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Till 

h cont 1ne4 1n this tbeau e undert . n to t hl.i#h 

the most aatUtactel',T thod to co~t 

on the Waroaka caloareab Md•• (ao r c 

to PGtneula • 

ficiency in barl.,- cr ops own 

t caco5), loe te4 on Soqthern 

....... ...... ty. por cent or dd«l divalent inou ted th these 

oil.a obll1ee4 'ri th1.n 167 hOIU'e b1 chemical biol 1. 

In thie r1o4 71 .· e nt ot tho total t'intion _ oocompllsbe4 b7 e 

In f i ttld ex te conduct ewer eeven ara, · te 

pplicatiou up tt> 16 q Jin/ha drilled th the bnrley 4 dld not Pl" nt 

cleti.ciencJ' oeo~ in c.r 

•th (tops and :roots), t11t1.11· ~ra. 

.tloienc7, incrv~~ t1o 

impro. q ' it,'. 

~~ R'l!'ft:Ln rt.id 

• Jij .., a-, the appliea.tiorus inc crop 

t cbaractar1..,. 

in 71•1cl by an ot 6t r cent 

application of at eee tar 

( 5 .. sulphate/ha.),. 

14 (t'rmi 14 to a' per t) 

and ted d.(noe the teriiliaer wae incwpor t 

th tbe lllJ>9r'J)hCISU!tJLte earritlr, (c terti.U.·er), c - e4 with 

fbll Sncorpo:r tion ot elMlental s in eoepauad fert1lkere in- - d 

· tat! Jie14 .,. to to t , parti · Jy ho 

/ha) 
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e r et in e tion 

ovsth c tum of t Vtu"i rt , notably from 

ppl 1od t o oi l s prod c 

"cat tic~ foete on pl ant th. (1922) 

t t nti pl t nu r1 nt . 

fir t r cord tr e t d f ici n.cy in Austral ( ~ ol ,.d 1928),, 

:pplieztion or 
l csnic r ndsina oil at t . bt r (s .A. ) and 

to zi na (s .A. ). r by' Pi r 

r (t9,5) eh d th t oil pH, oil t r cont nt , or anic 

tt r , 0 ti ooil ril tion intl nc d th 11 ility 

of oil • 

cot (19,2) , 1lW ti l u or. 11 

oil Jl c Poi t 

cou b r o · o o l p at to cil t -
i • vile tio 

t o t oil bro rule t t h 

Co thi 

f 931 0 1941 end tGUD4 te 

(,2 ), n yi l d to in :pplic tions 

ooncl ded t t t h qu tity ot 

:t thi ' ton (1 955) 

4 c rted t e.rl . c:r o:l 

r pl t p 

ot t ,, 







1. 

Mn deficiency 1n crope i c enoount r ed on a wide , o:t soil ty s , 

but most oommenl.7 on eoil• ith a pH ereater than 6. ·~ . 

In Auatralia, deficiency in er 0ttcurred on alknliM soil 

eucb as the nm.dz~, OWl t•r r dldnait, calc ou ande , terra re&sae 

4 solo i d eol on -tz1c oil aa well as on t acidic zollc 4 4 

lioeene dime ta. A 'f'nriety of crops, incl d ..... cereal ·, tu.re end 

hortic 1 al crope n be n 1.11! OT94 by applic tione. ors noent)J-, 

low f'ert ili t,- 1n ebee in cer tain parto of South tralia, a en 

re te4 t o 

The Yalenoy t or. ot see t o be the major c.riter~on that dee 

, o l b111ty to lant • oh eoU redcm potential, 

re ctirlt)r o1 ~ Jin pr d condary in rale and oxid , 

and the oe ot orpaic aat i.r Wl11ene• tile aup 17 aoil _n. 

pndomSnance of ~ binlo~'1.ea1 cmif\ t oa ot · , ooa ·with c cal 

oxidati on a at ed. a at deal ot atUl'ltion. 

