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1. INTROLUCTION

The wspplication of liming materials to New sealand
agricultural soils for the purpose of increasing the product-
ivity of pustures is an importunt soil aueliorative treatment,
Lpecific benefits accruing from lime adaitions are thought to
include the improvement of so0il structure and moisture reten-
tion characteristics, increased supply of essential plant
nutrients, and increased activity of desirable scil microorgan-
isms. Much attention in New Zealand hos focussed on the re-
lationship betwveen lime addition and the resultant increased
plant availability of s0il Moe The lime and/er Mo reguirement
of New Zealund GLoils bave been reviewed by during (1972).

Recently, however, it has been suggested (N.u. Grace,
pers. coumi.) that pastures on certain wairarupa hill country
golls can contain a sufficiently high cohtent of the trace
element ¥n to impair the health and performunce of grazing
animals, particularly sheep. Such observations have been re-
inforced as a result of preliminary field trials indicating
improved ewe fertility and growth rates of lambs following the
application of lime to these soils, Further, the controlled
feeding of sup;lemental dietury Mn to young sheep has been shown
to depress their growth rate,

It ie well known that the addition of lime to acid
scil generally results in decreased availability of soil Kn
for plant uptake, However, there is very little information
for New Zealand soils on the amounts and forms of native soil
Mn and the types of transformations resulting from lime applica-
tions The present field experiment was initiated to investigate
the chemical forms of scil Mn in a typical unlimed wairarapa
hill country scil ( Furisu silt loam ) and to follow any changes



in these forms, for a period of one year, following broadcast
application of several ratee of lime addition, khen possible,
bulk herbage samples werc collected and analyced in order to
assess changes in Mn content resulting from lime applicatione



11, REVILW UF LITERATURE

Ae FORMS OF MANGANESE IN SOILS

Manganese exists in a wide variety of forus in soil.
There are several ionic species, and many compounds of differing
degree of crystallinity and chemical compositions S0 far no
satisfactory scheme has been proposed for the chemical fractiona-
tion or identification of these forms, although several empirical
schemes have been proposed ( iage, 1964 ).

In generul, Mn in soils is thought to exist as water=scluble,
exchangeable, organic and higher valence oxide forms.

1. Water-soluble bn

Although divalent Mn2+ has been thought to be the major form
of water-soluble Mn ( Leeper, 1947; Fujimoto and Sherman, 1948;
weir and Miller, 1962 ), Hem (1964) has suggested that ion pairs
such as Hnﬂcu+3 of MnSUu are likely soluble species in natural
vaters. Analytical procedures rarely distinguish between these

soluble Mn species.

Geering et sl (1969) have reported that 84=99% of Mn in soil
solution existed in an organic complexed form.

Morgan and Stumm (1964) suggest that other higher valence
forms of scoluble Mn, c.g. unu+. would be expected tc be very low
over the pH range 3«10,

Ze Exchangeable Mn

Ellis and Knezek (1972) reported that under acid conditions
Hn2+ would be expected to exist as an exchangeable cation on both
organic and inorganic colloid surfaces,

Page (1964 confirmed that exchangeable ¥n behaved as a typical
divalent ion and should obey laws governing bonnan equilibria,
provided that selectivity effects were taken into accounte, Clark
(1970) suggested that Wyoming bentonite had approximately the same
affinity for nn as for Ca and that it would be reasonable to assume
that Ca and Mn were equivalent cations in most mineral soils.



Je Chelated on

kvidence for chelated Mn is obtained from reports by lienm=
stock and low (1953), beckwitn (1555), Himes and Barber (1957)
and Russel (1961) who sl.owed that more wn was extracted from soils
using Cu salts than could be removed using other inorganic salts.
Heintz and mann (1947, 1949), found that extraction of »n from
soil wae enhanced by the use of various inorganic salts, includ-
ing Cusl), Cocla and inula. Cupraamonium ions ( Cu(NH,)f’ )
were perticulariy effective in the recovery of Hna* from organic
matter. iroteins, lignins, and olyurcnides are believed to be
responsible for chelation of Mn in scile These compounds are
thought to possees the neceseary functional groups and configura=-
tions for cihelation. Main and schmidt (1935) pointed cut that
unz' would form complexes with alphse hydroxy =nd dicarboxylic

acide.

schnitzer and Skinner (1967) stated that the fate of any
particuler wetal ion in tie soil, including whether it would be
translocated or deposited in soil und available or unavailiable to
plant roots and other biological systems, would depend upon the
relative stability o¢f the combination or complex that was formed
with organic matter. Gtability constants are numerical express-
ions of tie stabilities of such complexes. Results from their
research (1966, 1967) indicated the following order of stabilities
of complexes formed between a scil fulvic acid and nine divalent
wetal ions at pH 245 8 Cu ) Fe > Nd > Pb > Co ) Ca > imn > Mn > Mg.
At pH 5.0 the order changed to s Cu 7 ¥b ) Fe > Ni ) Mmn ~Co
Ca > 4n > Kge.

Norvell (1972) showed that for a range of synthetiec
chelating asgents an’ had such less ability to complex with che-
lating ligends in soil solution than did an‘ or Cuz*. Below
approximately pii 6.3 none of the chelating agents tested raised
the ratio of chelated-Mn to mom-chelated kn°*
Geering et al (1969) suggest that natural complexes in soil solu-
tion were able to maintain ratios of chelated to non-chelated Mn

of about 101 or 102 in acid, neutral or calcareous scils.

above 1.0, However,

& ' er valence oxide f @
.

Ponnepperusa et al (1969) stated that the chemistry of Hu
oxides is very complex. These complexities arise as a result of



several features of Mn chemistry in soils and solutions @

(i) Mn can exist in several oxidation states.,
Although Mn can exist in the oxidation states,

s 120
in nature.

(ii) Mn forms non-stoichiometric oxides with the metal
in mixed valence states; for example Duboies (1936) reported that
more than 150 oxides of Mn are known to exist with compositions
1.2 %0 M0 00 2
that the oxidation products of Mn~ in agqueous systems had composi-

+“| T *6. o7 only 2, +3, and *4 states are found

ranging from MnC Morgan and Stumm (196k) observed
tions varying from Hn01 3 to HnO1 g depending on pH, partial
pressure of 02. and temperature.

(iii) The higher oxides exist in several crystalline or
pseudocrystalline states; for example the following higher oxides
have been prepared and characterized crystallographically :

HnBDu; Ly P oo and b’—HnZOB; Xy poand s-MnOOH; and x ¢ g o 4o
and ¢ =Hno, ( wells, 19623 Bricker, 1965 ).

(iv) The oxides form co-precipitates, solid solutions,
and perhaps superstructures, with Fe oxides. This phenomenon
which may be ascribed to (a) similarities in some chemical proper=
ties of the higher oxides of Fe and Mn, including reversible oxi-
dation-reduction, insolubility, and the presence of pH-dependent
chargesy (b) the closeness of the ionic radii of Ma** ( 0.80:° )
and #n*** ( 0,66 4% ) to those of Fe** ( 0,76 A° ) and Fe***

( 0o6k 4° ) respectively; and (¢) pertsps crystal-lattice~induc=-
ed valence changes.

Manganese ncdules, concretions, and stains in soils,
stream and lake sediments, and ocean floors are usually associat-
ed with substantial amounts of Fe and small amounts of Zmn, Cu, Ki,
and Co and other metals ( Goldberg and Arrhenius, 1958; Taylor
et al, 1964; Jenne, 1967; Morgan, 1967 ). The formation of Mn-
Fe concretions is considered to be the result of sorption of bMn,
Fe, and other polyvalent ions on to fine particles of Hnoa and Fe
(01)3. followed by coagulations of the MnO, and ro(on)j. if these
are in suspension ( Goldberg and Arrhenius, 1958; Hem, 1964;
Morgan and Stumm, 1964 ). The sorption of cations is due to the
presence of a pl-dependent charge : above the isoelectric point,
these hydroxides are negatively charged and sorb cationse The



structure of the sorpticn products is not clearly understood.
Such coprecipitations are thought to be more stable than MnO
alone (Hem, 1964).

2

information on the mineralogy of Mn oxides in soils was
reported by Taylor et al (1964) from a study of Mn nodules, con=-
cretions, and stains, in some Australian socils. Specific Mn
minerals identified included lithiophorite Li_Alg inn Co. Ni)
. o H O3 birneasitc. (CI.H;.Naa. K, )x—ﬂn i * (o, OH) 2t

10 35 e
hollandite, Ba (an+. Fo )8 163 todnrokito (Hn ¢ Mg, Ca) Hn6 13

.E-RHZO: and pyrolusite MnO,. Lithiophorite occurred mainly in
neutral to acid subsurface horizons whereas birnessite was more
common in alkaline surface horizons. The Mn and Fe contents of
the nodules varied widelye They alsc stated that pure Mn oxides
and hydroxides appeared to be quite rare as secondary soil minerals.
The intermediate oxides products such an bixbyite (MnFe) 03, braun-
ite 3 (Mnrc)a 3.ﬁn8103, jacobsite (4n%* Fe) (Hn’*?c) 20, end vrend-
enburgite "‘3Ph"‘3ou and perhaps manganite ~MnOCH and ““3Ph may
be present in flooded soils ( Fonnamperuma, et al, 1969 ).

Taylor et al (1964) considered that lithiophorite, birness-
ite and hollandite were the most common soil Mn minerals. For
birnessite and lithiophorite the direction of mineralization was
partly controlled by the ionic enviromment, which in turn was ine
fluenced by pHe. The small erystalline size of these minerals,
and especially of the birnessite, mekes their surface reactions
iuportant, and kKn released during exchange reactions could arise
from these minerals dispersed throughout the soil. Wadsley and
Walkley (1951) suggested that the presence of foreign ioms in soil
Mn minerals would increase their surface reactivity. Ponnamperuma
et al (1969) confirmed that the ¥n oxides involved in redox
equilibria in scils that undergo seasonal oxidation-reduction were

complex non-stoichiometric oxides of variable composition.

