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1. 

he · p~lication of limin materials to ew ~eland 

grioultura.l oils for U.t:! purpo e of iDcreasing the product­

ivit1 of p etur sis an import~nt soil ~eliora tive tre tent. 

' peeifie benefits accr~ing from limo dditiou are thought to 

i ncl.ud t 10 itni;rov t'!lent of soil s tructur and moiotur rot D• 

tion eh r cteris tics, incr a5ed sup>ly of easential plant 

nutrients , nu incre &ed activity of desirable 

i • Much ttantion in New Zealand ha focu 

oil icroors n­

ed on t he re-

tionehi p betveen lime addition nd t he result nt inor sed 

plant v ilability of soil Ho. be li t! a.nd./ r t- o r QUir ent 

of w e l nd ' oile have b en revieved by During (1972) . 

Recently , however , it haa been uggested ( •• race, 

per. com .) t hat pasture on certain wairaruf~ hill country 

oil c n coot i n a suff icient ly hi g cohtent or t h trace 

l • nt Mn to i m~air t he be 1th nd perfor ~nee of razing 

ani ls, particulnrl1 eh •P• uch obaerva tione hav been re-

inforced a result of pr&limi ry fi 14 tri le indicating 

im~roYed ew fortility and growth rates of la be following the 

y lication or lie to thes soils. Further, the controlled 

f edi of up.le~ont al diet r J Mn to young s he p a been how 

to depr t heir er wth rate. 

lt i w 11 known thllt th• addition of liae to acid 

aoil neral l3 r ulta in decrea ed aYail bility of oil 

for nt uptake. ovev r, there i very little infor tion 

or ew .. 1 d soila on the owit nd for a ot n tiv eoil 

t • t1 • of transform ttona re ulting fro lime applica-

1 

tio.. . he preas nt field • peri nt waa i.ni ti ted to in•eetiga.t• 

t he eh ical fore f oil n in typical lime airara 
bill country 11 ( urimu eilt loa ) n to follow any c n • 



in these forms , for a period ot one year, following broadcast 

application of seYeral ratee of lime addition. ~hen possible, 

bulk herbage samples were collected and analysed in order to 

aeaeas c hanges in Mn content resulting from lime application. 

2 



II . lU,Vl t.W '"F LITb.RATURi. 

.!• J'ORMS uF MANGAN~~E IN ~OILS 

Mang~nese exists in a wide variety of forms in suil . 

There are several ionic species, and many compounds of differing 

degree of crystallinity a nd chemical compooition. ~o f ur no 

satisfactory scheme has been ~roposed for the chemical fractiona ­

tion or i dentifica tion of these forms , although sewera l empirical 

schemes hawe been proposed ( lase , 1964 ) . 

In general, I'm in eoila ia thousbt to exist aa ~ater- aoluble, 

exchangeable , organic end higher va lence oxide forms . 

Water- soluble tin 

Although divalent Mn2+ has been thought to be the major form 

of ~ater-soluble Mn ( Leeper , 1947; Fujimoto and Sherman, 1948; 

\,eir and Miller , 1962 J, Hem (1964) has suggested that ion pairs 

such aa Mnt1c0•
3 

of H~o4 are likely soluble species in natural 

waters. Analytical procedures r ar ely aist i nguish between t hese 

soluble Mn speciea. 

Geering !!!.! (1969 ) haTe reported that 84- 9~ of Mn in soil 

solution exiated in an orga nic complexed form . 

Morgan and Stumm (1964) euggest that other higher Ya lence 
4+ forms of soluble Mn , o. g . Mn , would be expec ted t o be Tery low 

o•or t he pH r ange 3-10. 

2. .§.xchangeable Mn 

Ellie and Knezek (1972 ) reported that under acid condition. 

Mn2+ would be expec ted to exiet aa an exc.b.a.ngeable cation on both 

organic a nd inorganic colloid surfaces. 

Page ( 1964 confirmed that excha ngeable Mn behaYed as a typical 

di Yalent i on and should obe7 lawa goTerning Uonnan equilibria , 

provided that eeleotiYity effects were t aken into account . Clark 

( 1970) auggeated tha t Wyoming bentonite had ar~roximately the eame 

affi nity for fm ae for Ca and t ltat it 111ould be reaeonable to assume 

that Ca and Mn were equivalent cations in most mineral soils. 



Chelated Mr. 

~•icience for et.elated Nn h, obtained fr or:1 re1-orto bJ Ue:n­

Gtock and low (1953), ~eckwitn (195,) , Himeo Lnd t a rber (19~?) 

and «u~sol ( 1961) wto e .owod t ha t lllOrtt t·in was extracted frvm i,oils 

using iu ealto than could be removed usin8 other inorganic salts. 

Heintz and HanD (1947, 1949) , touno tha t extraction of Mn from 

soil ~~s enh~nced oy the UGC of vurious inorganic ealta, includ-
2+) ing Cu~~4 , Coc12 .nd tn~l2• Cupraaconium ion• ( ,u(Nu,>4 

were 1:-,.J.rticularl:; effective i n t ,. e rocoTery of Mn
2+ from organic 

matter. , rotoinG, liunins , 1lnd •. olyuronidee are belieYeci to be 

reeponsiblt, fer c helation of Mn in eoil. These compounds are 

thought to poasecs U1e noceoear.Y functional groups b.nci configura­

tiorus for chelation. l.atin olind i:ichmidt ( 19}5) pointed out that 
2+ Hn t11ould form comrilexea with alpha h)tciroxy and dicarboxylic 

ecide. 

Schnitzer una Skinner (1967) stated that the tat• ot any 

r..articular metal ion in t i.e :,oil, including whether it would be 

tr~nelocuted or ae o~ited in soil und aYailable or unavai lable to 

plant roota an~ other biologiaal systema, would depend upon the 

relative atability of t he combination or complex that waa formed 

with organic matter. 5tability conetanta ar• numericel exprosa­

iona of t t,v st~bilitiee of "uch com~lexee. Results from t heir 

reaearcb (1966, 196?) indicated the following order of otabili~iee 

of c0&:plcxee formed between a aoil tulvic acid anci nino diva lent 

aetu.l ions a t pff .3. 5 a Cu > Fe > Ni ) l' 'b > Co > Ca > ~n > Mn > Mg. 
,,t j;ii 5 . 0 the order c hanged to I Cu ) ~b '; re ) Ni > Hn ~ Co / 

Ca) ~ > Ng. 

NorTell (1972) ahoved that tor a r anG• of aynthetio 
chelating a~enta ~in

2• bad much leaa abilit7 to complex ~ith eh•· 
. 2+ 2+ lating lig~nda in eoil aolution than did Zn or Cu • elow 

api,.•ri>xilla tel7 pH 6 • .; none of tbe chelating agents teet•d raiaed 

the ratio ot cbelated-ftn to non- chelated Mn2• above 1. 0. HoweTor, 

Geerina .!! ~ ( 1969) •uggeat that natw-al co: s,l•••• in soil eolu­

t1ou -•re able to maintain ratio• of chelated to non- chelated Mn 
1 2 or ebout 10 or 10 iP acid, neutral or calcereoua eo1l•• 

4• i&h•r valence oxide forms 

POAD aaper ' et al (1969) etated that the cnoaiatrJ of Mn --fb••• coaploitiea ari•• aa a reeult of 



seYeral features of Mn chemistr3 in soils and solutions: 

(i) Mn can exist in aeYeral oxidation states. 

Although Mn can exiet in the oxidation s t ates , 

+1 • +2 • +>• +4 • •'' +6' .1, only .2, +3, and +4 states are found 
in nature . 

(ii) Mn forms non- stoichiometric oxides with the met l 

in mixed valence states; for example Duboie (1936) r ported that 

more than 150 oxides of Mn ar known to exist with compositions 

ranging from Mno1• 2 to Mno2•0• Morgan and Stumm (1964) observed 

that the oxidation products of Mn2 in aqueous systems had composi­

tions varying from Mno1• 3 to Mno1•9, depending on pH , partial 

pressure of o2, and temperature. 

(iii) the higher oxidea exist in several crystalline or 

pseudocryst alline state; for exa ple the following higher oxides 

h ve b en prepared nd characterized orystallographicall1: 

Mnl,4 ; ot. , p , and "6 - Mn2o
3

; IX. , ~ , and 5 - MnooH, and I)(. • f3 , J • 

a nd £ - Mno2 ( Wells , 1962; Bricker , 1965 ) • 

(iv) the oxides form co- precipitates , solid solutions , 

a nd perhaps superstructures , with Fe oxides. This phenomenon 

which may be a cribed to (a) ei ilarities in some chemical proper• 

ties of the higher oxi es of Fe and Mn, including reversible oxi­

dation-reduction, insolubility , a nd the presence of pH- dependent 

charges ; (b) t he closeness o! the ionic radii of Mn++ ( o. 80ii0 
) 

and Mn+++ ( . 66 A0 ) to those of re•+ ( 0. 76 A0 ) and re••• 
( . 64 A0

) re peetiv ly; and (c) per.ape crystal-lattice- induc­

ed valence changes. 

Manganeee nodules , concretione , and at in& in soile, 
etr am nd lake ediments, and ocean floor are usually associ t­

ed with substantial ounte of Fe and s all amounte of Zn, Cu , i , 

and Co and other metals ( Goldberg and Arrhenius , 19581 aylor 

et al, 1964; Jenne , 19671 Hor , 1967 ). fhe to tion ot Mn-- -Fe concr tion is considered to be the result of orption of n , 

Fe, and other polyv lent ions on to fine particle• of Mn02 nd Fe 

( a>,, follov by coagul tions ot the Mn02 and e(OB)), if these 

are in suapenaion ( Goldber1 an4 Arr eniua , 19;81 8 , 1964; 
Morgan and tum• , 1961+ ). he eorption of cations is ue to the 

presence of a p - epen ent charge i abov the 1soelectric point• 

theee hydroxi •• are negatiYely charged ncl eorb cation. 'the 



structure of the aorption products is not clearly understood. 

Such coprecipitationa are thought to be more stable than M.n0
2 

alone (Hem, 1964). 

6 

Information on the mineralogy of hn oxides in soils was 

reported by Taylor et al (1964) frOlll a study of Mn nodules , con---
cretions, and stains, in some Australian soils. Specific Mn 

minerals identified included lithiophorite Li _A18 (Mn••, Co , Ni )2 
4 · ( c ~+ 2+ Kn10o

3
~ . 1 H2o; birness1te , Ca, Mg, Na2 , K2 )~Mn Mn (O , OH)2s 
~ 4+ 3+ ( 2+ ) bollandite , Ba (Mn , Fe ) e016; todorokite Mn , Mg , Ca Mn6o13 

. 3-4u2o; and pyrolusit e Mn02• Lithiophorite occurred mainly in 

neutral to acid subsurface horizons vbereaa birnesaite wae more 

common in alkaline surface horizons. The Mn and re contents of 

the nodules varied widely. They also stated that pure Mn oxidee 

and hydroxidee appeared to be quit• rare aa secondary soil minerals. 

The intermediate oxides product• such ae bixbyite (Mnre)2o
3

, braun­

ite 3 Ct1nFe)
2
o

3
.Mnaio

3
, jacobsite {Mn2+ Fe) ( Hn,-.Fe)

2
o4 a nd vrend­

enburgite Mn
3
o4. Fe

3
o4 a nd perhaps mangani t e - MnOOH a nd Kn3o4 may 

be present in flooded soils ( ~onnamperuma , .!!.!!, 1969 ). 

Taylor et al (1964) considered that lithiophorite , birnesa---
ite and hollandite were the moat common soil Mn minerala. For 

birnesaite and lithiophorite the direction of mineralization was 

partl1 controlled by the ionic enYironment , which in turn waa in• 

fluenced by pH. The emall crystalline oi&e of the•• minerals , 

and e&pecially of the birneseito , make• their surface reactions 

i•portant , and ~n released during exchange reacti ons could arise 

froa these ainerala diGperaed throughout the soil. Wadsley and 

Walkle7 (19S1) auggeated that the presence of foreign iou in eoil 

Mn ainerals would increase their surface reactiYit7. ~onnamperuma 

et al (1969) confirmed that t he Mn oxidea inYolYed in redox --
equilibria in aoila that undergo eeaaonal oxidation- reduction were 

complex non- atoi_chiometric oxidea of •ariable oompoeition. 

A relationship between t he Yarioua inorganic forms of fin 

iD eoil haa been proposed b7 Fujimoto and Sheraan (1948) in the 

foru of the Mn cycle. 



ln this cycle (NnC)x (Mno2 )
1 

r pr•sent Mn,o~, Mn2o}, 
aud other oxid a whose atate of oxidation i intermeaiat be­

tween divslent ad tetr valent forms of n. Of the• mang n­

ic oxides• c rt in rtion i pot ntially reducibl and the 

7 

r i 4er s eh icall inert (Leeper, 19't7) . o explain the 

Nn cycl , uJimoto and h rman (1948) pointed out that in the 

oil tnere r two syateffl• , vis. oxid tion/reduction nd hydr -

tion/d h7dr t1on 9 that influence t ne av ilability of aoil Mn . 

