site 22 (kp ha-'l )

Significance: x P-o.05

l{olvbdenur

Snall j¡¡creases ln yield due to Mo application occurred at

Sites 12, 19 and 23 (Table 16). The dryweight of the tops at

Harvest 2 r*as decreased at Site 6. Neiüher of the effects on top

growth at [IarvesL 2 at, Sites 6 and 12 continued through to fjnal

harvest wt¡i1e the effects on grain yield at Sites 19 and 23 were not

present at Harvest 2.

TABIE 16

-1Effect of l{o on vuheat yield (lce ha )

+

+

2580

l+31+O

t+37O

6970

?u+6o

l+%O

t+35O

6l+W

?60

1130

2080

27oo

820

1 080

221ff
292ú

21 00

l+2@

5070

6l+5o

1 89d
t+55ö

491 0

62ß0

6

12

1g

23

!4.
-ge

straw

+@

D.W.

-¡[o

ry.
-Mo

tow
+þ

Site

No.

Harncst 3Harvcst 2

Significance: x ÈO.O5, )o( P-O.01 , + Deficienry s¡rmptoms

, Present

ü
I

Í
I
I

l

r

¡¿00

651+O

2J+3O

l+330

ó1 4d
2310

2

3

3

Dny f¡Ieieht

Þai¡ and straw
Èain

-B +BHarvestVariate
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(J. ) Interaction of micronutrients: effects on Yield

Copper x ZInc

ñr x Zn was the most comnon interaction: it affected the

degpee of melanism exhibited at Sites 15 and 21 a¡d the yields at

Sites 3, l*, 9, 1C, 13, 15, 16, 19, 21 , 22 and 23" The effect of inter-

actlon appeared ùo become more Pronounced later in the season¡ con-

sequently most of the interactions were detected in the straw and

grai¡ yields.

TABI,E 1?

on wheat vield (ke hafhr x Zn

2690

2970

235o

3220

300

6860

7090

6020

6960

730

6t$o 59?o

6280 6?30

1 030

-Cu

+6\r

I,SD

P-O.05

23

2020

38oo

1 600

3820

290

t+99O l+79O

d+go 6830

l+2O

51 00

6690

5170

6590

550

-Ctl
+C\r

ISD

P-0.05

21

27

1 850

It

1960

80

2630

4O00

2220

l}030

l+6o

-Cu

+Gu

I,SD

FO.05

15

227O

2220

2280

2200

205

525o

51 CO

5070

561+o

l+75

l+ó80

I+920

51 \o
l+960

610

-Cu

+Gu

I.SD

P-O.05

10

D.W.

-Zn

D.W.

-h
straw
+Zn

Harvest 2

D.hi.

-Zrt

tow
+7¡t

Site

No"

Harvest 3

)

ì
I

í

lr

.I
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In Table 1 7 the yields at four of the nine siLes where

C\: x Zn interaction occurred are presented to illustrate the nature

of the effects. fn the absence of fu, h application frecluently

decreased the yieldr €.g. at Sites 21 (erain) arñ 23 (straw and grain).

At Site 1 5 the top growth at Harvest 2 appeared to be decreased by Zn

application without the effect being slgnificant at ÞO.C5. 0n ùhe

other hand, Zn application frequently i¡creased the yields in the

presence of Or, e.g. at Sites 10 (straw) 
"nd 15 (gaj¡). Again,

increases þtere mea,sured that were not significarrt at È0.0J, e.g.

at Sites 21 (straw) and 23 (tops at Harvest 2 and grain).

The size of the C\¡ x Zn interaction üIéIs not rel-ated to the

severity of c\¡ deficienc¡r. only Sites 13 and 14 were Zn deficient

and at both these sites 6\¡ and Cu x Zn effects were non-signiflcant"

The Cr¡ x Zn interactíon indlcated that Zn application aggravated

Cu deflciency but that G\¡ appllcation did not aggavate Zn deflciency.

Sites vtrere Zn application lncreased ylelds above that obtained wjbh

Cu alone were considered to be marginally deficient j-n Zn.

Copper x lvfanganese

c\¡ x l¡tr interactions had small but significant effects at

Sites 3 and 24 (Table 18). At Site 3I'fr had no effect on yield

when applled by itself but decreased the yield of straw and grain

v¡tren applied in the presence of Cu. At Site 2l+ both ûr and I'tt

applied alone increased straw yie}d. At this site significant

effects (P-o.05) sinilar to that in straw yield rtÍere measured ln

dry ueight per plant at Harvest 2 and combi¡ed straw arrd grain yie1d.

This site was considered to be marginally defictent in It¡ rùri1e at

Site 3 lvtr was considered to have had a toxic effect.
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TABI,E 18

Cr.r x ltr i¡rteraction on wheat vield (ks ha -1 )

2330

2670

2180

2570

180

3590

)+130

3920

381 o

310

3820

39?o

3790

38;,0

290

-c\I
+Ct¡

I.sD

P-O.05

2l+

210 2ßO

780 620

110

127O

1 910

1350

1690

120

1210

1l+?O

1270

151+O

140

-c\r
+ C\r

I.SD

Þo.05

3

D.W. gain
-M" +Ith

D.W

-¡fi

straw

+lvtr

ry. tops

-Þtt +@

Si-te

No.

Harvest lHarvest 2

Zinc x Iron

Zn x Fe interactlon had small effects on yj-eJd at Sites 3' 9

and.22 (faUfe t9). At Sites p (tops at Harvest 2) and 22 (erürr)

the application of Zn or Fe alone decreased the yield and the applica-

tion of these elements together increased the yields above that

obtalned with eiiher element aIone. Ihis yield was sjmilar to the

yieJ-d without either elesnent. Site 3 was considered to be marginally

defieient In 7.n and Fe because the addition of these elementg increased

the straw yield above that obtained where neither element was applied"

Sites 9 and 22 were not deficient in either elementr nor did toxicity

occur i¡tren tàe elements were applied togeùher.
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TABI,E 19

ZnxFein etíon on r,'¡Lreat vield (ks ha -1

Z+9O

2280

2210

25oo

1?o

[030

3990

3890

39?o

46oo

l+2@

l+37o

t+28o

530

-7,n

+'Zn

ISD

P-0.05

22

1 020

850

850

960

190

2650

u60
2t+9O

2790

320

Z+9O

21 00

1970

2510

4oo

-7.r1

+7-n

I.sD

Þ0.05

9

)+5O

440

l+50

520

110

1530 1580

1lù¿0 1670

120

1350

1 380

1370

1 380

140

-7,n

+7n

I.sD

P-O.05

3

D.W. grain

-Eg .¡Fe

D.hI

-Fe

straw

+Fe

D.W. tops

-Fe +Fe

Sit e

No.

Harvesù 3Harvest 2

Manænese x MolvHenum

Significant interactlon v¡as detected at Sites 3, ln, 8, 2) and

U. lhe effect of the interaction on vuheat growùh varied (faUte ZO).

For example, at Site 4 the application of Mo alone reduced the dry

welgþts of tops at Harvest 2 and the graln and straw at Harvest 3 by

50 per cent but the addltion of l'tt arid Mo üoçther i¡creased the grain

yleld W I+O per cent above that obtained with lr0e alone. On the other

hand, at sites 23 arñ,24 both t¿Fr and Mo, when applied alone, increased

the yi.e1d but application of the elements together reduced the yields

belor.¡ that obtained by application of either element alone"

l¡kr x Mo lnteracüion at Slte 4 uras a posltive i¡teraction and

indicated narginal deflcienc¡r of l¡[o and acute deficienry of lfi.
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TABLE 20

Ph x Mo interaction on wheat -,|(ke ¡a )

zuo
2J+7o

2560

2280

180

385o

386o

38Zo

3880

31C

3780

tlOl0
401 0

%'lo

29o

-ltt
+Mr

I^SD

H.05

2\

Z+2o

2980

3090

?71+O

300

6910

7Ol+O

691,,o

6040

730

6080

6830

ó680

585o

1 030

-lfl
+lfi
I,SD

P-0"05

23

794

970

330

1320

l+2O

225o

2l+1O

1290

2700

770

2920

2960

1650

329O

7l+O

-ffit
+lft
I.SD

P.'O.05

l+

D.W. grain

-gg +Mô

D.V'J straw

+Mo{4o

D.W

-Ue

tops

+ !!o

site

No.

Harr¡est ?Harvest 2

Sites 23 and 2)+ were considered to be marginally deficient in both

elements because each increased the yield when applied alone. rt is

infemed frqn the reduced yield r,rùren the elements were applied together

that an imbal¿nce between the !h and Mo occurred in the plants"

Interactions with macronutrients

fnteractions with najor nutrients may also be inporfant in

relation to the occunence of mlcronutrient deficiencies. Chaundry

and Loneragan (t9?0) shøed that Cr¡ a¡rd Zn deficiency did not occur

or¡ hlesterrr Australian loary ssr¡d soils unless N r¿as first added. On

ùhese soils eight-fold i¡creases in dry rnatter ylelds due to N occurred

and Cu and Zn deficiencies were prevalent on the treated soils. The
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Cu and Zn deficiencies hrere caused by dilution of the absorbed Cu and

Zn and were aggravated by increased growth of üops relative to

roofs. This effect was observed in some of the factorial experirnents

on the solodized solonetz and solodic soils of V'lharrninda where basal N

fertillzer lncreased dry natter by two-fold. Synrptoms of Cu deficiency

were less serrere in tt¡e r¡treat around the e:çeriments which had been

sohn without N fertilizer. Some of the smaller responses found,

particularly ln the factorial experiments may not have occurred

without the basal N applicaùj-on.

The Zn x P interaction on planù growbh described by l4lllikan

(1963) and Olsen (1972) may have affected wheat grohrbh 1n the factorial

experimenüs. However, at the Zn deficient sites no differences were

observed between r*reat in the ploüs not treated with Zn and sr:rrounding

wheat crops that received less P a¡rd N than the experlmenü sites. It
may be concluded frm this that Zn x P and Zr¡ x N lnteractj.ons were

equaì-ly severe in the fa¡'rprs I crops and in these e:çeriments, and

consequenlly Zn responses obtained i¡ the e:çeriments r¡puld probably

also occr-rr Ín corrnercial crops.

(5) Effect of boron and molybdenum on pl¿nt numbers

T?¡e results in Tables 21 and 22 shor^¡ that B and Mc applicatlons

affected the survival of r,rrtreat seedllngs. Hor¡Ever, the effects rn¡ere

inconslstenù with both increases arrd decreases occurring in plant
.2nwnÞer per m .
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TABI,E 21

Effect of B on plant numbers

Significance: x ÈO.05, )o( F0.01

TAtsTf. 22

lfgçt of l¡þ on plant numbers

SÍgnLficance: x P-O.O5

Survival of seedllngs wae also affected by the interaction

of B ar¡d Mo with other micronutrients. At Harvest 1 a1l seven and

at lliarvest 2 four of the eight interactions neasured involved B or lvlo"

(6) Severity of deficlencies

fn Tabþ 23 t}:,e r¡eeponses üo the micronuùrients har¡e been

used to i¡dicate the severity of deficiencies and ùo indicate
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where micronutrient applicat,ion had toxicity effects resul-ting in

decreased yields at each site.

TABIE 23

Severlty of micronutrlent deficiencies ln facüorial experj¡nents
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Cu '¿n Ih Fe B MoSMUSite

Severity of deficiency: not deficient - 0; marginally
deficient, - 1; deficient - 2; very deficient - 3.
Also recorded was toxlcity - T.
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B AncÍIlanr experiments

TabIe 2-! sunmarizes the results of the arrcillary experimenÙs.

Eleven of the 1 I sit,es were deficlent in one or more of the tnicro-

nutrients added. Cu was applied aL 17 sites and sjx responses to the

treatment occurred. The yle1d of grain at Sites 37, 38 and 41 increased

from O to over 2 OOO t g ¡"-1 due to Cu fertilization. At Site 35 Cu

decreased vegetative grolttbh and g¡ain yield, and increased the

severi-ty of melanism.

TÍeld increases due to Zn application occurred at three of ühe

12 sites r^rhere Zn was applied. At Sites 28 and 35 )ar3e responses

occurred. At Site 36 fn application produced taller and more vigorous

plants at boot stage but this effect had disappeared by final harvest.

Increased vegetatlve and grain yields due to I[e application

occurred at each of the three sites on calcareous sand and also on a

shallow solodic soil (Site 34). No responses to Fe, B or Mo occurred

at Sites 31 and l+?, the only tr¡¡o sltes u¡here these micronutrlents

were appLied (Appendix 8) 
"
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TABLE Z+

Severity of deficlencv in anci-llarv experiments

Severlty of deficiency: not deficient - 0; marginatly
deflcient - 1; deficient - 2; nery deficient - 3.
Also recorded rrns toxicity - T.
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PART 2 REI,A,TIO}¡ OF YIEIÍ) RËPONSE TO SOIL FR,OPERTIES

The concentratj-ons of micronutrients in ùhe pl-ant and in the

soil are given, and ùhe relations between soil and plant coneentrations

and yield response are represented díagranmatlcally for al-l soils ar¡d for
groups of soil mapping unj-ts.

A Concentratlon of micronuürlents in and soíl-e

The anal¡æis of total tops of the prants and sairr from the

control prots of the factorj-aI erc¡leriments sampled at tillerÍng, at

the boot st'age and at naturity are given in detail in Appendix 10.

rn general the Co,, zn, trùx, B and Mo concentrations in the pl,ants did

not var¡r greatly between the groubh stages. The ranges in concentration

hrere: â¡o.9 -6.9 pFnr h 8-35 ppnr ho.8- 13g ppmrB1.2 -20.g ppm

a¡rd Mo from <o.2 - '1 .2 pçrr.. The Fe concenùration at tillering ranged

frorn 1O5 - 910 ptrn, at boot sùage l+2-23O ptrn and ln the grain l+Z - 1O8

PF. These values are sÍmllår to those reported for micronutrients in

wheat in other areas of South AustraLia (J.8. Schultz and R.J. French,

personal cqrmr-¡nication ) .

Tab1es 25 and 2ó present data for soiLs from certaln sites of

the factoriar e:çeriments selected to shor,{ the range of totar a¡rd

availablc nicronutrients 1n thc aolls. Thc comptete results are given

1n Appendlx 1. The deep s1Il-ceous and calcareo¡s sands and the solodized

solonetz and solodlc soils aù hlharrninda contalned lower concentrations

of total mieronutrients in the A and B horfzonE than did the other soils.

Ttre concentratlons reported ere slmilar üo thoss quoted by Tllter (1957)



TABTE 25

Tota1 end EDTA-extract¿ble mlcronutrlents in selected
horizons at sites of the facùorla1 ocperlments

Deep silieeous
sar¡d SMU 1

Calcareous sar¡d
sMU 4

Solonlzed brown
soil SMU 1 1
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Stokes solodic
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TABI..E 26

Ca b]-e Cu Zn and

selected horizons at sites of the factoriaL experiments
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for similar soils in the south-east of South Australia. Total concen-

trations of mieronutrients found i¡r terra rossas, rerrdzinas arrC other

soils by McKenzie (1959) and Blackburn anct Giles (1963) in the south-

east, of South AustraLia and in podzolic sofls in Victoria (McKenzie 19óc)

are of the same order as concentratlons for¡nd in similar soils of the

study areas.
tll
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The Lateritic podzolic soils, as expected, contained higher total

Fe in all horizons than the other soils. The pisolitic l-aterite in these

soils was found to contain double the concentration of l-e than the soil

around it but the concentratíons of Cu, Zn and 16r were only sligJrtly

higher than in the soif. The total Zn concentration is generally higJeer

in B and C horizons, associated with higher percentage of ctay minerals,

but the other elements sho¡¡ no consistent differences in concentration

between horizons. McKenzie (195?, 1Ç!Ç) showed no profile trends in

total micronutrient concentration in terra rossas but showed i-ncreasing

concentration with depth in red brown earùhs.

The extracüab}e micronutrlent contents varied with depth in

the profiles. The A' horizons generally contained higher'concentrations

of EDTA+xtractable forars than lower horizons. EDTA-extractable Ih and

Fe were considerably more concentrated in A horizons, particularly at

Sites ZO and 4. The concentration of Cu extractable with EIITA from bhe

surface horj-zons of soils i¡ the napped areas ranged from 0,11 to 1'3 ppm'

The ra¡ge in podzolie soils is similar to that reported byMcKenzie (196ó)

for podzolic soiLs of Victoria but the concentrations in solodized solonetz
¡o¿¡g of.le"r

arrd solodic soif'rc^I""" than half that reported by'-tiller et al (lçlZ)

v*ro found 0.6 - 1.? ppn EDTA-exbract¿b1e C\r in surface horiæns of these

soils. Concentrations of EDTA-extractable Zn reported by Tiller et al

(1972) i¡ the surface horizons of solonized brown soil-s (t "8 - 2.7 ppm)

and podzolic soils (0.3 - 0.4 ppn) were similar to those obtained on

these t¡rpes of soils in the mapped area.s.

As expected, the amounts of Zn and lllr exLracted Uy Ca(Uor)a

soluLion from soiJs of high pH and high carbonate content were very ]ow.

l4any of the alkaline solls actua|ly removed traces of Zn and Iûr from che

ca(No^). extracting solutions despite purification of the extracting
' J'¿

solution with dithizone. However, tmlch of the total Zn and l4e in the
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slightly acid horizons of the soils of Stokes was extractable. For

example, at Site 20 (pH 6.5 ln the surface horizon) nal-t of the total

I'tr was e:rbractable with EDTA solution and one-fifth was erLractable

with DTPA or Ca(llOr)r. The values obtaj-ned for Ca(n0r)a-extractable

Zn (Table 29) are in close agreemenù with anal¡rses reported by Tiller

et a1 (1972) for solodized solonetz, solonized brown soils and podzolic

soils in South Australia.

B Soi]- mapping units and the Factual Key

fn order to apply the information from the factorial and ancillary

experiments, the rel-ationships of the responses to the soil mapping

r.rnits and various groups of units has to be considered. The soil mapping

uniLs are def ined (after V'Iebster 1968) as naturally occurring groups of

soils with similar parent maùerials and soil morpholory. Wherever they

occur they support similar original or introduced cornrnr,rnities of pJ-ants

and have J-ow variability in productive potential.

The l'actual- Key of Northcote (1971) separated some soil mapping

r:nits. For example, the principal profile forrns Ucl .11 and tJc5.12

occurred as trnp separate units. Howeverr h oùher cêses the same prin-

cipal proflle forrns occurred in several soil napping units. The Jater-

itic podzolic soil with grey surface and pisolitic laterite in the A

horizons (SMU 19), the alluvial solodic soil (SMU 23) and some sol,odic

soils formed on rotrite granític gneiss (S¡nl ZO) have D¡r3.82 profiles.

Significant differences between these r:nits in the gror,ubh of rnùreat and

in chemical anal¡æes of the soils were noted. Conversely, one soiJ-

mapping unit may eontain several si:nilar principal profile fotms.

For example, the solodized solonetz and solodic soils of V'lharrninda

have þ5.43 and Dy5.83 profiles and the solodic soiJs formed on plnk

grarritic gneiss at Stokes have Db2.22 and Db2.62 profiles" Each pair
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of profiles had minor strrrctr]ral differences i-n the B horizon which

were of little agronomic importarrce. fn short, the Factual Key was

not sufficient in itself to separaLe the soil mapping units" As

poinLed out by ¡ftrlcahy and Hr-unphries (1967), Lhe apgonomic utility of

the Factual Key is Limited by the number of diagnostic crit'eria used'

However, the Key was particul-arly useful in systematic examination of

soil profil-es and provj-ded a starting point for the identification of

the mapping units.

Northcote (lltz¡ descrlbed sequences of principal profil-e

forrns that occur between mountainous areas and adjacent plains in

Victoria and shov,red how the Key linked climate and soil development

more accurately than did previous svstems of classification. The

Key makes sjmilar distlnctions between the soils at wharminda and those

at Stokes. Neutral duplex solls occur at Stokes and alkaline duplex,

gradational and uniform soils occur at lrlharminda, bub within each

district sequences such as described by Northcote (1 9ó2) do not occur

because there is not enough climatic variation to produce them"

lJorthcote (lgtZ) also showed how the Key differentiated between variants

of si¡sle great soil groups. For example, two forms of l'rasnozem with

different structural properties were separated. The Key served this

purpose in the study areasrdifferentiating between forms of g¡eat soil

groups.

The deep siliceor¡s sands and solodized solonetz and soj.odic

soils of 'v{harminda were mapped in seven r¡nits thaü vary mainly in depth

of horlzons (nig. 9). Sliu 1 and 5 - I have very liglt-bror^¡n sand A't

horizons , lvhereas sl4tj 9 and 10 have brown Ioamy sand 41 hori-zons ' The

latter trnn soil mapping units have characteristics in corÍnon with the

solonized brown soils, such as loam¡r sancl 41 horizOns and carbonate

close to the surface. Ttre calcareous sands have some properties in
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colnnon with the other sarrds, and may be grouped with them when Cu is

considered because availability of Cu is relatively unaffected by pH

and carbonate content. Tn contrast, these two properties have large

effects on Zn and ltr availabil-ity, and the calcareous sands may i;herr

be more appropriately grouped with the other calcareous soi1s.