A relationship between the various inorganic forms of mn
in soil has been proposed by Fujimoto and Sherman (1948) in the
forn of the Mn cycle.
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In this cycle {Hnu)x tnn‘.:la),r represents ““3°k' Hnaoj.
and other oxides whose state of oxidation is intermeciate be-
tween divalent and tetravalent forms of ¥n, Cf these mangune
ic oxides a certain pertion is potentially reducible and the
remuinder is chemically inert (Leeper, 1947)s To explain tne
Nn cycle, ¥Fujimoto and Sherman (1948) peointed out that in the
soil tnere are two systems, vis. oxidetion/reduction and hydra=-
tion/dehydration, that influence the availability of soil Mn.
The oxidation/reduction determines the relative amounts of
manganous oxide and manganese dioxide, i.e. the equilibrius
between the manganous Mn, the ¢asily reducible as proposed by
Leeper (1947)e VWhen frse manganous oxide, manganese dioxide,
and water are present in the soil, & complex hydrated Mn oxide
is formed. This form of oxide is thought to be stable when
moisture is present and the temperatures are iow, ¥her the
soil beccmes dry and the soil temperature rises, this form of
oxide breaks up into its component parts. The component parts
capn then come under the influecnce o¢f either one of the two pro-
cesses, i.e. oxidation/reduction or hydration/dehydration, or
one of the components (manganous oxide) may bde takem up by plants.
In thie way the Mn cycle in the scil is realised,



B, FACIORS AFFLCTING Mn AVALLABILITY IN SCOILS

Mn aveilability and hence toxicity or deficiency in cer-
tain soils appears to be controlled by biological activity,

organic amendmente, pH and soil physical properties, Any fact-
or which influences the oxidation/reduction potential of soil is
found to have a corresponding effect on the valence and activity
of kn ( Cheng and Quellette, 1971 )o Some of the factors known
to influeacs the availability of Mn include :

1. Seasonal variation

Seasonal variation hes been reported to affect the form of
Mn in secile Sherman acd Hermer (19%42) and Jackson snd Sherman
(1953) claimed that winter favoured manganous, and summer manganic,
forme of sMn in alkaline soils, Cheng and Quellette (1971) re-
ported that multiple freezing and thawing treatments under flooded
conditions caused considerable release of exchangeable Mn, De~
creasing the soil water content below 60% of its field capacity
reduced the efiect cof soil temperature on the release of Mn,
Grasmanis and Leeper (1966), on the other hand, reported Mn tox-
icity to pineapples and pear trees during hot dry weather, Heder-
ski and wilson (1955) reported that high Mn uptake was asscciated
with high soil tempersture and low moisture.

Ze Redox potential

Lesper (1935) proposed an hypothesis iuvolving the existe
ence of soil Mn in a dynamic oxidation/reductiocn equilibrium,
which he expressed as follows ¢ Water-socluble Mn — exchangeable
Mn ——— easily reducible nnoa-(:-‘rohtiuly inert manganic oxides,
Changes in oxidationereduction status of soils resulted in inter-
conversions between various oxidation states of Mn with a conse-
quent effect on availability of soil Mnm supply. Alkalinity and
aeration favoured oxidetion of Mn to higher valence forms, where-
as acidity and anserobic conditions tended to increase amounts of
divalent available unz’. Soil organisns are capable of effecting
Lhe oxidation of soil Mn, being most effective when the soil pH is
around neutrality ( Sauchelli, 1969 ). Patrick and Turner (1968)
stated that Mn reduction from relatively insoluble oxidized forms
to more soluble reduced forme occurred readily whem an aerated
soil was waterlogged, Together with the disappearance of oxygen



and nitrate, an increase in the manganous ion (Mn'%) in the soil
solution and on the cation exchange complex was one of the first
measurable effects of reducing conditions resulting from water-
logginge These authors showed that the most striking effect of
waterlogging on Mn transformation was the conversion of easily re-
ducible manganic forms to the exchangeable manganous form. The
transformation of Mn from easily reducible to exchangeable form was
greatest over the redox range +400 to 4300 mV and was essentially
complete at +200 mV. Soluble Mn also increased in concentration
below a potential of +4C0 mV,

Ponnamperuma (1969) pointed out that problems in the applica=-
tion of thermodynamics to the Mn system in flooded soils included
(a) the large number and variety of Mn oxide species that may be
involved; (b) the identification of the dominant solid species;
(¢) complications caused by non-stoichiometry of the oxides;

(d) 4ignorance of the solid state of the complex oxides; (e) the
uncertainty of the oxidation state of the metal before, during,
and after reductiony (f) slow reaction ratesy and (g) the
limited pH range over which some equilibria operate.

It appears that a major problem in the application of
thermodynamics to the Mn oxide systems in nature is the uncertainty
of values for the standard free energies of formstion of the solid
species involved. Yhie means that stability diagrame based on
the pure oxides, which have been used successfully in geochemistry
to explain broad mineral asscociations, may not apply in soil
systems. The complex oxides of Mn likely to be preseunt in soils
may have standard free energies of formation which are considerably
lower than those of their ideal counterparts. (Pomnamperuma, 1969)

Geering et al (1963) suggested that if MmO, occurred in a
soil and was in equilibriua with Wn°* in soil soiution, the activ-
ity of the Hna+ should be predictable from measurements of soil pH,
Eh, and the unz*/Hnoa half-cell reaction according to the reaction ¢

2t o 26,0 = Wm0, + bE' + 2¢°

The equation derived from this half-cell reaction relating pH and
Eh to Mn** sctivity is
log ( ¥n** ) = &° - 33,9 Eb - LpH
070795
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Heasured values of the standard potential, Eo. range from 1.208
to 14300 voltse Calculations showed however, that the predict-
ed activity of Hn2+ was congiderably higher than the measured Hna+

activity. bxplanations for this diserepancy included
T1e the absence of Mnoz in the s0il,

2e the uncertainty or inapplicability of Eh measurements
in soils and so0il soluticns, and/or

e the localised chemical reactions of Hna*

in soil, as
affected by the presence of certain scil microbes and
plant roots.

Bohn (1970) showed that calculated Mn

on Eh/pH data were usually too high, often by as much as 106. for

& concentrations based

soil suspensionse He concluded that solution unz was more related
to the equilibrium solubility of the Mn oxides, expressed by the
term pll - gphMne. :

In general, the reducing properties of & soil increase with
water saturation, with reducing soil microorganisms and their de-
composition products, and with the reducing soil microorganisms of
soil organic matter ( Sauchelli, 1969 )¢ Leeper (1970) pointed
out the compaction bear no relation to waterlogging; rather, the
effect operating through the roots,. The roots in the compacted
soil were shorter and stubbier than normal and pressed tightly
against the soil, thereby increasing the uptake of Mn as a result
of interaction between the root and any Hnﬂa that was in close
proximitye.

The lower the redox potential, the more marked is the re-
ducing power of the soil, with the result that the manganic oxides
( #n>* and HnIHP ) may be converted into the soluble oxide ( un2* )

which are available to plants.

Ze Or‘gnio matter levels

Leeper (1970) stated that the organic fraction of scil
contained sufficient reducing capacity to liberate nnz' as the soil
pH was decreaseds This effect is illustrated by the following

equation 3

Mn0, + At & 200 o N2 o 28,0

The electrons being supplied from the organic matter of soil or
from biological processes.
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In highly acid soils, plowing under crop residues may release
large quantities of exchangeable Mn (from the soil and the crop
residues) which can remeain in an available form for comparatively
long periode ( Christensen et al, 1950 )¢ This could account
for the presence of toxic ccncentrations of Mn in some acid soils,
In addition, under similar conditions, leaching losses of Mn by
percolating waters may be relatively highe OUn the other hand,
in soils limed to near neutrality, the effect of organic matter
additions on the ¥n status would be relatively short-lived, bee
cause of the more rapid decomposition of the organic matter and
the immediate fixation of released Mn, Consequently the Mn
status would be altered for only short periods, and the release
ef Mn to crops much less. This may explain the occurrence of
the ¥Mn deficiencies on limed acid soils and on naturally calcare-
ous scils ( Thorne and Wamn, 1950 )« Christensen et al (1950)
found that the influence of organic matter on the Mn status in
the limed soils was limited to the period of its decomposition.
The release of ¥n by organic matter decomposition was probably
due to reducing conditions at the site of decomposition, to di-
rect reduction of the Mn by organic compounds produced in the
process, and to & reduction in pH due to organiec acids produe=-
tion. ( Bromfield and Sherman, 1950 ).

b4e pH_and lgngg‘

OUne of the most important soil factors governing Mn
availability to plants is the degree of soil acidity. Decreas=-
ing the degree of soil acidity reduces the danger of Mn toxicity
wvhich usually occurs in soils of pli 4=5 ( Leeper, 1947 )e¢ Mulder
and Gerretsen (1952) stated that soils with a pH of 5.5 contain-
ed much of their Mn in the water-soluble and/or exchangeable form,
As the pH of the soil was increased, the ”n2+ was converted to the
less available manganic oxides ( Wn>* and nn*’ ), resulting in re-
duced availability such that in some cases Mn deficiency occurred.
This conversion presumably depended either directly or indirectly
on the activity of microorganisms. Reduction of higher manganic
oxides by organic matter is more important at lower pH's, since
the reducing power of these compounds increases with acidity.

The production of strong inorganic acids especially sulfuric acid
by the sulfur-oxidizing bacterial and nitric acid would also in-
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crease the supply of available Mn to plants.

Liming of acid scils has often been reported to result in
decreased amounts of water-soluble and exchangeable fractions of
¥n at the sawe time increasing the amount of the easily reducible
fraction ( Christensen et al, 1950; Sanchez and Kamprath, 19593
Messing, 19653 Truong et al, 1971 ). Little is known about
the specific nature of the fixation of Mn consequent to liming,
Possibilities include the precipitation as Mn carbonate or hydrox-
ide ( Leeper and Swayby, 1540 ), oxidation to higher-valence
forms, or gradual oxidation following precipitation ( Leeper,

1947 ). Truong et al (1971) pointed out that the effect of lim-
ing on soil Mn was marked at low rates of lime application.

These authors found that the addition of as little as 154k.48 kg/ha
lime markedly reduced the exchangeable Mn content of soils and in-
creased the easily reducible component, The effect of lime on
exchangeable ¥n was attributed to local effects arcund dissclving
lime particless Fujimoto and Shermam (1948) also reported that
the first light application ( 141 kg/ha ) of either lime or dolo=-
mite produced a disproportionate reduction in plant uptake of Mn.
With further lime application, Mn uptake was reduced gradually.

Se Air drying

Boken (1958) reported substantial increases in the ex~-
changeable Mn when samples were stored in an air dry condition.
In alkaline soils storage under dry conditions for six weeks
caused a twofold increase from 0.5 to 1.0 agin/ge For acid
soils Leeper (1970) found increases from 5 to 20 ughMn/g during
storage. The effect was often analogous to that of sterilize
ing soils, Leeper (1970) suggested that of the two opposing
reactions 1

uu2+ + Zm‘ + (0) = mz + lzo ssoeessnee (1)

ma + ~l+ + 2e = an‘ + 2‘20 sssesnsnen (2)

bacterial oxidation (1) was impossible in the air-dry state,

but that reduction of MnO, (2) by the organic components could
still functione Ferhaps the responsible molecules were slightly
volatile, and could move through the scil thereby working over a
long time period.
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6o Steam aterilisntiog

Steam sterilization has been found to increase water soluble
and exchangeable Mn in very acid scils and subsequent uptake of Mn
by plant. Eapily-reducible from of Mn in the soil generally de-
creased ( Fujimoto and sherman, 1948; Cheng and Quellette, 1570b ).
Sterilization retarded plant growth on high Mn soil and improved it
on low Mn soil.