'be oxidation/re uot.on etermine the relativ ounta of 

manganou oxide n ng n a dioxide 9 1. o. the equilibri 

bet een the • anoua ~, the eaaily ~•duc1ble u propose by 

Le per (19 7) . •• tr•• IUlga oue oxi •, manganese dioxide, 

and water are prea nt iA • plex h7 a ed n oai • 
ia ton • 1• to of x1 • ie thou ht t e atabl• wh• 

oi tur • pr en.t t • t-,"'-... t~• ue l v. \fhen the 

oil beo •• dry and t e oil t tv ri ••, thi• ton of 

oxi • into i, co ponent ta. he component te 

cu then co•~ de the 1.tluence t eit u, o • of the tvo pro­

c ea••• t . e . 1 atio /re4ucti or hydration/ h7dration . or 
one of t • c •noiloate ( an a ou oxide) 1 be t p b pl nt • 

X · ie 1tay t • rcl t the eotl • I" U,a • 
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B. - FACTORS il'F~CTlNG Mn AVAlLABl&ITY IN SOILS 

Mn nvailability and hence toxicity or deficiency in cer­

tain eoila appears to be controlled by biological activity, 

organic uent!mente, pH and aoil physical propertiee. Any fact­

or which influences the oxidation/reduction potential of soil is 

found to h~ne a eorreRponding effect 011 the valence and activity 

of hn ( Cheng and Quellette, 1971 ). Some of the factore known 

to influeace the availability of Mn include a 

Seasonal Yariation 

Seaaonal variation he.a been reported to affect the fora ot 

Mn in eoil. Shttman acu Harmer (1942) and Jackeon ~nd Sherman 

(1953) claimed that winter favoured manganoue, and summer manganic , 

formti of ~n in ulkaline soils. Chen« and Quellette (1971) re­

ported that multiple fre~zing and thawing treatment• un4er flood•• 

conditions caused considerable release of exchangeable Mn. De­

creasing the a~il water content below 6~ of ita fiel4 oapacitJ 

reduced U,e eft"ect of soil t emperature on t "e release of Mn. 

Grasmanis and Loeper (1966) , on the other hand , reported Mn tox­

icitJ to pineapples aud pear trees during hot dry weather. Meder­

ski and Wilson (1955) reported that high Mn uptake was aasociate4 

\ritb high soil tlfflpere ture and low moi ature. 

ledox potential 

T,e.,_,er ( 1935) proposed an hypothesis i nvolving the exiet• 

enee of soil Mn in a dynamic oxidation/reJ~cticn equilibrium, 

which he expr••••d •• follows a litater-soluble Mn~ > exchangeable 

Kn eaailJ reducible Hno2 rolativel7 inert manganic oxides. 

Change• in oxidation-reduction atatua of eo11a reeulted in inter­

converaion• between various oxidation •t&tea of Mn with a conee-

quent effect on availabilit7 of soil Ml1 aupplJ. Alkalinit7 and 

aeration f•voured oxidation of Mn to higher vale~o• foraa, wher•­

aa &cidit1 and anaerobic conditions tended to incr .. a• &110U11te of 

diYalent &Ya1lal:,le Mn2+. Soil organiame are capable of •ffecting 

the oxidation of soil Mn, being moat effective when the soil pB i• 

ai·ouad n8utralit7 ( Sauchelli , 1969 ). Patrick and Turner (1 968) 

stated that Mn reduction from relatively insoluble oxidized forae 
to •ore aolubla reduced forms occurred readil7 when an aeratet 

aoil wae waterlogged. Together with the disappearance of oxygen 



and nitr te , an incre ae in the ng nous ion ( Mn++) in the s oi l 

solution and on the c tion exchange c pl x vaa one of the firat 

easurabl effects of reducing conditions reeulti from water-

9 

lo ging . These uthors showed that the most striking effect of 

w terlogging on Mn tr nsfor ation w s th conYereion of easily r . 

ducible nganic forms to th exchange ble mang nou form . he 

transfor ation of Mn from easily reducible to exch nge ble for was 

greatest over t he redox r nge +400 to +300 aV and was essentially 

co plet at +200 mV . Soluble Mn al o incr sed in cone nt ration 

below a potential of +400 mV. 

Ponnamp ruma ( 1969) pointed out that proble a in the J)plica. .. 

tion of thermodynamics to the Mn syst•m in flooded soils include4 

(a) th large n brand Y it of Mn oxid specie that y be 

involved; (b) the identific tion of the o i nt solid speciea1 

(c) complication c used by non- stoichiometry of the oxidea a 

(d) ignorance of the olid atat of the complex oxides; ( e ) the 

uncert int7 of the oxi ation t t of the 

nd after reduction; (f) slow re ction rat 
tal before , durin • 

I and (g) the 

limited pH ran e over which e o quilibria operat. 

It app ar that a jor proble~ in t he pplic tion of 

thermodyn"'11ics t o th Mn oxide e1st sin ture ia the uncertainty 

of value forth tendard free nergie of for ation of the solid 

peciee involved. hie ns that stability diagr me baaed on 

the pure oxid • w ich v be n used u.cce fully in gfrOcbe ietry 

to exFlain broad m1n r l aaaociations, my not apply in soil 

ay te • The complex oxide of Kn likely to be pr eent in ooila 

my have atan d fr e nergi • of form tion wbich ar eoneid rabl.7 

lower th n toe of th ir i l count rp rts. ( Pon ~ ruma, 1969) 

Ge ring t &l (1969) -- ted th t if 2 occurred in a 
2+ in 0011 solution, th activ• 

iota le from ur nt o.f soil pH, 

oil nd w a in uilibriu 

it7 of tho n2• eboul b pr 

Eh, nd th 2•1 2 halt-c ll f" ction cc:or to the rft ction, 

h • 

h to 

2+ • 
t1on •rive 
2• actiwlty 

lg ( 2+) 

• Mn02 

from t is 

is 

• 

+ ,. + + 2 -

lt- cell r action r elatin p an4 

,,. 9 .. 4p 
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Measured valu s of the standard potential , ·0 , range from 1. 208 

to 1. 300 volts . Calculations showed however , that th predict­

ed activity of Mn2+ was consider bly higher than the measur~d Mn2+ 

ctivity. Explanations for this discrepancy inclu4ed 1 

1. the absence of Mno2 in t he soil, 

2. the uncerta inty or inapplicability of Eh m asurem~~ts 

in soils and soil solutions , and/or 

3• the localised chemical reactions of Mn
2

+ in soil , as 

affected by the pr sence of certain soil microbee and 

plant roots. 
2+ ·. 

Bohn (1970) showed tha t calcula ted Mn concentrations based 

on Eh/pH data were usually too high, otten by as much as 106, ~or 

soil suspensions. H concluded that solution Mn2 was more related 

to the quilibrium solubility of the Mn oxidee, expres ed by the 

term pll - pMn. 

In general • the r ducing properties of a soil increas with 

water saturation• with red ucing soil microorgani sand their de­

composition products• and with t he reducing soil microorganisms of 

soil organic matter ( Sauchelli , 1969 ) . Leeper (1970) pointed 

out the compa ction bear no relation to waterlogging ; rath r , the 

effect opera ting through the roots. The roots in the compacted 

soil were horter and stubbier than normal and pressed tightly 

against t he soil , thereby increasing the uptake of Mn as a result 

of interaction between the root and any Mn02 that was in close 

proximity. 

The lower the redox potential, tbe more marked is the re­

ducing power of the soil , with the reeult that the mang nic oxides 

( Mn.'5+ and Mn4+) may be converted into th soluble oxide ( Mn
2+) 

which are available to plants. 

}. Org nic ~atter 1 vela 

Leeper (1970) etated that the organic fraction of soil 

cont ined sufficient reducing cap city to liberate Mn2+ e the soil 

pH was d er d. !his effect is illuetrated by the following 

equations 
+ + • + 2B 0 2 

he electrons being supplied from the orga ic matt r of soil or 
trom biological processee. 

~I 
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In highly acid eoile• plowing under crop residues may release 

large quantitiee of exchangeable Mn (from the soil and the crop 

reeiduea) which can remain in an available form tor comparatively 

long perio«e ( Christensen .!!li• 1950 ) . This could account 

for the presence of toxic concentrationo of Hn in some acid eoils. 

In addition, under similar conditions, leaching loesea of Mn by 

percolating waters say be relatively high. On the other hand , 

in soils limed to near neutrality , the effect of organic matter 

additions on the Mn status would be r elatively short-lived, be• 

cause of the more rapid decomposition of the organic matter and 

the immediate fixation of released Mn. Consequently the Mn 

statua would be altered for only short periods, and the release 

of Kn to crops much leee. Thie may explain tbe occurrence of 

the Mn deficiencies on limed acid soils nnd on naturally calcare­

ous soils ( Thorne and Wann, 1950 ). Christenaen et al (1950) --
found that the influence of organic matter on the Mn status in 

the limed aoilo was limited to the period of its decomposition. 

The release of Mn b~ organic matter decomposition was probably 

due to reducing condition• at the site of decomposition, to di­

rect reduction of the Mn by organic compounds produced in the 

process , and to a reduction in pH due to organic acids produc­

tion. ( Bromfield and Sherman , 1950 ). 

4. pH and l:f.miDJ 

One of the most important soil factors governing Mn 

aTailability to plants ie the degree of soil acidity. Decreas­

ing the degree of aoil acidity reduces t he danger of Mn toxicity 

which ueually occurs in soils of pll 4-5 ( Leeper, 1947 ). Mulder 

and Gerreteen (1952) stated that aoile with a pH ot 5. 5 contain­

ed much of their Mn in the water-soluble and/or exchangeable form . 
2+ As t he pH of the soil wae increaaed, the Mn waa converted to the 

lees available aanganic oxides ( HD3+ and Mn4+ ), reaulting in re­

duced availability auch that in aom• caaoe Mn deticienc1 occurred. 

Thie conTereion preaumabl7 depended either directly or indirect}1 

on the activit7 of aicroorganisma. Reduction of higher manganic 

oxides by organic matter ia more important at lower pH's, since 

the reducing power of these compounds increases with acidity . 

The production of strong inorganic acid• especially sulfuric acid 

by the eultur-osidizins bacterial and nitric acid would aleo in• 
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crease the supply of av il ble n to plants. 

Liming of acid soils ha often b en reported to result in 

d crea .ed amounts of wat er-soluble and exehange ble fr ctions of 

Mn t t h same time increasing the amount of the easily reducible 

fraction ( Christens n .!!....!., 1950; Sanchez and Kamprath , 1959; 

Messing , 1965; Truong et l , 1971 ) . Little is known about --
the specific nature of the fixation of Mn consequont to liming, 

Po eibilitie includ the precipitation aa Mn carbonat or hydrox­

ide ( Leeper and Sw yby , 1940 ) , oxidation to higher-valenc 

forms , or gradual oxidation following precipitation ( Leeper , 

1947 ) . Truong et al (1971) pointed out that the eff et of lim• --
ing on eoil Mn was aarked at low rates of li application. 

Th•• authors found that the addition of a little aa 154. 48 kg/ha 

lime markedly reduced the exchangeable Mn content of aoils and in• 

er a ed the easily r ducible co pon nt . The ff et of lime on 

exch ng ble Mn was attributed to local effects around dissolving 

11 • particles. Fujimoto and Sh rm (1948) lo reported that 

the first light applic tion ( 141 kg/ha ) of either lime or dolo­

mit produced dispro ortionate reduction in plant uptake of Mn. 

With further lime application, Mn uptake w reduced gradually. 

Air drying 

Bok n (1958) r ported substantial increa ea in the ex-

chang ble Mn wb n pl e were stored in an ir dry condition. 

In alkalin soils ator ge under dry condi tion for six weeks 

cauae a twofold incr ase fro 0.5 to 1. 0,ugMn/ . For acid 

soils Le per (1970) found increae•• tro 5 to 20 ugMn/g during 

storage. Th eff et w • often analo oua to that of ateriliz­

ina eoia. Leeper <1,10) augg ated that of the two opposing 

reactiou 1 

Mn2+ + (0) 

2 

• 
+ 

• •• •• •• • • 

• • •••• • • • 

(1) 

( 2 ) 

cterial oxidation ( 1) w a imposai l• in the air- dr7 state, 

but tbat reduction of Mn02 (I) bf the orgaoic component• could 

till function. ~erb p t h re onaible molecule• were slightly 

volatile • an could ove through the soil th reb7 workin over a 
lon tie perio . 



,, 
6. Steam ateriliz tiop 

Ste sterilization haa be n found to increase water solubl 

and xchangeable n in ver1 acid eoils and euba qu nt uptake of Mn 

by plant . ' eily- reducible from of Mn in the soil g nerally de-

ere sed ( Fujimoto and Sherm n , 1948; Cheng and Quellette, 1970b ) . 

Sterilization retarded plant growth on high Mn soil and improve4 it 

on low Mn oil. 

Microorg and root exudatea 

Workers have eho~n that soil organism& c n induce Mn de­

ficienci s by oxidizing r. n2+ to Mn4+ { Timonin, 1946; Mulder an 

Gerretsen , 1952) Timonin (1946) provid d evid nee that Mn- oxidiz­

ing icroflora in t he root rhizoaphere were saoci t d with Mn de­

ficiency of oats. Fumigants such as chloropicrin, formald hyde , 

and dichloropropenes r due d or elimin ted the s ptom of Mn- de­

ficiency. Th se fumigants lo arked1y supprea d th Mn- oxidiz­

ing microorgani s . On the other hand addition of a straw ulch 

intensified t he Mn deficiency condition and produced a large a ount 

of Mn2+ oxidizing organi me . MicroorganiG111s play an i portant 

role in th oxidation of when th soil r ction i ne or bove 

neutr lity ( Tiller , 19631 Me k .!!!!• 1968 ) . Leeper (1970) re­

port d that these peci a included both tungi and bact rial nd 

hypho icrobium, whic ve clog ed the pip•• of city and hydro­

electric water supplie as a reeult of deposition of Mn 2• The 

i portance of t h se organism• in soil is unknown. 

Microbial metaboli c n alao increase t he level of Hn
2 

by 

reduction, process e , r emov l of 2 , or the formation of aci pro­

duct . Thus t he ddition of c bohydrate or plant reaiduea to 

oil result in pro uction of Mn2• , apecially if the soil ia wat r ­

logg d ( uchelli, 1969 ). 

ro fi ld (195) d on.atrated that plant roota rel ased 

ubet nee that re dily dis olve n 2 an that the acidic eolu­

tione gr atl1 incr ed the ay ilability of indi nou kn. I n 

hie etudy plant wer grown under aterile conditions on agar 

lops. 

c. -
Man aneee ia thought to b bsorbe by plants as the 

aanganoua for , but other forms of Mn , e. g. oxide of val ncy 



greater than 2 , can affect the aupply of Mn to plante. 