The soils of Stokes are slightly acidic and have more cJ-ay in

the sr:¡face horizons ühan the soil-s of Wharniinda and are usuafly

neutral lower i¡ the solum, rûrereas the soil-s of V'lharminda are usually

alkaline beneath the surface. TLre soils of Stokes are mainly lateritic

podzolic and solodic. Three soil mapping uielts were recognized in the

l¿teritic podzolic soils, varying in amount and form of laterite and in

profile drainage. Al-1 three soils have similarly coloured, unstructured

or poorly structured clay B horizons and have similar depths of soJum

ar¡d texture of horizons. ïhe solodic soils contaj¡ five soil mapping

r¡niüs which differ in parent material, depbh of soIum, colour and

texLure of A horizons and drainage characteristics. These soils aro

usually deeper than the lateritic podzolic soils and frequently have

blocþ structured B horizons.

c Distribution of deficiencies in different soils

In Tab]es 2? and 28 occurrence of deficiencies is rel¿teci to the

nature of the soils and the l+2 experirnental- sites are described as

deficient or not deficient. This enabled the proportion of sites

deficient in particular elements on each individual or group of soil

nappixg units to be determined. Marginal deficiencies aL factorial

sites were not i¡cl-uded in this assessment. Pooling of the results of

the factorial and ancillary experiments shows several clear relationships

between response to mícronutrients and soi] mapping units. llowever, Í.t

shoul-d be borne in mind that jn pooJ-ing the results, the accurately
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TABT,E. 27

ctorial and anciÌlary experiments
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IAril,¡l 28
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measured responses in factorial experiments are equated with the assessed

responses of the ancilJ-ary experiments. In the latter case small res-

ponses tend to be overl-ooked. Moreover, five wheat cultivars were used

in the /a2 experiments and this may have affected the presence or Lhe

depree of deficiency at each site.

Cu deficiency occurred on a wide range of soifs It occurred

on the deep siliceous and calcareous sand, solodized solonetz and

solodic soils at Wharminda (SMU 1 , I+-8). Resporisiveness of r,'ùreat to

Cu application on these soils did not appear to be reLated to depth

of sand as might have been expecùed if the underlying cl-ay had been

a better source of Cu; hower¡er, as indicaüed previously, the Cu contenls

of the B horizons were }ow. V'lhen SIvIU 1 and 4-8 were gpouped together

yield increases occurred at six of the 15 sites. The loamy sand to sandy

loa:n soils in Sl{U 9 - 12 at Wharrninda, wtrich includes sha]*low solodized

solonetz, solodic and sofonized brown soifs, ì^¡ere tested at sjx sites

and only one was slightly deficient l-n Cu. Frorn these ex¡reriments and

from observations of' crops on these two categories of soil, Cu deficiency

woul-d appear to be largely restricted to soils with light,-brown sand

Al horizons. These soils contained lower concentratíons of organic matter

i¡ their surfaces than the brown loamy sands r^¡trlch may e:ç1ain why the

forrner soils conLain lower concentrations of e:<tractable Cu and were

more deficient. The properties of the surface horizon had greater

i¡fl.uence on deficiency ùhan dld the great soil goups to vuhich the

soi] belonged.

In the Stokes area, nine of the 10 sites on Lateritic podzolic

soil,s were Gu-deficient. At two of the three sites on SMU 1? (vrith

ma.ssive and concreted laterite) death of many plants occurred where no

Cu was applied. Fou¡ of the six sites on the sol-odic soils of Stokes

were deficient in Cu, with both sites on SMU 21 (derived from pilk

I
Ì

!
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granitic gneiss) Ueing very deficient.

Zn and ltr deficiencies aFpear to be confined largply to cal--

careous soils. The yield responses to application of Zn occurred on

solonized brown soils with calcareous loam horizons at or near the

surface (SMU 11 and 12) and on calcareous sand (SMU 4),. One site

on a shallow solodic solL at ltlharminda was Zndeficient. All sites

on calcareous sand (SMU [) and one site on a shal-low so]-odic soil

(SMU 10) were def icient ln lvln.

Two sites at Stokes were Mo deficient, one on a lateritic

podzolic soiJ- and the other on a solodic soil" Deficiencies of Fe

urere small and oceurred on a variety of soÍI mapping units. Responses

to l4o, Fe and B ulere not oonsidered to be of any agronomic importance.

D Yleld responses to micronutrient application, and soil and plant

concentrations

The rel¿tion of pLant yield responee to soil and plant con-

centrations of micronutrients is presented. In the diagrams, the

curves have been hand fitted as not enough e:çerìments were condr.rcted

on each group of soils to adequately test the fit süatistically.

(1 ) Copper

Soil, a¡rcl pLant anal¡rses are related to per cent yield increase

and to absolute increases. In the former case 
[iv*-fo)Zt*] x lOo

(r^ltrere YgU is the mean dry matter of tops or grain yle1.d with Cu applied

and To the mean yield without Cu) is used to even out the effects of the

large differences in yield that occur between sites" It should be noted

that data calculated from this functlon are not normalJ-y distrlbuted"

fgu/To is not suitabLe asi anì index of response because at sites where

yield wiùhout added C\r is very 1or^r (e.g. Site 1l) the values of f*/Yo

are verT large and give a greatly exaggerated view of the response"
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FIGURE 14

Per cent gain yield response to Cu and Cu

concentration in the gaj¡ of control plots
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Cu concentration in the grai¡ is related to per cent grain

yiel-d response in Fig. 14. The responsive and unresponsive sites

are larpely separated by a grain Cu concentration of 2.5 ppm althougþ

response to Cu applì,cation occurred at two sites on solodic soils

of Stokes with Cu concentrations i¡r the grain of 3.7 and 5"O ppm.

r
Ì

{



1,10

The critical concentration of Cu in the tops at the boot staç was

3.2 ppn. The critical values in the tops and Ftrain were affected

srightly by soil type and to a lesser extenù than was errLractabre

cu in the soil.. The resul-ts for yield responses in F5-g. 14 r,uere cal-

cr¡Lated from the mean grain yield for aII plots wit¡, anA r¡riühout Cu.

Although interactions with other micronutrient;s occurred frequently

the effect r¡ras generally snal-l and had littIe effect on the critical,
values for cu as ilrustrated in Fig. 15 for the cu x Zn interaction

on the 'rlharrni¡da soils. Pizer et aI reported a range of 0.9 - 4.5 ppm

Cu irr deficient wheat grai¡ in England and suggested ühat grain

FIHIRE 15

Per cent grain yield response to C\¡. without and with applied
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anal)rsis r^rasr of littl-e value for dia6posing deficiency. However,

Caldwell- (19V ) stated that farrn advisers i¡r south-eastern Etrrgland

consider that less than 2 p¡llr¡ Gu in vr¡treat grafur i¡dicates defJ.ciency

vutrire greater than 3 ppm indicates suff iciency. Bc¡b h the range of Cu

concentrations i¡r deficient grain and the critical values reported by

PÍzer et al (gSe) and ca1dhæll (19?1 ) are in close agreement wiüh the

findlngs of the experiments in this study.

The amounts of C\r extracted from the soil by EDTA sol-utlon are

related to per cent grain yield response in Fig. 16. The relationship

between EDTA-e:rbractable Gu in the sr:rface soÍls and ggain yield response

appear to be different for l¡lha¡minda and Stokes. Responses to Cr: appli-

cation occurred at hl$ner so1l ü¡ concentratlons in the sr¡rfaces of

l¿teritic podzollc and solodic soils of Stokes. SirniJ.ar relationships

were observed between per cent grain yierd response and DTPA - and

Ca(ttO^)a-extractable Cu. Criticat values for e¡rbractable Gu above

'wl¡ich lit,tle response to applied Cu occurred were:

EDTA-ecrbractable Cr¡

DTPA-exùractable 6\.r

Ca(NO^ ) ^-e)ôractable Gu).

Wha::minda

ptrEn

o"35

0.10

o.oo4

Stokes
pp4

o"75

o.20
o"010

When absolute increases in yield were plotted against soil
coneentrations, three curves were obtained instead of üwo (Fíg. 1f).

where absolute yield lncreaseg are r¡sed, critical values for EDTA

erLraction are O"l+ ppn for the soils of Wharminda, 0oó ppm for ühe

Lateritic podzoÌic soil-s and O.8J ppr for the solodic soils of Stokes.

Si-milar curves are produced v,¡hen absolute yield lncreases are plotted

against DTPA- or Ca(llOr)2- extr"cteble Gr¡" lhe criüica1 r¡alues
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Per cent traj-n yiel-d response to Cu and
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obtained with EDTA are sjmif¿r, to those reported el-sewhere. A critical

vafue of O.75 ppm EDTA-exLractâbl-e Cu ûas reported for a wide range of

soils by McKenzie (1966), Reiüh (19ó8) and Cox and Kamprath (1972) whereas

C.l1dweli (1971 ) reported 0 - 1.3 ppn EDTA-exüractable ûr in deficient

soiLs of Ðngland"

The existence of two cu¡ves in Fig" 1ó may be due t,o the soils,

c-Li-rnatic effects or the wheat cultivars used: differences between the

soils of' the lwo areas are considered to be mailly responsibl,e for the

existence of the trdo curves. Plnnacle was [Town at Stokes and Halberd

at V{harrninda. fn a greenhouse experiment with these cultivars, conducted

on soil- from the A horizon of a deep sil-j-ceous sand from near Site 1,

Halberd was fqund to be more susceptible to Cu deficiency and more res-

ponsive to application of Cu than was Plnnacle (Alston, A.M. personal

con"r¡unication). lf these differences occur widely in the field the

effect of gowing one cultlvar at al-l sites woul,d accentuate

the differences between the curves. Since the relationship between per

cent, grain yield increase and concentration of Cu in the soiJ. for the

experíments in the Stokes area is the same in both 1 97O (a dry year)

and i 971 (a wet ¡¡ea.r), rainfal-l is unl-ikely to affect the rel,alionship.

Moreovero in Fig, 1 7, absolute yle1d increases form two curves for the

IateriLic podzolic and sol-odic soils of Stokes. Þcperiments were

conducted in 1970 and 1971 on both soil groupsrwkrich are in cl-ose prox-

imity to one another. Since Pi¡rnacl-e was used at aIL sites it is reason-

abLe to concl-ude that the relationship between yield response and

extractabl-e Cu is differ""a t.liäifferent groups of soits.

The toLaL Cu uptake in the g,rain grown on Lhe Lateritic podzolic

and solodic soils of Stokes was twi-ce that in the grain govùn on the

soil-s at'lqJharminda, due mainly to the higher yields obtained aù Stokes

(taUle 29) where soil nutrienù content is re1-ativel¡' high (Appenclix 1 ).
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Lhe supply of Ca(IiOr)r-extractable Cu in the 4., horizons of the soil,

the form most readily avaÍlabl-e to pJ-ants, was si¡ril,ar in the soils of

both regions. The higþer criti-cal Cu values in the soiJs at Sùokes

compared with ,t?¡arminda may be caused simply by higher dennnd for Cu

from pooJ-s approxirnately equal in size.

TABLE 29

ts of and available SO

Variaùe Vrlharminda Stokes

I
mean grain yield
total Ct¡ content of grain
Ca(NOr)2-Gu in 4., horizons

kg ha

gha
gha

1 o5o

2"92

9-1

2040

6.21+

10 "7

-1

-1

t

T'Ìre rel-ations beùrceen the response to Cu measurecl il the dry

nratter of the plant tops at Harvest 2 and the amounts of Cu extracted

from the soil by the various sol-utions brere sjmilar to those for the

g¡ain. However, the criticaf values separating deficient and non-

deficient soil-s were 5-1O per cent l.o',ver, and responses thaü

oceurred after boot staç were not detected.

''lhen the concentration of Cu jn the grain was plotted againsü

the Gu exLracted from the soil by EDTA (Fig. 1 8) all- soils at Wharrninda

appear to falf on one curve, vuhi-Ie the l¿teritic podzol-ic and solodic

soils of Stokes ap¡rear to be on two different curves. Thjs sugs-ests

that the extractants removed different , Êr¿cLions of ùhe soil Cu

avaiÌabfe to plants on the contrasting soils. Simil-ar relations

v¡ere found betrveen D'l'i)A- and Ca(tlo3)r+xlractable Cu and concentration

of Cu in the grain. The concentrations of extractable Cu in the B

horizons of lateritic podzolic and sol-odic soils were not rel¿.teci to

)
I
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F]GUFM 18

Concentration of Cu in the grain and

EDTA+xtractable Cu in A hori-zons

E
o-
o.

C'õ
CN

;o
rú

c
û,
Ucou

=O

a
5

t,

oa

o
3

2

s oits of ."

harminda..'

o

¡ria
; sotodic so¡ls

å

A

:a

X

x

'tateritic poùzotic X

x x ô soils

,o À

0 0.3 0.6 0.9 1-2

EDTA-ertractable Cu (ppm )

Iægend - see Fig. 14

response of grain yield to application of Cu emphasizing again that

A horizons were the mai¡ source of plant ür.

(2) Zinc. manÃanese. iron. boron ancl molybdenun

Few yield responses Lo Zn, ¡4:ì, Fe, B or IvIo occurred and it was not

possible to define clearly the relationship of yield response to con-

centration of these micronutrlents in the plant or soil. There 'h/as no

obvious reLationship between deficiency of Zn, Iôe or ire and EDTA-, or

DTPA-extractabfe Zn, IvFr or Fe in surface soils. The relationship

beLween EDTA+xlractable Zn and Zn deficiency is gi.ven in Fig. 19.

Sites not deficj.ent in Zn contained as low as 0.26 ppm of ercbractable

Zn in the surface while the deficient sites contained 0.ó and 1 "5 pF[n

:;
o

1

1.5
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EDTA-'exbractable Zn in 4,, horizons and Zn deficiencv
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extract¿ble Zn. Relationshlps between EDTA-exbractable Zn and deficiency

have been shornm elsewhere. For exampte, Trierweiter and Lindsay (19ó9)

reported a critical value of 1.4 ppm EDIA-(tttHU)tCO, extractable Zn' A

complex relationship exists between Ca(No3)Z+xtractable Zn and ¡&r and

deficiency of these elements. It was noted that surface soils from

the sites deficlent ln Zn (Sites 13 and 14) and ¡6 (Site 4) adsorbed

more zn and Ì4n from the exbracùing solution than did surface soil-s from

I
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the other sites. ft was aLso'öbserved thai at 51te 3 wlrere Itsr toxicity
occurred the surface soil contaíned a hi6frer cónôentration of Ca(llOr)r-

exbraetable l4r than at any other Wharminda site. All-ied to adsorption

or release of Zn or l4r into neutral- salt solution is the effect of pH

and carbonate. Both Zn and l4:r conientration j¡ the plant and grain

decreased with i¡rcrease in pH and carbonate content of Lhc surface

soi1. This is illustrated in Fig. 20 for the relationship between Zn

concentration in the grain and pH of surface soil. The concentration

of Zn in the grain offf-ats . {o )^au.. ¿/o.rers"/ c1,54,+þ aóou¿ p4 z.r.

FIGIIRE 20

Zn concentration i¡ sai¡r of control p]-ots and oH

of sr¡rface soil

30

25

E

x
X

A

5

E
CL
o.

.s
rú

(tl
.=
Co
tú
l-
c
(u
IJco
L'
C
N

o
20 ô

xtr¡
oo

15

10
O

05.4 60 06 7.2 V8

pl-l of surface so¡l

8't..

O Sil,iceous sands, solodized soloneLz and solodlc soiLs

a Solonized brornm soil, calcareous sand

X Lateritic podzolic soils

^ 
Solodic soils of Stokes

E Hlgh Zn concentration due to extreme Gu deficiencXr at Site 1 5

o
o

o
o

o



138

At Sites 13 and 1l+ (Zn deficient) ttre concentration of Zn i¡r the

grain was 1 3 and 1 7 ppm respectively and these concentrations were

lor¡er than at most sites (Fig.21 ) arthough al,1 but one site had grain

Zn concentrations of less Lhan 22 ppn. These concentrations are all
close to the critical- value of 15 ppm reported by viebs (196L) and

indicate ùhat incipient Zn deficiency hae like1y at many sites.

FIG-rRE 21

Zn concentration in s'ain of control plots

and Zn deficiencn at factorial exoeriment sites
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there r^tas no obvious rel-ationship beùween Zn concentration in the plants

or sain and marginal Zn deficiency detected through the Cu x Zn inLer-

action (Fig. 2t ). Chaundry and Ioneragan (19?O) indicated t]nal- T,rt
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concentratlon is often higþer in Cu deficient plants and this nay

explain the poor relationship. At Site 1 5 where wheat from al.l plots

was anal¡æed for Cu and Zn, ühe Zn concentratíon in the pJ:nt tops

at Harvesl 2 was 12.5 pW where 6\r was not applied and 9.0 ppm where

it was applied. By Harvest, 3 the Zn concentration had risen to 32 ppm

i¡ the grain from the plot to which no ferüi-lizer had beerr applied.

The lowest concentraüion of 7n i¡r the tops at ùhe boot stage and in

the grain occured at Site 4 (calcareous sand) Uut, contrary t,o what

$¡as expecbed, Zn appllcatlon decreased the yields (la¡te 12), possibþ

through interact,ion with Cr¡ or }tr wtrich were both very deflcient at

thls site. ISI deficlenry at Site 4 was accompanied by the lowest con-

centrations of pl¡nt and. grain I¡trr found in the erçerlmenùs (Ftg" e2).

FIGURE 22

lûr concentration in gain of control- plots and

horizong brr Ca(tr¡O
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The plant and grain data suggest that interactions may be more important

i¡r assessing the signlfi-cence of Zn concentrations in the plant thart

they appeared üo be for C\r. Analysis of the plant tops and grain

appeer 
_to 

be more useful than are EDTA, DTPÀ or Ca(ltOr)a tests for

diagnosing Zn and l&r deficiensyo

B and llo contents of the vegetatíve and grain parls of the plant

(Appendix 10) do not l¡dicate deficiency when compared to the concen-

tratíons in healthy pJants gi-ven by Chapman (1966). WiLl-iams (1971)

showed that Ì4o deficiency occurred in a range of crops wkren the lt4o

concentration was less than 0.1 ppm. Thls concentration was exceeded

in most of the pJants in the experiments., The effects of B and l4o on

plant survival urere comïron but the reasons for them are not lsror^¡n.

Because the effects o¡ærated after the two leaf stage of tåe plants

(when the first spnay was appliea) ft is likely that B a¡rd Mo treatment
t

at sowing would have had larger effects on gerrnination and survival.

Increased growth rates of çrrninating wheaù gfain due to B 4erc reported

bJr Kurppov (1972) and increased growbh rate of seedlings through

fungicidal action of B was shown by Rebenko (1971).

Visual examinatj-on of dlagrams relating Çur7.n, l1r or Fe con-

centrations in the plant tops or grain to per cent c1-ay, organic

carbon, total- soil nitrogen, bicarbonate exLractable P and cation

exchanç capacity in ùhe soil were made but no obvj-ous correlations

were observed.
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PART 3 GH\¡ EITAL CUN CLUS IO}JS

A fdentifícatlon of micronutrient deficient êreas

l4apping of landscape features as land units based on

geonrorpholory and topography greatly aided identification and

deli¡reation of the soil mapplng units and hence areas of likely

deficiencies. Some soils occr:red widely, while others were restricted

to one or üwo l¿nd units. For exanrple, ùhe calcareous sands (SMU 3

and t) were found only in LU II and the terra rossas (SMU 14) in LU V,

r^¡klile the solodized solonetz and sol-odic soils . were found in a-LI units

althougþ the area occupied varied greatly from land unit to land unit"

The soils were for¡nd on particrrlar components withln the land units.

For example, in tU I (Dune and swale system) deep siliceous sands occur

on the tops and upper slopes of the dunes, solodized solonetz and solodic

soils with li$rt-brown sand A' horlzons occur on middle and l-ower slopes

of dunes a¡rd in slightly raised sandy areas on the flats, whereas shallow

solodized solonetz and solodic soils with brovun loamy sand 4., horizons

are found j¡r the flats. this topographic rel¿tionship of soiLs is

characteristic of LU f. SjmiLar relationships exist in the other land

units.

The fieLd experiments i¡dicated particul-ar sites where micro-

nutrlent deflciencies occurred, and if the sites are characteristic

of ühe particular soils they represent, the results of the field

experiments can be used in conjunction with the soil survey t,o define

soils deficient or potentially deficienü in micronutrients. The

results sugg,Bst Lhat solodized solonetz, solodic and other soils at,

Wharminda wiùh loamy sand to sandy loam A,, horizons were unf.ikely' to
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be deflcient in Cu, but that soils with tlght-brovun sand A,, horizons

are potenttally deficient. All the l-aterltic podzolic and solodic

soiLs at Stokes are considered to be potentially deficient in Cu: the

observed deficiencies were most severe on the lateritic podzolic soils

particularly ühose wiüh A horizons dominaüed by massive and eoncreted

piso)-itic laterite" Areas potentially defíclent in Zn at:e on solon-

ized brou¡n soils with calcereous loam surface horizons vuhile ltt

deficiency is ltkely on the calcareous sands' Both Zn and l¿le

deficiency oceurred occasionally on shallow sol-odic soils, particularly

w?lere cultivation or erosion had brougþt carbonate ùo the soil surface.