Te Microorganisms and root exudates

Workers have shown that soil organisms can induce Kn de=-
ficiencies by oxidising Hn2* to Ma'* ( Timomin, 1946} Mulder and
Gerretsen, 1952 ) Timonin (1946) provided evidence that Mn-oxidiz-
ing microflora in the root rhizosphere were associated with Mn dee
ficiency of oats. Fumigants such as chloropicrin, formaldehyde,
and dichloropropenes reduced or eliminated the symptoms of Mn-de-
ficiency., These fumigants also markedly suppressed the Mn-oxidiz-
ing microorganisms. On the other hand addition of a straw mulch
intensified the Mn deficiency condition and produced a large amount
of Hn2+ oxidizing organisms. Microorganisms play an important
role in the oxidation of Mn when the soil reaction is near or above
neutrality ( Tiller, 19633 Meek et al, 1968 )¢ Leeper (1970) re-
ported that these species included both fungi and bacterial and
hyphomicrobium, which have clogged the pipes of city and hydro=-
electric water supplies as a result of deposition of Hnoao The
importance of these organisme in soil is unknown.

Microbial metabolism can also increase the level of an by

reduction, processes, removal of 02. or the formation of acid pro-
ductse Thus the addition of carbohydrates or plant residues to
soil result in production of Hna*. especially if the soil is water-
logged ( Sauchelli, 1969 ).

Bromfield (1958) demonstrated that plant roots released
substances that readily dissolve naoz and that the acidic solu-
tions greatly increased the availability of indigenous Mn. 1In
his study plants were grown under sterile conditions on agar

slopese.
Lo FACTORS AFFECTING PLANT UPTAKE OF oCIL Mn

Manganese is thought to be absorbed by plants as the
manganous form, but other forms of Mn, e.g. oxides of valency
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greater than 2, can affect the supply of Man to plants.

Leeper (1947) introduced the concept of an "easily reduwcible”
fraction of Mn which would become available to plants when ree
duced to the manganous state., Leeper (1970) pointed ocut that
synthetic Mn oxides such as manganite, pyrolusite (F-Hmoz e
andS-unoa may provide plants with ample Mn when mixed with de~
ficient soilse The availability of these forms was dependent
on the methcd of preparation and on the specific surface of the
oxides.

1e Lffect of plant species and stege of maturity
Fleming (1963) analysed the Mn content of plant parts

for & common grass and one clover cpeciess The magnitude of

species and plant part variation are summarised below

Content of ¥n (ug/g) on
gven-dr, basisi

Species: Head: Leaf: Stem:
Cocksfoot 57 105 103
Meadow fescue 16 29 ko
Perennial 18 49 56
ryegrass

Timothy 42 38 28
Red clover €0 15#. 24

*leaf + petlole

The concentration of Mn in gresses and legumes has been
found tec vary with respect to stage of growth of the plant by
severzsl vorkerce Mecdonald (1951) found that the Hn content
of Timothy, Birdsfoot trefoil, and Ladinc clover increased
slightly as these plants matured, Thomas et al (1952) found
the Mn decreacsed in peremnial ryegrass as the plant matured,
In Bromegrass, on the other hand, Loper and Smith (1961) re-
ported that the Mn content decreased to the heading stage,
but increased from this stage to maturity.
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2e Lffect of Ca-salts

The influence of Ca on the Mn nutrition of plants ie not
clear cut. Some investigators have observed a suppressive
effect of Ca on the absorption of Mn from nutrient solutions
( Swanback, 1939; Taper and Leach, 1957 ), others have ocbserve
ed no influence ( Morris and vierre, 1947 ), and occasionally
Ca has been reported to stimulate Mn uptake even to bxic levels
( Chapman, 1931 )e Lohnis (1960) working with different plant
species in one experiment, found a strong suppressive influence
of Ca on uptake of Mn by beans, rape seed and alfalfa, no ine
fluence with mangolds, and stimulation with flax,. Kannan (1969)
showed that Ca alone markedly inhibited Mn uptake by isclated
tobacco leaf cellse

Ir soils, the effect of Ca is ususlly considered to be an
indirect cre, in that addition of lime to an acid ecil will raise
the pH wkich, in turn, will result in reduced solubility of Mn
( Jones, 1957 )+ McNaught and During (1970) reported decreased
Mp uptake, follewing liming, for both white clover and perennial
ryegrase on a gley podzel in westlards During 2nd Rolt (1967)
reported similar zpecies responses to liming on Marton e£ilt loam.
However, there appeare to be little information on the responsive=-
nees to liming ¢f low-fertility pasture erecies, such as browntop,
swveet vernal and danthonia,

Van liest and Schuffelen (1967) pointed cut that Ca, in
adéition to reducing the solubility of Mn in scils, also competed
with Kn for absorption sites within the plant, Froz their stud-
ies on the irteraction between Ca and Kn uptake in nutrient solu-
tion culture, it was concluded, that for both cats and sunflower,
Mn was absorbed via two carrier systems., Ca and Mn competed for
sites on one of these carriers, whereas lin uptake by the second
carrier system was litile affected by the presence cof Ca. For
oats, the presence of small quartities of Ca in the nutrient
medium enhanced the net uptake of Mn, This spperent stimulation
effect was not observed for sunflower.

3e i ] the emert

(a) MNitrogen
Ammonivm sulfate has been reportea to increase, and sodium
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nitrate to decrease the availability of soil Mn to plants,.
These eifects are thought to be indirect and associated with
changes in pE resulting from the uptake of NHI and No; by the
plants. Optimal Mn absorption from soil occurred arcund pH 6
to 7 Ammonium sulfate created an acidic condition in the
s0il, whereas sodium nitrate temnds to produce an alkaline
condition ( Sauchelli, 1969 ).

(b) Fhosphorus

Fhosphorus is thought to affect Mn uptake in at least
two ways.

(i) by altering ta. availability of soil Mn te

the plant.

Phosphate fertilizers have been reported to exert
variable effects on Mn availability ( Hossner and Blanchar,
1970 ); whereas pyrophosphate cause a reduction in Mn uptake,
thﬁzkok improved availability.

Lindsay ani Stepphenson (1959) showed that the solution
diffusing from Ca (BaPO“)z pellets placed in a soil was extrame-
ly acid and dissolved large amounts of Mn as well as Fe and Al.
Giordano and Mortvedt (1969) on the other hand reported that the
solubility of Mn in corn fields was reduced appreciably when
NH“H2P0# was applied, They postulated the formation of Mn
(Nq92P207.2320; a compound of very low solubility which pre-
cipitated at pH's between 4 and 8,

(ii) by increasing ugtake of Mn by plent.

Vlamis and williams (1962) postulated a direct come
petition betwveen Fe and Mn ions for absorption and suggested
that high P levels in solution could increase Mn absorption as
& result of reduced Fe availability. This explanation implies
that high P in solution would reduce Fe concentration in the
plant,

(e) Iron

Evidence of an Fe/Mn antagonism has been reported ( Morris
and Pierre, 1947; Bolle-Jones, 1955; Kirsch et al, 1960;
Vliamis and Williams, 1962; Hiatt and Ragland, 1965 ).
Chlorotic plants have been cbserved in acidic soils which
contained large amounts of available Mn ( Somers and Shive,
1942 )o Chlerosis was cured by the application of Fe sprays.
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In nutrient sclutions soybeans were grown with typical chlorosis
symptoms due to Fe deficiency on substrates with high Fn concentra- . _
tions. Results indicated that Fe and Mn were interrelated in

their metabolic functions, with the effectiveness of one determined
by the proportionate presence c¢f the other. Hanger (1965) observe
ed a similar effect of high Mn concentrations on red clover., &Ltunt-
ed growth and apical chlorosis were prevented by increasing the Fe
concentration of the substrate, Grausmanis and Leeper (1966) re-
duced toxic Mn levels in apple leaf from 100 to 35 mg/g Mn by in-
jecting Fe citrate into the tree or by applying FeilTA to the soils
Further evidence for Fe/Mn antagoniem was obtained by wallihan and
Miller (1968) who induced symptoms of #Mn deficiency in avocado

trees following application of FeklTA. Weinstein and Robbins
(1955) explained Mn induced Fe deficiency as the result of competi-
tion between Mn and Fe for a position in the haeme nucleus of Fe=-
containing enzymes.

Although the relationship of Fe to Mn is often used as good
example of antagecnism, in several studies on metuls Cu has been
found to be more effective than Mn in causing Fe chloroeis (Hewitt,
19513 Hunter and Vergnano, 19533 Dekock, 1956). Nason and Mc-
klroy (1963) are of the opinion that there is little effect of Fe
on Mn uptake, because each has an independent rcle in plant
nutrition. Furthermore, simultaneous deficiency symptoms of both
elements have been reported, and clear distinction between Mn tox=-
icity and Fe deficiency symptoms has been described in a number of
plants.

(d)s  HMolybdenus

Mn toxicity in flax has been alleviated by the addition of
Mo fertilizer ( Millikan, 1947, 1948 )¢ A marked reduction in the
severity of the injury was observed when a relatively high concentra-
tion of Mo was added to the nutrient solution. From the similarity
in visual symptoms of Mn excess and Mo deficiency, Millikan conclud=-
ed that a close relationship existed between both disorders, Sim-
ilar results were reported for flax ( Andersen and Spencer, 1950 ),
swvedes ( Walsh and Neenan, 1956 ) and apples ( Fernandesz, 1959 ).
Others have suggested that Mn-induced, Fe-chlorosis is accentuated
by additional supply of Mo to flax and tomatoes ( Henny and Street,

19543 Hewitt, 19583 Gerlof et al, 1959 )e
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Le ARALYTiCAL MeTHODS FUR LSTIMATION OF SCIL Mn

bLetimation of soil Mn has followed two main lines

(1) measurement of specific fractions of soil Mn content
including water soluble, exchangeable and easily
reducible and chelated forms;

(ii) indices of availability of Mn to plants.

(1) Seil Mn fractions
(a) Water-soluble Mn

water is used as an extractant for scil Mn, especially for
soils of low pH ( Adams, 1965 )¢ The measured concentration of
water-soluble Mn varies within the range O to 25 ugkn/g soil
( Morris, 19483 Randhawa et al, 1961; Siman et al, 1971 ).

(b) Lxchangeable Mn

Exchangeable ¥n has been extracted using 1N solutions
of NH, UAc, Ca(NOBJa. or Hg(h03)2 ( Adamg, 1965 )e This fraction
of soil Mn is often related directly to Mn uptake ( Fipery, 1931;
Heintz, 1938 ) and has generally correlated well with evidence of
Mn deficieney in plants ( Sherman and Harmer, 19433 Dion et al,
19473 Boken, 1958 )¢ Hoff and Mederski (1958) concluded that
soil containing less than 20 ug/g of Nnhonc extractable Mn expect~-
ed to show Mnedeficiency symptoms for soybeans.

(e) kasily reducible Mn

This fraction of soil Mn includes higher oxides of
Mn that are reduced by easily oxidizable organic substances, for
example quinol or hydroquinone, which are considered to be poten-
tially available to plants ( Leeper, 1947 )¢ This author cone
sidered the quantity of easily reducible Mn dioxide to be of
major importance to plants and suggested that below 5 ug/g would
likely be critical for plant growth.

A common reducing agent used to extract this fraction of
soil Mn is Cs2% hydroquinone in 1K NH,Oic ( Sherman et al, 1942;
Leeper, 1947 )e A refinement of thie methcd has been the use of



19

Oe05% alcoholic hydroquinone followed by extraction with O.5M=Ca
(m03)2 ( Jones and Leeper, 1951a; ) Hoff and Mederski, 1958 ).