Leeper ( 1947) introduced the concept ot a.n "easily red\\cible" 

traction of Mn which would become available to plants when r e­

duced to the mang nous atat . Leeper ( 1970) pointed out that 

qnthetic Mn oxid • such aa nganite , pfrolueite (~-Mno2 ), 

and~-Mno2 may provide pl nts with ample Mn when mixed with de­

ficient eoils. Tbe availabi:lit7 ot theae torma was dependent 

on the methcd of reparation and on th 

oxidea . 

1 . hffect of pl nt spe<:i 

pecitic surface of the 

of maturity 

Flemin~ (196}) analysed the n content of plant part• 

for 4 co on gra sand one oloTff speciee . The agnitude of 

species and plant part yariation are 11ariaed below a 
funtent ot (,ug/g) on 
oTen-d.r, baaiaa 

pecies, Bea s L ate Btem1 - - -
Cocks foot 31 105 10) 

Meadow fescu• 16 29 40 
erennial 18 41 56 

ry graas 

imoth7 42 ,a 28 
Red clover 60 • 134 24 

•1<3 f + petiole 

The conoentration of Mn in graaae and legwnea haa been 

found tc vary with reapeot to at e of growth of t n• pl._t by 

aeTual worker~. cdonbld (1951) found thnt the content 

of Timothy , irdsfoot trefoil, nd 

th ae plant turd., 

Ladino clov r inoreaee• 

fhoa a et a1 (1952) found - -
the Mn deer• sed 1n pere~ni l ryegr ss e th plat ture4. 
l Br egraee, on the oth r h d, Loper nd 1th (1.61) re­

orte that the n content decreas to th h din ta e , 

but incr a e4 fro thia ata to maturit7., 
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Effect of Ca-salts 

The influence of C on th Mn nutrition ot pl nt is not 

clear cut. So e investig tor have ob rved uppre sive 

ffect of Ca on tbe absorption of Mn from nutri nt olutione 

( Sw nb ck , 19}9; Tap r nd Leach , 1957 ) , others hav observ­

e• no influenc ( orris nd >ierr • 1947 ) , an occ sionally 

Ca hae been reporte 

( Chapm n, 1931 ) . 

to timulate Mn uptake even tot>xic levels 

Lohnis (1960) working with different plant 

sp cie in one experi nt , found trong euppreseive influence 

of C on uptake of Mn by b p seed nd lf lfa , no in• 

fluence with mangol ds , an sti ulation with flax. nnan (1969) 

showed that C alone arkedly inhibit cl Mn uptake by isolatri 

tobacco lea! cells. 

In eoils , the effect of Cai ueu lly con idered to b an 

indirect on • i n that ecdition of li to n cid eoil will rais 

tbe pH which , in turn , will result in reduced olubility of Mn 

( Jones . 1957 ). McNauiht and During (1970) reported deer as 

Mn upt~ke , following li~ine , for both white clover ~nd perenni l 

ry gra~" on gl e~ r,od zol in t t1 .t!d. During !lnd Rolt ( 1967) 

r ported &imilar ~P cies response to li .ing on .uton eilt loam. 

However. th6re appeare to be litt e inform tion on t b~ responsiv -

nee t o liming of low-fertility p tur s ecie , such aa browntop , 

1 and danthonia . 

Van Diet and Schuft61 n (1967) pointed cut ths.t Ca , in 

a ition to re ucing the olubility of n in soil • also compet d 

with for a &or~tioa it a withi the plant . From th ir s tud­

ie o the i ter ct1on b tw n C au ai ~ptak in uutri nt solu-

tion c tve , it v conclu e • fr oth oat a nd sunflower , 

~ Yi two carrier • Ca and Mn co pet d for 

ai •• the carrier, h uptake b the aecon 

carri r •t -· little at et 1 t pre ence of C. or 

•-nc l r. .. ities i th nutri nt 

me iWI n t e et • hi p r nt ti ulation 

etf t • not ob e.r cl for unflow r . 

3. tfttat 

( ) itro 
., lf te has be n r ortea: to incre •• n sodium 



ni tratv to decrease the availability of soil Mn t o plants. 

Thee• ef'fecte are thought to be indirect and asaociated with 

changes in pH resulting from the uptake of NH4 and No; by the 

pl aute. Optimal Mn absor ption from soil occurred around pH 6 

to?. Ammonium sulfate created an a cidic condition in the 

soil , vhereae sodium nitrate tends to produce an alkaline 

condition ( Sauchelli , 1969 ). 

(b) rhosphorua 

fhosphorus ie thought to affect Mn uptake in at least 
two vaya. 

( i) by 

the 

Phoepbate 

ltering ti1~ availablli t.r of iioil Mn to 

plant . 

f ortilizere hav~ b~en report•d to exert 

variable effects on Mn •••ilabilitt { Hosaner and Blanchar , 

1970 ); whereas pyrophosphate cQw,e a reduction in Mn uptake, 

NH4R2Po~ improved availability. 
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Lindsay ani Stopphenson {1959) showed that t he solution 

diffusing from Ca (H2~o4)2 pellets placed in a eoil was extreme­

ly aci d and dissolved lar ge amounts of kn as well as Fe and Al . 

Giordano and Mortvedt (1969) on the other hand report~d that the 

solubility of Mn in corn fields was reduced a ~preciably whon 

NH4u2ro4 was applied. They postulated the formation of Mn 

( NlJJ2P2o7. ?.B2o; a com~ounu ot vez·y low solL!bility which pre­

cipitated at pH' s between 4 and 8. 

(ii) by increasing u~ta.ko of Mn b) pl~nt . 

Vlam18 and will!• •• (1962) postulated a direct com­

petition between Fe and Mn ione for ab£orption and auggest•• 

that high P leYels in solution could increase Mn absor ption•• 

a result of reduced 1• availability. This explanation implies 

that high P in solution would reduce Fe conc•ntration in the 

plant . 

(c ) Iron 
Evidence of an. e/Mn antagontea b.aa been reported ( Morris 

and Pierre, 19471 Bolle-Jonee, 19551 liraoh .!!.!!, 19605 
Vlomi• and Villiaae, 1962; Hiatt and Ragland, 196S ) . 

Cillorot1c plant• have \»een obserTed in acidic aoila which 

contained large ounta ot availabl• Mn ( S0mer 3 :ind Shive, 

1942 ) . Chloroaia was cured by the applioation of Pe sprays. 
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ln nutrient solutions soybea.na were grown with typic l chlorosie·, 

sympto s due to Fe deficiency on substrates with high Yin concentra­

tions. Results indicated that F and Mn were interr lat din 

their metabolic functions , with the effectiveness of one d termined 

by the pr oportionate pres nee of th other . H nger (1965) ~bserv­

ed a eimil r etf et of high Mn cone ntrations on r d clover. Stunt-
, 

ed growth and apica l chloros is vere prev nted by incr sing t he Fe 

concentr tion of t he substrate. Gr~s nis and Leeper (1966) re­

duced toxic Mn levele in apple l at from 100 to 35,,ug/g Mn by .in­

jecting Fe citr te into t he tree or by applying Fe.l!.Vl'A to the s9il. 

J'urth r evid nee for F /Mn ant goni w s obt in d by Wallihan ' and 

Mill r (1968) who induc d ymptoms of Mn deficiency in avocado 

tre s following pplic tion of FehDTA. Weinstein and Robbins 

(1955) explained Mn induced Fe deficiency a s the result of competi­

tion b tw en Mn and F for a position in the haem nucleus of :F'e• 

containing enzyme. 

Although t he relationship of to Mn is often used as good 

xample of antagonism, in several studies on m t a ls Cu has been 

found to be more ffective than Mn in ca using F chloroeis (Hewitt, 

1951; Hunter and Ver nano , 1953; eKock , 1956). Nason and 1c­

~lro7 (1 96}) re of th opinion that there is littl ffeot of Fe 

on Mn uptak , because eh ha s an independent r ole in plant 

nutrition. urthermor, si ult nous deficiency symptoms of both 

element hav been reported , and cl ar distinction betwe n Mn tox­

icity and Fe deficienc~ ey ptom b en described in number of 

plants. 

(d) . 

Mn toxicity in fl x h b en llevi ted by t h addition of 

Mo fertiliz r ( Milli n, 1947, 1948 ). A ark d reduction i n t he 

sev rity of the injury • ob erved wh n r lativ ly high cone ntr -

tion of Mows dded to the nutri nt solution. rom th imil rity 

in visu l sympto s of 2n exce s and o defici ncy , lli n conclud• 

ed th ta clos tion hip xisted betv en both di ord ra. im­

ilar r ults w r reported tor flax ( nder n nd Spene r -. 1950 ) , 
swede ( alsh enan, 19S6) an pples ( r rn nd z , 1959 ). 

0th ra have au t• t t Mn-induced, -chloro i i cc ntuat d 

y ad itional upply of o to tl x and to to a ( Uanny nd Street , 

19541 Hewitt , 19581 ~lof et al, 1959 ). 

\ . 
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o. - Al•ALU~lCAl. Mb..'THOJ>.S F{;R l!iSTIMATION OF SOlL Mn 

hstimation of soil Hn has followed two main line 

(i) measuretaent of specific fractions of soil Hn content 

including v ter soluble , exchangeable nd easily 

reducible and chelated forms; 

(ii) indic$ of availability of Mn to plants. 

(1) 

(a) 

Soil Mn fractions 

Water- oluble Mn 

ater is used as an extractant for soil Mn , specially for 

soils of low pH ( A e , 1965 ) . The measured concentration of 

water- oluble Kn varies within the r ang Oto 25,ugm/g soil 

C Morri • 1948; Randha et 1 , 1961; Siman et al • 19?1 ). 

(b) changeable Mn 

~xchangeable 'n has be n extracted using 1N solutions 

ot NH40Ac , Ca(N0
3

)2 , or Mg( ~ 
3

)2 ( Ati me , 1965 ) . This fraction 

of oil Mn is often relat d dir ctly to n uptake ( ~i per , 1931 ; 

Heintz, 1938) and hae gener lly correlated well with evidence of 

Mn deficiency in plants ( Sherman ne Harmer , 1943; ion et 1, 

19471 Bok n , 1958 ). Hoff nd ederski (1958) conclud d that 

soil containing leas than 20 ~g/g of NH4o c extract ble Mn expect­

ed to show n-d ficiency symptoms for soybeans. 

(c) ily reducible Mn 

This fr ction of soil Mn includes high r oxides of 

Mn that are r duced b7 ily oxidizabl organic substance , for 

ex ple quinol or hydroquinone , which ar consid red to b pot n­

tially v ilable to pl nts ( Leep r , 1947 ). This uthor co 

id r d the quantity of sily reducible Mn dioxide to • of 

ajor importanc to plants and eugge ted th t below 5 -'U.8/g would 

likel7 be critical for plant growth. 

CO DI' 

soil Mn is 

eeper , 19'+7 ). 

uci agent u ed to extract thi 

hy roquinon• in 1N u4 c ( her 

refin ent of thie method haa 

fr ction of 

n et al, 1942; --
been th u ot 
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o.o~ alcoholic hydroquinon followed bJ extraction with O. !,M-Ca 

(No3)2 C ones and Leeper , 1951;) Hoff nd Mederski , 1958 ). 

Esti tion of e sily reducible Mn is considered to b de­

pendent on the pH of extraction, the type of the salt solution, 

the choic of reducing ag nt and time of contact, and form of 

higher oxides of Mn pr sent ( Dion et l , 1947 ) . --
(d) . Active 11n 

Thi fr ction of soil Mn is considered to be the sum of 

water- soluble, exchangeable nd e eily reducible forms of Hn 

( Messing , 1965 ). 

(e) . Ch lateci Mn 

Insoluble chelated hae be n tim ted a that Mn r oved 

from the soil by Zn(No
3

) 2 after prior extr ction of the sam 

sample with NH40Ac . Soil Mn extr ctable by divalent salt such 

as Cu 

1946; 
1955; 
Chang 

or Zn, has been shown to b chelated ~n ( Br mner et al 

Heintz and Mann. 19491 Hemstock nd Low , 1953; B ckwith , 

Hi ea and Barber , 1957 ). Ammonium acetat removes x­

bl and soluble chel ted Mn with po sible tr ces of in• 

solubl e h l.ated Mn in ny NB~OAc- extract ble organic matt r . 

Walker nd Barber (1960) xtracted 12 Indiana soils with 

neutral 1 NH4 Ac follow d by o. 03N Zn(No
3

)2• Amounts of chelated 

Mn and exchang 'ble I n were found to be highly corr lated. Hammes 

and rg r found ED'?A to be a good extractant for c helat d Mn in 

one tudy (1960b) but of no v lu in anoth r (1960a) . 

(ii) AYailable aoil n 

ny workers have tt pt d to ti at ount ot pl nt 
avail ble soil n. Leeper (19}5) pointed out that the easiq 

reducibl oxide of Mn, as et r ined with o. hyd.roquinone , 

could bee ploye4 s n index of Mn availability . Hoff and 
Med r i (1958) co par d nine Mn-extr cti n etho and reported 

that xtract d by alooholic h dr qllinon , 3N 4H2P04, and 

0. 1N u
3 4 gav the high.eat correlati n co ffici 

soybe n plants ( lyeine x L. ) . Hamme and 

report d that n xt~acted by the 0. 1 H' 4 metho 

ta with Mn in 
rger ( 1960) 

corr lated 
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better with l1n in oats ( Aveno sativa L. ) grown in the green­

house than did Mn extracted by the other two met hods used , viz., 

1. 5M NH4H2ro4 and 1N s3ro4• Moat measurements of plant avail• 

able Mn have been directed towards the prediction of Mn defieicnc­

iea in neutral and alkaline soils. 