These effects are símilar to those responsible for the induced Fe

deficlency in Colorado reported by Fol-lett and Lindsay (1 97O), rvhere

removal of surface soil by erosion or land levelling oçosed soil l-ow

in avail¿ble Fe content. Fol-lett and Lindsay (1970) also reported

decreased concentration of DTPA-extractable Zn and lûr with depth

in the soil, and they anticipated that removal of surface soil- could

cause deficiencies. Erosion is not uncormon on Elre Peninsula and the

possible effects that it would have on the occurrence of deficj-encies

should not be overlooked.

Not aIL of the sites regarded as potentially deficient on the

basis of the soil sun¡ey and ühe results of the field experlments

actua1ly responded to fertillzer appllcation. Soil and plant anal;lsjs

and, in sone cases, the occurrence of micronutrient deficiency s¡rrnptoms

were used wiùh varying degrees of success to separate the responsive

fron the unresponsive sites. ft was possible to draw firm conclusions

about the value of soil- arrcl plant anal¡rsis only for Cu, since relative-

Iy few yieJ-d responses occurred to application of ttB other micronutri-

ents. Elant a¡d gaiñ analysis r^ras more satlsfactory than soil anal¡æis

for separation of Cu-defj-cient from nondeficient soils because the
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nature of the soil had little effect on the critjcal value oî ?'.5 ppm

in the prain.

Before soil analysis can be used effectively, differences

between soils or €û'oups of soils must be recognized. Provided the

nature of the soil is taken into accor:nt, Lhe three extractants

Ca(NO3)2r DTPA and EDTA were equall¡r useful in diagnosing Cu deficiency.

The results for Ca(N03), ext'raction were least dependent on the

properties of the 'soit and ühis exLractarrt should Lpve more widespread

application than the others. However, extraction and measu-rement of

C\: in EDTA extracts can be sfunp1y and quÍckly performed and thls

exLractant is distinctly preferred for use in routine testing, at J-east

for comparison of soils within g"oups Lhat have similar properties "

Use can also be made of deficiency symptoms to identify deficient

and non-deficient, area,st. Although it permits action in subsequent

seasons, in any one season by the tjme the crop is treated, Ioss of

yielrl may have occurred. The wil-ting s¡¡mptom characteristic of

C\.¡-deficient pì-ants is detected easily visua11y" Tf wjlted plants are

treated soon after the s¡¡nptom appears, the deflciency has little effect

on potential grain yield. (n.O. Graham, personal connnrnication)o lìowever,

dependence on deficiency symptoms as the sole criterion for diagtosis

of Gu deflciency ls not recorn¡ended: detection of marginally deficierrt

soils (where the chances of treatment leading to complete recovery

are high) is unreliable as the symptomsi may noü occur evely year and

rnay be dependent on seasonal conditions. Pkrysiologjcal changes in

Gl¡ deficient, pLants may be useful- in detecting Cu deflciency" For

example, Rahimi (19?2) showed changes in the morpholog¡¡ of vascular

bundles and in ceIl wall thiclaness in Cu deficient plants"

Vist¡al s¡rmptoms in the wheat ldentifled ltr deficient soil-s

brrt sVmptdß appeared only when the deficlency v',as severe, so that' any
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attempt to correct ttkr deficiency in the same season is like1y to be

partiaLì-y successful only. Symptoms of Zn deficiency r¡rere of l-itble

use as a diapposLic aid.

B Þ<trapolation of the results

The soil mappi¡g r¡nits were reJatlvely homogenous bodies of soil-

defined on the basis of easily recognizable norphological properties.

These properties may be poorly correlated r,.rith mi,cronutrient

availability and further assessment of the variation of properties

affecting micronutrient availability within the soiJ- mapping uníts

is required.

Because few experiments were performed on each soil, the con-

clusions drawn about the occurrence of deficienci.es on particul¿r soj-Is

or F?oups of soils mrst be regarded as tentative, and further experiments

will have to be performed before a complete asseesment of deficiencies

can be made. Possibly glasshouse experlments could be used. Ore

approach wouÌd be to perform ex¡:eriments on soils from sites used itr

this stud¡ to test whether results similar to those obtained in the

fiel-d cor¡Id be obtalned in the glasshouse. ff there js a consistent

relatjonship between the results of the field and glasshouse experiments

then further infor-aation rvlthln the study are&s could be obtained r'rom

gLasshouse experiments. Otherr,rrise, further f ield experiments have to be

conducted.

land units and soil associations sjmilar to those surveyed

occur widely on E¡rre Peninsula and it is likely that deficiencies of

C\r in particular, but also of lZn and lft exisù over much of the Peninsula.

Tbe areas studied at Stokes and lrlharminda were representati-ve of the

land forms and soils in llnits 3 (19O OOO ha) and 13 rc5o OOO ha) mappetl

by French (1958). The soils descrl.bed have been recognized in several
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other units of French (1958), occrrpyÍ.ng 1n alJ- about ha-lf of the

Peninsul¿. The units are:

Llirlts 3 and 4 - Lateritie podzol, solodized solonetz, sol"odrskeletal

and solonchak occurring in hilIy, sloping and 1ow-1ying areas.

unit 10 - Solodized solonetz, terra rossa, leached sands, solonized

brown soi1s.

unit 1 3 - Sol-odized solonetz and leached sandhill-s, red brown earths,

solonized brown soi1s, ùerra rossa.

tlnit 1t - Solodized solonetz and leached sandhills, solonized brown

soi,l , terra rossac

LIniù 16 - æey calcareous sand, terra rossa.

tlnit 18 - Iæached sands, solodlzed solonetz, skeletal" shallow and

stony red brown earth"

The topographic relationships of the soils within t.he land

1mlts provide a basis for octending the lnvestigation and the appllca-

tion of i.ts results to the units mapped on Eþ'e Peninsul.a by Frencht

and posslbly to other parts of South Austral-la where similar patterns

of soil and clÍmatic conditj-ons exist. l4any of the land units and

soils recognized at hltrarminda occur in the l{utray maIlee (potter et

el 1973). l¿nd units and soils similar to those at Stokes occur on

Kangaroo Isl¿nd a¡rd the southeri Ulb. Iofty ranges.

Ihe general approach used in ùhts study for the identÍflcatlon

of areas deficient in mlcronutrlents througþ tl¡e use of so1l survey,

field e:çeri-nrents a¡rd chemical analysis of solls and plants should

have widesprread application.
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APPENDIX 1 Des of soil at tËe sites of
eccperiments.

Terrns used in the follor,uing desèription:

(1 ) Section end Hundred from county p1a¡s of Souùh Australia"

(2) Land r,¡nit and component u¡trcre the profile occurs"

(3) hinclpal profile form and soil napping unlt of the profile.

hof ile drainage 
"

Þ<cessiwly drained: Soil is Ioose, derrcLoped on extremgly

per:neable naterl¿I of very poor moistr¡re retainl¡g capaclty"

Freety drained: No nottling due to gleying occurs less than óO csr

of thc sr¡I.face and any mottling Just below this is sParseo

Imperfectly drained: Water penetration is slo¡¡ed by lmperneable

layers. Mottling of the B horlzcr I's marked.

Poorly draj¡ed: A dominantly gey l¿l¡er or zone, sometimes

wj.th ochreous coloqrs, is present at l-css than óO øn depth"

Horj-zon names and boundary conditions, and strucüure of B

horizons are defined accnording to Northcote (1971 ). Colou¡sr nanes

and designations are taken fron the }fr:nsell colour chart. The

anatylical techniques used are described in lrþterials and lbthodst

pp. 9?-91+.

Abbeviations ueed: I- illlter K-kaoliniter Q -quartz.
Ì
),

-Ì the ¡^o{il"

V't4c s

nur,nblrg coìr as (ond

,q{errc/ -l- tA -ll^e

+" +Á¿ nu,'-hcrs o'ê +l.e

t¿a. b.;
I

I

t
¡r-

t-

ex pe rinre n*
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Profile 1

( 1 ) Sn 20 Butl-er (2) LU Ia

Location: 8o1 l50yl'ù l+23 lOryE

Parent material: Aeol.ia¡r sili-ceous sand

hofile drainaç: Ðrcessirrely drained.

Descriptlon

Horlzon

A1 -15

Az(t) -25

a,2(2) -60

-9o

-1 0l}

,+0 59

28 69

30 55

36 58

26 53

Þ!!
cm

(3) trcz.zl (sMU 1)

Gïeyish brov,¡n (1oT1 5/3 nois+. 7/3 ary¡; uncon-
solidated sar¡do Abrupt to -

PaIe brown (tOfn 6/3 noist, 8/2 W); r:nconsol-
idated sand, pockets of dccaying organlc matter.

Light yellowish bror.¡r (lOfn 6/t+ rrc.ísl, 8/3 dry)i
unconsolidated sando Diffuse to -
Very pale bror¡n (t0fn ?/3 nolst 8/t+ ary); uncon-
solldated sand" Abrupt to -
Light brown (?,5yn 6/L nolst, IOYR 8/6 drÐ;
1-ight sandy c1ay, massive"

Chemical and Physical Analysís

B

1

3

1!

2

1

0

0

1

b

35

20

15

15

30

I lr.

I
3

3

l+

o.o25

0.0o5

o.0o5

o.005

0.015

O"l+5

o"09

O,06

o,03

o.0g

0o0

o.3

o"3

o,o

o.o

5"5

6"5

6"5

6.5

7.O

6.6

'1"6

8"3

7.8

g.ó

A1

A2(1 )

A2(?.)

B

c

lotal Avall.
PP

ppût

ToteI
N

I

org
c

I

csc%

Í

Partlclc
slza'

cstìs s c

pH

Fl-d Iåb

Hor-
Lzolrt

20
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hchangeable
cetlcrts

CEC Ca Mg Na K

nrquiv./l0o g o.D. soll

Mineraloglcal
analysls

K2)L 7a '/*

1

2

5 o.50

10 0.40

10 0.301?

2.O

1"2

1"0

1.0

9"5

1.À

o.5

o"6

0"3

5.6

o"2 0.1À

Q"37

o"12

o"23

o.g5

O.1l+

o.21

o.17

o.26

o.78

0.0

0"0

o"2

1.2

1 "55

1 "55

1 "55

1 "55

1 .30

A1

A2(1 )

^2(?.)
B

t

Bulk
d€ns.

I cm3

Horizon

3

5

l+

2

2

o 360

o 120

0 120

o38
0tó

63

61

2?

25

b

<5 5

5

5

10 3 0"1

<5

<,

5 -<3 0.1

15 - <3 1.4

A1

A2(1 )

A2(2)

B

C

Ca

Cu

(N03)A<)ctractablc

7ñr l.h Fc

pp x to3

Total nicrcrrutrients
Crr Z¡ lh B lt¡o Fc

ppn I

Horlzst

t+ 15 b2 7101"?

0"6

0.6

0.5

o.7

2.1+

2.6

1.ó

1.5

3.0

g.g

3.9

3"7

3.O

1"3

380

35o

Z+O

200

190

À1

A2(1 )

A?(2)

B

c

DIPA-extractable

Cì¡ 7.n l'tt Fe
2

pfm x 1O-

EIIIA<xbractsble

Cu Zo lih Fe

ppm x 1O

Horizort
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PgPlb
CEì

-11

-51+

-91+

A2

B

Profile 2

(1 ) sn 14 verran (2) LU LU rc

lpcation: 81 2 60q/N Lzo 3oÙyt

Parent. rnaterial: Aeolian sil,iceous sand

hofile drainaç: Þccessively dralned

DescriPtlø¡

Horlzon

A1

-116

pH

Fld Lab

O) rtc2"21 (SMU 1)

Dark greyish brown (2"5y. l+/2 noTst 6/Z drv); uncon-
solldated sando Abrupt to -

Light g,ey (2/5Y ?/z nr,ts¡, ?"5\R. S/o dry); uncon-
solldated sand. (Þadu¿} to -
Pale yeltw{ (2"5'( ?/lr Írotst 8/U ArV);. u¡rconsoliclated
sand. Ba¡rds of strong broun (7"5tn 5/8 notsb 6/8 dry)
sandy clay occur partlcularly in the lovrer part of
this horizøt.

Reddlsh yelloø (7,5tn 6f6 notsl, lorR 6/6 dry);
Iight sandy clay loan, masslve, underlatn by carbon-
ate rl-ch layer.

Chemical and Phrrsical Analysis

c

6o

15

10

?5

25

1 I
(

1

I

1

.c33

.o12

.005

.01 5

"01 3

o.56

o.15

o"o3

o"og

o.l5

o.o

o.o

o.o

0.0

3.8

l+J, 5l*

l+0 58

3t+ 63

32 55

20 55

20
11
30
112
1 2l+

7"5

7.O

7.O

7"O

9.0

7.3

7.2

?"7

8.o

9.0

h1

A2

B

É

c

Totel Avail.
PP

ppur

Total
N

I

org
c

I

ParLlcIc
stze

CSFS S C

Hor-
lzon

B+ - Bands of strong bror¡n sandy clay from B horLzon
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I

I

1.8

0.3

0"8

7.1

9.9

3"9

1.9

?.7

5.6

38"2

1.5

2"1

1 .l+

0.5

3.3

0.10

0.07

0.12

0.,l+3

o.g7

o.10

0"03

0.0ó

O"l+3

0.71

1 "55

1 ,55

1 .55

1 .l+0

1 .30

A1

A2

B

B*

11

Mineraloglcal
anal¡rsls

%rrl^ w \/*
Þcchangeablc

catlms

CEC Ce l4e Na K

m-cqulv./loo g O.D. sofa

Bufk
deng.

t cm3

Horizon

?

5

6

6

4

6

o

0

0

0

6l+o

30

75

0

o

57

l+?

22

o

23

2o 0

C

I

7

1'

I

2

3

<1 0"2

2" 2 0"2

t+.5 10 2.5 3 <1 1 "0

A1

A2

B

B*

c

Ca(N03)A<xbrectablc

Cr¡ Zn lüt Fc

ppur x lo3

Total nlcrqrutricnts
Cr¡ Zn l.tt B I,þ Fc

Prl

HcLzar

7 55 98 7802"9

0"8

0"5

1"C

))

l+.8

2.O

1"3

1.2

2"2

23"O

2.',|

1"2

1.9

9.O

350

260

190

230

100

A1

^2
B

B*

c

IfIPA-+¡ctractable

Cu 7Ã lh l'e

prn x 1o2

EtlA-octractable

Cr¡ 7Ã lfh Fe

ppm x l0

Horizqr

B+ - tsands of strong brornrn sandy clay from B horizon
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ProfiLe 3

(1 ) Sn l'5 Verran (?) LU Ia

I¡cation: 8o9 OOqni 428 60OyE

Parent materLal: Aeoliar¡ sl-llceous sand

Profile draÍnege: Þ<cessively drained

[þscriPtisr

Horlzon pgplh

ctrì

A1 -13

A2

-1 20

(3) tJc2"21 (SMU 1)

-60

Cbeyish brown (loY? 5f2 moj.st" 6ß ary); r.mconsol-
ldated sand" Abrupt to -

Llght grey (1 oY?- ?/2 molst 8/2 d?y); unconsol-
idated sar¡d. Diffuse to -

Bror¡r¡ish yellor.r (IOTR 6/ó noist l/6 dry);
unconsofidated send wlth ba¡rds of strong brown
sandy clay in the lourcr parts of thls horizon.

Chemical and Physlcal Anallrsis

Partlcle
slze

csts s c

B

ili
ìõ

I

55

15

10

12

4

1

"030

.015

"006

o.63

o.21

0.03

O.O

o"0

0.0

32 ó0 ?1
21
12

52 l+5

t+2 55

6.5 7.0

6"5 7"3

6.5 7.6

A1

A2

B

lotal Auall.
PP

PFtr¡

Total
N

I

org
c

Í

pH

F}d IÂb

Hor-
lzon

3

I



1 ó8

1.7

o"7

0.4

1 
"l+

o.7

O.'l

o"2

1"0

1.0

0.06

o"03

0"09

0"08

o,04

o.04

1 "55

1 "55

1 .r5

A1

^2
B

lflneraloglcal
enêI}'sls

%rzf Ëa r/r,

Þcchangcablc
cstlons

CEC Ca lrg Na K

n-cqulv./l@ g O.D. soll

Burk
dens.

z#
Horizon

i

T

I

I

1

l+

0

0 ?50

5 22O

057

h6

190

2l+

1.5 5 10 b 2 o"2

1.0 l+ 9 3 2 O'?

A1

L2

B

Ce(N o, ) a.cacüroct¡bl¡
C[¡ 7.î l.tt Fc

Pr r lo3

Total nlcrarut'rlcntg
6¡ Z¡ ¡¡tr B lþ Fc

PFN I

Hølzat

1 3t 100 8001.1 3.1+

3.1

1.b

27.O

b"2

0.9

b50

410

170

1.2

o.g

A1

A2

B

IÌTPA.c¡<trect¡blc

Ct¡ Zn Ëi Fc

pp x toz

EÛfA<trrct bl'c

O¡ 7Ã llr Fc

prlO

Horlzsr
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Profile 4

(1 ) Sn 20 Buüler (2) LU fla

lpcation z ?99 z50yti 419 óOOyE

Parent materLal-: Aeolian calcareous sand

hofile drainaç: Dccessively drained

Description

Horlzon pælb

A1

ctrr

-9

-l+,l+

-1 40

B1

81 (2)

(3) uc1 "11 (sMU 4)

Dark yellou¡ish brown (IOYR l+f|+ noist 6/3 dty);
r¡rconsolidated calcareous sand. Abrupt to -

very pale bror"m (1orR ?f l+ moist 8/z æv)i
r¡nconsolidated calcareous sartd. Þadual to -

Light yellowish brown (10Y-tù 6/l+ mots+' 8/l+ èrv)i
r¡nconsolidated calcareoug sand.

Chemical and Phvslcal Anal.ræls

{

110

55

80

21

)

1

.o53

.o2g

.01 0

0"78

0.¡ù8

o"33

9.7

23"O

20.o

38

lLz

37

58

55

59

3

o

1

3

22

9.0

9"0

9.0

8.7

8.7

9.3

A

B1

81 (2)

lota1 Avail.
PP

PIxT'

Total
N

ß

org
c

I

b@3

I

Particle
slze

CSFS S C

pH

F Id I¿b

Hor-
lzon
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5"3

)+.b

?.3

37.O

40.0

3l+.O

1.7

2"6

6.0

o.2l+

o.17

o"25

o.26

o.05

O.0l+

1 .50

1 "25

1.50

A1

B1

B1(2)

Mineralogical
anaJ-¡rsis

1K2f ffi '/*

Þrchangcablc
cat,lons

CEC Ca l4g Na K

m-cqulv.r/loo g O.D. colI

BuLk
deYlg.

Bø-3

Horizon

3

)+

1

0

0

0

0

0

o

u
21

18

2"O

1.O

1"5

l+ 20 3

2

7

<1

<1

o"3

o"2

o.3

l+ 10

315

A1

B1

B1(2)

Cs(ilo3)z<:Érecteble
Cu Zn lfi Fc

pp x to3

Total ¡nlcratut'ricnüc

Cr¡ ?rL ltt B !þ Fc

ppl

Hølzs¡

{

2 13 93 3bo2"3

1 .l+

1 .l+

l+'7

3"2

2.6

37.O

2.9

5.3

160

87

l+9

A1

B1

B1(2)

DIPA.¿xtract¿ble

âr7¡¡YnFe
t

¡4r r lo-

EÛfA-ortrectsblc
q¡ 7.a ltr Fc

ppr x lO

Horlzqr
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Profile 5

(1 ) Sn 4 Verran (2) LU Ic

lpcation: 801 55OyN 1+22 SOqfE

Parent materl.aL: Aeolian slliceous sand

Profile drainage: Freely drained

Doscriptlon

Horlzon Þ!b
g

(3) W5.83 (suu r)

Dark greyish brown (tOn bf 2 noi.:si- 6/Z arv); Ìrncon-
solidated sand. Diffuse to -
Brown (1OfR 5f 3 nojst 6/l ary); unconsolidated
sand. Abrupt üo -
Pale bror¡n (IOTR 6/3 noi:st' 8/Z ary); unconsol-
idated sando Diffuse to -
Lrght yellowish brou¡n (loTR ó,/4 noist 8/l ary);
unconsolidated sand. Abrupt to -
Llgþt yellourlsh brou¡n (tOf-n 6f L noisþ ?/1' dry),
sandy cfay loam, masslve. Diffuse to -
Reridish yerlow (?"5tr 6/6 noíst' ?/5 dry); sandy
clay loam, massive, some soft, carbonate"

Chemical and Physical Analrrsls

A1 -10

A1 (2) -19

^2(2)

A1 -30

-50

-55

-rc

B1

B?-

80

40

20

20

35

l+O

19

11

5

l+

,
l+

.055

.020

.010

"005
.o20

.o2o

O.l+5

o.33

o"l2
o.03

0.14

0"20

o"0

o.o
o"0

0"0

o.0

5"5

Partlclc
size

csns s c

5838 1 3

l+6 l+9 3 2

306721
3265 2 1

21 5l+ 2 23

22b7 7U

7.5

7"2

7.0
8.0
g"ó

- 9"3

A1

A1 (2)

A2

A2(2)

B1

B2

Total Avai1.