Letimation of easily reducible Mn is considered to be de-
pendent on the pH of extraction, the type of the salt solution,
the choice of reducing agent and time of contact, and form of
higher oxides of kn present ( Dion et al, 1947 ).

(d)e Active Mn

This fraction of soil Mn is considered to be the sum of
water-soluble, exchangeable and easily reducible forms of Mn
( HMessing, 1965 ).

(e)e  Chelated Wn

Inscluble chelated Mn has been estimated as that Mn removed
from the soil by Zn(NOBJa after prior extraction of the same
sample with NH Cice S0il Mn extractable by divalent salts such
a8 Cu or Zn, has been shown to be chelated ¥n ( Bremner et al
19463 Heintz and Mann, 1949; Hemstock and Low, 19533 Beckwith,
19553 Himes and Barber, 1957 ). Ammonium acetate remcves exw
changeable and soluble chelated Mn with possible traces of ine
soluble chelated Mn in any NHhOAc-oxtrnctnblc organic matter,

walker and Barber (1960) extracted 12 Indiana soils with
neutral 1IN NHQOAc followed by Ol.UC3N Zn(NOB)Z' Amounts of chelated
Mn and exchangeable iin were found to be highly correlated. Hammes
and Berger found LDTA to be a good extractant for chelated Mn in
one study (1960b) but of no value in another (1960a).

(i1)  Available soil kn

Many workers have attempted to estimate amounts of plant
available soil #¥ne Leeper (1935) pointed out that the easily
reducible oxides of Mn, as determined with 0O.2% hydroquinone,
could be employed as an index of Mn availability. Hoff and
Mederski (1958) compared nine Mn-extraction methods and reported
that Mn extracted by alecoholic hydroquinone, 3N NinﬂzPoh. and
Oe 1N ijok gave the highest correlation coefficients with Mn in
soybean plants ( Glycine Max L. )e Hammes and Berger (1960)
reported that Mn extracted by the 0,1N njpoh method correlated

LIERARY
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better with ¥n in oats ( Avena sativa L. ) grown in the green-
house than did Mn extracted by the other two methods used, vigz.,
Te5H NHQHaPO“ and 1N E3POk. lMost measurements of plant availe
able Mn have been directed towards the prediction of Mn deficienc=-
ies in neutral and alkaline soils.

In acid soils, Hoyt et al (1971) showed that & 16 hour exe
traction with 0.01M CaCIZ gave the best estimate of plant availe
able Mn for barley, rape and alfalfa., Another form of soluble
Mn, that extracted by O.,1N HOAe, gave the next best estimate of
plant available Mn. The other five extraction methods, consist=
ing of C.1N ijoh or 0,002N HC1l for soluble kn, 1N KC1l or 1N
Nl40Ae (pH 3) for exchangeable lin, and 0.2% hydroquinone in N
N'“UAU (pH 7) for easily reducible Mn, gave fair to poor estimates
of available Mn.

Browman et al (1969) concluded that for a wide variety of
soil samples, the best prediction of Mn uptake was provided by a
combination of NHkOAc-extractahla Mn and soil pH as independent
variables, followed closely by Q.1N “3P°u and 0,01M=EDTA in
n(nah)zooj. The combination of pH and NH OAc has the advantage
that it can be performed on a routine basis for making fertiligzer

recommencations, Baser and Saxena (1971) reported that 3N K, B FO,

can be best used for estimating plant available Mn, The high
values of Mn extracted by this solution was thought tc be the
result of the reaction

2+ ' +
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III. MATERIALS AND MLTHODS

R I R e
B MATERIALS
Te General locality and experimental area

The experimental area was on a hill country preoperty located
2¢5 km from Tiraumea, to the south-west of Puketoi Range, in the
Wairarapa district of wellington province ( see Fige 1 ).

The topography is moderately steep to steep with some rolle
ing areas upon which the experimental sites were located.

The parent material of the soil is derived from a massive,
calcareous, blue=grey siltstone, forming the Tongaporutuon stage
of the Taranaki Series, dating from the late Miocene, The mean
annual rainfall recorded for the experimental area over the
period 1960-1971 was 1183 mm, with a range of 1638=950 mm.

The original vegetation of the area was dense podccarp-
broadleaf forest. Following clearing in the years 1860-1910,
much of the land reverted to manuka and gorse, especially in
gullies and less accessible places, From 1960 onwards, all the
cultivated land on the property was cleared of serub, cultivated,
and scwn to new grass.

The soil, Purimu silt loam, hill soil ( Soil Bureau Bulletin
DeSe NOe 59 1954 .), is currently classified as a moderately weather-
ed, moderately leached, yellow brown earth ( Fulvic soil )¢ At
the experimental sites the profile consists of @

Site A,

A1H O=3cm dark greyish brown, silt loamjy strongly developed
fine granular structurej numerous rootsj sharp
boundary

A2h 3=13cm very dark grcy brown silt loamj loosej; strongly
developed nutty and granular structure; many
roots; sharp boundary



scale 1:1,000,000
W 5 0 10 20miles

FI1GURE 1. MAP SHOWING LOCATION AT TIRaUMEA IN THE
WALRARAFA DISTRICT.
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B 13=-1tem brown silt loam; loose; moderately
developed medium nutty structurey some
rootsy diffuse boundary

¢ on yellowish brown silty clay loamj
frieble; massive structure; few rootsg
veathering mudstone

Site B,

A 1h O=3cm dark grey brown silt loamg strongly
developed fine granular structure; numerous
rootsy sharp boundary

A2h =15 cm brown to dark brown silt loamj friable;
strongly developed fine nutty and granular
structurejy many rootsj sharp boundary

B 15=19¢cm dark yellowish brown silt loamj friabley
moderately developed nutty structurejg
moderate number of rootsy diifuse boundary

C on yellowish brown silty clay loamj {riablej

massive structurejy few rootsi weathering

mudstone

The soil is regarded as being of low to medium natural
fertilitye. The experimental sites had received 102 kg of super=-
rhosphate annually for the previous 13 years and had been grazed
with a stock density of approximately 4e5 ewe equivalents per acre.

2e Choice of experimental sites

Initially five areas each of approximately 1n® were chosen
as potential experimental sites. Three of these areas, designated
sites A, C, and D were situated with a southerly aspect, and two,

B end E, with a northerly aspect,

In order to assess homogeneity of Mn status at each site,
duplicate 10em soil cores were taken at close proximity from 5
random positions within each site. Lach sample was separately
analysed for total and easily-reducible Mn using methods described



in section b, >, fesulits for Mm wunalyses are susmarise. in

Table 1, 48 & result of the stuatistical aralyses, sites A and B
were chosen for this experiment, by reason of their relative uni-
for:ity in Hn indices, and represeatation of different aspects.
The grid references for these sites are leweke.s1, N 154 (1957)
vechee and 523071,

Tadii 1 1t Summary of statistical results for variability

in Sn status of five potentisl experimentaul sites,

Site: «~spect: fotal ¥n: Lasily=reducible Mn:
Srror HMeoe ¥ welue Kesult error !l . 1} vilue Result
A stuth bhhi, 25 be2€ Haiie o232 1.83 Keiw
north 962,75 el . eb21.4 3,08 Netoe
¢ south 11365.15 Sec2 . 2702,9 2403 Kele
~  south 59512478 heti3 Fece 30768.6 6431 .
. north 25809035 1707 B 609%9.5 96 » N

T'F walue for test of within site veriability

* results statisticully significant at tie 5% level
* * results statiotically significant at the 1% lavel
Neie resulte not statistically sigaificunt

se Letipuntion of required treatuect repliication

-ince there wus no significent difference between sites i, B
ant vy results of arsiyses of variance were coubdbined to give an
estinste of varisnce between positions for total and easily-recducible
6oil Mn.

(a) Aversge of position within cite error Meie. for total Mn
for sites A, B, C ( Table 1 )

= GLbhQ.25 8_9_‘2_222_# 11332'_12 = 8263
3

Hequired Lele Of a treatzent mean to be sbout 5%, or 40 ughn/g

thue Geke = \[E—E.E;_ = BO

”1'15& v a5
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where n = number of replications required. iverage of poeition
within site error M.S5. for easily-reducible HMn for sites A, B, C
( Table I ) = 3232 + 2821.4 + 270249 = 2918.66

>

Required S.i. of a test mean to be about 5%, or 10 ug/Mn/g

Thue Sebe = /2218.66 = 1orn = 3
n

Although it can be seen that the number of replicates required for
easily-reducible kn would be 3, in this experiment 5 replicates
were chosen, in accorcance with the number of replicates required
for total soil Wn.

L, Lxperimental design

A randomized block design was used for this experiment,
Twenty plots, each of 1,82 x 2,74 22 vere staked out at each site
as shown in Fige 2 To minimize overlapping of liming trestments
at borders c¢f adjacent plots a buffer strip distance of O.46m
was left between each plot, Tle design provided for the use of
four liming rates (treatments) with 5 replications (blocks) at
each sites In the absence of grazing stock during peak periods
of pasture growth, the experimental area was trimmed to approxi-

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

Se Lime application

The liming material used was a finely-ground commercial
lime ( 95 Cacoy e

Four rates of lime addition corresponding to C, 1270, 2540
and 5020 kg/ha were used in this experiment,
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e MLTHODS

1. Hethods of scil and herbage sampling

(a) Soil sampling
(i) Soil sampling freguency

So0il samples were taken bhefore lime application and then at
approximately C-week intervals from the time of liming for a period
of 40 weekse Initially bdoth sitee were iacluded at each sampling
time until 22/6/72e Subsequeantly sampling of site B was discon=-
tinucd because of similar trends at the early sampling timas, and
in order to reduce tie number of analyses to be performed. The
sites sampled, dates of samplings and analyses performed ( include-
ing herbage samplings and analyees ) are sunmariged in Table 1I.

TABLL Y Summary of sites sampled, dates of samplings
and apalyses performed.

bates of Soil Herbage Sites sampled
sasplings A B

19/5/71
7/5/75
9/10/71
7/12/71

25/1/72

22/6/72

M oX M M M X
MM K 8 1

M M X M N X
M KR ¥ N M

- =+
"

- no samples

samples taken

no water-soluble Mn analysed
limited samples only

- =+ R



(ii)e Soil Sampling method

Five cores 10 cm in length were randomly taken from each
plot using a 2-cm diameter hand-operated soil core-extracting
devices The top 1 cm of each core, comprising the litter and
root mat was removed and discardeds The cores were placed in
plastic bags, labelled, sealed, and stored in a polystyrene
container which was cooled using blocks of ice. BSamples were
transported to the laboratory, where the five cores from each
plot were crumbled and mixed thoroughly to form a composite

samples

(iii). Storage of soil sauples

To investigate the effect of storage condition on the
transformations of Mn forms in soils, two representative
samples were stored for varying time periods in the field moist
gcondition in & refrigerator at 4%, In addition, separate
samples were air-dried at ambient temperature or ovenedried at

o
105 Ce

Exchangeable, easily-reducible, and total Mn contents
of these samples were estimated using procedures outlined in
section BeJe Results are shown in Tables 111 and IVe All
results in this report are computed on an oven-dry soil basis.