In acid soils , Hoyt et al (1971) showed t hat a 16 hour ex­

traction with o. 01M Cacl2 gave t he beet es timate of plant avail• 

able Mn tor barley, rape and alfalfa. Another form of soluble 

Mn , that extracted by 0. 1N HOAc , gave t he next best estimate of 

plant available Mn. The other five extraction methods , consist­

ing of 0. 1N H3P04 or 0. 002.N HCl for soluble kn, 1N KC l or 1N 

NK4oAc ( pH 3) for exchangeable ~n , and o. ~ hydroquinone in 1N 

NH4oAc ( pH ?) for easily reducible Mn , gave fair to poor estimates 

of a vailable Mn. 

Browman!!.!! (1969) concluded t hat for a wide variety of 

soil samples , t he best prediction of Mn uptake was provided by a 

combination ot NH40Ac- extractable Mn and soil pH as independent 

variables, followed closely by 0.1N a
3

PO~ and o. 01 M- ~DTA in 

M(NH4)2co,. The combination of pH and IIH40Ac has the adTantage 

that it can be performed on a routine basis for maki ng fertilizer 

recommendations. Baser and Saxena (1971) reported that 3N NH4H2I-04 

can be beet uaed for estimating plant available Mn. The high 

va lues of Kn extracted by this solution wae t hought to be the 

result of the reaction 

• 
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MAT ERIALS AND M.b'TUODS 

A. - MJ\TE1<I ALS 

General localitl and experimental area 

The experiment~l area was on a hill country property located 

2.5 km from Tiraumea, to t he eouth-west of Puketoi Range, in the 

Waire.rapa district of Wellington province ( eee Fig. 1 ). 

The topography is moderately steep to steep with some roll­

ing areas upon which t he experi ment al sites were located. 

The parent material of t he soil is derived from a massive. 

calcareous, blue-grey siltstone, forming the Tongaporutuon stage 

of the Taranaki Seri ea , dating from t h e late Miocene . 'l'he mean 

annual r a infall recorded for the experi mental area over the 

Feriod 1960-19?1 was 1183 mm , with a r ange of 1638-950 mm. 

The original vegetation of t he area wae dense podocarp­

broadleaf forest. Following clearing i n the years 1860-1910, 

much of t he l and reverted to manuka and gorse, especially in 

gullies and lese accessible places. From 1960 onwards , all t h e 
c ultivated land on the property wae cleared of scrub , cultivated , 

and sown to new grase. 

The soil, Purimu silt loam , hill soil ( Soil Bureau Bulletin 

n. s . No. 5, 195'+ : ), i c currently claeeified ae a moderately weather• 

ed, moder a t ely leached , yellow brown ea rth ( Fulvic soil ). At 

the experimenta l sites t he profile consiete of i 

Site A. 

A1H 0-,Cm 

A2h 3-1:,Cm 

/ ,· 

dark greyish brown, eilt loam1 s trongly developed 

fine granular atructure1 numerous roote; sharp 

boundarJ 

Yery dark gr 4y brown silt loam1 loose; etrongly 

developed nutty and granular atructure ; many 

rootef sharp boundary 



FlGURI!.: 1. 

@MASTERTON 

scale 1 : 1,000,000 

10 5 0 

MrlP SHOWI~G LOCATION AT TIR~UM~A IN THE 
WAIHARAfA DISTRICT. 

10 20miles 



B 13.18cm 

C on 

Site B. 

A 1h 0-Jcm 

A2h !-•15 cm 

B 15-19cm 

Con 
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brown silt loam1 loose1 moderately 

developed medium nutty structures SOile 

roots; diffuse boundary 

yellowish brown .silty clay loam; 

friable; massive etructure; fev roots1 

weathering mudstone 

dark gre1 brown silt lOi&ID I strongly 

developed fine granular structure; numerous 

rootea s harp boundary 

brown to dark brown eilt loam1 friable; 

strongly developed fine nutty and granular 

structure, many rootaa sharp boundary 

dark yellowish brown silt loama triable1 

moderately developed nutty etructure1 

moderate number of roots1 diffuse boundary 

yellowish brown oilty clay loam; friable; 

massive st~ucturea fev roota1 weathering 

mudatone 

The soil is regarded as being of lov to aedium natural 

fertility . The experimental aitea had received 102 kg of super­

phoephate annually for the previous 13 years and had been grazed 

with a stock density of approximatelJ 4. 5 ewe equiTalente per acre. 

Choice of exp rimental aitea 

Initially fiTe areae each of approximatel y 14m2 were chosen 

as potential experimental eit ea. Three of t hese areaa, designated 

sites A, C, and D were aituated with• southerly aspect, and two , 

Band E, with a northerly aspect. 

In order to aa•••• hoaogeneit1 of Mn status at each site, 

duplicate 10cm soil core• were taken at clo•• proximitJ from 5 

rando positions within each e1to. };&oh sample was separately 

anal7eed for total and aail7-reducible Mn using methodo described 
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in LCCtion u . / . ieault& t~r ~~ ~naly~•& are -~~marioe , in 

Tsbl.• I . n1s • reeult of the att1tictic&l ar,al7ees. aitee A and 1l 

11.er-, chooen for thia •xperi1t•.nt , by reason ot their re1ative uni­

fort ity in Hu indices, ~r.d repr* entat1on of different AG~octe. 

'l'ho grid referor.c~u for these ai teli are N . ... . ;. .. .. . 1 , ~ 154 ( 19~?) 

!i2<.C22 tanc ::,2)071 . 

Swz;merJ of atati6tical roeulto for vari•bilitj 

in !-,n atatu&J of ft ve potenti u l experiiri!!ntul tu. tes. 

~ it.o : .. ~.,ec~~ i'otul ."'.n:. • l..asi~-rod1.;ciblo Hn: - - • fil,!)r , ... . ~ . t t,' VC1'6tl Su,e"l t error I ..... H •,alue R&B\.lt 

A GC. u t l: 44!tv. ~5 '+. 26 ?I • :;.. .>2)2 1.a, ? • • • 

b nortb 8962. 75 e. 61 • c:6~1 . 4 ,.oa N. ~. 
c; south 11}b5. 15 5. 22 • 2'702. 9 2. 03 ti ' • • 
... south 59.512. 78 ~. 4} ;-s . .. . }0768. !, 
... north ~58090. }.5 1?. 0? • " 6o<,J.9. 5 

t i v . .1 lut, for te:.,t o! wi t~,i1·1 ,ii tu ve.ria.bilit7 

• r~sulta cstuti(.Jtiokll;y aignifictu1t at t!~e 5~ level 

••results etatietical11 oigniticant at the 1 l~••l 

l'i ..... reault.a not et~ti stically 3ig:i1.fic1in1: 

6. 31 • 
96 • 

, inco th•r~ wa~ no signi!icent ciffer~nce b•tw•~n oitea A, B 

a nc, ~. reeulta or •val.jrtJ6'f.i ot Yar:f.once 11oro cos.bihod to give an 

eeticwh of variana0 bet\feen poeitiona for total and eaeily- reducibl 

"oil. itn .. 

(aJ Averqo of position w1thin cite error ~. o . for total Nn 

f or &itea A, », C ( fable 1) 

.:i 4440. ~5 + t,262. 1s + 11»., •• ~ • 826:, 
) 

lle4uired i, . L. . of a trerataent m an to be about 5 , or 40 -ug)!n/g 

• rbfn6) 40 t au•~.. ~ 

aolving, 

• 
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where n ~ number of replication~ required. Average of position 

within site error M.s . for easily- reducible Mn for sites A, B, C 

( Table I) ~ J2}2 + 2821 . 4 + 2702. 9 • 2918. 66 
3 

Required s. ~. of a test mean to be about 5~, or 10,ug/Mn/ g 

10 or n 3 

Although it can be eeen tba t the number of replicates required for 

easily-reducible ~n would be 3, in this experimont 5 repl icates 

were chosen, in accor~ance with t he number of replicatoe required 

for total S\)il Hn. 

4. .c.xperimental design 

A randomized block design was used for t hie experiment. 

Twenty plot s , each of 1. 82 x 2. 74 m2 were staked out at each eite 

as shown in Fig. 2. To minimize overlapping ot liming treatments 

at borders of adjacent plots a buffer etrip diatance of o. 46m 
was left between each plot . Tl.e design provided for the use of 

four liming r a t es (treatments) with 5 replica tions (blocks) at 

each site. In the absence of grazing stock during peak periods 

of pasture gx·owth , the experimental area vas trilllmed to approxi­

mately 2•3 cm, using a motor mower to remove excess herbage . 

5. Lime application 

The liming material used was a !inely-&round commercial 

lime ( 9~ Caco3 ) . 

Four ratee of lime addition correspondi ng too, 1270, 25~0 

and 50?v kg/ha were used in this experiment . 
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Repl ication 4 Replication 3 Repl icat ion 2 Repl ;cafon l 1~ 
• 

Treatment No. 13 Treatment No. 9 Treatment No. 5 Treatment No. 1 

1 TON 1/2TON 1/2TON Control 

14 10 
~ 

2 6 

2 TON Control 1 TON 2 TON 
0 . 
.j>.. 

0. 
15' 3' 3 11 7 

Control 2 TON 2 TON 1 ·TON 
____ ..... •-----« -------- ---------

f 16 12 8 i' 

~ l/2 TON 1 TON Control 1/2 TON 
! ,.__ ___ __._ JI--------« 11--------· ,.._ ___ __ 
--2·74m- -.... 

~ 

a z~ 
B z 

1312m 

-'O 

_. 
~ 
-f 
0 z ex, 

FI GUR~ 2. ~LAN OF THt EXPtRIMtNTAL ~ITt A SHU~l~G LI ME 
TRi'..ATMENT .S 
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X MA RKE;R lEGS 

g -t ~ .... 
Cl) 

Cl ..... 
::, 3 

Cl) 

r+ ::i ..... 
9'I z 
0 9 -- 'J 

n 
Cl ..... 
0 
::i 

0, 
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a. .Mi:.T ttO.DS -
1. Methods of soil and herbage eamrling 

(a} ~oil eara1;ling 

(i) Soil sampling frequency 

Soil samples were taken before licte application and t hen at 

a p,proximatel.y 8-week intervals from the time of liming for a perioq 

of 40 we~~s. ~nitiall; ootu sites were iacluded at each sampling 

time until 22/6/72. Sube~4ueAtl1 atimpling of eit• B vae discon­

tinuod becaua~ of similar trends at t he early eampling tim~e , and 

in order to reduce t he nUC1ber of analyses to be performed. The 

sites eam1,le<i , datee of samplings and analybea perfor~ed ( includ­

ing herbuge samplings and analyeeo ) are SUll'lmaris*d in T~ble II . 

1' ABU, 11 ~ I Summary of sites eampled, dates of samplings 

and analyses performed. 

lJates of 
::.at.:lplings 

Soil Herbage 

1')/5/71 
7/8/?j 
9/10/71 
7/12/71 

25/1/72 
22/6/72 

no samples 
x samples tal en 

X 

X 

X 

z 
xt 

X t 

t no water-aolublo Mn ana1¥eed 

t liaitecl eusplea only 

• 
z 

z 

-
z 

Sites 6'l~plod 
A B - -
X X 

X z 
X X 

X z 
X z 
z -
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(ii). Seil Sampling m thod 

FiTe cor a 10 cm in length were randomly taken from each 

plot using a 2-cm diameter hand-operated soil core-extr cting 

device. The top 1 cm of each core , comprising the litter and 

root m t was remoTed and disc rded. The cores vere placed in 

plastic bag&, labelled, s led , nd stored in a polystyrene 

container which was cooled using blocks of ice. Samples wer 
transported to t he labora tory, w~ere the five cores from each 

plot were crumbled and mixed t horoughl7 to form co posite 

sample. 

(iii) . t orage of soil sample• 

To inv atigat the effect of storage condition on the 

transformations of Mn form in soils , two represent tiTe 

samples were stored for varying tie periods in the field moist 

condition in a refrigerator at 4°c. In addition, eeparate 

sampl s were air-dried at a~bient temperature or oven- dried at 

105°c. 

xchangaable , eaaily• r ducibl , &nd total Mn contents 

of these oamples vere e timated using procedure• outlined in 

s ection . 3. esults re shown in Tables III and IV. All 

result in this report ar computed on an oven- dry aoil basis. 



TABJ.E Ill I The effect of time of storage of soil sample• 011 forms of soil Hn. 

Forms of Soil Mn : 

J:.xcbangeable tln : Eaeily- reducible l!;asily-reducible 
Mn ( pH? ) : Kn ( pH 3. 5 ) 

.Stora4e time_ (weeks): 

0 8 24 0 8 24 0 8 24 

~ Mn extracted& 

&OIL A 16 12 16 146 174 139 87 73 69 

SOIL B 1 .. 10 12 142 104 125 67 74 79 

Total Mn: 

0 (,, 
V 

551 550 

5.53 5.53 

24 

551 

55, 

"' '° 



L-ft.- lV t The effect of a.a~l• prat reata ut oa e ~unta ot extractable eoil Kn. 

cllau•ble lUl ,1 

f .r~. 1~ . u. o. r... 

~~11. C 12 18 66 

SOIL D 17 21 6., 

r.~. • field moiot 
A.O. • air- dried 

o.c. • o•n- dr1ed 

Forms of ooil Mn : 

~ sily- red:.i.c ible 

Mn ( ~R 7 ) I 

£nsil7- reducible 
( pN }. 5) I 

~·2~le 2retrKteoni 1 

F . ti. . , .-.. . u . (: . ;J. : . 1'1. 11 . D .. O. L. 