!he t4 the cU.t terenoe• am • ale cl Y et1 in 

aene1tlrltJ to clefici no7; aa tal mechani ln•ol 4 

1n tb9 tran.stv of toaa to th9 root, and a bffquent u t ab 4 

tr loo tion or Jlfn withta the plant b ct t hat e4 olaritic ttcm.. 

A YaietJ ot 111111thod.a n bee e4 to correct def'lcitm07 ill 

crape, al auc:;h n a to .. knom o that et icieae7 cf the 

ethoda oan 'M iapPOftfl. 

In tJae follow - ··--, t tori 1ntl nc · ti. ...ulabil1t7 of Mn 
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in th eo11 and the absorption and dietribtltion or vi thin the pl ant are 

briefl.1 rOVi wecl , rlth ecial r f'erenoo to ethods of correcti ~ 

cletioiency 1n fie l d crop • 

2 .. 

• 
that t:ota1 eoil hmti1one r 

oil t-inBM 

from 1:50 - 2't0 . in t!!e A horison:, ' • 1600 ppm ta the e harhon 

(owt•1 f'6t). 'l'ctal C)1l 

with tmdhb111 tr t1' lant• ( ott 

oc0!"&11nB to o14eetmd.4t ( i S 

are t t·m· ~llll«!Ht•hn ·initrcl.s -n1'lili~n1t1 

(1964) n 

clietr11'Ution or · 4LLL-..ILJ,...,. 

ortdation• ~ tllM!m b7 

orl7 correlate« 

.!1 !!· 1962) . 

on reeks. lfitchell 

!etribttted in t 

ot 

can be ob111 

to lo.er ·ou horlsOlls ( tchell t9' ). 

l o • tain8 or nodut 

oo~ fJI lln in ..,.. •ecoalar,r ll!Mrala aa te; 

{c , · • 92 Xa> t, 4+ 2 , , ), amd Utlae)lllortt • ( i-12 !18 (11n2\ 

ao, t)2 ~~ o,5.14~ ), 1Jl ...,. - traU · -.. eoti.. 

:li.Dmrri.i'" of tliie f~lli MCO a17 

a•tnl.J tn a cl1v crnt t , 1fb1oh -18 then pa:rtq noxid1it9d but UJ 

• 



c 

{ 

th 0 :t. 

oil pe 

( 

1 

, 

' 

'). ~"'"...,~" 
I eontr t, 

( oto 

' 19$? ) . 



6 

t i () ti on 

ot ol, 

ti on. 

, .. 
( ) 

oU , d ndi 0 t 

oxid t ion - coil • tio 

QC lm cone tr t on ol utian 

i ll l a ti vcl it1 ... c-4' t ox i d ti on d 

ction .. 

c c t 1on or oc oil , 
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ion ( 6 ,, 1952 , 
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( 1954, 1 "'O, 1 1 ' ir 11• ! 2, 
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.. i ol i c · -obtli ti 
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microrgani f o they fi ll oxidi s div lent Mn. or maximum 

biologi c oxi a t ion to t pl .c , an opt imum o2/co2 r tio i n the soil 

i s required. 

(ii Pl ant roots ~ micr obial coloni es indi r ectly infl uenci 

the soil pH and redox potent ial, hich affects the chemical sol ubi lity of 

soil Mn within the oil volum a oundi t hem {Hodgson 1963) . 

7 

Pr vention of microbial oxidation in st r ilized oi l , and r eduction 

of microbi activity in air dry soil 

and exchan0 able (Fujinoto and She 

known to increase ater soluble 

1945, and , astel 1946 ; 

Timoni n 1946 , Boken 1952, ende 1954, Jon~s 1957 ) . These incroaaes 

are cau ed by m oxides bei "' part i ally reduced to di~ l ent Mn , ev n under 

aerobic ~onditions , whioh is not biolo ically re-o idi cd du t o the 

reduced micr obial activity in the oil . 