TABLE 11X 3 The effect of time of storage of soil samples on forms of soil iin.

Forms of Soil Mn :

kxchangeable FKin: Basily-reducible basily-reducible Total Mn:
Mn ( pi 7 ) : Mn ( pH 3.5 )

Storage time (weeks):

(v} 8 24 (6] § 2h 0 8 24 0 3 24
gﬁ‘;_un extracted:
SOIL A 16 12 16 146 176 139 87 73 69 551 550 551

SUIL B 14 10 12 142 104 125 67 74 79 553 553 553




ABLS H The effect of sample pretreatsent on ascunts of extractable scil Mn.

Forws of 80il ¥n 3

Exchangeable kn 3 lagily=-reducible tasily-reducible Total Fn 3
¥n ( p¥ 7 ) t Ma ( pN 3.5 ) 3

o a:aglo grcsrugsgg; 3

Folta feie Uaia Fola Lele Lells Jalie Helle CUelw feie fable Usas's
S0IL € 12 18 66 184 153 127 91 92 &8 666 617 638
S0IL D 17 21 63 127 107 76 73 73 69 522 L85 473

Feolla = field moiot
AsUe £ alir-dried
Oebe = oven-dried
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From the results in Table III it is evident that storage
in the field moist condition at 4°C resulted in minimal changes
in measured forms of soil Mn for storage periods up to 24 weeks.
The results in Table IV showed that whereas air drying appeared
to result in small increases in exchangeable Mn and decreases in
easily-reducible Mn (pH?7), results for total Mn content suggest
that sample variation may have beem a problem. However, it is
clear that oven drying at 105°C caused release of much exchangeable
Ma, presumably at the expense of the easily-reducibdble form.

Reports in the literature differ on the effect of aire
drying soils on transformations of soil Mn. Fujimoto and Sher-
man (1945) reported incremsed exchangeable Mr following air drying
vhereas Hammes and Berger (1960) considered that air drying was
not likely to increase exchangeable Mn levels. Boken (1952)
found ne immediate effect of drying on the levels of exchangeable
Nn but levels tended to increase with storage. Boken also con-
firmed that storage in the moist condition for up to 35 weeks re-
sulted in minimal changes in exchangeable Mn content of scil
samples.
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In view of the need to store samples prior to analysis,
all samples were maintained in the field moist condition at
4°C in an effort to minimise transformations between the various

forms of Mn.

(b) Herbage sampling
(1) Frequency of sampling

Herbage samples were taken concurrently with soil samples
whenever possible. Because of the seasonal pattern of growth
of this area it was not possible to obtain herbage samples at
all so0il sampling dates. The actual freguency of herbage
sampling is shown in Table II.

(ii) HMethod of sampling

Random grab samples of herbage were collected from each
plot using hand clippers. No attempt was made to sample
particular plant speciess Samples were clipped approximately
1 cm above ground level and placed in cloth bags for transport
to the laboratory.

(iii) Preparation of plant tissue for analysis

FPlant tissue was dried in a Wilco Electric oven for 72
hours at 65=75°C then ecrushed by hand and thoroughly mixed prior
to chemical analysise

(iv) Soil contamination

A preliminary experiment was conducted to determine the
degree of socil contamination present on harvested plant material,
Representative samples were quickly washed by immersion in dise
tilled water. Washed and unwashed samples of herbage were then
analysed for Mn content as described in section B. 3. The re-
sults are shown in Table V.
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TABLE V 1 Mn content of unwashed and washed herbage samples.

Mn extracted ( mg/g )
washed unwashed
600 600
325 225
237 188
300 213
500 285
453 325
250 205
543 375

The results in Table V show that washing often resulted
in considerable reductions of up to 40U% in Mn content of herbage

samples, It was considered that much of the loss of kn due to

washing was probably due to removal of soluble Mn from plant

tissue in addition to any removal of adhering soil particlas.

Hereafter, Mn analyses reported were for unwashed herbage

samples.

ce Methods for chemical fractionation of soil Mn

Preliminary experiments were conducted to establish
appropriate techniques for delineating recognisable fractions

of soil Mn,
(a)

Soil/extraction ratios

In order to establish amounts of soil required for the
Mn fractionation procedures, four soil/extractant ratios using
0e5y 1, 2 and 4 g of scil in 80 ml of extractant ( 1N NH,OAc, pH?

containing Oe.2% hydroquinone ) were investigated.

The extractions

wvere made in 100 ml polypropylene tubes on an end-over-end shaking

machine using extraction times of 1 or 4 hours.

shown in Table VI.

The results are



TABL: VI 3 Effect of soil/extractant ratic and time of
shaking on extraction of Mn by 11N NH~0ac
containing O.2% hydroquinonme,

Scil/extractant Mn extracted ( ng/g )
ratio ( 80 al
of extractant ) Time of extraction
( Hre )
1 4

0.5 149 182

1 %7 158

2 138 164

4 145 170

From these resulte it can be seen that there was a neglig-
ible effect of soil/extractant ratio, at either shaking tiue, on
the amounts of Mn extracted. Four grams of soil was chosen as
standard quantity for succeeding extractions.

(b) Determination of extracting pH and extraction time
for the estimation uf exchangeable soil Hn.

Using a fixed scil/extractant ratioc ( 1320 ) an investiga-
tion was made of the effect of extraction pH and extraction time
for the estimation of exchangeable Mn content of the same soils,

(1) Effect of pH of extractant

Duplicate soil samples were shaken for & hours with
N Nl~0Ae adjusted to pH 2, 3, 4, 5, 6, or 7 using either NI~OH
or HOAce A soil/extractant ratic of 1320 vas usede The results
are shown in Table V11,



TABLE VII Effect of extraction pHi on determination of
exchangeable Mn,

pH of Mn extracted
extraction (nug/g ) ¢

10
16
29
50
49
b1

LACREL VRS Y A

It is seen from the results in Table VII that as the pH
of the extractant decreased, more Mn tended to be extracted by
NH,OAce  Peak amounts were extracted around pH b,

(ii) Effect of extraction time.

Extraction times of 2, &, 16, 24, and 48 hours were
carried out using 1N N!~0ﬁc adjusted to either pH 3¢5 or 7.0,
at a soil extractant ratio of 1120, The results are presented
in Table VI1iI.



TABLE VIII 3 Lffect of pH of extractant and extraction
time on amount of NH“OAG - extractable

soil Mn.
Extraction time Mn extracted ( ug/g )
( lir. ) pH 7.0 pB 3.5
2 6 20
8 9 24
16 13 77
24 14 104
48 16 163

From Table VII1 it is apparent that at pH 7.0 most of
the exchangeable Mn was extracted after 16 hours shaking.
However, at pH 3.5 additional Mn was still being extracted
after 48 hourse bLecause it appeared that at this lower phH,
formas of Mn other than that present as exchangeablie ¥n were
being extracted, further extractions at this pH were not
attempted.

Measurement of pil following each extraction verified
that initial ph's were maintained throughout the extraction
period.

(e) Determination of extractant pH and extraction
time for the estimation of easily-reducible Mn

Because extractant pH and extraction time were shown to
influence the amounts of exchangeable scil Mn, & similar investiga-

tion was then made for content of easily-reducible soil Mn.
(1) Lffect of extraction pH

Duplicate coil samples were shaken for & hours with
W NH, Oke containing 0.2% hydroguinone as reducing agent.
Results for Ma extracted by this procedure are presented in
Table IX,



ABLE H Effect of extraction pHE on amounts of
easilyereducible Hn extracted from soils
by 1N II~OAe wvith hydroquinene.

pE of Mu extracted
extractions ( ng/g )

7 130

6 154

5 173

“ 187

3 176

2 138

From the resulte in Teble IX it can be geen that, as
with exchangeable Mn, more ocasily-reducible Mn was extracted
at pH 3 ard & than at pH 7, Further experiments were designed
to investigutile the nature of Mn relesse at pA's 3.5 and 7.0,

(ii). Effect of extractiocn time

Duplicato s0il samplea were axtracted with 1N leoao
containing O0.2% hydrogquinome at pH 3.5 or 7.0 ueing extraction
times of &, 8, 16 and 48 hours. The scil extractant ratio was
1320, The results are shown in Table X. 1In addition, following
the 24%~hour extraction with !I~0&o/h:droqullont at pH 7, the seil
samples were washed once with 50 ml of the same extractant and
then extracted for a2 further 24 houre using II‘OAcfhydroqulnoho
at pH 3,5, Aliquote of all extrections were analysed for both
Po (by atomic ebegorption) ané Ka contents.



IapiE X Effect of extraction time on amounts of
Fe and Mn removed by 1N N, OAc/hydroquinone
at two pl wvalues.

¥r extracted ( ng/g ) Ye extracted ( mg/g )

Extraction —
time (Hr.) i 35 38 7 il 251 jH 5.5 R 7 PH 3.51
after after
Pl 7 Pl 7
4 247 156 - 388 0 -
8 253 175 - 474 o .
F1Y 332 181 105 688 (V] 1036
1. 352 160 102 99 37 370

t Zhahour extpaction,

drom tie resalls in lable X it is & jarent tkat the
amcunts of Mz extractisd from tbe eoils &t a pl of Z.5 and 7.0
contiunsd to inexcemse u; to the 2h-bhour extracticc time,
Beyond 2% heurs there wee little further release of Mn,

At pa 7 tkere wis nv asusurable sxtroction of Te
wiiich is interpreted to isdicate that, eitaer e was 2ot exe
trected at thie pi and consequently any Ma released was not
associated with Fe components, or that any Fe released wvas
resorbed or precipitated at this p and did wnot appear in the
extractant. It ies of interest to nete thail recovery studies
for ¥¢ adéitions io H%UMM&:oquimno at pi 7 kave shown an
alpost total loss of Fe from solution during the extraction
poried, theredby demounstrating that if Fe were reloased from
the 204l it would mest cortaialy be resorbed or precipitated
by the soil under the pil conditions of the extractionm ( Turmer
- para. conm. )e



Furthermore, it cen be seen that extraction with NﬁuOAl/
hydroquinone pE 3.5 following extrection at pH 7 resulted im a
further release of Mn from the woll together with significant
release of Fe ( 1000 mg/g soil ).

{d) Effect of NI CAc concentration on ext:actability
and recovery of exchangeable and easily-reducible
soil ln.

The recovery of added Mn ( 60 mg/g ) during Ni, OAc/hydro-
quinons extraction at pi 7 was determined. Recovery was also
checked in the presence of 2N nl~0&c. The extraction periocd
was 24 hours and the results are shown in Table XI.

TABLE XI Recovery of added Ma ( 60 mg/g ) by
NH“LAc/hydroqninone extraction at pE 7,
for 2 normelities of WH CAc.

Noruulity i Lxtructable lin ( vg/g soil 3
e el go added  added %
Mn 3 Mn g recovery
' 312 366 90
a8 355 b1h 100

The resulis obtained for this series of experiuents
are slightly bigher than these reported earlier dus to the
selection of = different soil saaplee Bowever, it can be
scen that grester recovery was obtained using the 2N Ilh01|
extractant.