1!6bS t-'.n enro.c1~ 

18'f 1,, 127 91 92 66 

127 107 76 7} 1, 69 

i'oto.l ~ t 

..... . f.····· ""- • "-l • o . ... ;. 

G66 617 6,S 

522 465 4?} 

~ 
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h>• the r .. ulta in ta'bl• 111 tt ia ffidnt tllat etorage 
ill the fie14 iat c a ition at~ C r•aulte4 ia ainilllal chug•• 
iD aeaaved tone of eo11 Mat r atora • .. rloda up to 24 we~ka. 
lht renlta ia Tattle 11 auw-4 that whereaa air 011aa appear•• 
t reault ia -111 reaa•• in xcbangeable Jin an deor•••u ia 
eaailJ•recluclble Mn ( ?), r•• lte fort tal MD co teat av.ggeat 

t t 8aJllpl• variat1o 11&1 ha•• b••• a problea. ow•••r , it la 
ole&I" that o••• drJi at 105°c oauaecl r•l•••• of auch eaobanaeal>l• 
MA, prenaabl.J at the ••p•u• of the Msil.7-reduoi le ton. 

aeporta 1 the lite,ature differ o \he effect ot au-­

lb'7ing eolla oa tl'allafonati na ot oil ND. Fujia to •• ff• 

au (1,,.5) re rted i er a• uchang bl4il foll wine air dr7i 

whereae Jiau•• aad. linger (1960) o naiclered tbat air UJ1BI wu 

aot llkeq to ta reaae ex balageabl• M levela. Boken (1952) 

foud ao iuedlate effect f dr7lng n, • l•••l.a of nchaqeable 
N but ln ls t n ed to increaae with storage. lokea alao o -
tirae4 that ator•1• la the a let onditi a for up to 3 we•k• r•­

•lll••• ia iniaal chaq•• in exchangeable Mn content of • 11 
Nllpl••· 



In view of the need to store samples prior to analysis, 

all samples were maintained in the field moist condition a t 

4°c in an effort to minimise transformations bet ween the various 

forms of Mn . 

(b) Herbage sampling 

(i ) Frequency of sampling 

Herbage samples were taken concurrently with soil samples 

whenever possible. Because of the seasonal pattern of growt h 

of this area it was not possible to obtain herbage samples at 

all soil sampling dates. The actual frequency of herbage 

sampling is shown in Table II. 

(ii) Method of sampling 

Random grab samples of herbage were collec ted from each 

plot using hand clippers. No attempt was made to saIBple 

particular plant spdcies. Sampl es were clipped approximately 

1 cm above grou~d level and placed in cloth bags for tr~nsport 

to the laboratory. 

(iii) Preparation of plant tisaue for analysis 

Pl ant tissue was dried in a Wilco Electri c oven for 72 

hours at 65- 75°c then crushed by hand and thoroughly mixe4 prior 

to chemical analysis. 

(iT) Soil contamination 

A preliminary experiment was conducted to determine t he 

degree of soil cont~mination present on harTested plant material . 

Representative samples were quickly washed by immersion in dia• 

tilled water. Washed and unwashed samples of herbage were then 

analysed for Mn content as described in section B. 3. The re­

sults are s hown in Table v. 



TABLE V c Mn c,:,ntent of unwashed and washed herbage samples. 

Mn extracted ( ,ug/g ) 

waehed unwashed 

600 600 
,2, 225 

2,1 188 

JOO 213 

500 285 

453 325 
2.50 205 

54:, ,1, 

The reeulta in Table V ahow that washing often resulted 

in considorable reduction• of up to 4~ in Mn content or herbage 

samples. It waa considered that much of the lose of Mn due to 

washing was probabl7 due to removal of soluble Mn from plant 

tissue in addition to any removal of acihering soil particlas. 

Hereafter, Mn analyses r~ported were for unwashed herbage 

samples. 

Methoda for chemical fractioA&tion of soil Hn 

Preliainary experiments were conducted to establish 

appropriate techniques for delineating r~cognieable tractions 

of soil MD. 

(a) Soil/ extraction ratioe 

In order to eatabllsh amounts of soil required for the 
Mn fractionation procedures, four aoil/cxtractant ratios uaing 

0. 5 , 1, 2 and 4 g of soil in 80 ml of •stractant ( 1N NH40Ac, pH? 

containing O. ~ hydroquinone) were inYeatigated. fhe extraction 
were made ia 100 ml polypropylene tubea on an end-over-end shaking 

machine using extraction times of 1 or 4 houre. The results are 

ebown in Table VI . 



TABL,t; YI i Effect of eoil/extractant ratio and time of 

shaking on extraction of Mn bJ 1N NB,OAc 

containing 0. 2>' b.ydroquinoDe. 

Soil/extractant 
ratio ( 30 ;Ill 

Kn extracted (,us/a) 

of extractant) Time of extraction 
( Hr. ) 

1 4 

0. 5 149 182 

1 147 1.58 

2 138 164 
4 145 170 

From these reaulte it can be seen that ther• wae a neglig­

ible effect of soil/extractant ratio , at either shaking time , on 

the amounts of Hn extracted. Four grams of soil was chosen as 

standard quantity for succeeding extractions. 

(b) Determination of extracting pH and extraction time 

for t he estimation uf exchangeable soil Mn . 

Using a fixed aoil/extractant ratio ( 1120) an inYestiga­

tion was made of the effect of extraction pH and extraction tiJDe 

for the estimation of exchangeable Mn content o! t he same soils. 

(1) Effect ot pH of extractant 

Duplicate soil samples were shaken for 8 houre with 

1N NB4oAc adjusted to pH 2 , , , 4, 5, 6, or 7 using either NH~OH 

or MOAc. A aoil/extractant ratio of 1120 was ueed. The results 

are shown in Table VII. 



'lA.BL~ VII a Effect of extraction pH on determination of 

exchangeable Mn. 

pH of Mn extracted 

extraction, ( ,ug/g ) s 

"I 10 

6 16 

5 29 
4 50 

3 49 
2 41 

'' 

It is seen from the results in Table VII that as t he pH 

of the extractant decreased, more Mn tended to be extracted by 

NB40Ac. Peak amounts were extracted around pB 4. 

(ii) Effect of extraction time . 

Extraction timee of 2, 8, 16, 24 , and 48 hours were 

carried out u&ing 15 NH~OAc adjusted to either pB ,.5 or 7. 0, 

at a soil extractant ratio of 1 120. The results are presented 

in Table VIII . 



TABU: VIII a Lf!ect of pH of extractant and extraction 

time on uount of NH4o c - extractable 
soil Mn. 

Extr ction time Mn extracted ( tUg/g ) 
( • ) pH 7. 0 pH 3. 5 

2 6 20 

8 9 24 

16 13 77 
24 14 1oJt. 
48 16 163 

lrom Table VIII it is a pparent t h t a t pH 7. 0 most of 

t he exchange ble Mn was xtr cted after 1 hours h king . 

However , at ~H 3. 5 additional Mn was s til l being oxtracted 

fter 48 hour • Because it a~peared that at t his lower pH , 

forma of Mn other than that pre nt ae exchang able Hn were 

beins extr cttid , fur thor extractions at this pH wer not 

&tte ptea.. 

Me aur ment of pH following each extraction verified 

t hat i niti 1 pH ' s were m intained t hroughout the extraction 

period. 

(c) Det rmination of extractant pH and extraction 

tie forth ti tion of aaily-reducible Mn 

" 

Bee use extractant p and xtr ction till ver ehown to 

influ nee the amounts of exchang 

tion vaa th n made for content of 

ble aoil .Mn , a imilar investig -

eily-reducible soil Mn . 

(i) ·ff et of extraction pH 

lhlplicate soil aampl•• vere ak tor 8 hours with 

1 NH4o c conta1nill8 o. 25' hydroquinone as reduci g nt . 

e ults for kn extr cted by thi procedure are present din 

Table IX. 



ftNt of estracti pi o aaoW1ta of 

••ilY•r•• i le eauacte4 boa aoila 
7 1Je u,.o4o with ll7dro \liao11e. 

pR cf extracted 
extractio111 ( tu_lfg ) I 

1 1,0 

6 1,at 

' 17J ,. 18? 

' 17 
a 1J8 

the reeu.lte in ble IX it can be aeen th t, aa 
with exohaagoable Mn e more oeeily•r• uoibl Mn • extracted 

a t ) nd 4 t n at ?. t nar •xperim nt were deeipe4 

t ia•eatlga.e the natur of Jb1 releaee at pB•a 3.5 and 1.0. 

(ii). ~ttect ot extract1 tille 

!luplicato soil 8Al'lples w re t r cted with 1ft NB o 

,., 

coat in1a~ o.~ hydroq iaone t p ,., or 7.0 u ing oxtraotio11 

Ii.a•• of ft, , 16 aacl " llova. fb.e • il extract.ant ratio w.a 
1aao. lb• reeul\e u• a in Table x. In a itioa, following 

the 2't-laov n,ractioa wit •, Ae/h7d.ro1uiaone at 7, the aoil 

1•• were heel ono it .,0 l of t • •xu ctant aat 
the extr ct•d t rat t · er 24 • ei \o e/hydreq in~• 
at ,.,. Ali ot~ t al ext,•otio • we,e 17• I r t1' 

f@ (by t le ah• rptio) • n c t te. 



• fleet o , ea.t raction H.a ouate ot 
P• u 4 Mn r o• 1>1 11 aa,.cu/ll,uoquaoae 
at two ••l~u. 

a.trao\loa " ) 

u ... (lr.) ,.,t .,,. 
pi 7 

2't? ,,. -2,, 17' • 
a~ ,,a 1 , 10, 

' ,,a t • u, 

t L.h 1tr n ett • 

r t~ ~ 't~ D l• lit 

a oua i a o ~ extrae\ a t , \ oi l 
contiu • tc 1nc:·, »£ .,.._ o t t 

Ue30 24 ue , . er • w lit tl 

At. a , t: J' 

Ve ntra c t • d ( ,,v.c/g ) 

jll' J.3 1Ji ,. I ,.,1 
after 
pll 7 

,a, 0 -.. .,.. 0 -
0 10'6 

J7 370 

• '-i> f.r.t U i~t • 
t 5-11 t }. S an 7. 0 

1~i:. tus.. 
• of lln. 

or- · 
" ' · · i i 1 <d at.e ha\ 1 • t • • • t ••· 
traote4. at 01Ntft111• ,i, a,q Ma rel .. • ecl w-ae ot 

•• iat•• wit re , . , or• t 1 • r•l .e waa 
re .. rtt.4 eci it••• at t bi• pi a t ,,..., la Ille 

1, ie of i ~••to ••t• ver, at lu 

• 

1 , .• 
' 0 I ' • 

• PU•• o • ). 

'I v• o aa 
t e • dr ti a 

l •• ,._ . , .... , ,, .. .. 
... ,1 •• ( , .... .. 



J9 

f~rthenwe , it o~n be seon tlw.t extraction with NB40Ac/ 

!qclroquia(,)a• pH 3. 5 following extraction flt pH 7 resulted. in a 

tvth•r r•l•••• of Mn froa the soil together with eignifioant 

r•l•••• of re ( 1000 ;ug/g eoil ) • 

{d) Ufoct of NE40Ae conc•ntrati on oa ext1actabilit7 

and r ecoTery of exoh&ngeabl c :m, easily- reducible 

aoil NA. 

ih• ~•Govery of added Mn ( 60,ug/1 ) during NR40Ac/hydro• 

quiaoae extr•oti•n at pH 7 was 4eterained. Recovery waa alao 

cheoked ia tae preaenoe of 2B Na,oAo. the extraotion perio4 

••• 24 hove and the result• are ahoWD in table XI. 

lleoo••rr of added Mn ( 60 ;ug/ g ) b7 

NH~~Ac/hydroquinone extraction at pH 7, 
tor 2 n~rrtalittea of NU4tAc. 

,.<>ri.iu. l U,1 v 1 
,fo4o.~c i 

....xt r "'- 01.aul e 

ilQ addtid 
Mn. t 

} 12 

353 

lJn t -05/g t; c il ' , 
tsdd&d ~ 
Mn S reco•er7 

366 90 

414 100 

The reeulte obtaine4 tor t a i a aeri•• ut exp~rim~nta 

a.re elightl? bi~her th~n thoa~ repor ted earl~er due to the 

selec t i on ot a ditferent aoil u11.atil • 

$Oen th..t reater reoo••r1 vae obtained using the 21 NK4oAo 

extrAct..nt. 



A final ••riee ot utr otiona vaa made wsing 11' and. 21 

N ~o.c. ror thia serlea, duplicate oil ... pl•• w•r• •voceeaive-

17 extracted oace with MM40Ao pi 7 ( 24 hour) , twice with Nl40Ac/ 

hfvo,ulnoae p 7 (2At hour) •n4 tvio• with Ml40Ao/hyckoquinoae pi,.,. l•t•••n each eatraotioa, the Ril ... ,1ea vero waah•• 
with 50 al of tbe preceding extractant . Re ults ot th~se ea­
tractiou ue preaen~ed in fable XII. 