PP
P[[TI

TotaI
N

ß

org
c

I

hæ3

Í

pH

FId Lab

Hor-
lzon
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¿ 5 0.50

12 5 0,70

1"7

t.g
1.3
0"9

14.0

14.0

1.O

1.3
o.7
o.7

5,3
Il0.O

o12

0.1

o"4

0.0
2.2

b.6

0,19

0"09

0.06

0.05

1.10

2.20

o"1'7

o.12

0.10

0.07

o,gl+

1.70

1 "55
1 "55
1 .55

1 .55

1.35

1"25

A1

A1(2)

A2

A2(2)

B1

B2

Ivlineralogical
anal¡æls

rKT n '/*

Þcchangcablc
catlqts

CtsC Ce Mg Na K

n-cquiv.r/l0O g O..D. goil

Bulk
denng.

I c03

Horizon

1 3

1

5

6

6

I

0

0

0

0

0

0

280

l+9O

65

0

0

28

l+b

79

18

2h

I1 o

<5 )

5

15

15

<3 o.3

<5 <3 1.2

A1

A1 (2)

A2

A2(2)

il1

82

Ca(NOr)2<:rtracùeble

û¡ Z¡ l,h Fc

ppnr x 103

Total nlcronutrients
O¡ Zn ttlt B !þ Fc

pFn I

Horlzqr

2? 31 85 6?o6"5

1.8
1.9

5.5

3"3

2,3

2.1

il+'O

1ó.0

6.6

b.1

2.O

4.8

b20

3to
290

æo

3?o

130

1.?
1.7

2.2
3,3

J.Q

A1

^1 
(2)

A2

A?.(2)

B1

B2

I/[PA-c:rtrectable

Cu 7,n Dft Fe

Pp x 102

EüIA<rtrecteble
C\¡ Z¡ I'h Fe

ppm x 10

HorLzort
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Profile 6

( 1 ) Sn 1l+ Verran (2) LU lc

Ipcation z 812 25o$i l+2O 95OYE

Puent r,aterial: Aeollan sillceous sand

hofile drainaç: FreelY drained

Descriptlon

(3) 0y5"83 (sMU 5)

^2(2)

A2

B1

B2

Horlzon

¡.1

Â1

A2

A2(2)

Fl1

B2

Iþpth
cm

-19

-b6

-61+

_87

-99

Greyish bro,¡¡n (tOfn 5/2 moísb l/Z ¿ry); uncon-
solídated sanri, channels of dark organic matter'
Abrupt to -
PaIe brown (toytt 6/3 noJ.st' 8/2 dty); unconsol-
ldated sand, channels of dark organic matùer in
upper parts. Diffuse to -
Discontlnuous, pale yellow (2.5Y B/4 moist);
sand. AbruPt to -
ttottled reddish ¡relIow (5'íR 6/8, l}rn 7/8 moist);
sandy clay, massive. Changes wlthjn 5 crn to '
TeDcrn¡lsh brorm (l qfR 5/8 nofst); nedium clay
with some soft carbonate, aPedal.

Ctremlcal and PhYsical Analrrsls

Partlcle
slze

CSFS S C

3o

25

28

22

27

68

72

71

53

5?

11
3O
O1
t+ 21

219

7"o

6"8

7"O

?"?

8.5

?.1+

7"2

7"5

8.1

9.1+ 2"O

o"8

o.0

o"o

0.0 "040

"o12

"007

.020

.c13

O.l+5

0.03

0.09

0"0ó

o.1 2

FId Iåb

pHHor-
lzon

ong

c

II

e@3
N

I

Total Total Avail.
PP

pFrn

lv

15

10

25

30

26

6

2,

2

I
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1.5 3;3

o.7

o"ó

3.2

27.o

0.3

1.1

2,2

5.5

7.1

o.11

0.07

0"09

1.90

2"1+O

0.09

0"03

0.03

0"88

1.OO

1 1

o"ó

1 3.0

1 "55

1 .55

1 .55

1.35

1 "25

A1

A2

^2(2)
B1

B2

IvflneralogLcal
anal¡rsls

fr<T þ ,/*

ÞcchangeabJc
c¡ùfanc

CGC Ca t4g Na K

n.oqulv./loo g O.D. aolJ,

Butk
dêng.

t o¡n3

Horl¡on

7 2 llr.o

7 I 1ó0

o 20 120

?00
30o

39

70

ll+

33

I

9.O 7 15 l+

2

I

2 o.2

?"5 15 25

3.0 16 35

2 1"4

2 1.5

A1

A2

A2(2)

B1

B2

Co(t{03)AqtrEctcb.Lc
q¡ 7.î lh Fc

ppx ld

Total ul,crcrutrfuntr
Cr¡ ?,rt lh B lb Fc

prl

llortzßt

9 6l+ 100 6703"8

0"6

o"7

o.g

2"o

?"2

1.5

?.o

2.3

2,2

23.O

1.5

1.b

1.5

3,7

310

250

210

%o

110

A1

A2

^2(2,)
B1

B2

WPA+xtrecügblc
Cf¡ 7rr lh Fe

pp r, t&

EtllAqtrect¡ble
Ch¡ 7tr Iñ Fe

mrlO

llorlzat
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Profile 7

(1 ) Sn 4 Verran (2) LU Ic

[.ocation: 801 5CXryì¡ I+?2 9OWE

Parent n¡aterlal: Aeollan siliceous sand

hof ile drainage: Imperfectly drained

IÞscriPtion

Horlzon Depth

(3) w5"83 (sMU 6)

cm

-l+l+

-80

A1

A2

B1

B2

-17 Pare brown (tot¡¿ 6f3 noírsl" ?/3 ary¡; unconsol-
idated sarid. AbruPt to -

very pale bror^¡n (toyn 8f 3 morsb 8/z arv); u¡1con-
solidated sand. AbruPt to -
Mottled, broranish yellow (tOfn 6/6,618 molst);
sandy clay loam, apedal. Diffirse to -

l4ottred reddish yertow (?"5TR 6f8, 2'5Y ?/l+ motst);
sandy clay loaur, apedal wlth soft carbonate.

Chemical and Phrrsical Analysls

45

1+6

33

1B

3o

52

65

5l+

l+h

02
11

226

70

15

30

30

1 5

5

1

O.ln5

.010

"020

"018

O.5l+

0.15

0.1 5

0"41

o.0

0.o

o"9

20.o

7.O

6"5

9"0

1o"o

7.O

7.5

9.O

9.5

A1

A2

B1

B2

Total Avail.
PP

ppn

TotaI
N

fr

org
c

I

øæ3

I

Partlcle
slze

CSFS S C

pH

Fld Iåb

Hor-
lzor¡

620
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2"5

o.6

13.0

14.0

0.ó

o.7

ó.8

U+.1

2"3

o.2

3"5

8.3

o"?2

0.14

1.20

2.30

0.14

0.04

o.84

1.10

1.ó0

1 .55

1.35

1.30

A1

h2

B1

v

lllneralogical
anal¡rsls

%<T n t/*

Þcchangeable
catlons

CBC Ce !19 Na K

n.cqulv.r/î@ g O.D, goll

Bufk
dgns.

I cn3

Horizon

5

5

6

h

0

0

0

0

300 3l+

o

0

0

0

0

7

?.5 l+ 10 2<1 0 o 2

?"5 13 55 5 3 1"5

A1

A2

B1

B2

Ce(il03)z<xtract¿blc
Cn Zn lh Fc

pp x lo3

Total nl.crmutricnts
Cu 7.î Iü B Ùb Fc

Prl

HorLzst

1? 31 60 ó80\.3
O.?

1,0

?.?

l+ 
"5

1"0

1,6

2.)+

l5.o

1.2

1.5

h.1

2gO

?20

3gò

120

A1

A2

B1

v¿

trI?A.c:rtractêble

Ctt Zn Un Fe

ppxtcÊ

EúlAal,ract¿blc
Cr¡ 7Ð ttt îe

pxlO

Horizsr
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Profile I

( 1 ) Sn 20 But1er Q) LU Ib

Location: 801 30Ol¡l'l l+23 ãOWE

Pæent materlal: Aeolia¡ siliceous sand

Profile drainaç: Imperfectly drained

DescriPtion

Horlzon Oepllt

(3) w5"t+3 (stiu ?)

Dark greyish bror¡n (10IR l+fZ noist 6/l ar¡); uncon-
solidated eand. Abrupt to -
Lighù bro¡¡nish ÉIrey (2"5f 6/2 moist, |OIR 8/2 dry);
r:nconsol-j-dated sando Abrupt to -
Lighü yellowish brown (tofn ó,/4 moist ?/L ary¡, mot-
ùIed; sandy clay, colu¡rrar and blocþ, A2 between
colwnns, cla¡r skins on ped faces"

Light ¡æ11owish brown (tOrt 6/t+ notst l/U Ary) i
sandy clay, apedal, patches of soft carbonate.
lJnderlain b5r calcrete.

Chemical a¡'¡d Physical Analrrsis

çn

A1

A2

B1

È2

-13

_27

-38

-l+6

70

20

15

6

35 l+

l+5 3

.055

"015

.o25

.o20

0.78

0"09

0"30

o"21

0.0

o"0

0.9

1.5

v
40

27

2?

56

55

l+5

41

33
05
o28
131

7.1+

8"5

8"1

9.6

A1

A2

B1

82

Tota1 Avail.
PP

ppût

Total
N

I

ong

c

Í

h@3

I

Partlcle
stze

csrs s c

pH

FId Iåb

Hor-
lzon
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Þrchançablc
catlons

CEC Ca l4g Na K

m-cqulv./l00 g o.D. eoll

Totel nicror¡utrl.entE

Cr¡ Zn !h B Uo Fc

prl

2 5

5

0.50

1? 0.70

4"0

1 .l+

12"0

17.4

3.1

o"7

l+.5

1g"o

Oo2

Orz

3"5

5.1+

o"18

o,26

2.bo

l+.50

o"23

o.17

o"96

2.OO

1 .55

1 .55

1"30

1"30

A1

A2

B1

B2

illineralogical.
analysis

%<rl, w '/n

Bull:
den¡l .

I Ør3

Horizon

b

6

6

11

0

0

0

0

6l+O l+1

l-t+¡

32

12

40

0

0

<5 5 15 <3 0,3

<5 5 15 11 1.1

A1

A,2

B1

82

Horlzqt Ca (tt O, ) r-erbracte bl.e

Cu Zn lh Fc

pps¡ x 1o3

6 3t 180 ?602.8

1,5

1.3

?.o

5.5

?.5

2.6

3.3

38.0

6.9

2.O

13,O

5l+o

280

t+zo

?ßo

A1

A2

B1

B2

DIPA-extractable

Cu Zn ¡tt l'e
o

prnr x lO'

EOTA-crùracteble

Cr¡ Zn I'tt Fe

ppm x 10

Horizøl
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Profile 9

(1 ) Sn 4 verran (2) LU Ic

Iocat,ion: 8Ot 20OyN I+21 5OOJrt

Parent materl.al-: Aeolia¡r slliceous sand

hofile drairage: Imperfectþ drairæd

Descriptlør

Horlzon

(3) uv¡.43 (s¡{rl ?)

fteyish broun (IOIR JfZ noLsL 6/3 dry); unconsol-
tdatcd sard. Abrupt to -

A1

Ã2

B1

!e,P!h
cln

-12

-28

-50

-6e

Light gey (lOr?. ?/z moisr 8/Z arÐ;
sard. Abrupt to -

unconsoll.dated

82 Mottled yellø (lOtP- ?/8, jy?- 6/S noist); lig.rt
sandy clay loam, apedal, containing soft carbonate"

Mottled b¡rownlsh yel1or (tOn 6/6 and. 5/3 notst);
sandy clay 1oam, columnar to 33 cm then blocþ.
ùadual, to -

Chemfcal and Phwical Ane l:wis

Partlcle
slze

CSFS S C

41

L1

32

?)+

56

56

l+6

51

21
21
121

10 15

60

15

25

30 1

2

5

11.051

.013

.020

.o1 7

o.72

o.1 5

o"21

o.33

o.0

o"o

1.2

31 .3

7"5

8.0

8"5

9.5

6.8

8.2

9.O

9.582

B1

A2

A1

Total Avai]..
PP

ppn

N

fl

TotaIorg
c

II

È@3

Fld Iåb

pHHor-
lzon
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0.8

1"O

12"O

1ó.0

2.3 o"7

1.2

O 
"21+

o"23

1 .90

3.30

0.11

o.oó

1.10

1 .50

1"1

3"9

Il4.O 6.6

1 "55

1 "55

1"30

1 "30

A1

A2

B1

B2

l4ineraloglcal
anafysls

%Q n '/*

Þrchangeable
catlonc

CEC Ca Mg Na K

m-cqu1v.,/100 g O.D. aoll

Bult{
dens.

E q?

Horizon

l+

2

l+

0

0

0

660 63

79

10

15

0

o

200

2"O 5 15 5 <1 O"3

3.O 14 35 5 <1 1.5

A1

A2

B1

B2

ca(N

Cu

Or)"<x+'ractable

Zn I'tt

ppar x 1o3

Fc
Tota1 nicronutrients

Gu Zn !h Blþ Fc

PFû I

Horlzor¡

5 ?9 130 ?601.8

1.0

1.5

2.9

5.9

1.3

2.?

2.0

28.O

1"9

2.5

8.1+

l+60

300

À50

120

A1

A2

B1

B2

tlPA-extractable
Cu Zn lvtt Fe

pp¡r x 1o2

ED'I'A<xtractable

Cu Zn I'tt Fe

ppm x 10

Horizon



Profile 10

(1 ) Sn 4 Verran (2) tU Id (3)

Ipcat,ion: 801 l+5qn¡ LãO ?CoyE

Parent r,aterial: Calcrete, aeolian siliceor¡s ssnd

Þofile drafnage: I.mperfectl-y drained

[þscriPtlør

w5.t+3 (sMU 8)

Dark greylsh broh,n (lofR b/2 nolst 6/l ar¡);
unconsolldated gand, Abrupt to-

Very pale bnor,,rn (tffn 7f3 nol,s+, 8/2 drv); uncon-
solfdatcd sard. Abrupü to -
Reddlsh ycllow (7"5xn 6/8, 2"5y 6/l+ motsù);
sandy cIaJÍ, dor¡ed surfacc breaklng to blocþ
süructurE. DlffuEc to -
Reddi"eh ¡ol1ow (7"rtn 6/8, z.5y 6/l+ noßr)i
sandy cley urith much soft carbonate,

Chemfcal end Physlcal Anal¡¡sfs

181

Totel Avail.
PP

pFrt

Þ!t)
g
-8

Horlzon

A1

A2

B1

B2

-15

-37

-51

105

20

40

5o

16

l+

2

1

"o66

.o16

.o32

,o25

1.O2

0.18

0.18

0.09

0.0

0,0

3.o

l+1 

"l

l+2 57 0

3

1

o31 6
25 40 332
29n 9y

5.5

7,5

9.0

10.0

6.9

'1.6

9"3

9.6

AI

A2

B1

B2

Total
N

I

org
c

I

6æ3

I

Pertlcb
aLzc

csns s c

pH

Ftd Iêb

Hor-
lzon



3.8

1.8

21 .O

23"o

3.9 O.5

0"6 1 .l+

15.0 9"3

l+3.0 11 .0

o"19

0"20

4 "cn

8"30

o"27

0.og

2"OO

2"70

1"50

1 .60

'l .30

1.20

A1

A2

B1

82

It[ineraloglcal
anal-ysis

%<11 n '/n

Þcchançablc
catlons

CEC Ca Prg Na K

m-cquiv.,/t0O g O.D. coil

B|l]k
deng.

g cú3

Horizon

182

Tota1 micror¡utrients
Cu Zn ltr Bfþ Fc

pFo I

0

0

0

o

5

2

7

14

67

120

0

0

1+6

l+1

15

12

EDIA-cxtractabLe

Cu Zn ltr Fe

ppn x 10

3"5 17 50

ó.0 27 110

3

I
I

<1 0,32.5 7 15

<1 1"9

2 2"1+B?

B1

A2

A1

Ca(N03)Z€xtractable
Cu Zn ltr Fc

ppur x lo3

Horl-zør

9 32 13A 1 4003.C

0"8

2"O

l+.6

5.c

2.O

l+.9

tE

33.A

5.1

10.0

22.O

5l+O

27o

l+?CI

150

A1

A2

B1

82

DTPA-extractable

Cu Zn Ìtt l'e
.)

pl¡r x 1o'

Horlzør



( 1 ) Sn 20 Br¡tler

Iocation: 801 300yN

Parent materlal:

hofile drainege:

-9

-1/+

-?2

PeP!!
cm

-8

Horlzon

183

Frofile 1 1

(2) LU rvc

tru oSwE

(3) uy5.8l (sMU 9)

Calcrete, aeolian sill-ceous sand

Freely drained

DescríPtim

Very drak bolvn (tort, 2/2 noi-;sl" 6/3 dry); uncon-
solldeted loary ssrdo AbruPt to-

Brs¡¡n (ton 5/3 nr/tst, ?,5!R 8/l+ dry); unconsolidated
sard o Abupt, to -

Yellow'lsh-red ( 5xT- b/6 molst 5/6 dry); rrobtled
sandy cl¿¡r, nassLve. Diffuse to -

fellowish-rcd (5Tr 4/6 Ír.ist ?/6 dry); notttcd
sandy clay, masslve underl¿in b¡r calcrete.

Ctrenical and Phvslcal Analrrsis

A1

^2

B1

82

n65
29 53

28 b5

1b
216

722

90 17

l¿0 I

l+o 5

"085

.01+0

"Ol+5

o.96

o.57

o.r1

O,2

4.5

7,O

7,2

8"7

9"8

A1

B1

82

Total Avail.
PP

prl

Total
N

%

ong

c

I

Ø@j

I

Partlclc
Etzc

csFS s c

pH

FLd Iåb

Hor-
Lzort



18l*

¿+ 3 O"7O

1l+ 3 0.20

6.5

12.O

16,0

5.3

17.C

l+2.O

o.3

2.O

2.7

0.15

o.l+7

o.78

o "55

o.59

O.6l+

1 .55

1 .)O

1"30

A1

B1

B2

Mlneralogfcal
a.nalysi.s

%<T 7a t/*

Þrchançab1c
catlcns

CEC Ca 14€ Na K

m-+quiv./loo g O.D. soll

BuLk
dens.

I qr3

Horizon

6

I
13

0 520 28

l+3

)/

o30
00

<5 5 15 <3 0,!

<3 1.4<5520
A1

B1

B2

Ca(N

û¡
Or)a-cxtracteble
Zn Ìft
pp¡ x to3

Fc
Total nicrmutrients

O¡ Zn lü¡ B l.lo Fc

PFE I

Horlz'ø¡

? 25 230 880A1

B1

B2

IIIPA-extractable

Cu Zn I\&l Fe
o

pp¡n x 10'

ED'I'A-cxtractable

Cu Zn IItt Fe

ppm x 10

Horizon

3"3

2.6

6"6

2..'7

?)

t9.o

22.C

31 .O

490

490

2\o').9
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Profile 12

(r ) sn 9 Verran (2) LU rvb (3)

I¡cat,ion: 806 óoryì{ l+?-, l+sÙYE

Psent msteriaÌ: Ca1crete, aeollan slllceous sand

hofile drainage: fmperfectly drained

DescriPtíon

tlorlzon Depth

w5 "83 (S{u 9 )

cm

A1

^2

B1

B?

-11

-15

-3o

-l+9

Dark brrcr¡nn (1otR Lf 3 no¡st 6/l arv); un onsor-
ldated loar¡r gand. AbntPt to -

Brq¡¡n (lolR 5/3 nr¡tstt ?.5YR 8/l+ dry); unconsol-
ldated sard. AbruPt to -

lbttled.r strong brown (7'5fR 5/6 nolsv); sandy

tuyl "íigþtly"òrfÞd 
et lnterface hfith A2 horlzon.

Diffuse ùo -

Reddish l¡ellolr (?"5n 6/6 noLst' 8/l* dry)i sandy

cfay foai, apedal cont,alns nodular calcrete"

Chemicel and Phr¡glcal Alalrrsis

135

35

?o

6o

l+6

16

15

<.

,o70

.o22

.038

"03?

0.84

o,15

Q.36

o,27

o.o

0,0

1.0

39.O

3t 6?

38 59

%b5
40 33

02
07
029
819

?.o

7.O

9.o

9.O

'7.8

7.9

8.6

9"5

AI

A2

B1

82

Total Avail.
PP

pptrt

TotaL

N

Í

ong

c

f

m@3

I

PertlcIc
sLúa

csns s c

pH

FId Iåb

Hor-
tzort



18ó

'l
,i

l+.5

á. I

19"0

21 .O

3.6 '1 .8

1 .9 0.9

4.8 11 "0

44.0 12.O

o.41

o"38

l+.2O

8.00

o"79

o"22

1 "óo

2.00

1 "55

1.60

1"30

1 "25

A1

A2

B1

82

Mineralogical
analJrsis

16<2), 7A '/*

Þcchançablc
cetlorts

CEC Ca !49 Na K

m-equiv.,/l0O g O.D. soLl

Bufk
dqrg.