Rivenbark (1961) sue t ed t t the chemic 1 oxidation of in 

the soil s he inve ti ted., waa r 1 ted to the oxid tion tate of t he 

soil iron, and to a l ea er xt nt luminium. Soil pH exerted its effect 

by re l ati th ol ubility and form of iron and l uminium wh1eh substituted 

for · in the higher oxides, ther eby r l eas ·. divalent Mn. He also 

propoa d t hat the primary products of oxidation re compound vi the 

ol ubill ty characteristic of trivalent oxides . Boken ( 1955 , 1956a and 

b , 1960b)alao ah d th t the additi on of ferrous sulphat e · ith and ithout 

pyrol u ite (Wno2 ) increased pl ant yield , Mn upt and exch eable soil 

ooncentr tions .. 

Schollenberger (1 928) found that caloit cry tale mixed th an 

e.cid and bee e covered ith a de sit of ane dioxide . Ghuman 

d hittig (1 969) and Ghuman ,!! A!• (1 968) po tul t d the f ormation of 
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(iv) 
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oil . did ot po & 

b9 c rt • r t 

UC ld te , 1, 

of ir 11 1 to J ( 1951b) 
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po tul t d th lo of nc t.ivity of t ox id th l th t 

cont ct with oil du- t o th r oxid to 

cry t lin true • on (1 69) co 1de a function 

at a tot ti SU tho ft id ' 
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e n oil , wero attribut to d f"".,.tl"""'~'"' 1n t h ogni e of 

root i nt ption 8.DA/or d fusion. s c iou.r and. r (196,a) , 

t - oxide oont ACt reduction theory, to f-.n u t~ 
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oxid i 
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(1 9.-;3 d t r n coYrt i"'l~d in old ce~ al leave doea r iot.ri 

to tbs n l a va prob bly vi th phloc- • ount of 1-'l?l r di t r ibu.tod 

io b 'Ver roJ. tiVI 1y "":.nll , bi.1 t ay hav sisnificant physiological !feet • 

Vo (1963) concl ded t ext t of . ~ r distrib t i on w det r:!lin d by 

nev r1ty of the pl t Mn tr s • 

~Jll oc a pl ant b f e f l o in« riod i net 

s 1939, Heint~ 1 9~. , e l -1.!!.· 

19 e). If uppl y to h pl t is li it , duri th riod of 

ro ation; " arsh pot" defie1 r.oy YJnptc D d velo • 

5. 

h co ct ion of d :fici ey i n ero n t t pted 

J q flicat i on o! f r iliz r to th soil , t liar appl i c tion 

of owin t of t ol erant eultive , soil 

( ) 

0,1olubl e or 

oxide 

d f i ci nc1 in cr o • 

20 - 400 . ha mnngWlese 

f 953 ) , 

qu l ly 

olubl n s t , ch ph te , chlo:rid , 

in nt or oo ?n 

nt. 

on. t o 

dioxid (Jl'i 

uperi to 

o r o {co or 19 2. 

e:r 1 . 1 ; cbrop 1 9 , l 1 3 , l Mour kides 



19 5 , ..1 • 19ro, r .!?!-· 1%8, 8 l de 1 .,'le ) . 

to i ale Cunn1 (1963) , o id• ( o), 

t lig tly oolubl 

l .h e , d w 

c1d c 

t l e t f r. t o fiv or ff ect 

dioxi .-J • ld (1968) ob rv d t h t o d 

to a ; n d iei t c 

oa • Jon a nd 

de ic1 n oil co~ld ex act n t 

oco ing 

i 

d 

id • nt of di ol ut 

of th oxi ·i to nd 

ded on th 

to l r ( 

d at c t Unity) . 