7 · LE XII 1 Aaouta of K enr aoted by• cc asiv• 2~-hour 

utraotiou with lUl40Ac pB 7, NB4 Ac/h74ro­
quinoae p 7, and N ~OAc/h7d.roq~iaone pB 3.5 
( A18/ aoil ). 

tOAc cb.a111•- l~OAC/h7d. p 7 Nll40Ac spB ,., Total 
o malit1, able Mn, 1Gt : 2nd 1at 2nd Mn x-

traoted, 

11 12 2?? 6.5 11, 16 i.a, 
21 12 ' 1 49 8 j 10 4&1 

-~---

from t he resu1te in f bl llI it ia n ide t that aor• Mn 

wa• r Ted tn t • Na40Ao/h7dr quinone pi? enractiona ueiag 

211 MK .. O.Ac aa cc1:1pered with 1N NB4tOAc . This hi gher r ec0Te17 wu 

apparenti, tb• reault of a decr•••d t n enc1 for reaorption of 

releaari Mn uring t • extraction proe•dure . It pp that 

t • tncre s r Yery pH 7 w o a\ t he• en• t that ••••ur­

ed in au'b•eque£t pH,., oxt r oi ions, • 14 c d by the ease 
total atraotable taiaed tor both 1 an4 211 ft 4o e.vactioa 

equeace•• 

,. 
the general prooe4ur•• tor eoil 

thla •t¥ .,.. a wn in r1aur 3 n 41.ac 
tr et ona wue ude at 20°c. 

estraotlo a opte4 1n 

elo. All ea• 



SOIL 

Field moist condition 

I 
I I 

WATER SOLUBLE Mn EXCHANGEABLE Mn 

10 g. soil : 80 ml. distilled H2o 
shake 30 minutes 

4g soil : 80ml 2 NCH3COONH4 
shake 24 hours 

Determination of 

Exchangeable Mn 

DETERMINATION OF 

EASILY-REDUCIBLE Mn 

FRACTION A 

Determination of 

Easily- reducible Mn 

Fraction B 

EASILY-REDUCIBLE Mn FRACTION A 

80 ml. 2NCH3COONH4 pH 7 

containing O· 2% hydroquinone 

EASILY-REDUCIBLE Mn FRACTION B 

8 ml. 2NCH3 COONH4 pH 7 

containing 0·2% hydroquinone 

FIGURE 3. FLOW DIAGRAM FOR SOIL MANGANESB 
EXTRACTION PROCEDURES 

I 

TOTAL Mn 

0 ·3g oven-dried 
soil 
HF extraction 



(a) MelereeeJ111tJe Mn. 

taa ,rue of tield-coi•t eoil w•r• •hak•n on an en4-oYer­

••• •bak•r at 20 r.p.a. with 80 al of diatilled ••ter ta 100-Ql 

pol1prop7l•a• tu~••• At,er ehalda.g, the tubea were oentrituged 

at 2,,00 r•»••• for 1, aillut•• followe4 by filtration ( Whatman 

No . 1) to rNove floa~in. ~r~anic aat•ri~l s . A ~0-r.il aliquot 

ot the filtrate •:as ,ri.1.:p~t i e..i i uto d 100- a l beaker "lnd GYaporatH 

to 4r7aeN oa a hot plate. the re•idue waa treated with 2 al of 

:50J 3202 cud , ~l of cona . !IJIO' to destroy soluble or ganic matter. 
The b•aker wae co••r•d with a ooTer gla- &na di5o•teci on M hot 

plat• for 30 ainutea. The coYer glflaa wae t t.ou re11oved and the 

coatente •••porated to dzt7neaa. fhi• procedure waa repeatf*4 

trio• prior to 4•••1opae~t of th~ eolou, as outlined ia aeotioa 
(f). 

(b) 

S•parai• t our-gru &acapl• • o! aoil v~r o shaken in 100 al 
ot 2tl rm40AC aolution adj uota4 to pli ?. Aft er &balti n• , the 

t11beu were c•11t rH w.,'lu a t , ,;-c.,v r . ; . :r. . h r 15 , inut £-& , a.t1d filtered 

to r•.,v• float i ng os.·pnic a.,at uia l . A 50- ,nl • 11qvot c f tilarate 

1i1aa pip•,t.aa. i Lio ll 1W-•l bed.kt:r a i.c.. "-w:._ .. o.r,.tcd tc lh-yi1e ss • 

.otaeot.lot1. of .,~t atc -,.ud coluble organic aat orial we.e achie•e4 

ueins the ~"!l'l e &a t"' thc d 6US outli,i ~~ :ibov e ( ,. (a) ) !or wter­

a.oluu.lu Mn . Tho soil r <>.-ainizie in t he centrifuge tu.be vaa wabe4 

once v1th 50 a l of 2.N ~I\OAc at pll 7 ~rior t o t ~: det eroi nation of 

~h• u.ail;J•reduci~lu ~D, fractioD A. 

(o) 

~1ghty ~1 of 2tt • H4oAc ad j ueted to pi? an contailliq 

o.a. hydro•l.iaone va!I added io t he t u'b• oon,atlli.q ,.ae soil fr• 

wbi h excuqeabl• Mn )lad. •••n extracted. l'b• t.ibea were ahakea 

for a\ bova. After ceatrlt~ca,1•n aud filtratioo, a 10-al aliquot 

va• JiJ•t••• into• 10<>-ai ~-.k•r aad •••P•~ate4 to dza111e ... 
•••ta•• aau aoluble orcanlc Htwial were deotro7•4 aa pr••ioualy 
••aorU>H ( :,. (a). lhti r eraaillina soil 111 t h• centrltuc• tul»• wae 

•••4 oao• vi th 5Q r,,l of 211 r-:n4\) o pi 'l oc:n\aiJt.illf:i o.2' Ja74Nt­
qulaoa• prier to tetermiaat1on of o.Gili-reduoilll• M11, tnotloa B. 
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(d). a11J•redQcible Mn fraction I. 

BigbtJ al of 211 K40A aolution adjvated to pi,., an.4 

cont in111g o.2", byd.ro,u1nGn• wae adde4 to the aoil 1a ••oh tub• 
and ••tract•d for a f\ll'th•r 24 hove. Att•r centrifugation 

and filtration a 10-ml all uot ~~• r• oT• and treated to reso•• 
aceta·t• ancl aoluble organio u .terial. 

(e). Tctal Im. 

0.3 g of o••n•dry eoil waa weighed into• ,0-.1 polypropy­

l~ne beaker. T•n al of a 1a1 sol¥ti0Jl ( v/7) of 48S U &D4 

couo. HNOJ wae added to tbAi beaker and the contents were dig••t•• 

OD a steu ~ath by taking to dryaess. fhe proced\11'$ was r•pute4 

at l•at twice to ensure cc plet~ d~•tr tio f the ••pl•• the 

reeidll• waa then tu•n up ia 5 ttl of 18 u2~o4 and 1j inlet die­

tille · water &nd the .olutiou ontly b te4 on a •team l>ath for 

30 ainute . After cuoli , the 81)lut1oa was fil\aed into a 
100-al •ol~metric tla3k nd n de to volume with distilled water. 

A 50 n. l tliquot i,;na pipette · into e. 1u0 ml beak rand tlYa.porate4 

tc tlrJneen on a hot plate. Mn w~a d~t r in~n col riaetricall7 u 
ccscribed 1n eot1on (t) . 

(f • ~olorim.tric d~t rmination of NJ:. . 

ffn ...:a dete ii:. d colo1·il'I triclll.ly according to th• aethod 

of A~a~a (1965) . Tote reeid o in~ 100,..,ml b &k vaa ~d4e4 

~o ~l of .iatill~d water, 2 ml of s,, HJPo4, an o., a of aolid 

no4• he ~c k~r cover e~ with a w tch glaaa an4 the ooatente 

e t•d to Doilt on~ t pl4t. • pen~ a ate olou 4•••lop• 

od withi. 20 in te. eatin · e on\i ue until t • aoli4 &10~ 
,.,; 8 collplctc J. ·, dii:. o e d. !he .i.;olutio'1 wa tra.n f• red to a 

50w l l\lllotric ~lae, ma4e to v lu e wi th distil e wato, -• 

tl\.orou!hly t.xed. h• colcnr lf• r u iu a Jeoka ao4el DI 
•F ob~ph tg ter •t 5\0 1!.Ji 10 • t lt th ••11•• ft• 

content r~ d tr 4 ci.zYe • rin the range Oto 

) .113A l Ma. 



Soil p 

ijoil pH ~as measured u in~ a ~dio~eter Mod l 

24 pH metor . A soil to water ratio of 1 to 2.5 wae used 

( Met son, 1971) ana re&dings were t ken after llowing to 

stand OY rnight . 

5. Soil cieture. 

S~il m~ieture content ~ae d~terminc~ aft~r oven 

drying at 105°c fer 24 hour . 

6. ilant 

Mn in hP.rbage waa analysed ccordin to l'eech 

(1958). One gra of oven- cirie~ herbage vas w ighed into a 

250-ml beaker anci shed ir, a muf fl furnace at it50°c for 4 

hours . fter ashing and coolio , 2!.i iril c,f 11~ Hwo
3 

was added 

and t h~ r.ont nts evapor ted to drynese on a hot plate. The 

beaker waa returned to the furnsce fo~ 10 minute at 4vo0 c. 
After cooling, 15 ml of 18N aa!so4 anci 3C ml of di tilled w ter 

were add J ~nd t he con"t\lnte h~ateu for 30 minutes vn" hot plate . 

After cooling, the contents wore !ilt$red into a 11.J().ml volu­
metric flaek and th eolution made tu volwne with di~till34 

vater. A 20-ml aliquo" v • pipett"itd :..ut.-.. n 100-ml beakfl' 

and the colour ievelope'i 15 1iescribed in section ~ f). 



1v. 

A. - IL Mn 

The eff ect ot lim addition on each tor ot aoil .Mn 

ar co idered eep rately in t hi section. 

1. ~ater-foluble Hn 
eault tor water-soluble Mn are pre ente in Table• 

.l II and IV. 

II I The effect of li•• Addit i on n - p ling 

time on water- olubl Mn t ite A 

reatm nt te of • !Apling 
( kg/ha limo ) 

15/6/71 ?/8/?1 9/10/71 7/12/71 

ontrol 2. 2 2 2 

1270 ' ' 2 2 

2'40 2 ' 2 1 

5 0 2 3 2 1 

TA ~ : i'he etf et of lime dditi anc1 ling 

time o •ter-aolu l e 11 at it• 

re ta nt U..tea of pli 
( /ha 11•• ) 

15/ /71 7/7/71 9/10/71 7/12/71 

' 4 ' 2 

1270 .. 4 ' 2 

2!)4 2 .. ) 2 

.50 ' 5 ' 2 

.. , 



Values for water-soluble Mn ranged between 1 and 5 
,ugMn/g s oii. However , ther~ was no obvious effect of lime 

~pplication on the aruounts of water-soluble eoil Mn. Also, 

the levels remained reasonably constant throughout the experi­

mental period. The result& obtained for water-soluble Kn 

produced very low absorbance readings which in the abaence of 

a concentration procedure , may not have given thd neceSA1'1 

sensitivity for reflecting changes reaulting from seasonal 

or liming factors. 



~xchangeable Mn 

Reaults for exchangeable Mn are presented in Tablea XV 
ancl XVI. 

TABLE lV I 

Treatment 

Effect of lime addition and sampling time on 

oxchangeable 1'.n at Site A 

Dates of Gall)pling 
( kg/ha lime_> ______________________ _ 

Control 

1270 

2,540 

5080 

Reaulte of 
analysi11 of 
Tariance 

15/u/?1a7/B/71s9/10n1,1;12/71a15/1/?2s22/6/72: Analjeie 
of vari-

19 15 18 
20 15 21 

20 14 19 
17 1, 18 

N . ~) . k . ... . ! . ~ . 

2, 1't 
22 12 

18 10 

19 9 

r .•. ;;. N. J . 

11 

7 
14 

9 

?, • .; . 

e.nce re­
sult i 

N. s. 
N.s. 
N. 6. 
N. s. 

TA.BL~ XVI a Effect of lime addition and sampling time on 

exchangeable Mn at Site B 

Treatment Dates of sampling 
( k3/ha lime ) __________ _ 

Control 
1270 

2540 
,080 

Reeulta of 
anal7aie of 
Yarianc• 

15/6/71&7/8/?1s9/10/?1a7/12/71a15/1/72 Analysis of 
Tariance reeulta 

18 18 17 19 18 N. s. 
15 15 17 1S 12 N.s . ,, 1, 16 1, 10 N.s . 
1, 19 21 17 11 N. !.i . 

• • s . r. . :; • N.s . h.~. N • .G . 



!'he reeulta for exchangeable t·!n show no significant 

effecta due to either seasonal factors or liming treatments. 

Absolute value tor excbangoabl• hn varied between? and 22 

l\lgMn/g. fheee results were somewhat surprising in view ot 
preYioue reports ( Fujimoto and Sherman, 1948; Christensen 

.!i!!• 19501 Hessing, 19651 Cheng and Quellete , 1971a1 
Truong.!!.!.!, 1971 ), which indicate that exchangeable Kn 

decreased following lime application. 

kaily-reducibl• Mn (1raction A) 

The effect of lime addition on this traction of soil 

Mn at both sites is shown in Tables XVII and XVI11. 

... 

TABL.r.: XVll a The effeot of lime addition and sampling tiae_ 

on eaail1-redueible Kn traction A at oite A ~ 

Treatment Dates ot sampling 
( kg/ha lime) _______________________ _ 

Control 

1270 

2540 

50b0 

Results of 
analyoia of 
Tarianc• 

15/6/71:7/8/?119/10/?117/12/711 25/1/?2&22/6/721 Ana l ya is 
of Yati­
ane,e r e­
sult I 

220 200 236 
224 227 247 
216 209 245 
181 158 193 

N.s. N. s. N. s. 

201 232 

190 21+3 

185 242 

157 202 

N.s . N. :.; . 

204 

198 
212 

18, 

N.s. 

• I 

t:. s. 
• 

.. 1 ' •• ... .,. 



TABL.ii'i XVIII s 

Treatment 

( kgjha lime ) 

i.'.;ontrol 

12?0 

2540 

5080 

Results of 
analysis of 
variance 

The effect of lime addition and sampling 

time on easily- reducible Mn fraction A at 

Site B 

Dates of eampling 

.. , 

15/6/71 : 7/8/71: 9/10/71 a 7/12/71 : 25/1/72 Analysia 
of vari­
ance re­
sult 

153 151 162 141 146 N.s . 
14} 144 157 125 137 N. S. 