I cur3

Horlzon

l+ 0

0

o

0

lgc

95

0

o

22

l+0

13

1g

2

11

38

3.0 7 25 3 <1 0.5

9.O 31 115 10 l+ 1 .8

A1

A2

B1

92

Ca(n0r)r<xbractable
Cu Zn I'tt Fc

ppn x 103

Total ni cronutri.ents

6\¡ Zn !h I Ìlo Fe

Ppr I

Horlzot

9 t+1 160 6103.5

1.5

3"3

I 5.0

6.5

2"1+

2"7

3"2

ló"o

1ó"0

18"O

?2.O

l+l+O

250

550

130

À1

A2

B1

B2

DÍIPA-extractable

Gi¡ Zn ¡ft h'e
o

pFur x 10'

ED'iA<¡rtractable

C\¡ Zn I'h Fe

ppm x 10

Horizør
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profile 1 3

(1 ) Sn 20 Butler (2) LU fIIa

Location z 799 100yN l+21 ?OOyE

Parent material: Calcrete

hofile drainage: Imperfectly drairnd

Description

(3) W5.s3 (sMU 1o)

Dark brornrn ('1.5n 3/L molst 6ß arÐ; ¡nconsol-
Ídated loamy sand. Much free calcrete mixed by
cultlvation lnto the horizon. Abrupt to -
Dlscontlnuous 1igþt brown (7.5tn 6/L nøisf, lOyR
S/3 d4l\, rncørsolidated eand. Abrupt to -
Iello¡¡ish red (5\R 5/6, ?.5Ífl 5f6 notst), mottled;
fine sendy clay loam, apedal" Abupt to -
Sheet calcrete

Chenlcal and Ph!¡slcal Analwls

Horlzon Per!þ
cgt

-5

-6

-10

-12

Â1

A2

B1

Í
I

,

r

ei
l\q

I

120 28

l+5 5

.o7l

.Ol+5

o.78

O.5l+

0.0

0.o

1+1 55 13
3148120

?.o

7.O

7.1+

8,0

A1

B1

Totel Avail.
PP

prxn

Toùe1

N

í

one

c

I

CeCO3

Í

Partlclc
sLze

csrìs s c

pH

FId IÂb

Hor-
tzsrt



5.1 2.8 2.O O"26 0"62

13.O 9.0 3"1+ 0,66 o"95

A1

B1

Þcchangeable
catlcns

CEC Ca !49 Na K

n-cquiv./l00 g o.D. eo1J-

Bulk
deng.

I cu3

Horizon

188

It{ineralogical
analysls

%<zlt w '/*

1 .l+0

1"30

Total micrcnutrlenüs

C\¡ Zn lttt B lþ Fc

pp¡n %

ED'IA-exbractable

C\¡ Zn t"tt Fe

ppm x 10

t

l+

IJ

0

0

0

0

17

21

2"5 9 25 I <1 0.6

3.A 13 35 5 3 1"3

A1

ill

Horlzot Ca(NOr)2-+xLract¿ble

Cu Zn lh Fc

ppm x 1o3

I

10 25 2æ B8O3.o 5"9

2.5

52"O

50.0

l+zo

5002"8

À1

B1

UIPA-extractabLe

Cu Zn MI l'e
/

pFur x 1O-

Horizon

1

I

I

r
I
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Frofi].e _l_À

(1 ) Sn 9 Verran (2) LU fVa

location: 808 3OOJ¡l'l 425 OOOyE

Parent materl-al: CaLcrete

hofile drainage: Þrcessively drained

Description

Horlzon Depth

A1 -1 1

-3?

-50

cn

(3) cn1 "83 (srvuJ 11 )

Dark brown (ton Lf3 noist 6/l ¿rÐ; unconsol-idated
loany sand. Abrupt, to -
Reddish yelÌot^r (7.5fR 6/6 nolst' 7/L ary); sandy loam.,
apedal, much soft carbonate. Abmpt to -
Light yellowish brown (loYR 6/l+ røjsb, 2.5\R B/4 drv);
apedal, mucl¡ soft and nodular carbonate underlaÍn
by sheet caLcrete.

Chemical and Phvslcal Analwis

B

c

135 22

50 1+

503

.o90

.oL7

.028

o.g3

o.51

o"33

o.75

17 "O

l+o,0

3l+ 59

28 61

4 )rb

3l+
56
223

9"O

9.0

10.0

8.4

8.6

9.5

A1

B

c

Total Avail.
PP

ppm

Total
N

%

ong

c

f

h@3

I

Partlcle
slze

csts s c

pH

FId Iåb

Hor-
lzon
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Horizon lbcchançable
cetløts

CEC Ca l4g Na K

n+quiv./loo g o.D. soLJ-

6.1+

15.4

12.O

17.4

52.O

44.0

2¿5

2.6

9.2

o.21

o"b2

2.30

1 .1C

o"81

o.87

1.40

1 "20

1 .30

A1

B

c

ilLi.neralogical
analysis

%<2f ,ìû 
'/n

BuLk
deng.

I ú?

6

12

13

0

0

0

0

0

0

130

l+9

'j1

3.4

l+.5

7.5

9

13

1l+

30 2 2O.7

50 5 I+ 1.1

70 5 2 1.1

A1

B

c

Ce(tt O, )r-extrecteble
CuZnlûtFc

ppû¡ x 1O3

Totel ¡ricrøtutrients
6\¡ Zn lrfr B !þ Fe

ppl

Horlzon

16 190 140 37o

DIPA-extractable

Cu Zn lttrI F'e
I

pp¡r x l0-

EülA<rtract¿blc
Cr¡ Zo !t¡ Fe

ppm x 1O

Horizør

A1

B

5.O

8.9

7,6

15

2.3

2"O

66"O

31 .O

15.O

330

120

7J
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profile 1 5

(1) Sn bk.î2c Stokes (2) ¡g not, identlfied (3) 't¡y1.BZ (sMl 17)

location z Tl7 gOOyN 3æ 25WE

Parent materlal: Fernrginous sandstone

hofile drainage: Inperfectly drained

Description

Deeth

cm

-8

Horlzon

A1

A2

BI

82

-13

Reddlsh bror¡n (2.5'tn 4/4 moist, 5ffi 5/U arV);
sandy loarn, cmmb, 32ß concreted l-aterite.
Abrupt to -
Brown (?.,5rn 5/L moist' ?/lr dry); sandy 1oam,
hard and brittte da¡, bO9ú concreted laterite.
Abmpt to -
Strong brown (?"5vR 5/6 noist 7/6 dry); mottled,
medium c1a¡r, blocky on surface of Bl then
¡nassive" Diffuse to -
Brown yel-low (1OYR 6f8 noist, 7/6 d4t); mottlecl,
light redium clay overlying ferruginous sandgtone.

Chemical and Physlcal Anallrsis

-"5

-41

130

t28

1 l+O

r30

a

a

1

1

.040

"01+0

"01+5

.o40

o.63

o"62

o.80

O.2l+

o. o

0

o

1

O.

0.

0o

)+1 38

41 40

14 Z+

32 23

10 11

613
755
2 l+3

6.0

6.5

ó.0

ó.0

6.2

5.7

6.o

6.0

A1

A2

B1

82

Tote1 AvaiI.
PP

ppût

Total
N

I

ong

c

I

h@3

I

PartlcIe
slze

CSFS S C

pH

FId Iåb

Hor-
lzon



1g?

? 3 0,50

6o 1 o.03

66 o o"o3

6"7

?.5

19,0

13.0

2.O

1.7

b.7

b.5

o,2

115

2.1

i.3

o"17

o"15

0.óó

o.51

O.l+5

0,44

o.72

o"63

1"æ

I "20

1"40

1.20

A1

A2

B1

82

Mineralogfcal
analysis

|é<zf n '/*

Þcchangeablc
catløts

CEC Ce. Mg Na K

n-equ1v.,/l0O g O.D. soll

Bt¡lk
dens.

I cln3

Horizon

1

¿

0

o

1 1700

0 790

075
020

26

130

20

22

À"o 10 35 5

1

18"0

3.0 15 25

3,5 15 20

ó"0

1 6"2

Â1

A2

B1

82

Ca(N03)z-€xtractable

Cu Zn !h Fc

ppr¡ x 103

Tota1 mfcrørutrlente
O¡ Zn !h Blþ Fc

PFû I

Horlzon

5 20 4l+C 1 ó001 .l+

1.0

0.9

o.3

?.6

(o4

2.5

?.1+

L3.O

13,4

2.9

2.0

bl0

Mo

2W

1ó0

A1

A2

B1

B2

DIPA-cxtractable

Cu 7.n rf¡ Fe
D

pf¡ x 1o'

EUIA-c¡ctrect¿ble

Cr¡ Zn lh Fe

ppm x 10

HorLzort
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Profile 16

(1) Sn 4c Stokes (2) LUnot identified (3) W3.BZ (SIviU 1?)

Ipcation : 7?Q gOOJ¡ilt 398 t 5OyE

Parent ¡naterlal: Ferruginous sandstone

Profile drainaç: Imperfectly drained

DescriPtion

Horlzon Deet!

cm

A1 -12

-30

-t+7

A2

B

Very dark 6geyish brovsn (10YR 3f2 noist 5ß ary¡;
toamy sand r^ritå much concreted laterite (l*O%) ,
apedal. Abrupt to -
Very pale brown (IOYR 7/)+ noist 7/l dry); loam¡r
sand wl-th concreted and pisolitic laterite (60É),
apedal. Abrupü to -
Mottled strorg brown (?/Sn 5/8, loYR 6/8 moist);
rediwr clay, apedal underlain by weathering
ferruginous sandstone.

thsrical and Physical Analysis

ParllcIe
slze

CSFS S C

.oB5

.018

.o21

190

5O

55

21

1

1

1 "38

o"u

0.09

o.o

0"o

0"0

t+2 52

l+9 bz

3? 22

3

6

9

t

3

3?

6,0

5"5

7.O

6.3

6.5

7.5

A1

A2

B

Tota1 Avail.
PP

ppn

Totel
N

%

org
c

ß

CaC03

I

pll

FId Iåb

Hor-
lzon



19k

Þcchangeable
catløts

CEC Ca IIg Ne K

m-equlv./l00 g o.D. soil

?.00

2.60

22.æ

1 .9 [.8

1.1 1.2

5.0 1C.C

o.25

o.2g

3.30

0.38

o"1)

o"68

1"20

1.40

1.30

A1

A2

B

Horizon Mineralogical
anal¡rsis

%rr), 7a '/n

BuLk
dens.

I cn3

2

h

0

0

15

o

3000

350

28

3'.l

l+6

(

4"0 I
5"0 7

6.5 1g

90

6>

5o

6 2 l+"3

6 36,3
5 b 5"3

A1

^2
B

Ce(n0r)t+xtract¿b1e
Cu Zn ltl Fc

ppn¡ x 103

Total micrmutrícnüs

û¡ Zn ltr B l'þ Fc

ppl

Horlzor

7 48 570 20c03.)

1.3

1 .'7

8,9

b.1

1.9

1ó0.0 no

9 "7 370

I+0"0 l+2O

A1

A2

B

DIPA-extractable

Cu Zn ptt !'e
t

pfr x 10-

E0'IA-cxtrect¿bl.e

C\r Z¡ Flt Fe

pp¡n x 10

HorLzort
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profiLe 17

(1 ) Sn Bk 81 Koppio (2) LU VITTb

Location. 76A 70Oyì{ 389 850y8

Parent naterial: Ferruglnous sandstone

Profile diainaç: Imperfectly drained

DescriPtion

Horlzon !9¡!h

A1 -12

A2 -32

B1 -38

cm

(3) W3.82 (sMU 19)

Dark bror¡r¡ (?"5tn 3h rr.tst 5/U ary¡; sandy loam
hrith 3Í plsolitic lateritic p¡aveI, massive" Abrupt
to-
Strong browr (?"5ta 5f6 moist 6/6 ¿rv); sandy
clay loaur hrith 34S pisolitic l-aterite, massive.
Abnupt to -
Mottled yellcn"rish brown (?.5yR 5/6 noist 6/6 arv);
medir¡m clay, structureless r.¡hen wet, weak cnr¡nbs
r'tren drXr. Diffuse to -

82 -58 As fæ 81 with weatkering sandstoneo

Chenical a¡rd Phrrsical Analr¡sjs

Partlcle
stze

csFs s c

35

2t

33

24

l+9

l+5

16

27

7

6

12

I

9

23

39

l+t

A1

^2
B1

82

"20o

"0ó0

.040

.o25

5.5

ó.o

7"O

7.o

6.1+

6.5

6.9

6.9

270

100

100

BO

3l+

À

1

1

1 .53

0.45

o.27

0.09

o"0

0.0

0.0

o.o

Í

b@3

FId IÂb

pH Tota1 ÀvaiI.
PP

prm

N

%

Totalorg
c

I

Hor-
lzon



12

22

50

j o"20

5 o.1o

3 o.o8

13"A

11 .O

16.0

19.0

5,?

5.1

'l.O

8.1

Oo7

1.3

1 "l+

2.2

o")1

o.23

O"5l+

0"80

1 .50

0.70

o"?g

0,80

I "35

1 "65

1"?5

1 .25

A1

A2

B1

82

Mineralogical
ansl¡¡sl,s

1t<2,.tl þ r/*

Þcchançablc
catldts

CEC Ca Mg Na K

n-cqutv./loo g O.D. solJ.

Bulk
deng.

t cn3

Horizon

196

Totel nlcrø¡utrlents
Cr¡ Zt lh B lto Fc

Pfr I

EÐ'lA-ortract¿ble

C\¡ 7.n I'tt Fe

pPm x 1O

18 18 14000

1 0 3600

2 0 160

00260

140

1g

'42

2â

5"O

l+.,

4'O

15

15

15

1n

65

35

1 6.0

1 10.0

2 7,2

A1

A2

B1

v.

Horlzot Ca(N03)Z<lcbractable

Cu Zn !f¡ Fc

ppar x to3

I

Jl+ 96 ZJ+OO ó90013.3

\"2

2"5

116

1r.o

3,8

?.8

2.1

640.0

200,0

20,o

2?.O

3000

520

320

210

A1

A2

B1

w

Horizort üfPA.+xtrectable

Ct¡ ßr lft Fe

ppr x 102
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Profile 18

(1 ) sn t 68 Koppio e) LU vrrrb

locatlon: 7$1 2OOyN 391 4O0yE

Parent naterLal: Ferruginous sa¡rdstone

Profile drainage: fmperfectly drained

Description

(3) w3.82 (sMU 1e)

Dark reddish brovsn (5]tT- 3/2 noist, 1OYR 5/3 ary);
sandy loan with pisolitlc laterlte gravel ( 57.),
apedal. Abrupt to -
Brown (?.5tn 5/L noLs¡ ?/l+ úy); sandy loam wlth
much pf-solltic l¿terlte (l*0Í). Abrupt to -

Mottled bror¿nlsh yellovr (lOlR 6/8,2"5YR l+/6 moist);
¡redlum clay vrlth some pisotltic laterite, apedal"
Dtf ftr e to -
ltrole colced. brou¡nísh yellow (loy¡¿ ó/8 moist);
apert¡l mcdium cl-ay underlai¡t by ferruginous
sandstone"

Onen¡ica]- a¡rd Phlæica1 Ànalrqis

Horlzon !er!!
cEt

-12

-t&

-50

-58

A1

A2

B1

82

175

40

65

50

29

2

1

1

.1ó1

"o25

.Ql+3

"o18

1 .65

0.18

o.33

o.09

o.o

0.o

O.0

o.o

Fartlcle
slze

CSFS S C

21 58

58 32

11 22

19 26

10 11

1g
562
r+ 51

5.5

5.?

ó.o

7.O

ó.0

6.6

6.3

6.9

AT

A2

B1

B2

TotaÌ Avail.
PP

pFsr

TotaI
N

I

ong

c

I

6@3

I

pll

Fld IÂb

Hor-
lzqn
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13.O

6.?

21 .O

23.O

b.6

1.8

5"5

l+,9

1 .1 o.28

O "l+3

1 "10

1.40

o.82

o.2g

0.8I1

o.73

1.0

6.3

6.8

1 .35

1"65

1"25

1.25

A1

A2

B1

B2

Mtneralogical
anêIYsi,s

%rrr w. '/*

IDrchançablc
catlons

CEC Ca Mg Ne K

m-cqufv./loo g o.D. col]-

Bufk
deng.

t co3

Horizon

9 100 1 3000

00820
101+7
000

220

1g

11

26

A1

L2

B1

B2

Ce(N03)Z'€xbracteblc

Ctr Zn I'tt Fc

ppur x to3

Total nicrørutricnts
t\ Zn lü¡ B l,þ Fc

pFE I

Horü¡¡

o0 1)+ I ltO 5"826 6

3

1

6.5 9l+ 40

4.0 28 70

5 6"3

? 6,8

3h 97 1400 ó700A1

lt2

B1

B2

13"b

1.5

r.5

1.2

17,O

3.2

3.2

h,5

h30,o

32,O

7.o

b"1

2M

b50

39o

210
I
I

D¡fPA-ertrecteble

Cu 7.n Ìfi ' Fe
c

ppur x 1O-

EtlA-cxtract¿blc

Cu Zn ül Fe

ppn x 1O

Horlzon



Profile 1 9

(1) Sn 5? Stokes e) LU VIa

IPcation ? ?68 20qy1.l 394 1O0:yE

Parent r,aterLal: Ferruglnous sarrdstone

hofile drainagc: FreeIY draired

Descriptlon

Horlzon

-20

-32

B1(2) 42

B2 -e3

(3) Drz.6z (sMtJ 1B)

Dark reddlsh brcwr (5TT- 3/2 moist , 7"5vR 5/1' ary¡;
sandy loam, some písotitlc l¿terite, a¡edal'
Abrupt to -

Reddlsh bror^¡n (5\R b/b molst , '7.5TR 6/L ary)i
1oa¡n with plsolltlc laterttc (2ú), apedal'
to-

Yellowish red (5'tT. b/8 moist); redlum clay, blocky
+Ã 25 cm gading to apedal below. Diffuse to -

Yeltowlsh red ( 5Y,T- 5/6 molst' lolR 6f8 notst),
mobtled i e1.ey loam apedal'. Dlffr:se to -

PeP!ü
cm

-8

199

sandy
Abrupt

clay 1oam,

AI

A2

B1

Tellow (1oTn ?/9, 2.5Y1 l+/S moLgt), moftled;
apedal underlaln by ferruginoug sandst'one'

200 22

ó0

60

50

LO

3

2

1

1

,2O7

.062

.O5l+

,026

e0l l+

2,3b

o"63

o.57

o"3g

0,0ó

0.0

0.0

1.7

0.0

0"o

31

l+3

1b

1g

1l+

53

l+O

17

21

?2

9

10

12

1?

16

7

7

57

b8

tß

ó"0

6.O

?.O

7.4

7"O

611

ó,0

7.1

6.8

6.7

A1

A?

B1

81(2)

B2

Total Avail.
PP

ppm

Total
N

í

org
c

f

Ø@j

I

Partlclc
sLøa

CSFS S C

pH

Fl-d IÂb

Hor-
tzort



2c,0

Þ<chençable
catlons

CEC Ca VIg Na K

m+quiv.,/loO g O.D. soll

Mineralogfcal
anal,ysis

%rrt fta '/n

15.0

11 "0

1ó.0

7"8

1'l .o

6"5

2.2

2.6

1c I

2"2

1.7

2.9

)+ .('

2.9

2 .)+

0.41

o.39

o"76

o" 83

o.72

1.20

o.51

o.73

o"63

0.46

1"25

1"40

1"30

1.25

1 "25

A1

Ã2

B1

B1(2)

ts2

Bul.k
d€ng.

g co3

Horizon

8 l+ À00O

3 1 130

oo85
0038
000

120

190

19

13

12

12.O U 75 2 2)+.9

3.5 27 55 3 5 5"2

l+"o 28 100 <1 5 l+"7

A1

A2

B1

B1 (2)

B2

çe(nor)2<xtractable
Cu Zn lrh Fc

ppur x 1o3

Total nicrcnutrients

6ì¡ Zn I,h B !þ Fe

ppl

Horlzon

33 52 560 4500A1

A2

B1

E1 (2)

B2

DIPA-extractable

Cu Zn l&t F'e
2pfr x 10-

ED'l'A-exfractable

Cu Zn lttt Fe

ppm x 10

Horizon

11 "8

1.7

1.6

0.9

o"B

n)

3,3

2.9

2"1

1,7

120"O

5"6

l+.9

2.5

o.9

1 800

460

260

180

170



¿o1

prof iile ZO

(1 ) sn 5? stokes e) LU vrc

l¡cetion | 769 l OOJ/ili 393 5OOyE

Parent r,aterial: Pínk granltic gneiss

Profile drainagg: Freely drained

DescriPtiøt

(3) Dt¿.zz (sMU 21 )

Very dark grey brovm (lOTf 3f 2 notst' S/3 ary)z
sandy loam hard and unstructured when dry. Diffuse
ùo-

Dark bronn (7.5'tn 3f2 nojrs|-, îOYR 5/3 ary¡; sandy
loam, hard, unstructured vuÌren dry. Diffuse to -

Reddish brown (5'tR t+/l+ moist 6/U aqr); gavel, sand
pnd stone (eranite) slngle ¡¡ained. Abntpt to -

Dark yello.rish bro.rn (tofn 3/U, 2.5't S/lr, tn/z moist,),
mottled; medium c)-ayt blockyr smooth clay skins on
peds. Diffuse to -

As for 81 - conteins carbonate, mica, weathering
ganite gneiss fragenl"s.