t h h c ) w r 

wu.u.,~aui t ( 6"" n02 ) u or tert 

v 1ety of pl t 

to l an • 

b 

for t co 

cie (Scott 1932, 

1948, t ek 1 ....! .!!!• 194 , 

to t poo? ob11 ty of • 

et i ct 

alta to t oor • (Co 

in cro 

19,2, 

l t 

ap ino 

1 40, 

17 

t 

ie 

:r 1942 ) . 

incre t t 

r r ult n o ly 

co c i n of d tic ( cL ch n 1 1, • 19 t --



d l d , 967). 

coverie , ( l 

n w n yi d 

th 1 per cen ) of t f orti li r Mn 

19;1 , Coi c et 1. 1950). thi ha --

18 

ent 

pl ar.ts hu 

n at tri · t d 

oxidnt!o of divt\len in t r rt lizor (i;.; n J!.1 .!!· 

194) , ~ intB . 19t.6 , Vi t 1%2) . 

id t~ i l l y 10 1 or non 

exi t nt , partic,1l arl.J o 11 ( J r 1939 , 1947, 

. 'oLachlan 194' , et - 1 . 1943) • to be 

oxid t i."fl of tho • t 

t t iv ,n id& in eoi l at r t n 

l ph e . 

ln onolu ion t ppl1c tion or in ge.~ic 

d fici nt Us or a hort l .i't"i . eor etton of pl t 

oxid tion of t h ppli011 to 

ef pl 1cct ill 

d nd on th fic1en y ,, t t od. of ert1li 

t , t h oil • 

(b ) 

0 1 en t co e - tr 

1 1n 0 1. I t 

1 ' 
(i ) 

to oil 

to 01 cr ops ( l 1 ~ . t 39, 

r 1 1, . 1 2 , .c chl 
19 ' · 

1 ~48, 

-
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Ti dr..l e 

( 196!' f o tificd m Carrin - l d f 

i peri od.a , n ticul o.:rly to ero~ o [jl'OJA on 

e ~einal. y fic1 t ~oile . 

Tho ff etiven ., cf t 1 ' s t -.. f or corr oti ,n fici ncy 

s n th r~te of 3 oxid t ion. Att~ d Ol a ( 1966 ) and. 

( 1%7) t 
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c:.O 

e:x'"roct 'h t"r.il n it. . r: fici n ell, ... ..d nl.y 11 .ere c i n a n 

i"ici t oil. . c thcr$ oncl dod th nbl 

:;ll 1n th d ici nt eo11 , ~s 1 

!or duction . 

i ck (1964) val nted 1'!n - f u io n ource of ano 

for pl t ovth, e .;w "' t ctly l s. t o t 

olubility o' t c pound, in t of t 

r r i lb r d y a l tly tio /<: in 

t r 1 I 1 to 1 t4 • (1968 ) wba qucn .. l y 

eh iv c 
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A his ccnc .t?- .-.t d col ,1t i.on r;cva S'J ffll .! ,"l · f ro· ·h!' '! i l izer -lle t 

i nto t e ,, j t'ic t ('lil ~ e of t.h . 1s ao! v d _: i l M:n t t1.te r:t C'Y-ed '-"" i t ... 

th,. f 'l" lir. r · o .1 ti on. ~c MO"'€' .. o i l v eor. "ac t d • the ')?H of t he 

• r: tc preci itnt • 

":Oil " , , O 'l ~.ed i~ this r uot ~ c~rbed by pl t 

1t i . cl uble . 

od t t ver7 

p .... U.eati on., (9 Sl ·oot · 

t n in r angi ~ in pR f .m 4•3 to 

cono ntr tion in Qil tureti n iner ao d by 

t 

P ppl i c tio , b t t · 

i n oil 

ho 

• p .u.1 .. (1 

e appl cation 

t 

(1. ) , i OW

-t l abi.l "'Y of 

! feet to a ducJ~O" 'lHH i n oil p~ ()j. l ;n t~ C l"'() · • 

r n ( 196., ) o 1b1lit · at onJ· narme 

i p t .. , p on 

• .,.. ... ,...... ( 19r.s), ho 

( •966 ) . h 

• t: di t \lp t 

·e ot f'i rl111z r . 1 

o th of t 



ienifieant ly affect d by ppli~ation of 73 · /b4 auper pho · a te. 