127 114 127 120 127 N.b. 

140 135 146 12, 131 N. S. 

N • .;.;i . N.s . N. s. N. S. N. s . 

It can be seen that easily- reducible (fraction A) soil 

~n in Site A ranged from 157 to 247,ugHn/g soil with an average of 

195 ,ug/g. At Site B t his form ranged from 120 to 140 ,ugMn/g soil. 

ID a ddition, levels of this fraction remained essentially constant 

at each sattpling time throughout the experimental period. 

4. Eas ~ly-reducible Mn (fraction B) 

!he results for easily- reducible (fraction B) soil Mn a t 

both sites are shown in Table• XVIV and XX. 



TABLE XVIV: The ffect of lime ddition and eamyl~ng tlm 

en ea ily-reducible Mn fr ction at Site A. 

\ 

,o 

Tre tent Date of sampling 
( kg/ ha lime) , __________ ......, _____________ ~ , 

Control 

1270 
2,540 

5080 

R sults of 
enalyaie of 
~nee 

' \ 
n~ly is 15/6/71:7/8/?1 &9/10/71:7/1 2/71 : 25/1/72: 22/ 6/72 

vari-

104 100 75 64 
118 111 82 70 

119 10:, 77 6.5 
102 8S 70 59 

N • . • • • .(II .ti. N • .., • 

52 146 
76 176 

5S 182 
62 120 

H. ~. •o• 

of ~ari• 
ance- re­
sulti-,. 

' \ ... , 

• i . ~. 
I\ 

• • 
t' 

The effect of lime addition nnd sampling time on 

easil1- reducible in fraction Bat ' ite B. 

Treatment na too cf eac,pling ( kg/}ul lim ) ______________________ _ 

15/6/?117/8/711 9/ 10/71 a7/12/71 : 2~/1/'l2: Anul:,sis ot 
varb,nce re­
sult• 

Control 92 80 

1270 79 81 

2540 78 66 
5080 77 77 

Results of r • ..,. 
n l is of 

vari nee 

68 70 

68 59 
'6 5 
62 .56 

.s. N. i.;. 

60 
55 ,. 
59 

N. • 

N.1.1. 

N. • 

N.s •.. 
N .. • 

he result in fabl VIV n ehow that substantial 

/amount of soil Mn re r o•ed u in 

again no effect of lime pplic tion 

ing son l variation in t his form 

this extr ction procedure but 

could be d•teoted. An int Feet­
of oil Mn w s detected at ite 



( Table VII J where extractable levels were loveet at the 

October- December-January sampling times corresponding to t he 

driest soil conditions for the ex~erimental period. 

,1 

It is difficult to envisage how changes in t his category 

of soil Mn could be related to tbe availability of Mn to plant51 

in view of the fact t h&t availability of Mn i e usua lly explained 

in terms of water-soluble , exchangeable, and eaBily-reducible 

( fraction A) soil Mn. However , further work i s required to 

assess the nat ure of this category of soil Mn in view of the 

a pparent cyclic seasonal effect demonstrated in thia experiment . 

Total Mn 

iotal soil Mn analyses for both sites at two eampling 

times are pres ented in Table XXI . 

Tota l soil Mn for sites A and Bat two 

sampling times. 

Site I SamEling Date 1 

9/10/71 ' 7/12/71 
~g/g 

A 65? + 140 655 + 141 

B 532 + 148 531 + - 1~6 

From Table Xll it ie seen tha t t he soils used in this ex­

periment contained between 531 and 657,ug/g total Mn. Values ob­

tained at Site A were s lightly higher than those at Sibe B al­

t hough no aigniticanc• 18 attached to t hia result. Although 

no change in total Mn content of t he s ~il would be expected, 

results obtained at the 16 and 24 week eamplinge were ueed ae 

evidence for the adequacy of the aampling methods adopted in 

this 6tudy. 



EFFECT vF LI ili: vN ~OIL pH 

'l'he effect of lime addition on aoil pU at t he two ex­

peri mental sites is ehown in Tables XXII and XXIII. 

Effect of lime addition and sampling time 

on soil pH a t Site A. 

Treatment Dat ee of sampling 

/ 

( kg/ha lime) _________________ _,_ __ _ 

15/6/71&7/8/?1 c9/10/71 a7/12/71s25/1/72: k/6/72: ::alyais 
Yariance 
results. 

Control 

1270 

2540 
5080 

Results of 
analysis of 
variance 

t data for 

TABLE X.Xlll a 

5. 75 5. 84 5. 82 5.62 5. 44 5. 49 • • 
5. 66 5. 87 5. 98 5. 87 5.56 5. 65 • • 
5. 60 5. 90 6. 08 6. 10 5. 75 5. 86 • • 
5. 67 .5. 92 6. 36 6. '6 6. 09 6. 23 • • 

N.s. • • • • • • • • • • 

2 replicates only. 

Effect of lime addition and sampling tille on soil 

pH at lite 8 . 

-----------------------------·------Treataent Oates of sampling 
( kg/ha lime) 

-1-5/"""6,../=7-1 ,-7----i/-8/-7-1-19~/.,.,1=0"""'/7=1~1~7/..,.1!"'!:2~/'="71~1~2"!!'5/..,.1~/r.::17~2 l""!:2~2-,/6""/T.:7~2-z ""'lA~na~ ly-'"':'i-~ . 
1 . of 

Control 5. 65 5.77 5.1, 
1270 !). ·11 5. 80 5.91 

2540 5. 73 5.93 6. 05 

5080 5. 75 5. 91+ 6.16 

lleaulta ot N.s. • • • • 
a.nal7ais of 
-1ariance 

t data for 2 replicates onlJ. 

5. 7, ,.,1 
5.93 5. ,1 
6. 14 5.73 
6. 26 5. 86 

• • • • 

5.1+2 

s. 12 
5. 87 
6.05 

• • 

Yariance 
reeulte. 

• • 
• • 
• • 
• • 



,, 

t an be •••n fr T bl• lUI ~nd ~Xlll that the 
soil H'e prior to 11 ing w.r• rel.itivel)' untfor tor the two 

aitea, giving m sured • lu • between pH 5. 60 d 5. 75. 
Tn ao values vve only ali~btlf hi her than tho e prewio lJ 

quoted for ~urimu eilt lo ( pU 5.5) ( Soil Sur u Bulletin 

n. • t,o . 5, 19,,. ). It ahould • not4td that toe • eoil.ll were 

e&!t!pl d in Jun wb o the s il wer re tiY l moiet ( • . ~i-o1'i~, 

~at&ly ~ moi tur contont) nd n wae me red on field 
woiet pl s , which y coount in p t tor the l'liGb r•thq-

C¥pect d pli rN~in a. 

h t ature of t te reeulte in ble~ XXll and · lll i 

d ea onal v ri tion of oil for both thv l 

unl1~e at bob 1,... ln enor~l• ~oil pB Y&lu .. 

on~~ unlim~d r tend to b tte hieheet in the ?/8/71 -

~/'I0/'/1 pl..i &9 when il oisture nd loveet 

in the 25/1/72 • 22/6/72 mplings wh cil ~oieture vaa ouch 
1011;- r . 

~oil vu eosur ent on mplea at ti ld moioture con­

tent ia 1n!lui noo4 m ... rke ly y moisture ocntent, eopeeia .. 3.¥ 
wh n .ff ie et:.l.itU" d by t • c1ar •rocedure a•c. in thia 

tJtuay . i 11 r a eo l Y&J"i tion ia1 Yident for tbe 11 ed 

t i eo:2;:iUc,ted by tue tend• 01 tor pH Y lu .. to in-

orN • aa he limin· re ction , roceod with t •• ovevsr , 
th reoult s est that ag~in m avec.t pil Y&t.luea for llllled 

are a tended to be lowe•t w en the oil• were drie t . 

It ia noted t t t • pB valuea tor • co trol 
plots at t e Jun pli 19729 were naiterabl.1 lo er th D 

the corr• po~d1Ag val • tor 1971 retl ot1n, • in, the iff• 

ren moi ur cont nte of ple at t • t ime ot anal1•••• 

tfta t d.iffer nee 

were etec ad at to 8-w eke 
in• 1 p ~u• to 

tl • fvllo 1 

tion of llae wwe etill incre •1 at t e fin 1 
plica• 

lin • 



fhostt reeulta •ugg•st that changes in pB of o. :;..o.4 
unite could be expected per 2450 q/ba of lime a4dit1on, 

aftor G- 12 month• from time ot •¥Plication. 

c. -
Reaulto for the effect of limu addition on concentra­

tion of MD in bulk tlarbage sa::-:plos ar<t ehown in Tabloe XXIV 

Tret..tment 
( kg/ha ) 

l ,onr rul 

1270 

2540 

,5060 

Results ot 
a na lyeia of 
varLunce 

!he ei!wct of li~• addition and U%Eling 

time on herbage lu .1 ot bite A. 

ue tcs of oasnpling 

30& 234 226 

185 165 11+4 

172 118 128 

1~ 87 '19 -~--,__,,..., 
• • • • • • 

--------- --------------------
t .. uu . .o.v a -

Treat-mont 

The ef!act ot lime ad~ition and sampling 

time on herbage ~n at oite a. 

·-------·----------l>a~ee of sampli ng ( 1'8/h• lime ..._ ___ _____________ _ ___ _ 

9/10/?1 l 7/12/71 I 

Control ,,a ,.,, 
1a70 169 1,, 
2540 170 122 

~80 16S 136 

neeults ot • • • • 
a.na lyeia of 
• aria.nee 

t 



'', .· 

'' 
Fro theee re ults it can b een that for the $anlpling 

ti corresponding to five months after lime addition wh•n the 

first herbage :samples were taken, the aYerage cone ntr tion of 

Mn in t he unlimed controls vas 306 ,u.g/g and 33810.g/g for aitee 

A and B, respectively. A4<1.it ·on of 1270 kg lime/ha re ulted 

in reduction of herbag~ Mn c~noentrations of apyr oximately 40 

to 50% at sites A and B, respectively. Le.rger ~uditions of 

lime did not appear to further decrease Mn leYels in the herb­

age, except possiblJ for the h avi st rte ( 5000 kg/h~) at 

site A. 

The maximum depression in concentration of Mn in herb­

age was noted forth h viest rat ot lime addition at th 

6-month sampling period. At this time ~n reduction to approxi­

mat ly ?'2!/4 of th unli d controls wae achieYed. Evidenc for 

mark d seasonal variation in the uptake of Mn by herbage is 

shown by the pronounced fluctuation in Mn concentration found 

fer t he unlimed controls , eBpecially at site A. lt is not d 

that this fleasonal variation l\ppea.red to para::.lel the soil 

moisture status in that the hig;hest Mn uptake was found when 

soil moisture content wus greatei;:t. This ~ut;geets th.at 

moisture content and its relaticnstip to r~dox phe:nomen· may 

be ilfifOrtant in cont.rolling ave.ilabili ty to r,bnt.e o.n ·thee 

soils. 



" 
V. GE~ERAL DI6CUt$l0N 

Lime appli~!,_tion and eoil pH 

A feature of the results obtained tor •oil pH in 

thia experiment was the marked aea•onal Yariation exhibited 

by these aoi ls. For the unlimed controls , measured pH 

Yaried by up too.~ of e pH unit, depending on aaz.,pling time. 

Part of this vari1.,.tion io possibly duo to the use of field­

moist saaples for pti m&•aurement, and highliGhta the problem 

of using fixed s~il/aol~tion ratios fer undried soil eamples. 

The addition of 2,540 kg lime/ha reeulted in pH shifts 

of approxil'l~t.ely o. ,-o.4 unito one year after application, 

which ag.r••• well witn puoliahed in!orm~tio~ on expected 

lime r espons6s tor New Zealand eilt loama ( During, 197~ ). 

Liae application and~-:"! i n h,!,rbage 

It 1'ae q ,parent in thio experiment tha t the lovest 

r&te of li~~ addition ~roduced , at least initially, a con­

siderable r~duct1on in herbage Mn concentration. ~uch an 

eftect is c ons istent •dtti ttie fi!ldings of Mann (1930) , 

Fujimoto and Sherman (19~8) and Truong et al (1971) vho re---
por t ed that the firet light application of lille &arkedly re­

duced the uptaki, ot Mn by the plant and the furt l.er additiona 

of l i mo , produce~ more gradual reductions in Mn uptake. Al• 

though no obvious exp~nation can be advanced fur t he nature 

of this lime effect , 1n the »r•aent ex~eriment ~ossibilit iea 

would include 1 

Ca ) Approach top~ 6. 0 achieved at the lovest 

limi ng rat0 ( Leeper , 19351 Walker and 

Barber, 1960 ) . Leeper bae r epor t e4 that 

Mn aYailability decreaaed markedly around pH 

6.o· 



(b) Initial increment of Ca addition which may 

antagonise uptake of Mn ( Hopkins et l e --
19441 Fried and Peeeh , 19461 Quellette 

and Desaure ux, 1958: Cheng nd ~u llette, 

1968 ). Cheng and Quellette (1968) have 

reported that normal plant5 ould have 

a Ca; Mn ratio of approximately 350 and 

a Mn: F ratio of approximately 30. 
Plants show ~.n toxicity ymrtomb when the 

Ca: Mn r tic fall below 70 or when th 

'' 

Mn a Fe ratio is higher than 100. truong 

.!!!! (1971) found ttat in solution calture , 

high Ca supply alleviated Mn toxicity by r•• 

ducing the proportion of absorbed ~n moving 

to the shoots of legumes~ the ~ffect ~a• 

due to an influence on pl&.nt processes rather 

than to it8 influence on Mn ab or~tion and 

translocation ( ~uellette and essureaux , 

19~8 }. 