Chemícal and Physical AnalYsis

ts1

B2

Horlzon

A1

A1 (2)

Ä1

B1

B2

Þ!e
cm

-8

-r5

-28

-t8

41

A2

X

200

110

75

100

90

1',)

7

l+

2

o
a.

"105

,o55

"o25

"o4o

.Ol+5

1.23

o.57

o"21

0.30

o.21

0r0

o,o

0o0

0"0

l+.5

Fartlclc
sLse

CSFS S C

38

33

56

?3

21

b8

51

33

28

13

I
5

5

I
11

6

11

6

b9

55

5"5

5.7

6,o

6.5

?.5

6"2

6"1

6"3

7.O

9"3

lota1 AvaiI.
PP

pF[lt

Total
N

%

ong

c

I

Ø@3

I

ptl

FLd I¿b

Hor-
tzon

X - )ayer of stones and gravel at base of A, horizon
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Mlneraloglcal
analysls

lK.r) ffi '/*

? 5

5

3"OO

62 1 
"OO

?.o

5.5

3"7

3t.0

z+.o

4"1

3.2

1.9

14.O

39.O

o"2

o.)

o.3

)+.?

l+.3

o"14

o.12

0.11

1.00

1 .30

O.l+5

0.30

o.21

1 .10

1.00

1 .35

1 .l+5

1 .50

1.25

1 "3'

A1

A2

X

B1

82

Þrchançable
catlons

CEC Ca Mg Na K

m+quiv./l0o g o.D. goLJ.

Bufk
deng.

t cG3

Horizon r

6

6

0

0

2

3l+

18

6

0

0

1 6000

11000

2800

85

o

180

1?:0

8q

1

1

4.0 15 85 <1 1.1

l+ .0 l+5 l OO 1 5.5

A1

A2

X

B1

82

6o(nor)2<xlract¿ble
Cu Zn Ìtfi Fc

ppm x to3

Total nlcrsrutrients
Cr¡ 7.n ltr B t'þ Fe

prl

Hølzs¡

11 l+5 1 700 4800¿.8

3.9

2.1+

1.8

2.O

5.9

3.3

2"8

2.1

3.0

3?O.0

230.O

50.0

12"0

35 "o

1 goo

1 200

510

550

190_

A'I

A2

x

BI

B2

IIIPA-e:<tractable

Cu Zn }fI Fe

p¡m x lo2

EüIA<ùractåble
C\¡ 7,î !h Fe

ppm x 10

Horlzø¡

X - Ìayer of stones and gavel at base of A, horizon
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Profile 21

( 1 ) sn 1 5 stolaes Q) LU vlc

Location | ?65 05OyN 390 59ry¡

Parent matcriaf: Plnk granitlc gneiss

Pnofile drainage: Imperfectly drained

Descríption

Horlzon

A1

Þ!h
cot

-6

(3) Dbz..6z (suu zt )

IÞrk reddish brown (5\R 3/3 moist ¡ 7.5\R 5/U arv¡;
loarV sand, apedal. Dilfuse to -

As for 41.

Dark reddish bror^¡n (llIT- 3/3 molst, ?.5\R 5/l+ dry¡;
loamy sand with gravel and granltic gneiss frag-
ments. Abrupt to -
Mottted dark bro,r^¡n (1Otf 3/3, 7,5\n 3/6 moiat); heayy
c;ø-¡fç apedal. Dlfft¡se to -

Dark reddish brown (5Yl' 3/3 moíst); nediwn
clqr wlth occasionel carbonatc, apedal underlain
þ¡r weat,Þring granitlc grelss.

Cleemica1 and Phwical Analwis

^1 
(2)

A2

-32

-56

B1 -93

82 -110

520

505

295

l+3O

)6

7

1

"125

"048

.o57

.o3l+

1.08

0"36

o,33

0,18

o.o

or0

?,5

8.1+

Partlcl¡
sLze

csFs s c

l+0

l+5

18

.l

5o

ll+

25

32

55
6,
552
?3h

6.Q

5,8

t/ 
13

9.0

5.1+

5.9

7,O

9.2

A1

^1 
(2)

B1

82

Total Avail.
PP

ppßt

Total
N

í

ong

a

I

6@3

I

pH

FLd I¡b

Hor-
Lzort



?û4

6"5O 2.6 o.ó 0.38 O"34

29 "O

25.O

h"3 9"7

37.O 12.C

5.00

5 "50

o"87

0"ó0

1 .35

1 "l+5

1.25

1"35

Ä1

A2

B1

B2

l4lneralogical
anal-ysis

%<zf 7a '/n

Ib<changcablc
catlørs

CBC Ca t{g Na K

m-equlv./loo g o.D. col-1

Br¿k
deng.

g co3

Horf.zon

l+

2

gt+ 23oo

26 2100

?6,
00

300

82

21

6

1

0

6.5 52 33O <1

1

2

<1

b

4

3"3

10., 63 3OO

8.O l+9 3O0

ó.8

5.2

A1

A2

B1

B2

ce(N

Cu

Ar) 

"<rtractebleZn ftt
ppr x 103

Fc

Total nicrq¡utrients
Cu 7.n lh B lþ Fc

prl

Horlzst

15 31 2100 54005.9

5"5

3.8

3.5

6.o

2.2

3.6

3.3

l+1 .0

5'l "O

9.1

2'l.o

1710

1 380

960

220

A1

Ã2

B1

82

IIfPA-extractable

cu Zn ìü1 b'e

pFm x 1o2

EIIIA<¡<trectabl-e

Cr¡ 7,n ltt Fe

ppm x 10

Horlaqr
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Þof i].o Zz

(1 ) Sn 5ó Stokes (2) LU VIIb

l¡cation z 77C 2oryIr J9l+ 6OCyE

Pæent ¡¡aterial: White granitlc gneiss

hofile drainaç: Imperfectly drained

Description

Horlzon

A1

-18

PePlh
cm

-9

(3) Dy3.81 (suu zc;)

Very dark greSrish brcpun (tofn 3/2 ïpist¡ ?.5IP. l/2 dry);
sandy loam with coarse quartz gravel and rock, massive.
Abmpt to -
Light' brcwnistr gey (2.5\ 6/2valst ' ICYR 8/1 dry);
sandy loam witå coarse gravel. Abrupt to -

Mottled (lorn 6/8, 6/3, 1om 4/8 moist); heavy c1ay,
nassive. Abnrpt to -
Light bror^rn (?.5tn 6/5 nr:isl", 10YR 8/3 ¿ry); heavy
clay, massive, cørtalns weathering rock.

Chemical and Phrcical Anal-ræis

A2

B2

B1 -38

-l+6

195

lCO

70

55

36

10

3

2

"110

"o2o

"050

"o30

1,23

o.33

o"63

o"39

0.0

0.0

0.0

0"5

b2 t+8 3 7

t+539 I I
16 ?J+ I 52

22 20 9 l+9

4, .'

6.0

5.5

5.5

6.1+

6.1+

6.0

6.2

A1

A2

B1

82

Total Avail.
PP

ppm

Tota]-

N

I

org
c

I

b@3

Í

Farticle
s1¿e

cstìs s c

pH

FId Iåb

Hor-
lzon
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l+ 5 O.2O

570 0"02

0.025?2

5"3

1"7

20"0

21.O

2"2 1.1

o.5

2.2

5.1

0.09

0.08

1.80

3"20

o.27

0"11

o"53

0.ó0

0"8

5.5

5.9

I "25

1"50

1 .30

1"25

A1

^2
B1

B2

l'llneralogicel
anslJÉl,s

Krf n '/*

Þrchançablc
cetlons

CEC Ca ÌA Na K

n-equlv./l0o g o.D. solL

Bt¡fk
dens.

g co3

Horizon

12

10

6

2

7l+ 3600

38 1 5oo

36 580

36o 4l+0

1 500

6?oo

1 900

30

l+"5 15 15 I

3

o,3

l+., 15

l+.5 15

20 1,7

1,520 <1

l1

^2
B1

B2

CE(N03)A+xtract¿blc

Ct¡ Zn I'tt Fc

pp x to3

Totel ni.crcrtutrients
Ct¡ Zn Ì,tr B lþ Fc

pFn I

Horl¡at

z+ t+2 3ho ?5æ8.b

1.9

1.7

2.2

'l "?

2.5

2.3

30,o

5?.O

7 "l+

6.6

9 'l+

2r@

1 100

1ó00

)+7o

A1

A2

BI

B2

IIIP.A-ertractable

Cu Zn Ùh l'e
2

ppr x 1O-

ED'lA-c¡strect¡blc

âr 7.î lih Fc

ppn x 10

Horlzø¡
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Prof il-e 23

(1) sn 29 stokes Q) LU vrrc

lpcation. t+66 3O0ylt 3% 15WE

Parent material: Whlte granitic gneiss

Þofi1e drainaç: fmperfecùIy drained

Description

Horlzon pg.plb

-8

-1ó

-51

qn

(3) w3.t+3 (sur zo)

Dark reddlsh brovun (Sfn Z¡z moist, lo'TR 5/2 dry),
loa¡ny sard wlth some quartz gravel and rock, apoda-l.
Abmpt to -
ftey (¡tt 6/1 noist' 8/1 ary); loamy sand wiüh
quartz gravel, apedal. Abrupt to -
Reddish yellow (5yn 6/8, 2.5T. 5/2moisl.), mottled;
sandy clay loam, coarse blocky st'ructure, peds
t1¡þùIy fitting, sorc clay ski¡s. Abrupt to -
Mottlcd grey and white (2"5t 6/0, S/Oh sand¡r clay
loan, apedaL urderlain by weathering vtrlte granitic
gnelss.

A1

A2

B1

B2- {8
H
I

6.0

5.8

ó.0

8.5

6.3

5.9

ó.c

8.2

I

Ì

2l+5

50

50

40

l}8

11

5

I

.21+5

.01+0

.Ol+5

"o23

2.25

O.l+5

O.5l+

0"15

0.0

o.0

0o0

?,8

3?

32

1g

18

5l+2?
48128
n 6L5
?2 1? t+3

A1

t2

B1

B2

Total Avaíl.
PP

ppm

Toüal

N

Í

ong

c

Í

6æ3

I

Partl.cle
slze

csrìs s c

pH

FId Iåb

Hor-
lzqr
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1Z.O

3.1+

l Il.O

16.O

5.b

1.1+

h.9

l+2.O

3.O

0.9

3.o

3.6

o"?1

o"17

o"39

0"91

O 
"71+

o.2o

0"58

o "62

1"25

1.50

1.30

1.25

A1

lLz

B1

B2

l4lneralogical
anal¡rsls

Krlt n '/x

Drchançable
catLcns

CEC Ca l4g Na K

nqutv,/loo g o.D. goiJ-

Bt¡lk
dcng.

eå

Horiron

fi
,:it

5 16 3ooo

l+ l+O 1300

20350
,oo

16?

11000

1100

2

5.5 9 rc 7 <1 0"ó

9"O

20"5

29 95 I 5 1,5

U 12O l+ ? 1.6

A1

A2

B1

82

Ca(N03)A-.xtrect¿ble

Cr¡ Zn Îth Fc

pp x to3

lot¿l nicrqrutrienüg
Cìr ?n Dh B lþ Fc

pFl

IlGt¡dt

{

I
I

lr

13 82 520 67006.5 t32o

l.g 3.3

3.2 2.b

6.b 3.3

120.O

1',|.O

b.9

27.o

27æ

1100

520

220

A1

A2

B1

B2

UIPA-e:<tracüeble

Cu 7Ã ltt Fe

pp x lo2

EtfA-octnctebl,c
Cr¡ 7.n I,h Fe

ppr x 10

Horl,zon
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Profile 2¿

(1 ) Sn l: Stor.." (2) LU VIId

Iocation | 763 95ryÌ't 391 ?sWE

Parent ¡naterlal: Allut¡'ir¡n and sa¡rdstone

Profile drainaç: Poorly dralned

Iþscription

Horizon. pg¡lh

-t1

-25

-)1

cûr

(3) r¡':"82 (sMU 23)

Dark gneyish bro¡¡n (lOYr, L/2 noisb 6/2 ary);
loary sand, apedal. Abrupt to -

tl$t yellowish brown (IOTR 6/t+ noi:sl., 8/t ¿rV);
clayey sand, apedal. AbmPt to -

ì,toütl€d, pale otive (sy t/1, 2.5!H tn/8, 10YR ó/B);
neditm clay, apedaì-. Diffuse to -

-6ó As for 81, but including rotting sandstone.

Ch-e¡nical end Phlæica1 Analysls

A1

A?

B1

B2

225

75

1 1C,

100

5l+

l+

"125

.030

.aL2

.013

1 .53

o"27

o.h2

o"30

0

o

o

1

oo

.o

oo

"8

1+2

l+7

23

28

l+5

35

18

18

I

11

1C

?

5

7

h9

L7

5.5

6"0

5.5

?"4

5.8

6.2

5"8

7.2

A1

A2

B1

82

Total Avail.
PP

pFrt

Total
N

í

org
c

I

hæ3

I

Partlcle
slze

csFs s c

PII

Fld Iåb

Hor-
lzqr

I
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6.20
I

2"90

13.00

8,2o

2.5 o.3

o.5

3.3

h.3

o.21

o "15

OJ+2.

o.7g

o,2?

o"o7

o"36

0.39

1"1

2.h

1.6

1 .l+0

1"óO

1"25

1 .25

Â1

A2

B1

B2

Mineralogical
anaLJ€is

%Qt Æ '/*

Þcchangcable
cêtlons

CBC Ca l4g Na K

n-equlv./lOO g o.D. gol-1

Bu1¡(
d€ng.

g am3

Horizon

tþtal nicrcr¡utrients
Cu Zn ttx B tþ Fc

ppr I

1l+ 35O

l+ 160

215
3o

3700 1200

1 000 1 8000

350 26ao

'.1(.t 52

3"0 16 55 3 ¿ o,5

2"O 23 95 3 3 1.6

A1

A2

B1

82

¡l@lzar Ca(tt0,)r+xbract¿ble
Cu Zn üt Fc

ppn x 1o3

I

15 66 3l+o 93005"7

1 .1

1 
"l+

2."1+

11 .O l+6.O 2800

110C

650

350

l+.1 1 0

l+.2 2.

3.1+ 1

0

I
9

a

A1

A2

B1

82

ûIPA-e¡rtractable

Cu 7.n ìü¡ l'e
opr x 10'

EûlA-cxtrect¿bIe

û¡ Zn lft Fe

pFn x 10

Horigqr
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APPBJDIK 2 Botanical and corrnon néImes of species

Arct¡theca cal,endula (r,. ) tær¡lms capeweed

samphire

wild oat
wild turnip
rlgld brons

bottlebn¡sh
sheoak

sedge

uraltaby grass

Lincol¡ weed

perennial veldt grass

geranitun

sugar gum

¡rorreJ-

rldge fruited nallee

blue gum

peppermint gum

rcd nallee
barley grass

salt water barley grass

tea-tree
Wi¡snere rxregrass

blue lupin
trurr medic

strand medic cv. Harbinger

wooIly tn¡rr nedic

barrel medic cv. Hannaford

lucerne

broom bush

evenilg primrose

phalaris
kangaroo grass

strawberry clover
ch:ster clover

Arthroenemum gPP.

Avena barbata Þotero
Brassica tornefortli Govan

Bnmus rlefdus Roth

Caliste¡ron sPP"

Casuari¡a stricùa Ait
C\rperus spp.

Danthonia sPP.

Diplotaxis tenuifolia (L. )Dc
trharta calycina Sm.

Þodiun botrr¡s (Cav. ) nertot
Eucalrrptus cladocalylc F. v.M.

E\rcalrrptus gacllls F.v.M.

Eucalwtus lncrassatg Labilt
Et¡ca1¡rptus leptophylla F.voM.

Þ¡cal.'mtus leucon¡lon F.v.M.

Eucalyptus odorata Behr" et, Schlechtd

Eucalyptus oleosa F.voM"

Hordeun leporinr.ur LÍnk

Hordeun rn¡¡lnun L.

f€plgspe¡nqm spp.

LoILum rlcldr.u Gêud

I¡rpinus pilosus L.

I'ledicago dentlculata WiILd.

l4edicaeo llttoralis
Ì'ledicago nrl¡lrna (L) Fufb.
Uedicagp truncatula Gaertn.

!þdicaso sativa L.

l"lel¿leuca urcinata R. EÞ.

9gnothera spp.

Phalaris tuberosa L.

Themeda spp"

Trifolir¡n fraslferun L.

lïl-foliun glomerattm L.
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APPE¡DII 2 Continued

Trifoliuur subterraner¡n L.
triodia irritans R .Þ.
Vu1pia rnrr-r¡os (L. ) oneL.

Xanthorea spp"

subt¿ma¡rcun clover
porcupine grass

sll-ver €trass

¡rakka



ÂPPE'¡DrX 3 Cllmatologlcal date

1. R¿infalt (nu,)

213

TotalJan Feb l{ar 4pg lgg June Ju].v lgg Sept Oct Nov Dec

Cleve

Av. (nv)

19?o

Decile

1971

Decile

thrEarra

Av. (6fyl

1970

Decile

197.

Declle

Av. (t O7"¡

1970

Declle

19?1

DeciIe

1l+

18

7

3

3

23

0

1

11

5

1g

1t+

6

7l+

9

10 21 14 27

121138
721?
5 52781+
l+ l+ 8>9

3t t+1 t$

l+2 39 3l+

851+
5t+ t$ t+2

975

t+3 38

51 3

71
t+5 79

62

l+5

3o

3

35

3

l+8

?1

9

57

7

399

756

l+

t+55

I

29 ?2

23 30

58
t+6 33

98

l+6

31

t+

51

7

57

55

6

37

l+

l+6

56

7

82

>9

?1

5

2

4l

9

1+2O

33/+

3

533

9

6l+ 5l+

3t+ 80

29
27 g8

2>g

37 25

615
14

22 41

39

Pb. Lincol¡

25

13 76

52

3

60

l+

l+9

51

ó

85

>9

%

13

2

33

6

l+81+

I+35

4

698

9

15 19

05
12
738
l+9

þ5?
51 l+9

75
97 108

>9 >g

?? 66

h5 113

2g
51 121

3>9

23 18

235
61

56 39

79

I
1

1

Decile rating number lndicates probability of receiving
the recorded rainfall or less in a lo-year period"
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APPENDIT 3 Continucd

2o Teorperaùuræ (oC)

{94 Fcb l{år ¿pE lgy Jw¡c July lgg $cpt Oct lgg Iþg llcan

![in 15 15 15 12 10 I ? 7 I 10 12 It+ 11

Av.(3Zy)
Itlhx. 28 27 ?6 22 16 16 15 16 19 22 2h.27 21

Pb. Llncol¡

Cleve +

Itlin.

lhx.

Iltln.

lilaxo

Mln.

líaxo

15

25

lrl

?)+

16

?5

16

25

16

26

16

?)+

?+

1À

23

18

26

13

21

13

23

13

21

1t

19

18

r8

9

16

to

l?

9

1ó

9

16

I
17

I
t6

I
16

I
15

I
15

9

18

9

16

9

r8

20

to

20

10

20

12

21

12

?2

20

1l+

23

14

?J+

13

23

l2

20

1Z

20

12

20

1115
Av.(38y)

1970

1gTt
11

11

11

+ Dat¿ for 19F and l9?l not avaf.Leblc"

i

1

t
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APPU{DII 4 {ineraloglcal analysls of ganltic melss

Sanples of whlüe and pink granltic gneisses frour Stokes vìrore

examined l¡ thin secù1on and were for¡nd ùo bc sLn11år. They

contained approrfunataly h5 pcr ccnt, nlcrocllne, 5 per ccnt alkellne

felspar, 35 per ccnt qrrarlz, 10 per cent blotlte, and I pcr ccnt

zircon" Dlslntegration of felspar produced keollnlùs and ÍILiüc.

The shape and dlspositlon of quartz l¡ the spccf-ncns r¿as sf-ull¿r ln

both rock fo¡:ns and zircon was the only accessory ¡rl¡eral 1n both

ca9e9.
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APPENDIT 5 lleatuento uocd ln factorLeL cxporlmcnts

lreaf-
mnü
No.