A final series of extractions was made using 1N and 2N
sl~850. Fer this series, duplicate soil samples were successive-
1y extracted once with NK CAec pH 7 ( 24 hour ), twice with "'hOAc/

hydroquinone pii 7 (2% bhour) sud twice with NE OAc/hydroquinone

PH 3¢5 Between each extraction, the soil samples were washed
with 50 ml of the precedine extractant, Results of thise exe

tractions are presented in ¥able XII.

JABLE XII ¢ Amounts of Mn extracted by successive 24<hour
extractions with NN, Cac pil 7, NﬂhOAc/hydro-
quinone pi 7, and Hnbonc/hydroquinonc pH 3.5

( ng/g voil e
KH, Che Exchange- Il~0Ac/h:d. pR 7 IHQOlc tpH 3.5 Total
no’nalits i able Mn 1t &nd 1t 2nd Mo ex~
tracted :
N 12 277 65 113 16 L83
2N 12 3e1 49 &9 10 L84

o

From the resulte in Tabls XII it is evident that more Mn
vas removed in the lﬂﬁono/hydroqninono pi 7 extractions using
N llhOAc as ccnpared with 1N unhcae. Thiz higher recovery wvas
spparently the result of a decreased tendeucy for resorption of
released Mn during the extraction procedure. It appears that
the increzsed recovery at pi 7 wac at the exponse of that measur~-
ed in subsequent pH 3.5 extractions, as evideonced by the same
total extractable Mn obtained for both 1 and 2N ulkoao extraction
sequences,

Zs an e actic ed

The general procedures for scil Mn extraction adopted in
this study are shown in Figure 3 and discussed below. All ex~
trections were made at 209C,
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Field moist condition

8
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WATER SOLUBLE Mn

10 g. soil:80ml. distilled H,O
shake 30 minutes

EXCHANGEABLE Mn

4g soil: 80ml 2 NCH3COONH,4
shake 24 hours

Determination of

Exchangeable Mn

EASILY-REDUCIBLE Mn FRACTION A
80ml. 2NCH;COONH, pH 7

containing 0-2% hydroquinone

DETERMINATION OF
EASILY-REDUCIBLE Mn
FRACTION A

TOTAL Mn
0-3g oven-dried
soil

HF extraction

EASILY-REDUCIBLE Mn FRACTION
8 ml. 2NCH3COONH4 pH7

containing 0:2% hydroquinone

Determination of
Easily- reducible Mn

Fraction B

FIGURE 3. FLOW DIAGRAM FCR SOIL MANGANESKL

EXTRACTION PROCEDURES




(a) Jdaterssaluble Mn.

ien grams of field-moist soil were shaken on an end-over-
end shaker at 20 re.p.m. wvith 50 ml of distilled water in 100=nl
polypropylene tubes. After shaking, the tubes were centrifuged
at 2,500 r.pems for 15 minutes followed by filtration ( Whatman
No. 1 ) to remove ficating organic materisle. 4 S0-mul aliquot
of the filtrate was pipetied into a 100-ml beaker ond svaporated
to dryness on a hot plate. The residue wvas trested with 2 ul of
30% 3202 end % a1l of conc, EIIO3 to destroy soluble organic matter.
The beaker was covered with a cover glass and digoested on & Lot
plate for 30 minutes. The cover gluss was thou removed and the
contents evaporated to dryness. This procedure wes repeated

tvice prior to development of the colour, as cutlined in section
(£).

(s) Ixchanzeable Mn,

Separate four-graa saaples of scil woere shaken in 100 ml
of a¥ NH,Oac selution adjusted to pH 74  After siakins, the
tubes wvere centriiugeu &t &, 00 1epeze f2r 15 sinutes, and filtered
to readve floating organic waterial, 4 50-2l sliquot cof filgrate
was pipecttad inte a 1V0-nl beaker auu evareraled to dryness.
Ligestiozn of acetate and soluble organic material wae achieved
using the same wethod &s cutlined above ( 3. (a) ) for watere
soluble Mo, Tho soil remaining in the centrifuge tube was washed
once with 50 ml of 2N ni~0&c at pii 7 prior to the determination eof
the easilyereducible hn, fraction A,

(e) sasily-xeducible Mo Lragtion s

Eighty =zl of 2K NH, OAc adjveted to pi 7 axd containing
O¢2% hydroquincne wae added to the tube contaiming che soil from
whieh exchangeable Mn had been extracted, The tubes were shaken
for 2% hours. After centrifugation and filtration, a 10-ml aliquot
was pipetted into a 100-ml beaker and evaperated to dryness.
Acetate and scluble organic material were destroyed as previously
described ( 3. (a)e The resaining seil in the centrifuge tube was
washed once with 50 el of 2H ki Vac pH 7 eenteining 0.2% hydro-
quinone prior to determination of sagily~-reducible Ma, fraction B.
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(d). Eagily-reducible Mn fraction B,

Eighty ml of 2N Wl Ohe solution adjusted to pH 3.5 and
containing 0.2% hydroquincne was added to the soil in each tube
and extracted for a further 24 hours. After centrifugation
and filtration a 10-nl aliquot %as removed and treated to remcve
acetate and soluble organic waterial,

(e)e  Zetal in,

Ce3 g of oven~dry soil vas weighed into a 50-ml polypropy=-
lene beaker. Ten ml of a 131 solution ( v/v ) of 48% HF and
cone. nuoj was added to the beaker and the comtents were digested
on a steam bath by taking to dryness. The preocedures was repeated
at least twice to ensure complete cestruciion of the sample. The
residve was then taken up im 5 ml of 16N sto“ and 15 =l ef die-
tilled water and the selutionm gountly heated on 2 steam dath for
30 minutes. After cuvoling, the solution vas filtered into a
100-ml volumetrie flask and made to volume with distilled water.

a 50 ad rliquot vas pipetted into 2 100 gl beaker and evaporated
to dryness on & kot plate. e ves doetereinec colorimatrically as

cescribed in seetion (f)e

(Lo Lolorimetric determination of M&.

Mn was determired colorimetrically according to the method
of Acdams (1965)s To the residuc in = 100-m)l beaker was added
20 ;! of distill:zd water, 2 ml of 85% ijok' and 0.5 g of solid
KIOh. The beaker was covered with a wateh zlass and the contents

heated to boiling om & hol plate, The peraanganate colour develop~
od within 20 »inutes, Heating vas eontinued until the solid KIO,
was voxpletelv dissplved, The goluticn was tranaferred to a

$0-ml volumetric flusk, made to voluse with distilled water, and
thoroughly mixed, The goleur was resd uzing & Beckman model DU
speetrophotometer st 54%0 mu using 10 em path lsugth cells.s The

¥n content was riad from 2 stamdard curve covering the range 0 to

3 ng/al ¥n.



be Soil E

Soil pH wae meassured using a Radiometer Model
24 pH metere A soil to water ratio of 1 to 2,5 wae used
( Metscn, 1971 ) and resdings were taken after allowing to
stand overnight.

5¢  Seoil meigture

S5c¢il muisture contert vas determined afiter coven

drying at 105°C for 24 hours.

6. Plant Mn

Mn in herbage was analysed according to Feech
(1958). Cne gram of oven~driec hLerbage was weighed into a
250-m1 beaker and ashed in a muffle furnace at 450°C for &
hourse. After ashing anc cooling, 2% sl of W HﬁOB was added
and the contents evaporeted to dryness on a hot plates The
beaker was returned to the furmsce for 10 minutes at 40C%C,
After cooling, 15 ml of 18R Baﬁok and 3C ml of distilled water
were added cnd the conuvents heated for 30 minutes on a hot plate.
After cooling, the contenis wore filtered iunte a 1U0=al volu-
metric flask and the solution made to volume with aistillad
watere A Z20=-ml aliquot was pipsited iutd a 100-nl boaker
and the colour developed as described in section (f).



45

IVe RESULTL ANL DISCUSSION

Ae  AEFLCT OF LIM: ADDITIONS ON FURMS OF SOIL Mnm

The effect of lime additions on each form of soil Mn
are considered separately in this section,

Te water-scoluble Mn

Results for water-scluble Mn are presented in Tables
LI1I and X1V.

ABLE : The effect of lime addition and sampling
time on water-scluble Mn at Site A

Treatment Dates of sampling
( kg/ha lime )
15/¢€/71 7/78/71 9/10/71 7/12/71
Control 2 2 2 2
1270 3 3 2 2
2540 2 3 2 1
50860 2 3 2 1
TABLE X1 @ The effect of lime addition and samupling
time on water-soluble Mn at Site B
Treatment Dates of sampling
( kg/ha lime ) ;
15/6/70 /N 9/10/74 7/12/7
Control 3 b4 3 2
1270 B b 3 2
2540 2 iy 3 2
5080 3 5 3 2




Values for water-soluble Mn ranged between 1 and 5
aghn/g soil. iowvever, there¢ was no obvious effect of lime

application on the amounts of waier-soluble scil in, Also,

the levels remained reasonably constant throughout the experi-
mental periode The results obtained for water-soluble Hn
produced very low absorbance readings which in the absence of
& concentration procedure, may not have given the necessary

sensitivity for reflecting changes resulting from seasonal
or liming factors.
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2e Lxchangeable Mn

Results for exchangeable Mn are presented in Tables XV
and XVI.

TABLE XV 3 Effect of lime addition and sampling time on
exchangeable Mn at Site A

Treatment Dates of sawpling
( kg/ha lime )
15/6/7137/8/7189/10/71382/12/71315/1/72122/6 /723 Analysise

of vari-
ance ree
sult 3

Contrel 19 15 18 23 1% 1 NeSe

1270 20 15 21 22 12 7 NeSe

2540 20 1% 19 18 10 1% Nebe

5080 17 13 18 19 9 S NeSe

R..ult' of N.Li. Naiie ! P I..-). N.t}l .'-....'-.

analysis of

variance

TABLE XVI 3 Effect of lime addition and sampling time on
exchangeahle Mn at Site B

Treatment Dates of sampling
( kz/ha lime )

15/6/71272/8/71:9/10/?137/12/71215/1/72 Analysis of
varience results

Control 18 18 17 19 18 NeSe
1270 15 135 17 15 12 NeSe
2540 13 13 16 13 10 NeSe
5080 13 19 21 17 1" Nelie
Results of NeSe HNabe Nebe NeGe NeSo

analysis of
variance




The results for exchangeable ¥n show no significant

effects due to either seasonal factors or liming treatments.

Absolute value for exchangeable iMn varied between 7 and 22
Nghn/ge These results were scomewhat surprising in view of

previous reports ( Fujimoto and Sherman, 19483

et al, 19503 Messing, 19653
Truong et al, 1971 ), which indicate that exchangeable ¥n

decreased following lime applicaticn,

e Basily-reducible ¥n (Fraction 4)
The effect of lime addition on this fraction of s0il

Christensen

Cheng and Quellete, 1971aj;

¥n at both sites is shown in Tables XVII and XVIII.