Jteintze ( 1968 ) how d t he grain yir l d of oa t s de .ree~ed by applyi 

16 30 to a ,m 

defici nt ine fen t:i , d concl ud t. t t . pro port 

of phoap te f ili£ r il , reeul ti ne obill tion of ol ublo i'lll 

only in oil of l o cit y. 

d ol ution of hoop 

pli in l c t 

rtill•er d diB ol v&s n~tivc coil • 
eit r di v lont c 

pl t . 

d i t cvnil b1l1ty t ti i s to 

pr rti " 
(b) 

lt eonce tratio 

0 " thel" ,, 

in t of b 

·C f r i liz r 

ound t 

o relca. ed 

d 

y o soil. 

d t t 

d 

22 

or o 1no on • 

ted tbi inCiC'l::4:iu1eru. oth it oil -

p p OS S t hie in 

ov1 11 t 

0 (1 0) :re inc 
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pl t pl t · f r tili d t t 0 

pl u ill d ol el y ith 

t o ppl e tion not ob 

the c f , 

into tt r t ... 

D 

c er 

n pH 2 

on (1 4) 

t ·t f 1 t rtiliz r , 

t t 11 • 

(1 8) on o'f 

on1 ( 

detic~ nt • t tio 

. 14 • r of t t :r 

c i on product, 

f o f 

t i l tion wi 1 r 

u t . t 

0 11 

t • d. (1 9) 

t 

or 

D 

t ti • >2 2 7*-2 o~ :r 
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e P• 

( 1 967 ) 1111.01"ed t frit " 

to r o.t ral 
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0 t . 

(191: ) .c 
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ot ( 1971 ) 

to Ct 
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1 

( 1... 5 ), 

ol u l 
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soon the deficiency symptoms appear d. Crop yield and quality was 

improved by furt her foliar sprays , as deficiency symptoms reappeared i n 

ne l y fo d leaves, fol1owine the initial pray application. 

Additional yield response to more than one foliar spray 

have been r ported in other crop, ( Steckel 1946, icholas 1951 , Heard and 

Reuter 1965, Cox 1968 ). van phen ( 1956) in his rev1 concluded that 

:repeated di lute praye re lted in ter plant responses than did a 

ingle t:iore concentrnt d spray. Sev ral Mn foliar spray e.ppli od during 

the ~lowering iod of pea crops bas r sul ted in negligible l oss of pea 

quality du to " arah spot" (Lerie 1939t o e and rmott 1962, HeDkens 

and Jorgman 1965). In cont st, other workers hav suggested that a 

1ngle Mn s:;>ray can count ract Mn detieienoy 1n their situations ( etnchlan 

1941, 194'; alsb and CUllinan 1945; Greenall 1960s es and Ber r 

1960; McLeod 1961 ). oweve t in eom of these studies the spray as 

appli d on only one occasion. and it is possibl e that plant yields may 

have b en increa d by additio l s . 

'?be number of sprays r eq d d their tim to eftect 

correction of deficiency in cr ops will de nd on th aunt of 

new foliage that develops, the severity of the plant atreas, the time the 

pl ent atreas ppears in relation to pl t harTeet and finally on the 

r storation of more favourable soil conditions. 

To ewmnaria • manganese t -<tiar sprq :ve proved 

a useful ethod for co eting deticiency 1n crope. is rapidly 

ab orbed into the leat and improv enta in crop growth and colour can 

often be observed ithin a f d~s. Th improvements only be 

temporary, bee nae of the l ow obility of within the plant. In ome 
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