I

2

3

,+

5

6

7

I
9

10

11

12

13

1t+

r5

16

Block 1

NlI

?nrB

B, Fc

Zn, Fe

Cu, ltr

Cu, Zn, Ih, B

Cu, l!h, B, Fc

o't, h, lúr, Fc

Cu, lto

Cr¡, Zn, E, l&

Gu, B, I{o, Fe

Cu, Zn, lþ, Fc

hrh

7.n, Nn', B, þ
ltfi, B, Dto, Fe

?.tt, Yn-, b, Fc

Cu, Zn

Cu, B

o.t, Zn, B, Fc

Gu, Fc

Zn, Itfi

hrB

h, Yfl, B, Fe

!tr, Fc

l¿Jo-rw

B, lþ

nt, B, ItÞ, Fe

Itb, Fc

o.r, 7.Ã, lür, llg

Cu, !&r, B, lþ

û¡, h, lüt, B, Ìto, Fc

Cu, lfrr, ltÞ, Fc

lbeat-
mcnt

No.

1?

18

1g

20

2t

22

23

?J+

25

26

27

28

29

30

31

32

Block 2
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APPE{DIT 6 l¡li-cronutrlent concentrati ons in basal f ertilizers

Fertillzer Cu Mo Fe

f
BItfi

ppm

Zn

Sodit¡¡r trtpolyphosphate

Superphosphatc

A¡¡nonir¡r sulphate

Urea

2

5

< o.5

< o"2

5

350

)+

<1

5

35

1",

o"5

0,4
"01

"h5

"002

.@5

1
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APPÞ{DII 7 Harvests msde in each factorlal etcperlmenù

Harvest-T'o.- llea¡urenrents Sltcs

l{et, and dry wefghùs of vùrole

plant topE, p1ant, nr¡mbers

1 ,5 r8r11 ,15 11? r2O1

2

3

hþt and dr¡r reigbto, pJ-ant

numbers

Èain and straw yteLd dcter-
nlned from quadrat cuttlng

6ain yteld dctcrmlned b5r

reaplng w?role plots

2 13 rb 16 r7 ,9 ,lO r12-
2l+

2r3,L,6 ,7 ,g ,1O r12-
2l+

2 13 ,l+ 16 ,? ,9 ,7O t12-
1b,16r1U21 ,23r21+



APPENDIK 8

Site

Description of ancillary exper ts

+

No.

25
26
2?
28
29
3o
31

Locatiotr
Geõ[i.óÐ

39 Rudall
c hlrensfordly

18 Haslem
4 Nlcholl,s

32 Yerran
23 Brooker
4 Verrart

P-'
kg ha Assess-

ment

Ye3f

1970
1970
1970
1970
1970
1970
1969

Soil
@û)

hheat
cffiar

Halberd
Tnsignia
InsÍgnla
Halberd
Halberd
Halberd
Inslgnia

Heron
Halberd
Halberd
Insignia
tblberd
Halberd
Raven
Halberd
Heron
Rarren
Insignia

Elements
exa¡nlned

Basal

10
10
10
10
10
10
17

10
6
I

16
13
10
1Cr

10
10
10
17

ifes 31

N)

v
a
v
e
H
Y
H

Y
H
Y

a
v
v
v
Y
Y
Y
q¿

Gu Zn Ml
Cu Zn ltfr
Ot ìtt
C\¡ Zn l,tr
Cu Zn lvtr
Cu Zn lkr
ù¡ Zn M:ì

BIþFe
C\r Zn Ì¡r-r

û¡ Zn lfl
Ifi
Cu Zn I\eI

0u Zn IeI
Ctr
Cu
cl¡
ü¡ Zn lû"r

Cu
C\¡ Zn I'fr
B l4o Fe

1

l+

l+

4
5

5
6

?
9

10
12
12
13
17
18
19
19
20

32 29 Brooker
33 32 Dixon
3l+ 23 Brooker
35 45 hrrieht
36 43 li?ieht
37 12C Stokes
38 140 KopPlo
39 35 Stokes
[0 182 Koppio
l+1 42 Stokes
l+2 90 Stokes

1 9ó8
1970
1970
1969
1971
19?1
1969
1970
1 9ó8
1971
1969

+ l{ethod of assessrænt: Q - Quadrat cutti.ng; H - Header yield;
V - Yisr:a1 assessment only.

Nì

\oNitrogen was appLied as anrnonium sulphate with the seed at S

32 (?O kg haalN), æd 40 (1ó kg n¿-l
(tê- us rra-1u )
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APPE¡DIX g lds and ial

Sils.3

Harvest 2

numbers i¡r

Treag-

grent

Noo

1

2
3
l+

5
6
?
I
9

10
11

12
13
1l+

15
16
17
18
19
20
21
2
23
2J+

25
26

28
29
3o
3t
32

Site 1

Harvest 1 Harvcst "
D.W"

tops

kg ha-î

1l+1

151
137
1 l+5

1 l+7
16t+
15)+

132
140
66

111
1 l+7
1l+5
11?
129
138
137
139
148
152
160
131
129
152
139
157
152
141

1tQ
141
148
148

L70
4óo
530
l+7O

4l+0
5l+O

520
510
554
640
370
l+7O

550
330
3&

360
l+5o

b70
l+3o
500
l+1O

380
390

520
510
490
560
l+6o
5oo
l+5o

:
l+40

,_*

,r_"

880
2l+o
140
480
6l+O

660
320
350
880
t+zo
l+7O
660
8?o
880
no

¡õo
l+3O

1

1

õt

:o

v

õ,
f%
9l+
96
85
9l+
98
89
88
95

100
100
99
97
80
89
96
89

2 O5O
2 120
1 960

480
650
550
520
6ro
800
860
920
5?o
530
óó0
870
480
520
680
720
560

570

27

1

2
1

1

1

¿
2
1

2
?
1

1

1

1



22 1

APPH\¡DIK 9 - Continued

Treat-

ment

No.

Hanrest 2

Plants D.hf.

Site 3

tlarveet 3

2
PJ.

strawDer m tops

ke h"-1 ke he-l

t
2
3
b
5
6
7
I
9

10
11

12
13
1l+
15
16
1?
18
'19
?o
21
22
2)
?)+

25
<õ
27
2â
29
30
31

32

91o
1 z5o
1 270
1 210
1 600
1 l,2O
1 ó10
1 l+5O

1 300
I 440
1 280
1 800
1 320
1 190
1 310
1 360
1 610
1 ó00
1 400
1 320
1 140
1 310
1 370
1 130
1 430
12ñ
1 190
1 170
1 560
1 500
12æ
1 8óo

88
96
99
01
o3
o?
02
97
04
87
96
13
98
o3
o0
9?
97
91
96
93
92
98
98
93
97
9l+
9l+
98
03
92
93
9?

1

1

1

1

1

1

I
1

1

1

1

2
1

1

1

1

1

1

I
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

I

1

1

1

1

260
190
230
2?O
910
610
71o
920
9À0
900
9rc
150
300
2æ
520
hw
?20
870
77o
9l+o
oó0
410
580
290
220
230
I+90

320
6l+o

340
6:o
ó8o

2æ
150
310
260
ó60
b50
830
800
650
800
590
9oo
3rc
250
310
330
940
830
680
6l+o
90

280
250
160
180
160
200
200
640
l+3O

570
59o



2L'2

AFPENDIX 9 Continued

Treat_-

nent

No.
Plants

2Der m

Site l+

Ilarvest 2 Harrcot 3

!J. !:U.
straw

D.W"

sain

82
90
89
80
99
85
8!
98
88
84
80
7l+

93
9o
81

78
85
90
95
9?
88
89
82
86
89
93
86
76
95
89
88
r%

1

¿

3
l+

5

6
7I
9

10
11

12
13
1l+
15
16
17
18
1g
20
21
22
23
2l+
25
26
27
28
29
30
3t
32

þPe"

lE fr"-1

21+O

050
7æ
99o
720
tøo
170
69o
35o
760
l+9O
260
180
170
120
?Áo
400
220
880
no
190
710
100
650
510
9l+O

960
920
l+3O

150
3l+O
690

ke hr-1

2
3
3
1

3
2
3
2
2
1

1

1

l+

3
3
2
2
l+

2
2
2
3
2
3
2

I

3
3
3
3

1 770
2 030
2 55o
1 520
3 21O
1 840
2 020
2 160
2 O7O

1 030
1 650

680
3 220
2 320
2 520
2 230
1 880
3 l+4o
2 800
2 020
1 410
33æ
I 680
3 610
1 800

580
1 870

630
3 130
29C0
2 t+?O

z 850

590
310

1 200
1ó0

1 490
6ro

1 170
560
720
120
760
170

1 690
500

1 400
5l+O

570
2 O9O

800
630
190

1 660
120

1 9l+O

400
110
210
150

1 620
2 000
1 120
1 730



¿2')

APPEhIDIX 9 Continued

lYeat- Site 5

ment
Harvqst 1

No.

Site ó

Harvest 2 Harvest 3

!J" D.WO

tops

ts ha-l

680
5l+O
870
610
130
610
350
520
170
29A
33o
3oo
300
310
5l+O

6l+O

950
720
510
760
8óo
67a
630
730
ó!0
810
880
85o
?5c
570
590
820

1

2
3
l+

5

6
?
I
9

10
11

12
13
14
15
16
1?
18
19
20
21
?2
23
2J1

26
27
28
29
2fl

31
32

ltQ
92

158
88

174
87
79
89

183
53
5l+

73
68

151+
81

88
98

100
72
89
90
73
%
T2
8l+

72
87
83

100
78
87
91

o90
150
970
010
980
800
9l+O
600
780
090
770
570
850
800
9l+O

940
9W
920
010
930
190
530
220
4o
970
020
030
150
920
580
300
580

770
480
510
2tno
l+9O

090
820
80c
170
150
140
l+2o
620
l+80
67o
090
350
óBo
700
l+9O

6lo
370
39a
3rc
l+7O

7+O
720
490
010
300
570
370

840
900
óoo
780
750
870
9?o
910
714
900
770

1 00c
?60
810
930
660
770
710
690
790
950
900
5l+O

300
79c
810
970

1 0t+0

710
750
780
69C'

1

2
3
I
¿
a
2
2
2
2
2
2
2
2
2
2
2
?
2
2
2
2
2
a
2
2
2
2
2

3
2
2
2

2
2
1

2
1

1

1

2
1

2
1

1

1

1

1

1

1

1

2
1

2
2
2
2
1

2
2
2
1

1

2
1

52
51

57
52
53
l+9

\6
6z
57
5l+
55
IQ
l+6
l+)+

l+l+

56
51
62
70
6l+
71
67
65
63
58
6l+

58
6o
56
50
63
b3

1

25



2?.t+

APPH{DIK 9 Continued

Tþeat-

ment
Ha¡vest 2

No"

Plants
2per m

Site 7

D.hl.

tops

Eg. h"-1

270
760
I)À0
390
87o
3l+O
650
?20
780
560
530
2l+o

520
8?o
750
5l+O
o30
690
380
520
27o
170
010
7l+O
680
29o
600
950
210
900
l+7O

920

Harvest 3

Site I

Harvest I

1

2
3
l+

5
6
7
I
9

10
11

12
13
1l+
15
16
17
1B
1g
¿U
21
22
23
2r+

2
2
2
2
2
2
¿
3
3
2
2
3
2
)
2
2
2
2
2
2
2
1

3
1

1

2
3
3
3
1

?
2

7l+
81

75
87
96
95
88
92
77
84
78
79
8B
8ó
85
88
80
75
67
79
8l+
67
75
78
83
w
78
83
87
80
85
7l+

25

1 000
890
580
5rc
480
87o
530
400
6;o
780
780
8t0
97o
870
6l+o
680
910

1 030
1 020

920
1 020

710
1 0ó0

7l+O

770
1 090
1 tQO
1 300
1 130

76o
710

1 080

140
84
rb

120
151
191+

5?
80
86

167
219
85

195
181
104
6b
97
l+6

92
99
79
95

101
9l+
n
91
88
93
92
93

101
87

tco
590
560
360
57o
560
620
560
500
510
610
490
600
510
570
l+5O
ó00
6t+o
650

590
620
580
620
550
730
730
ó40
6ro
óoo
560
ó10

26
27
28
?9
30
31
32
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AFPD¡DI¡I 9 Conti¡ued

Treat-

No.
Ptsnt,s

2Der n

Site 9

ment Harvest 2 Harvest J

!.¡{" D.W.

straw

D.W"

tops

kghal

2 130
1 570
1 9?o
2 000
2 820
2 220

3 160
2 95o
2no
2 OgO
z84.o
2 l+8o
1 590
2 260
2 21U-

2 250
2 t+zo
2 79o
2 {%O

2 520
2 170
2 ?20
2 O5O

880
2 l+go
2 1+gO

1 710
2 99o
2 5oo
2 35o
1 810

ke ha-l

n
n
w
82
89
75
85
90
89
88
8S
80
8
7l+
89
n
82
8?
73
81

m
90
69
71
6l+
69
76
81

7?
w
81

76

1

2
3
l+

5
6
7
I
9

10
11

12
13
11+

15
16
17
18
19
20
21
?2
23
2l+
25
26
27
28
29
3o
3t
32

¿
1

2
2
2
2
2
3
2
2
1

3
2
2
2
2
2
2
3
2
2
2
2
2
1

2
2
2
3
2
2
2

o?o
920
390
2l*O

9N
120
570
o40
700
7l+O

910
080
530
130
220
5æ
810
860
1ó0
830
d+o
500
7+O
910
850
750
820
630
510
870
630
l+5O

ó80
550
690
5rc

1 280
870
910

1 220
1 220
1 080

WO
1 050

970
560
890
760

1 080
97o

1 29o
1 370

920
830
820
?20
56o
9?o
990
650

1 200
1 2l+O

950
790



22-6

APPEIDIX 9 Contlnued

lreat-

ment

&.
Harvest 2

Plants D.lr{

Site 10

Harvesü 3

Site 1 1

Harvest, 1

2Der m

68
76
83
ö¿
61

65
71
66
?2
81

ó0
62
68
65
69
ó1
67
67
65
T,
67
61
63
6l+

71

65
67
66
67
73
62

tops

ks ha-l

710
710
700
91o
030
580
660
820
180
160
560
5oc
?80
980
1ó0
76C
820
830
510
ó80
860
Bl+o
/+À0

320
860
440
590
500
900
93C
l+3O

500

ry.
straw

D.r{. D.hI

toqg

te ha-l

750
860
9óc
710
690
734
900
750
720
950
030
9l+O

950
7Bo
930
'/90
630
800
8rc
830
780
78o
950
900
720
850

7õO
720
910
730
650

ke ha-l

63

1

2
3
l+

5
6
7
I
9

10
11

1?
13
1l+

15
16
17
18
19
20
21

22
23
'¿J+

25
26
27
28
29
3o
31

32

5

5

5

5

5
5

5

6
5
6
5

5
5

5

5

5
5
l+

5
4
5

5
3
l+

5

5

5
l+

5

5
6

1+

tt
l+

l+

6
5

4
?

l+

5

5

5

)+

l+

5

5
l+

b
l+

l+

5
l+

5
l+

)+

l+

1+

)+

l+

l+

5
)+

l+5o
120
620
510
050
370
l+10
010
130
210
lt90
[00
130
3oo
39o
190
660
720
120
8óo
l+80

530
ó60
96o
010
090
280
860
230
550
100

2 l+60
2 58o
2 5OO
2 660
2 330
2 080
2 t+zo
2 l+3o
2 lao
2 2gO
? 380
2 6t+o
2 ?OO
2 400
2 5oc
2 280
2 270
2 030
1 880
2 O7O
2 170
2 120
1 670
2 050
2 060
1 72U-
2 zt+O

2 0go
2 000
2 z5o
2 030
1 goo

116
131
135
116
11'l
118
1[1
111+

121
133
123
1 2t1

129
131
118
120
86

120
125
137
105
11)
125
121+

112
117
113
107
108
126
1 l+5

113

1

l+ 59O
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APPENDIT 9 Continued

lïeat-

rent

Site 12

No.

Harvest 3

ry"
straw

D.W.

galn

ke hs-l ke ha-l

t
2
3
l+

5
6
7
I
9

10
11

12
13
1l+

15
16
17
18
1g
20
21
?2
23
21+

25
2b
27
28
29
30
31

32

5?o
000
100
400
l+?o
210
590
520
560
290
1 l+O

100
700
780
59o
680
\n
090
6?o
120
850
860
25o
050
620
2&
530
9óo
130
950
9l+O

480

720
8oo
880
zrc
?60
2l+O

650
910
590
51o
630
780

lù10
380
620
380
020
820
400
290
t+zo
920
o40
?l+o
960
170
620
390
6I+0
260
980

l+

b
b
h
l+

h
b
b
l+

l+

1+

h

l+

l+

l+

l+

l+

3
l+

I+

3
3
b
3
3
l+

l+

I+

l+

l+

3

l+

l+

h
l+

1+

l+

l+

l+

5
l+

)+

5
l+

l+

b
5
3
l+

3
l+

3
3
4
5

3
l+

l+

3
1+

l+

3
l+

75
95
?1

92
98
83
85
82
n
78
n
92
81

9l+
88
88
81

n
8l+

91
82
78
{]ó
87
72
91
B2
82
85
89
81

87

1 400
1 110
1 190
1 070
1 220
1 340
1 z7o
1 230
1 37o
1 100
1 O5O

1 150
910

1 O50
1 150

850
1 040

88o
1 120
1 110

840
970

1 110
1 09O
1 O5O

1 O40
880

1 0óo
1 120
1 280
1 060
1 180
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t.

228

APFENDIX 9 Continued

lreat-

ment

No.
Plants

2D€T M

Site 13

Ha¡vest 2 Harvest 3

D.W. D.W

straw

D.W.

tops

ke ha-1

no
380
630
3l+O
800
l+9O

300
770
990
370
960
820
630
59o
210
930
670
910
870
o40
820
360
860
720
520
380
520
o?0
69o
390
180
¡l80

kshal

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

'f

I

I

I

8?
e3
?h
83
80
82
8l+

?6
82
80
85
75
80
93
75
84
85
80
82
?2
88
63
81

7?
77
?7
8?
83
7?
71

76
82

1

2
3
L
5

6
7
I
9

10
1l
12
13
1l+
15
1ó
17
18
1g
20
21
22
23
?)+

25
26
27
?8
29
30
31

32

il
Y
,T

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
)
3
3
3
3
3
3
3
3
3
3
3
3

5

5
,i

5
l+

5

5
l+

l+

5
f+

1+

l+

5

5
l+

5

5

5

4
5
l+

5
l+

l+

)+

5
5
5
5
6
5

610
59o
890
?l+O
150
120
790
520
350
240
150
680
230
59o
500
1óO

530
460
790
2æ
8ro
230
7l+O

730
370
2n
l+40
l+2O

750
?10
850
310

650
66o
730
l+3O

ó40
7l+O

?60
5l+O

720
ó10
6?o
780
630
650
320
390
ó80
860
8go
080
550
500
670
700
520
220
960
690
5rc
700
?50
l+4O

T
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AFPEX{DIX 9 Contlnued

Tleat-

ment

No. Plants

per r-l

Site 14

Harvest 2 Harvest 3

z
!-'14'

straw

D.W,

t

ke hr-l

f¡
'j€

i

9l+
8,+

9l+
76
91
8?
93
91
86
87
93
89
8l+
85
92
82
75
92
83
92
89
8?
96
83
89
93
e5

?8
96
87
80
92

1

2
3
\
5
6
,l
I
9

10
11

12
13
1l+
15
16
17
18
1g
2A
21
2?-

23
2l+
25
26
27
28
29
30
31

32

3
3
2
3
2
3
3
3
3
3
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

J
3
3
3
3
3
3
3
3
3
3
l+

t
¿
3
3
3
3
3
3
3
3
l+

3
3
3
3
3
l+

3
3
3

6n
600
L5o
630
030
570
540
810
Z+O

6?0
180
130
300
930
o90
6rc
790
?10
510
480
680
650
21O
630
980
480
wo
29o
050
550
?80
ó80

100
360
910
620
760
330
010
500
1ó0
650
900
l+40
1rc
380
030
l+2o
3l+O

140
200
560
?1c
010
33o
Lrc
950
5l+O

630
140
590
l+5O

3?o
030

800
91C

I O50
1 090
1 000
1 170
1 020
1 o7o

950
1 020

880
920
980

1 260
1 120
1 000

9go
890

1 050
1 090
1 27O

920
910

1 000
1 340

900
1 120

800
111+O

96o
96o
900

t
I

j

r



23o

A¡:PH{DIX 9 Conti¡ued

lreat-

ment
Flarvest 1

No.