TABLE XVII 3 The effect of lime addition and sanmpling time
on easily=-reducible Mn fraction A at Site A o
Treatment Dates of sampling
( kg/ha lime )
15/6/7137/8/7189/10/2132/12/71325/1/72122/6/72% Analysis

of vari-
ance re-
sult ]

Control 220 200 236 201 232 204 Nebe

1270 22k 227 247 190 2h3 198 NeSe

2540 216 209 245 185 242 212 NeBe

5060 181 158 193 157 202 185 NiSe

Results of NeSe Nebia NeSe Nebe Nelio Nebe

analysis of
variance
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TABLE XVIII ¢ The effect of lime addition and sampling
time on easily-reducible Mn fraction A at
Site B
Treatment Dates of sampling
( kg/ha lime )

15/6/71 + 7/8/71 s 9/10/71 ¢+ 7/12/71 &+ 25/1/72 Analysis
of vari-
ance re-
sult

Control 153 151 162 141 146 NeSe
1270 143 144 157 125 137 NeSe
2540 127 114 127 120 127 NeSe
5080 140 135 146 125 131 NeSe
Hesults of Neta NaSe NeSe NeSe Nete
analysis of

variance

It can be seen that easily-reducible (fraction A) soil
Mn in Site A ranged from 157 to 247 ughn/g soil with an average of
195 ng/ge At Site B this form ranged from 120 to 140 nglin/g soile
In addition, levels of this fraction remained essentially constant
at each sampling time throughout the experimental periode

L, Eas.ly=-reducible bkn action B

The results for easily-reducible (fraction B) soil Mn at
both sites are shown in Tables XVIV and XX.



TABLE XVIV 3 The effect of lime addition and sampling time
cn easily~reducidble ¥pn fraction B at Site As

Treatment Dates of sampling
( kg/ha lime )

15/6/7187/8/718S/10/7117/12/71825/1/72122/6/72 Analysis

of voari=
ance. re=
sults
Control 104 100 75 64 52 146 ..
1270 118 111 82 7C 76 176 ..
2540 119 103 77 65 55 182 .4
5080 1C2 és 70 5¢ 62 120 L
Results of N.5e NeSe Neize Neve Hene NeSe
enalysis of vari-
ance
TABLE XX The effect of lime pddition and sampling time on

gasily-reducible iin fraction B at Site B.

Treatment Dates of esanpling

( kg/ha lime )

15/6/7132/6/7139/10/7187/12/713825/1/721 Analysis of

variance re-

sults
Centrol 92 &0 68 70 60 NeSe
1270 79 &1 68 59 55 N.de
2540 78 66 56 59 4y NeBo
5080 77 77 62 56 59 N.Se
Results of Neiva NeBoe Nebeo Nele NeSe
analysis of
variance

The results in TablesXVIV and XX show that substantial
amounts of soil Mn are removed using this extraction procedure but
again no effect of lime application could be detected. An interest-
ing seasonal variation in this form of scil Mn was detected at Site A
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( Table VII ) where extractable levels were lowest at the
Uctober-December-January sampling times corresponding to the
driest soil conditions for the experimental period,.

It is difficult to envisage how changes in this category
of soil Mn could be related to the availability of Mn to plants,
in view of the fact that availability of Mn is usually explained
in terms of water-soluble, exchangeable, and easily-reducible
(fraction A) soil Mn., However, further work is required to
assess the nature of this category of scil Hn in view of the

apparent cyclic seasonal effect demonstrated in this experiment,
Se Total Mn

Total soil Mn analyses for both sites at two sampling
times are precented in Table XXI.

TABLE AXI ¢ Total soil Mn for sites A and B at two
sampling times.

Site 1 Sampling late 8
9/10/71 s+ 7/12/7
ng/g
A 657 + 140 655 + 141
B 532 + 148 531 ¢ 146

From Table XXI it is seen that the soils used in this ex~-
periment contained between 531 and 657 mg/g total Mn. Values ob=-
tained at Site A were slightly higher than those at Sibe B al-
though no significance is attached to this result. Although
no change in total Mn content of the soil would be expected,
results obtained at the 16 and 24 week samplings were used as
evidence for the adequacy of the sampling methods adopted in
this study.



B. EFFECT OF LIME ON SOIL pH

The effect of lime addition on soil pl at the two ex-
perimental sites is shown in Tables XX1II and XXIII.

TaBLi XXII 3 Effect of lime addition and sampling time
on soil pH at Site A,

Treatuent Dates of sampling
( kg/ha lime )

15/5/7187/8/71!9/10/7137/1a/71,25/1/72352/6/72' Analysis

of

variance
results.

Control 575 Se Ok 582 5462 Seltl 5.49 il

1270 5.66 5,87 5,98 587 556 S5e65 R

2540 560 5,90 6.08 6.10 575 5.86 Lo

5080 567 5.92 6436 6436 609 6e23 . .

RClultl Of h.s. ®* 9 LR " = . B L I

analysis of

veriance

I data for 2 replicates only.

TABLE XXIII 3 Effect of lime sddition and sampling time on soil
pH at Site B.

Treatment Dates of sampling
( kg/ba lime ) -
15/6/7117/877189/10/7187/12/ 71125/ 1] 72s. 2'?767‘2'7 i 'A_x;n lycie
- o
varisnce
_results.
Centrol 565 577 5.75 573 537 S.k2 ..
1270 Se71 5480 5.91 593 551 5.72 v .
2540 573 5493 6.05 614 573 5.87 g
5080 575 5494 6416 6426 586 6.05 ¢
Results of N.Se L s » >, - * o
analysis of
variance

t data for 2 replicates only.
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it can be seen from Table XX1l and AXII1 that the
scil pii's prior to liming were relatively uniform for the two
sites, gziving measured values between pH 5.60 and 5.75.
These values were only elightly higher than those previocusly
quoted for Furimu eilt loam ( pil 545 ) ( Seil Eureau Bulletia
Dete li0e 5y 1954 )o It shoulé be noted that these soils were
sazpled in June when the scile were relatively moist ( a;proxi-
mately 508 moisture content ) and pB was measured on field
@oist sasples, which may account in part for the higherethan-
expected pH reacings.

A feature of tre results in Tables XX1I and AX1II is
the marked svasonal variation of scil pll for both the iimed and
unlized treailsents at both sites. In general, seoil pi values
on %he unlimed areas tended tc be the highest in the 7/0/71 -
5/10/71 saaplings, when scil moisture was greatest and lowest
in the 25/1/72 - 22/6/72 samplings when soil moisture was much
lover,

s0il phi seasurement on semples at field moisture cone
tent is influinced markedly by moisture ccntent, copecially
wvhen pH is messured by the standard procedure used in this
studye Similsr seasonal variation is evident for the limed
aress but is coaplicated by the tendency for pH values to ine-
creane as the liming resction jroceeds with time. However,
the recults suggest that agein measured pil vslues for limed
areas tended to be lowest when the scils were driest.

It is noted that the pH wvalues for the control
ylots at the Jun: sawpling 1972, were considerably lewer than
the correspouding values for 1971 refleeting, again, the diff-
erent moisture conteatls of samples at the tiwe of analyses.

Significant differencee in scil pil cue to liming
were detected at t ¢ Seweeks sampling time fcllowing applica=
tion of lime and were still increasing at the final sanpling.



These results suggest that changes in pH of 0,3=0.4
units could be expected per 2450 kg/ha of lime addition,
after 0=-12 months from time of application.

Ce EFFSCT OF LIME ON CONi. KT CF Mn JN H:RBAGE

Results for the effect of lime addition on concentra-
tion of ¥Mn in bulk nerbage sawples are shown in Tables XXIV
and AXVa

LaBLE aXIV 3 The efifect of lime additicn and saxpling
tine en herbage I'n at Site A.

Trestment oates of sampling

( kg/ha ) _ .
§79C/7% 8 7/13/7% s 22/6/72

Control 306 2%k 226
1270 185 165 b
2540 172 118 128
5050 134 67 79
Results of . R .
analysis of
variance
T, oLk XXV 3 The effact of lime aduition and sampling

time on herbage Mn at site B,

freatuent Dates of saspling

( xg/bha linme )
9/1¢/71 s 7/12/71 ]

Control 338 Ak

1270 169 133

2540 170 122

%080 165 136
Results of .« " .o
analyeis of

variance
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From these results it can be seen that for the sampling
time corresponding to five months after lime addition when the
first herbage samples were taken, the average concentration of
Mn in the unlimed controls was 306 ug/g and 338 ug/g for sites
A and B, respectively., Addition of 1270 kg lime/ha resulted
in reduction of nerbage Mn concentrations of approximately 40
to 50% at sitecs A and B, respectively. Lerger additions of
lime did not appear to further decrease Mn levels in the herb~
age, except possibly for the heaviest rate ( 5080 kg/ha ) at
site A.

The maximum depression in concentration of Y¥n in herb-
age was noted for the heaviest rate of lime addition at the
b-month sampling periode At this time Mn reduction to approxi-
mately 724 of the unlimed controls was achieved, Evidence for
marked seasonal variation in the uptake of ¥n by herbage is
shown by the proncunced fluctuatioa in Mm concentration found
for the unlimed controls, especimlly at site A, It is noted
that this seasonal variation appeared tc para..lel tine soil
aoisture status in that the highest Mn uptake was founc when
s0il moisture content was greatect, This suguests that
moisture content and its relaticnskip to redox phenomens may
be important in controlling Mm availability to plente on these
soilse



V. GLNERAL DISCULSION

Lime application and soil pl

A feature of the results obtained for soil pH in
this experiment was the marked seasonal variation exhibited
by these soilse For the unlimed controls, measured ph
varied by up to O.4 of & pH unit, depending on sampling time.
Part of this variation is possibly due to the use of field=-
moist samples for pi measurement, and highlights the preoblem

of using fixed scil/solnution ratics foer undried soil samples,

The zddition of 2540 kg lime/ha resulted in pE shifts
of approximately 0,3=-0,4 units one year after application,
which agrees well withr puclished informatior on expected
lime responses for New Zealand silt loams ( During, 1972 ).

Lime application and Ma in herbage

It was zpparent in this experiment that the lowest
rate of lime addition vroduced, at least initisally, a cone
siderable rsduction in herbage Mn concentration. Such an
effect is consistent with the findings of Mann (1930),
Fujimote and Sherman (1948) and Truong et al (1971) who re-
ported that the first light application of lime markedly re=
duced the uptake of Mn by the plant and the furtler additions
of lime, produced more gradual reductions in Mn uptake. Ale
though no obvicus explumation can be advanced fur the nature
of this lime effect, in the present experiment possibilities
would include &

(a) Approach to p¥ 6,0 achieved at the lowest
liming rate ( Leeper, 19353 Wwalker and
Barber, 1960 ), Leeper has reported that
Mn availability decreased markedly around pH
6.0°
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(b) Initial increment of Ca addition which may
antagonise uptake of Mn ( Hopkins et al,
19443 Fried and Peech, 19463 quellette
and Dessureaux, 1958: Cheng and quellette,
1968 )¢ Cheng and Quellette (1968) have
reported that nermal plants should have
a Ca 3 Mn ratio of approximately 350 and
@ Mn : Fe ratio of approximately 30,

Plants show Mn toxicity symytoms when the
Ca : Mn ratio falls below 70 or when the

¥n § ¥e ratio is higher thar 100, Truong
et al (1971) found trat in solution culture,
high Ca supply alleviated Mn toxicity by ree
ducing the proportion of ebsorbed in moving
to the shoots of legumes, The sffect wwas
due to an influcnce on plsnt processes rather
than to its influence cn Mn absorption and
translocation ( Quellette and Dessureaux,
1958 Je

Herbage anu analyses ir the present study were made
on grab samples oi bulk Lerbage. o atteapt was made to
assess eithor the relative contribution of individual species
in the mixed pasture sward at the various sampling times or
the Mn content of these species and their response to lime,
Undoubtedly, some of the variation reported may be the result

of tue varying coatrioution frouw tne different pasture members.