Herbage an~ ar~l;aea in th present study were made 

on gr'"''b ea.wplee o.f' bulk hvrbage. Ho attempt was made to 

ass either t he reative contribution of individu l specie 

in the ~ixed pastur swar~ t the various aa pling timee or 

the Mn cont nt or t hose species and t heir response to lim . 

Undoubtedly, aome of' tho • ri~tion reported may be t he result 

of t he v r1ing contrioution fro~ the different pasture members. 

Forms and araountu of ~oil n 

Water- eolunl kn varied betwe n 1 and, ..ugMn/g soil 

with c.n aT r 11 e of 2 ,ug n/g suil for it n ~ .-ugMn/g soil 

for site». However , there was o a~par nt onal or li ing 

effect on tbe leY ls of thi form of Mn. Reports by other 

worker • suggest that vat•r- oluble Nn can Tary fro a trace to 

25 JUgtm/g ooil ( Morris and Pierre , 1947; Norrie , 19481 

ndh wa et al , 1961 a Siman et l , 1970 and Gupta , 1972) nd - --- .......... 



that the amount in this form tend 

iag pH ( Mann, 1930; P.iper , 19}1; 

and Gerretaen , 1952 ) . Valu s of 

to decrease with increas­

Morri • 1948; ulder 

1 to 10,ug/ml have been 

reported to b6 toxic to variou l gwnes in culture solutions 

( Morris and Pierre , 1949 ) . Si an et al (1970) reported --
evidence for toxicity of Fr nch beans at ?•15 ,ug/ml w ter­

soluble Mn. Gupta (1972) shoved that toxicit7 in barley 

under gre nhouse conditions occurred at values eu-ound 0. 25 

,ug/ml. Comparative valu s for water-soluble Mn in New 

~eaJ.and ~oils are not avail ble. It vould not be expeeteda 

ho~ever , tha t the levels of water-solublo Mn obtained in the 

pr sent ex:peri;ients wov.l l r i:;ult in toxicity or deficiency 

problems for resident plant apecl~e . 

~xchangeable soil Mn values ranged from 11 to ,2 

,u ·i.'i..n/"" .soil on site A a.:.1 frof!I 9 to 25 ,ugl-tn/g eoil i:i site 

:a . ~ ,:~~c!!~l v.::. iat i ou n exchang ab.l• Nn hae been reported 

previously ( ~h~rman aJ1d tlarr.i er , 1942; orp and Peterson , 

1950; lorregarten, 19.56; ozd.runova .!l!.¼• 195S ) . Dorp 

and !J terson ('i';i;}Oj ~, n rJ Nozd.runova et l (1 ·158) found 5 to --
10 times as nn.,cn exchang ab:ie Un .in a er as in win'ter , 

wheren Sherman. and Harm r \1942) cl.aim that winter condi• 

tiona favour roanganous. !llld sUDtmer conditi ona ~anganic , 

forms of the element . This l&tt r conc1uaion w £ based 

on work with ~lkaline ooils. Fujimoto ~nd Sherman (1946, 
1948 ) nd liurtwitz ( 1948) found thL\t tht level of' exchang -

able Hu w,s raised aG t he t ~peratur incrcaGed. Organic 

~tt r deco 1poaition ~d high moiot re favour the reduction 

of .n . Rich {19~6) r porte~ t~~t xc ngeable ·n tended to 

increa6e under th ana obic condition of w terlo ging and 

-.ily rvdu~ible ·n tended to d~cr t und r drying conditions. 

Although reports diff r on wh n exchangeabl Mn can b ex­

p cted to incre ee , a ll agru th t th ttern ot change i 

clo ly associut d with soil te p ratu.re aud pif conuitions. 

In t se preoent experi ent it wae found that excl age ble 

Mn tended to ue highoat in ih~ Oc ~ r-uecember period when 

oi muisture was at it gr ateat. 



" 
i!Asily-reducible Hn (fraction A) waa a pproximately 

200 ~g Mn/g soil in site A and 130 us f.tn/g soil for site a. 
Leeper (1935) cons idered t he quantity of easily-reducible Mn 

dioxide to be of ma jor importance in the supply of Mn to 

plants. He f ound that any soil h~ving lose than 15 ,ugMn/g 

s oil of easily-reducible ~n dioxi de would be deficient in 

Mn for pl an t growth. A soil having more than 100 -11gMn/g 

soil of easily-reducible Mn dioxide would provide an adequate 

supply of ~1n . Ho~ever , it must be noted that hie method fer 

determining this form of soil Mn was different from that uaed 

in the present study. Using Leeper • a data it could be con• 

eluded that the soil used for the present experiment woul4 

be potentially capabl e of an ample or exceeeive supply of Mn 

for pl ants. 

Patrick and Turner (1968) ~ointed out that t he sum of 

exchangeable and easil1-reciucible Mn accounted for most of 

the Mn present in Crowley silt loam soil; of t he total Mnt 

8~ existed ae easily-reducible Mn, 16» ae exchangeable Mn, 

and~ as wat er-soluble Mn. In the present expcriaent , 

easily- reducible f.1n represented. a,1,proximately 20-3c,c;;.1 , ex­

changeable Jt.n ;,,. , and water-soluble Mn 0 . 3-0. 5% of the 

tota l ~n content of ~urimu ailt loam. Sh~rman and Harmer 

(1942) reported that to aYoid Mn deficienc7, aoila should 

contain at least J.J,ug/g of exchangeable loin and 100.ug/g 

ot eaeil7-reducible t"lll• Jonea and Leeper (1951a) pointed 

out t hat a soil ahould contain more than 20,ug/g of eaeil1• 

reducible Mn to support normal growth of plantaa when the 

,-oil content ia leas th!lll 20 ~g/g, plants exhibit Mn- defio­

ienc1 symptoms. Fro• these Yaluea it can be conclude4 

t~at the soil used in pr•sent experiment contains reletivel.J 

high reeerTee of a potentially &Yailable form of MD (approxi­

aately ZOO,ug.Nn/g soil) . Th• po .. ibility of Mn 4•ficienc1 

i a therefore reaote, wher••• an exc•••i•• Mn aupplJ , eapeei­
ally under vet or waterlogg•d condition•, would be possible . 



In terce of t he total 1'-in content of the soils us ed 

in this axperim~nt, vs.luee o ! 10 O ,11gt1.n/a s oil ooul.d not b 

consider d e7.ces cively h.i&h• Comparative values for total 

soil Mn in a rant e in Ne w Zealan~ soils are presented in 

Table XXVI ( Soil Bureau ~ull t in , 1968) . 

TABLL XXVI a Values for total soil Mn in :some new 

Soil name : Cl $ ification a 

Hamilton cla~ loam .oder&tely le ch8d 
at~ongly weathered 
clay illuvivl brown 
graz.uh.r loam ( trnn-
itional between 

central and north rn 
~~llow .. br"•~ & rth 

Tirau silt loam ~odera t~ly l3&ched 
central yellow- brown 
loam 

Dannevirke :silt loaJB s t r ~n&lJ leached 
yellow-brown loam 
to yel l~¥-bro"'ll 
eerth i!!tergrade 

Harton silt l~dm eakly le eh d 
gleyed net-uo.mmate 
central yellow- grey 

rtJ\ 

aupo sandy silt Moderately l checl 
y llow- brovn pwnice 
soil 

Ti aru silt loam Moderately leached 
southern yellow- gr y 
c,artb 

anrnling 
de;?th : 

0 7. 5 

" - 7. 5 

() 7. 5 

0 - 7 • .5 

0 - 7. 5 

0 - 9. 0 

Total 
!!!.• 

88co 

600 

1200 

980 

20 

.. 00 
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Lime afplication and forms of Mn in soil 

In spit of tk conBid~rable e!fect of lime applica-

tion on m asured soil pH ,1nd on the levo:ts of Mn in ~tirbae;e • 

it was not po sibl~ to det~et ehanges in the amount of the 

forms of soil Mn using com on procedures for soil ~n fr ction­

ation. Typically , previous workers have shown th~ equilib­

bri~m bet~een exch&&geable ~nd ea ily-r ducible ,n to be in­

fluenced b;,• soil iJ:; (nheri:...:.n et :;.l , 19't2,· --
and that incr a ing pH generally favours formation o: ea ily-

reducible Mn at the expen.c:.e cf exchange.1.ble ,.!J:l. \'hi 

iormation was not observed in the prcs1mt OXl)O ::m(.lr.t. In 

particular no e1'1'ect Qf li111c:t OlL l ,vc1l o~ exchangeable Mn 

wae detected. The inh rent ex~erimental error e2ociat 

with the field sampling technique or laborator7 mea~urement 

of each form of Mn my have maek d the re 1 li ing effect. 

An even .more tunda!!!ental problem howevrr, rell.\t.ee. tc:-

the use or a ouffereci (i:li 7) Nli.'.+ '- • c extractant for both limed 

and unlilllGd soils. s~ch an e.xt?·actant could alter the distribu-

tion cif existent at field ?i ccnditionz ~ncl tend to obscure 

real lime effects. In spite of this proble any reports are 

available in the litEiratur inaicatii..g th~t changes in eoil 

fractions coneequ nt t~ lim application can be obtained (~h r­

man t al. , 1942; Peech t &l., 1947 and Sanchez an~ Kamprath• 
_,_.. --~ - .....,_ 

1959) using proc ciUJ"ea similar to those u ed in thi study. 

In a~,iti~n, such tr~n£fc1 ationB haT been ot erv•d eveL w~er• 

no pr ecautions w re taken to }l.rescrv the field 11oisture status 

of the e~ile rrior to .treeticn. It vill b reme bered that 

in this t~dy plee were m i~tained in fi l oi~t couditton 

to inimi e cxidc.tion durint the stor ge and preparation of 

aamplee prior to ex.tre.c tion. 

'lbe apparent lack of correl tion betwe n aoil pH and 

changes in the forms of oil Hn h s, howeY r, been r ported 

previously ( • 17, 195)) . It we found th t acidification of 



Hastings ilt loam using sulphur dditions did not result in 

measurable changes in either excha~geable o~ easily- reducible 

forms of soil Mn, at leaet during the fir.et yeRr of th ex­

perim nt , even when pll was altered to a v lue less t han 6 •. o. 
On the other hand Leeper (1947) , typie 117, found a strong 

correlation betwoen soil pH and ammoniWD cetate- extr ctable 

Mn, with marked increase in exchangeable Mn occurring aa 

the soil pH decre sed below pH 6.o. 

The inability to detect changes in the for of soil 

Mn follo\\ing liming may have b en due in part to the method 

adopted ia this t~a~ for pling and analysis of soil cores. 
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As a result broadc~ tin li ~ over tA soil surf c , a gr dient 

in soil pH would likely xt r.d down from th oil surface. 

Such a gradient would be diseipeted throughout the whole 

sample when 10 cm soil core a mix d prior to ~.nalysis. 

This may have lad to protlems in the detection of changes in 

the forms of Mn occurring, especially in the upper part of t he 

core. To av~id sue~ pos~ible ffect5 would neceaeitate a ~ore 

detl'iled ana.ly~ia of rortionc of each coil core nd this waa 

not atte~pted in the pree nt study. Allowing for the dilu­

t ion effect di£cuse d abov • bow ver, 6isnific&nt eh nge in 

the pH of the mixed soil cores were found in this ei.p riment 

but these were not p rallel d b an~· apparent chtlngea in the 

forms»! soil in . Most studies relating fore of Mn to lim 

treatments havo involv d th urifcrm incorpor tion of lime 

throughout the &oil mple ( White, 1970; Truong.!!....!•• 

1,971 ) . No reports are availabl where lime has been ur­

faee-a)pli d to uoile in tt fi ld. 

The atatiatically eignitic nt season l variation in 

amount of easily-reaucible Mn (fraction B) t site Ac nnot 

as yet be int rpr ted ince it ia by no ean clear that 

this fraction of soil i in a y way related to the suppl1 

of avail ble Mn for i nt use. It is of int reat to note , 

however , that the amount of this fraction tended to b l oweat 

when the oils were dri et and t h t tbie corr sponded to the 



,, 

loweat herbage ~.n Yaluee, !or the c~ntrol plote , obt&ined dur-

ing the e~periment . Unfortunately, insufficient ~lnnt and 

eoil aata are available to further a usess the oignificnnce of 

this result . 



~UM~ARY 

A fi ld study wae made to deter ine the forms or 
natiYe soil Mn, and the effect of lime addition on Mn trana­

formations , in a previouely-unlimed yellow- brown earth 

{ r urimu eilt loam) of th W irarap district. 

Five forms of Mn wer easured and eh ng e in these 

forms were asseaeed , at two-monthly sampling intervals , for 

a twelvo-month experimental period following lime application. 

Lim was applied at four rates corresponding to 0 1 1270, 25'+0 

and 5080 kg/ha. 

Soil pH change and , wher possible , Mn concentrations 

in bulked herbage aamplee wer also determin d. 

The results howed that lime additions increased soil 

pH and decreased the concentration of Mn in th bulk herbage. 

The magnitude of pi shift obtained WQe consistent with previoue 

reports f or ew Zea l ~nd Si l t Loa ms . Likewio t he decrease in 

herbage n concentration following liming agr ed vith preYious 

findings . 

fe ture of the r ults in this study wae the tailuro 

to detect changes in the var ious forms of oil Mn following 

lime addition. Thi result cannot be satis factorilJ explain• 

ed at the present ti~e . Proble • i the sampling proce ure 

adopted for thi~ study nd the c~oic• of pH 7. 0 for xtraction 

of soil Mn for a may be partially reaponsibl forth lack of 

oxp oted correl tiona. In addition, there wa no •vidence for 

signific nt easonal variation in ounts of exch n eable or 

easily re cibl for of oil n. 
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