Site 1 5

Harvest 2 Harvest 3

D.W. Pl,ants

2per mtoPs

ks ha-1

550
610
620
510
720
620
620
5rc
620
680
600
580
5rc
640
ó1c
530
860
530
?6a
580
l+5O

410
550
380
l+9O

550
l+00
580
6l.,o
550
550
ó00

&!.
straw

ke ha-1

1

'l

1

¿

1

1

1

2

1

)
3
3
2
2
2
2
1

2
2
2
3
3
2
3

2
2
2
2
l+

l+

l+

3
3
l+

l+

3
2
2
2
2
l+

3
3
3
1

3
1

1

2
2
1

2
l+

l+

3
l+

1

¿

3
l+

5

6

7
I
9

10
't1

12
i.)
1l+

15
16
17
18
19)î
21

22
23
2l+
25
26
27
28
29
30
31

32

71

101
88
91

109
107
101+

95
98

1C1

145
92

102
99
96
92

11C
106
108

96
111

89
105

99
98

103
o<

115
102
10ó

91+

108

80
82
89
83

101
99
92
98
87

101
102

81

87
8ó
87
%
97

104
98
87
81

91
81

77
91

114
6z
96
B8

100
91

98

490
390
850
)+rc
030
090
020
980
950
1óO
150
?30
860
510
89o
510
530
t+zo

900
930
930
050
970
l+2o
tóo
620
520
880
030
4ó0
840
050

31
0
1

7
l+5O

930
770
020
980
840
890
000

2
0

40
0

140
990
900
9óo

10
92

0
0
o

37
1)
14

000
850
910
890

3lzo
1 960
3 210
2 000
3 28o
3 21o
3 130
3 23o
3 120
2 950
3 280
3 280
3 230
2 730
2 t+?O

2 590

iso
060
o30
140
850
650
51+O

990
360
820
810
27o
o90
890
140

a
<.

1

1

1

i

2
1

1

1

I
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APPENDIX 9 Continued

Treat-

&"

Site 1ó

ment Harvest 2 Harr¡est 3

&-W.

straw

ke ha-1

1

1

1

1

1

1

1

I

92
80
9l+
88
(%

91

9l+
86
80
85
82
82
91
8l-
89
86
80
95
85
93
88
92
89
{%
89
88
90
90
87
91
&,
ú9

1

2
3
l+

5
6
7
I
9

10
11

12
13
1l+
15
16
17
18
't9
20
21

22
23
2t+
25
26
27
28
29
3o
3t
32

3
2
2
3
2
3
3
3
3
3
2
2
2
2
2
2
2
&
l+

3
2
2
3
l+

3
2
3
2
3
3
I+

2

3
2
3
3
3
3
h
3
3
3
3
3
3
3
3
2
3
5

5
)+

3
3
\
3
3
3
b
2
l+

3
5

3

200
91C
360
6l+O

51o
550
290
610
650
560
820
550
380
270
250
980
130
350
150
460
390
040
800
850
620
o70
660
760
260
620
110
?æ

040
720
830
380
970
36o
39o
1W
l,2O
030
780
570
810
ó10
700
210
8æ
090
290
900
?10
660
7æ
27o
140
5l+O

?10
590
950
170
o90
840

160
76o
o30
340
030
2l+O

500
320
l+7O

960
370
890
96o
o30
970
81C
620
)+7O

280
310
660
no
39o
930
990
5l+O
250
560
490
980
710
ooo

1

1

1

1

1

1

1

1

1

1



APTENDIX 9 Continued

Tïeat-

ment
Harvest 1

No.

Site 17

Harvest 2 Harvest, 3

1

3
l+

5
6
7
I
9

'10

11

12
13
1l+
15
16
17
18
19
20
21
22
23
2l+
25
¿ô
27
28
29
30
31

32

LW.

tops

ke he-l

[00
5to
580
440
660
l+3O

490
590
510
500
380
410
l+1O
1+3O

510
530
520
550
51+O

530
5l+O

510
580
580
510
650
600
570
600
510
580
580

D.W.

straw

D. ¡1.

Faln

ke ha-l

I 700
1 020
1 280
1 700

960
1 o9o
1 160

76o
1 300
1 l+5O

1 980
1 530
1 7OO
1 220
1 010

71C
930

1 320
1 310
1 ltl0

960
1 660
1 090
1 230
1 5J+O

940
ó80
930

1 310
1 460

970
980

66
72
62
67
71

5l+
58
72
66
50
61
61
66
56
59
I+2

rc
72
76
ó8
6?
73
75
73
66
69
7l+
80
82
8lt
?8
69

63
66
8ó
73
89
62
?2
77
73
68
56
68
ó0
n
75
73
76
87
99
97
72
78
97
84
83
91
90
78
84
88
78
81

l+ 53o
l+ 29O
l+ 17O

3no
l+ 27O
4 380
4 010
l+ 23O
3 7+O
l+ 3rc
4 l+90

5 080
l+ 670
l+ O2O

3 910
5 050
5 090
l+ 85o
[ 910
4 190
5 560
lr. 830
L3û
5 110
l+ 78O
l+ 15O
L 25O
5 080
5 530
l+ 29O
4 100

220
750
010
050
ó6o
l+l+O

37o
300
o3o
800
770
900
2lnO

700
550
180
130
110
890
130
440
360
980
8Lo
150
330
570
510
630
3\o
210
440

\
3
l+

1+

3
3
3
3
l+

3
l+

)
l+

3
3
3
3
l+

3
l+

3
l+

3
3
l+

3
3
3
b
l+

3
3
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APPE\¡DII 9 Continued

lreat-

ment

No.
Pl-ants

2l}er m

Site 18

Harvest 2 Harvest 3

ll.g.

tops

!J.
straw

kg ha-l ke ha-1

a3
92
89
87
90
9l+
89
89
87
9l+
8Ir
91

93
95
90
92
88
86
90
82
86
82
76
82
82
w
89
80
75
n
82
9b

1

2
3
l+

5
6
7
I
9

1C

11

12
13
14
15
1ó
1?
18
19
20
21
22
23
?t+

25
26
2?
28
29
30
31

32

3
3
3
3
3
3
3
3
l+

I+

\
3
3
3
2
l+

3
3
3
3
3
2
2
2
2
?
3
3
2
2
3
l+

2
1

2
2
2
2
2
2
2
2
2
2
2
2
1

2
2
1

2
1

2
1

2
I
1

2
1

2
2
2
1

1

5

5
5

5
5
6
5
6
5

6
5
5
l+

5

5

5
5
5
5
5

5
b
l+

4
l+

l+

5
l+

h
l+

5

6

990
23o
580
32o
030
390
730
020
760
230
7æ
800
730
11C
180
250
8ço
890
710
700
100
940
220
920
660
490
560
860
520
480
190
2J4.0

94o
230
790
570
550
990
680
750
140
3æ
120
9l+O
680
530
no
8óo
3l+O

æ0
5rc
6?o
300
560
330
?2o
780
590
?20
780
860
700
820
200

520
980
tAo
?10
950
h60
6ho
750
490
820
570
880
1?O
2?O
9l+o
220
150
820
490
820
29o
790
010
940
820
020
800
o50
120
1?O
960
9oo
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SÍte 19

APPENDIX 9 Continued

Treaf-

ment

No.
Pl¿nts

Der n

Harr¡est 2 Harvest 3

D. l/{.

gtrew2

ke ha-1

Lrc
780
260
9,+O
000
040
580
?50
180
710
110
oó0
210
d+O
920
410
9ó0
l+5O

9La
970
920
130
670
210
t+OO

23o
920
7?o
190
130
?60
980

090
030
260
360
090
l+2o
250
25o
?20
lgo
23o
3l+O
lróo
l+7O

500
580
180
670
890
060
800
9l+O

9rc
ooo
92A
840
160
200
150
900
05o
190

2
2
2
2
2
2
2
2
t-
2
2
2
2
2
a
2
2
1

1

a
1

t
1

2
1

1

2
2
2
1

2
2

l+

l+

5
b
,
5
5
l+

5
6
5
5
l+

3
l+

L
l+

5
5
l+

l+

5
l+

5
l+

5
l+

l+

5
5
l+

l+

{%
87
93
87
8ó
T2
82
90
8l+
90
91
84
73
9l+
84
72
69
93
8l+
83
83
88
75
77
?5
88
61

?5
81

83
?9
82

1

2
3
l+

5
6
7I
9

10
11

12
13
1l+
15
t6
1?
18
1g
20
21
22
23
2l+

25
26
27
28
29
30
31

32

l+ 650
37&
l+ 690
l+ 690
,+ 110
4 ó80
4 180
4 180
4 180
3 530
l+ l+W
l+ 59O
4 490
)+ l+2O
l+ IÉ:O
t+ 32O
I+ 99O
l+ 57O
l+ ?2O
4 070
4 010
3 800
t+ 260
4 600
l+ 57O
4 630
,l O5O
l+ 13O
l+ 21O
l+ ?8O
4 410
\ 3tÐ
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APL-B\]DIX 9 Continued

lTeat-

Harrresf 1

No.

PIants

ment

Site 2O

Fla¡vest 2

D.W.

Harvest 3

D.W. D.W.

straw

D. h,.

2per m tops

kP tl¿-l

l+60
Ioo
440
59o
l+./+O

660
670
l+80

no
l+7o
600
710
550
?50
530
l+3O

670
850
7l+O
660
?20
630
6l+O

750
7æ
820
600
820
780
700
660
700

ùops

ke ha-l

ó40
720
330
2l+O

970
5l+O

5?O
oco
800
690
6zo
370
850
350
8I*O

56o
560
oó0
770
190
530
590
l+94
530
33o
690
890
690
350
110
160
l+60

kc h¡-l

2
2
2
2
2
2
2
2
2
2
2
2
2
1

2
2
2
2
2
¿
1

2
1

1

2
2
1

1

2
2
2
2

70
7l+
82
83
81

79
79
73
83
90
76
91
8ó
90
82
6l+

72
78
83
83
73
82
83
79
78
9o
81

7?
89
90
72
?8

1

2
3
l+

5

6

7
I
9

'lo
t1
12
13
1l+
15
16
17
18
1g
20
2'l
22
23
u
25
26
27
28
29
30
31

32

h
3
3
5
l+

5

5

3
5

b
5

5

\
6
l+

l+

6
5
5

5
6
b
5
5
5
5

5
6
5
ó
6
5

b
3
b
5

3
5

5
l+

5
I+

5
I+

l+

6
3
3
l+

6
5
6
5

5

5
6
5
5
5
5
6
5

5
5

330
77o
980
?30
1?O
8ro
500
l+9O

590
110
350
830
930
820
130
25o
000
700
500
520
510
160
?60
880
I+2O

l+7O

200
040
96o
260
270
6l+O

290
210
190
780
290
950
580
oóo
l+60
LóC)

520
850
53o
030
370
l+60
730
530
5oo
910
l+00
)+5O

510
620
2l+o
520
970
150
5W
8óo
8¿o
780
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APPENDIX 9 Continued

Tbeat-

nent

No.

Site 21

Harvest 2 Harvest 3

D.l¡tl.

straw

ke ha-l

1

2
2
2
3
3
3
3
3
3
3
3
2
1

1

1

3
3
3
3
1

1

1

L

1

2
1

I
4
3
3
3

l+

b
5

5
6
7
6
6
5

7
5
6
b
3
5
l+

7
6
6
7
5
t+

I+

5
l+

5
b
5

7
7
6
6

l+

6
5

5
6
6
6
6
7
6
6
6
l+

l+

5
l+

5
7
6
6
5
,r'

l+

l+

5

5
5
5
?
6
6
7

72
n
70
73
80
75
?1
8r-
n
79
71

7b
?t+

75
7+
7l+

w
T2
?3
70
71
67
69
66
?t+

72
7l+
n
72
75
80
77

1

2
3
l+

5
6
7I
9

1C
11

12
13
llr
15
t6
17
18
1g
?o
21
?2
23
2J+

25
¿6
27
28
29
30
3t
32

530
000
260
0Il0
930
820
010
210
130
,+ó0
150
590
830
650
410
8¿o
980
000
830
66o
360
790
910
950
,140

590
r50
l+3O

0?o
500
?30
130

820
880
170
554
8¿o
130
o30
52o
960
o3o
590
000
050
790
l+5O

830
680
6!0
37o
180
o70
980
530
160
880
020
79o
250
200
180
730
530

820
060
410
o20
920
850
óoo
500
690
?l+O
860
830
020
150
720
910
980
870
?l+O

7æ
630
?80
l+5O
2l+O

39o
170
190
97o
060
8¿o
850
820
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APPENDII 9 Continued

lYeat-

ment

No. PIants

2per n

Site 22

Harvest 2 Harvest 3

D.W.

straw

D.W.

ke ha-l

8?
ó0
5o
78
67
72
68
66
82
56
62
65
83
75
?3
57
71

81
6l+

73
69
82
72
92
T2
85
97
78
95
9?
89
69

1

2
3
l+

5
6
7
I
9

10
11

12
13
1l+
15
16
17
r8
19
20
21
?2
23
2l+

25
26
2?
28
29
30
3t
32

2
2
2
2
2
2
2
2
ô
a-

2
4
2
2
2
2
2
2
2
2
2
1

2
2
2
2
2
2
a
2
2
2
2

l+

3
l+

3
l+

3
3
l+

3
l+
l+

3
l+

)
3
l+

l+

3
l+

l+

3
3
3
l+

l+

3
3
3
3
3
3
3

5

3
l+

l+

l+

3
l+

l+

l+

3
)+

3
h
l+

3
3
l+

3
l+

l+

5
l+

l+

5
l+

5
l+

l+

l+

5
l+

3

220
7æ
530
500
350
930
27o
110
400
800
330
l+?O
zrc
060
800
990
220
7ho
810
140
o70
030
230
ó90
l+3O
220
?90
6l+O
3l+O

590
330
5l+O

850
116O

070
840
o10
?70
8ro
360
960
ó10
o70
92o
130
?60
280
Àóo
150
8ó0
350
210
700
800
l+5O

060
52A
91C
l+2o
780
960
690
980
830

770
110
350
580
l+00
260
160
860
370
22O
oó0
510
l+9O

l+1O

060
610
330
360
57o
220
990
l+2O

080
5?o
l+7O

630
090
070
440
530
730
230



¿ tt1

APEENDIX 9 Continued

Treat-

ment

No.

Site 23

Harvest 2 Harvest 3

D.W D.hl.

straw

2
1

2
1

2
3
2
3
2
3
3
3
2
2
2
¿

3
3
J
3
¿.

3
J
?

3
3
2
3
2
3
3
3

6
5
7
5
5
6
I
6
?
6
6
6
5

)+

l+

?
7
7
7
6
I
7
6
7
7
6
7
7
7
?
7

5
5

6
3
5
6
6
6
6

5

5

5
l+

l+

l+

l+

?
l+

I
?
7
7
7
7I
7
7
7
6
I
7
6

79
n
87
76
?7
?5
8À
91
82
75
7b
89
8[
75
79
7?
77
72
78
77
81

82
75
72
79
65
72
?8
?5
8r
82
73

1

2
3
I+

5

6
7
I
9

1C
11

12
13
1l+

15
16
17
16
19
20
21

?2
23
2l+
25
26
27
28
29
3o
3r
32

tops

-tkgha'

590
070
100
8zo
280
250
510
310
ftTO

410
480
730
870
050
870
350
8¿o
700
210
250
SOCI

830
200
l+7O

3l+O

1l+0
060
800
770
050
310
510

ke ha-l

830
280
l+3O

300
500
380
200
920
)20
17C)

0ó0
310
840

620
no
8n
500
7l+O

360
970
210
ZJ+o

910
710
210
9oo
8to
1ó0
27o
170
530

o70
ó00
010
2LO
520
180
720
l+3O
880
290
380
l+9O
250
080
850
500
270
030
070
o40
ó40
210
170
o20
o3o
o10
530
110
880
100
1?O
120



239

APPENDIX 9 Continued

Treat-

ment

No. Pl,ants

2per m

Siüe 24

Harvest 2 Harvest 3

geJ{. D.l¡I

straw gain

ta ha-î

71

76
83
80
80
7l+
?7
72
7b
n
71

75
?2
62
?3
78
79
n
77
?9
76
n
76
77
82
n
77
78
78
80
n
79

I
2
3
l+

5
6
7
I
9

10
11

12
13
14
15
16
17
18
1g
20
21
?2
23
2+
25
26
27
28
29
30
3t
32

2
2
2
2
2
2
2
2
2
3
2
2
2
2
2
2
2
¿
2
2
1

1

2
2
t
2
2
2
2
2
2
2

3
3
l+

l+

l+

b
l+

l+

I+

l+

\
l+

3
?

4
3
3
3
3
3
3
3
3
l+

3
3
3
3
3
3
3
3

620
8ó0
260
200
400
190
290
180
Z+O
ó80
l+3o
160
920
480
090
830
75o
700
100
?1o
640
610
6óo
080
6?o
T+O
,+80
680
050
360
óo0
570

3 6bo
3 31o
3 720
4 030
4 0óo
3 920
tl O3O

l+ 22O
3 970
4 ó8o
1+ 260
4 or+o

4 t+6O

3 960
h 3l+O

398f.
3 99o
4 3oo
37æ
4 o4o
3 190
3 ll+O

3 730
t+ 28o
3 580
3 410
3 9t+O

3 110
3 440
3 98o
3 310
3 570

160
360
410
6l+O

no
87o
600
950
8go
oo0
760
77o
350
010
210
280
5l+o
770
250
370
8ço
800
l+7O
l+5O

?æ
l+40
390
b70
320
650
180
25o



APFENDII 1O

Site
&.

Analyses of plants from controI plots of factorial exoer iments

conducted

I tops H1 3.6 2l+ 22 1O5 5.0 l.O

2 tops H2 13.5 0.4

Ivr,icronutrients

Ct¡ 7.n ¡f¡ Pe !
prur of oven d¡rr materlal

l¡bcrtnutrients

&
f of oven drv naterlal

o.25 0.18

0.8 o.23 1.2 0.13 O.12

Analvsis

on llo A!N Ca

1.4 18 15

3.0
2.3

5.2

5.5

28

261.3

3

l+

tops H2

grsfn

tops IP
graÍn

tops H2

graltr

tops H2

grain

1.6 1g

2?

115

88

.ó 10 0.8 68

I*ß.5 I 5,3

6.2
8.2

l+.5

3.5

1.2

ó.c

0"7

0.r{.

0.2

0.4

0.4

0.4

0.9

2.o

1¡1

O"l+7 2"5

0"36 0"5

0"26 2.6

0.31 0"5

0.31

0.05

o"2g

o.05

Q.23

0.20

o.25

0.1 I
2

1

5 Lops Hl 2.7 23 3e 150 9.5 O.5

3.3

3.0

1.6

2"6

17

1l+

18

20

l+2

l+5

o.22

0.28

o.28

0.38

1.7
0.5

O"l+5

0" 15

0"04

0.12

0"15

1.4

1.6

1.7

1.9

6

? 9

91

l'ùÈl+6

lrß

2,1

0,ó
o.15

0.05

0.11+

o.1ó

1l+

26 o.5



APPE{DIX 1O Contlnued

Slte
Analysis
conducted

l{lcronutrlents

Gr¡ 7.n I'tr Fe ! Mo

pm of oven drrr n¿ter fal

M¡cronutrlmts

I of oven dn¡ u¡eteriel

O"l+3

No.

I

9

tops H1

tops H2

grafn

10 üops tlZ

grain

t1

12 topE H2

grain

tops H2

KPon

2.O 23 35 118 7.O 1 .0

1l+

19

u

1 .l+

1.8

2.1

2.3

¿.t
3"1

1"3

2.6

o.25

o.37
1.2
0.5

o.26

0.05

Us

o.18

o.1g

o"g

2.O

2.8
2"5

4.1+

3.O

2.9

l+.7

12

18

17

18

16

18

Ca

52

I+J+

78

72

9.O 0.8

2?

32

2J+ 84

29 9l+

9.2

9"5

1"2

0.7
o.æ
0.38

3.1

0.5

0.1 3

0.04

0.18

o.1g

tops Hl l+.5 35 3t 133 8.0 0.9 0.41 0.35

5.a o.9

'1.5 0.8

0.9

Q.7

O.3l+

0.45

3.5
o,7

0.1 1

o.04

o.17

o.23

grafn

8 13 62 zo.B

13 31 108 1C.2

0.19

o"33

2.1+

0.5

0.11

0.03

c.16

0.1 ?
¡'.]
+-

13



AI,PENDIT 1O Contlnued

Analrrsis
Site conducted
No. on

1b tops H2

grêln
b.9
l+.5

l,llcronutrl.ents

1l4*lrlFe!
prm of oven dnr naterlal

s

10

17

2J+

12

32

15

1?

115

l+6

910

233

2.0

1.8
2.0

o.2?

o.3g
3.1

0.6

0.20

0.03

o.35

o.29

0.04

o.17

0.03

Mg

0.20

0.17

o.21

o.1g

o.21

0.1 7

Irþ

2.8 O.5

6.2 0"5

CeTPN

2.6

Macronutrlents

f of oven dnr rnaterlal

15

16

1?

tops Hl

tops H2

graln

ùops H2

graln

tops H1

tops H2

greln

3

1

1

a

a

a

5

I
I

93

5ll

7¿0

83

66

l+5

l+3

21

20

55

35

37

36

31

8l*

l+8

30

7"5

5.0

0.4
ND

o.2
0"4

0"7
0.6

0.3
o.3

3.1

o.5

1.6

1.8

l+"7

6.9
l}.0

ó.0

?.5

0.26 2.5

o"32 0.6

0.31

0.31

tops H2 3.5

graln ?.1+

ND - Not detectable

35

17

?2

5.0
5.O

4.8
5.8

o.35

0.19

o.03

o.17

0.03

0.13

0.1 5

0.17

o.14
^\è-
FJ

18 1?

22

ó0

37

1.8
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