Forms and amounts of soil Mn

Water-soluble kin varied between 1 and 5 aughn/g soil
with &n average of 2 Aghn/g =oil for site 4 and  ugin/g soil
for site Be However, there was no apparent seascnal or liming
effect on the levels of this form of Nn, Reports by other
workers suggest that water-soluble Mn can vary from a trace to
25 nghn/g soil ( Morris and Pierre, 1947; Morris, 1948;
Randhawa et al, 19613 Siman et al, 1970 and Gupta, 1972 ) and
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that the amounts in this form tend to decrease with increas~
ing pH ( Mann, 19303 Fiper, 1931; Morris, 1948; Mulder
and Gerretsen, 1952 )s Values of 1 to 10 ug/ml have been
reported to be toxic to various legumes in culture solutions
( Morris and Pierre, 1949 ). Siman et al (1970) reported
evidence for toxicity of French beans at 7-15 ng/ml water=-
soluble Mne, Gupta (1972) showed that toxicity in barley
under greenhouse conditisns occurred at values around 0,25
ng/mie Comparative values for water-soluble Mn in New
“ealand soils are not available. It would not be expectedm
however, that the levels of water-soluble Mp obtained in the
present experiments wouls result in toxicity or deficiency

problems for resident plant species.

sxchangeable soil Mn values ranged from 11 to 32
ngen/z soil on site A aad froam 2 to 25 mgin/g scil in =ite
Ba Zeasenal variation in exchangeable Mn has been reported
previously ( sherman and Harmer, 1942; Dorp and Peterson,
1950; Korregarten, 19563 Nozdrunova et al, 1958 )« Dorp
and Feterson (1Y50) «nd Nomdrunova et al {(1958) fournd 5 to
10 times as mucn eéxchangeable (ia in summer as ip winter,
whereas Shermaz and Harmer (1942) claim that winter condie
tions favour manganous, and susmer conditions manganic,
forms of the element, This latter cocnclusion war based
on work with alkaline soils, Fujimoto and Shermanm (1946,
1948) and Hurtwitz (1948) found that the level of exchange-
able iu was raised as the tewperature incrcaced. Crganie
metter decompusition aud high moisture favour the reduction
of Mne Rich (1956) reported that exchangeable %n tended to
increase under the anaercbic condition of waterlegging and
easily reducible Xn tended to decrcase under drying conditions.
Although reports differ on when exchangeable ¥n can be ex-
pected to increase, all agree that the pattern of change is
closely associuted with scil temperature aud pE conditions.
In these present experiments it was found that exchangeable
Mn tended to Le highest in ihe Ociober-becember period when
soil mouisture was at its greatest,



kasily-reducible Mn (fraction A) was approximately
200 ag ¥n/g soil in site A and 130 ug Mn/g soil for site B.
Leeper (1935) considered the quantity of easilyereducible #n
dioxide to be of major importance in the supply of Man to
plentse He found that any soil having less than 15 ughn/g
soil of easily-reducible ln dioxide would be deficient in
Mn for plant growth, 4 soil having more than 100 ughn/g
soil of easily-reducible Mn dioxide would provide an adequate
supply of Mne However, it must be noted that hies method for
determining this form of soil Mn was different from that used
in the present study. (Using Leeper®s data it could be cone
cluded that the soil used for the present experiment would
be potentially capable of an ample or excessive supply of Mn
for plants.

patrick and Turner (1968) pointed out that the sum of
exchangeable and easily-reducible Mn accounted for most of
the ¥n present in Crowley silt loam soil; of the total Mn,
40% existed as easily-reducible in, 16% as exchangeable Mn,
and 2% as water-soluble Mn. In the present experiment,
easily-reducible kn represented approximately 20=30%, ex-
changeable Kn 3%, and water-soluble ln O.3=0.5% of the
total Fn coatent of Furimu silt loam. Sherman and Harmer
(1942) reported that to avoid Mn deficiency, soils should
contain at least 3.3 mg/g of exchangeable Mn and 100 ug/g
of easily-reducible kn. Jomes and Leeper (1951a) pointed
out that a soil should contain more than 20 ug/g of easily-
reducible Mn to support normal growth of plantsj when the
soil content is less than 20 ug/g, plants exhibit Mnedefic~
iency symptoms. From these values it can be concluded
that the soil used in present experiment contains relatively
high reserves of a potentially available form of Ka (approxi-
mately 200 ughn/g soil)e The possibility of Mn deficiency
is therefore remote, whereas an excessive Mm supply, especi-
ally under wet or waterlogged conditions, would be possibles



In terms of the total Kun content of the soils used
in this experiwent, velues of 1000 mghn/g soil could not be
considered exceseively high, Comparative values for total
#0il ¥n in a rerge ir New Zealand eoils are preseanted in
Table XXVI (Scil Bureau Bulletia, 1968),

TABLL XXV]I 3 Values for total soil Mn in sonme Hew

Aealand soils,

Soil name: Clacsification 3 Saxpling Total
dezth Hn 1
fdamilion clay loam Mederately leached 0 = 745 8800

strongly wveathered
clay illuvizl brown
granular loam (tran-
sitionsl between
central and northern
yellow=brown earth

Tirau silt loam Moderately lsached O = 745 £600
central yellowebrown
loam

Dannevirke silt Josm  Stroengly leached O = 745 1200

yellow=brown loam
to yellow=-brown
eerth intergrade

Marton silt loam weakly leached 0 = 75 980
gleyed net-zommate
central yellowegrey

earth

Taupo sandy silt Moderately leached 0 = 75 &20
yellow=brown pumice
soil

Timaru silt loam Moderately leached 0 « 9.0 40O

southern yellowegrey
earth
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Lime application and forms of Mmn in soil

In spite of the considerable effect of lime applica-
tion on measured socil pH and on the levels of Mn in herbage,
it was not possible to detect changes in the amounts of the
forms of soil Mn using common procedures for scil dn fraction=-
ation, Typically, previous workers have shown the equilib=-
brivm betveen exchargeable znd easily-reducible Mn to be ine
fluenced by soil I (Sherszun gt zl, 1942; MHessing, 19€5),
and that increasing pH geuerally favours formatiocn ol easily~
reducible Mn at the expense ¢f exchangeable in. This trans~-
iormation was not obscrved in the prosent exporimcct. In
particular no effect ¢f .iimée¢ on levels of exchangeable Mn
wae detected. The inherent exgerimental errors asasociated
with the field sampling techuiques or laboratory measurement
of each form of kn may hava macked the real liming effect,

An even more fundarmental probles however, relates to
the use of a bufferes (pH 7) Nh;u.c extractant for both limed
and unlised scilse such an extractant could alter the distribu-
tion of Mpn existert st field pi conditionz 2n¢ terd tc obscure
real lime effects. In spite of this problem many reportes are
available in the literature indicatirg thet changes in =oil Mkn
fracticns consequent t¢ lime application can be obtained (Shere
man et al., 1542; Peech et ale, 1947 and Sanchez and Kemprath,
1959) using procedures similar to those used in this study.
In adaition, such trencfcimaticns have been observed even where
no precautions werc taken to prescrve the field solsture status
of the ecile yrior to extrecticns It will be remembered that
in this study samples were mairtained ir a fielcd moiet condition
to minixise oxidsticn during the storage and preparation of
semplee pricr to extrection.

The apparent lack of correlation between soil pH and
changes in the forms of soil Mn has, however, been reported
previously (Healy, 1953). It was found that acidification of



Hastings gilt loam using sulvhur additiones did not result in
measurable changes in either exchangeable or easily-reducible
forms of soil Mn, at least during the first year of the ex-
periment, even when pH was altered to a value less than 6.0,
On the other hand Leeper (1947), typically, found a strong
correlation between scil pH and aumonium acetate-cxtractable
Mny with a marked increase in exchangeable Mn occurring as
the soil pH decreased bslow pH ©.0,

The inability to detect changes in the forme of scoil
Mn following liming may have been due in part to the method
adopted ia this stuay for sampling and analysis of soil cores.
As a result broadcasting liwme over tne s0il surface, & gradient
in scil pH would likely exterd down from the soil surface.
Such a gradient would be dissipeted throughout the whole
sample when & 10 cm soil core was mixed nrior to analysise
This may have lead tc probtlems in the detection of changes in
the forms cf Mn occurring, especially in the upper psrt of the
core, To avnid such poesrible effects wovld necessitote & more
deteiled analyris of portionr of each coil core and this was
not attempted in the present study. Allowing for the dilue
tion effect discuseed above, however, significant changes in
the pH of the mixed soil cores were found in this e:xperiment
but these were not paralleled by any apparent changes in the
forms of soil lne Most atudies relatiing forms of Mn to lime
treatmente have involved the urifcrm incorporation of lime
throughout the soil sample ( White, 1970; Truong et al.,
1971 )e lNo reports are available where lime has been sur-
face-applied to volle in tke field,

The statisticelly significant seasonal variation in
amounte of easily-reaucible Mn (fraction B) at site A cannot
as yet be interpreted since it is by no means clear that
this fraction of soil Mn is in any way related to the supply
of aveilable Mn for plant use. It is of interest to note,
however, that the amount of this fraction tended to be lowest
when the soils were driest and that thie corresponded to the
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lowest herbage Man values, for the countrol plots, obtained dur-
ing the experiment, Unfortunately, insufficient plant and
soil data are available to further assess the significance of
this result.



SUMMARY

A field study was made to deteraine the forms of
native soil Mn, and the effect of lime additiomns on Mn trans-
formations, in a previously-unlimed yellow=brown earth
( Purimu silt loam ) of the Wairarapa district.

Five forms of Mn were measured and changes in these
forms were assessed, at two-monthly sampling intervals, for
a twelve-month experimental period following lime applicaticn,.
Lime was applied at four rates corresponding to U, 1270, 2540

and 5080 kg/ha.

Soil pH changes and, where possible, Mn concentrations
in bulked herbage samples were also determined.

The results showed that lime additions increased soil
pii and decreased the concentration of Mn in the bulk herbage,
The magnitude of pH shift obtained wae consistent with previous
reports for New Zealund $iit Loams. Likewise the decrease in
herbage Mn concentration following liming agreed with previous
findings.

A feature of the results in this study was the failure
to detect changes in the various forms of =s0il Mn following
lime additions This result cannot be satisfactorily explaine-
e at the present time. Problems in the sampling procedure
adopted for this atudy and the choice of pi 7.0 for extraction
of soil Mn forms may be partially responsible for the lack of
expected correlationss 1In addition, there was no evidence for
significant seasonal variatiom in amounts cf exchangeable or
easily reducible forms of soil lin,.
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