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The exchangeable Mg contents of soils in the Inglewcod -
New Plymouth area of Taranaki are primarily determined hy lg
contents of parent materials. Inglewood coarse sandy loans,
formed from Inglewood Tephra coentained the lowest, and New
Plymouth black loams formed from Qakura Tephra the highest,
exchangeable Mg contents. Exchangeable Mg contents of soils
formed from Inglewood anq Oakura Tephras declined wiih increas-
ing altitude. The exchanpeable Mg contents of Taranaki yellow-
brown loams formed from pumiceous parent materials under high
rainfall conditions are more similar to those of yellew-brown
pumice so0ils than of Central yellow-brown loams,

In a pot experiment, the Mg concentrations of ryegrass
plants grown on Burrell gravelly sandy loam (0,24 m.e.' exchenge-
able Mg) or Inglewood coarse sandy loam (0.22 m.,e.% ¢xchangeable
Mg) were lewer than those of plants grown on Egmont bilack losm
(1.22 m.e.% exchangeable Mg) or New Plymouth black loaw (1.44
m.e.% exchangeable Mg)., Only on the two soils of lover exchauge-
able Mg content did Mg additions of from 9 to 36 kg Mg Lumz
result in increased dry matter yields of ryegrasss planis,
Increases in ryegrass Mg concentrations and total Mg uptakes in
response to Mg additions were also more marked on the weils of
low exchangeable Mg content than on the soils of hipgh ewxchange-~
able Mg content. Ryegrass dry watter yields increased with
increasing temperature on all sofls, as did plant Mg concentration
and uptake, although the latter increases were greater on the
soils of low Mg content and did not occur until after a&n appar-
ent critical minimum temperature of ca. 14 C had been reached.

Mg additions had no major effect on plant Ca or K concenirations,

The results of the field survey and the pot experimeni are
discussed in relation to the possible occurrence of Mg deficiency
in plants and animals in Taranaki and the possibility of correct-

ing these deficiencies using Mg-containing fertilizers,
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CHAPTZR T

Introduction

Haznesium is an essential nutrient element for bot
plants and animals, In plants, lig forms part of the chlorophyll
molecule and is believed to particivate in several other
processes, which may include functioning as an enzyme co-factor
in the processes of carbohydrate netabolism phosphate metabolism
nitrogen metabolism and lipid metabolism (Gauch and Krauss,
1959); the regulation of cell osmotic potential (Sutcliffe, 1957)
andi the transport of phosphates within the plant (Jacob, 1958;Gauch
and Krauss, 1959; Suteliffe, 1967).

In animals, Mg is believed to ac

ct

as an enzyme co-factor
in many processss similar to those desceribed above for plant
calls, Further, the normal functioning of nerve cells is
devendent upon the presence of adeguate lévels of liz. Then lg
is deficient, the nerve cells become more irritabls, pvossibly
resulting in the onset of a tetanic state in the affzscted animal,
unes et al, 1970). This disease is known as hypomagnasasmia

(hypomagnasaemic tetany; pgrass stagse s), and is of major
practical importance, particularly in dairy or beef cows early
in the post-parturition period. Over the July-September

period, hypomagnasaemia may affcct up to 273 of the cattle
population in New Zealand., The econonic importance of the
disease arises from the fact that, in many cases, the

affected animals die (Butler and lietson, 1967). It has been
suggested that in order to ensure adequate animal intakes of

Mg to prevent hypomagnasaemia, pasture herbage needs to

contain at least 0.2% Mg (Kemp and T'Hart, 1957). Deficient
levels for plants are commonly considered to be within the range
of 0,1-0,19% Mg (McNaught, 1970). Ls there are few areas of soils

in ilew Zealand which are Mg deficicnt with regard to plant



requirements (Metson, 197&), the present Mg problem is more

one of maintaining adequate contents in herbage to meet animal

requirements, This:problem is accentuzted by seasonal fluctuations

in plant Mg concentrations, with love tents generally
occurring over the late winter-early sroring veriod,

In ths past, scant attention has been paid to the relation-
shios between soil parent materials and soill types, and soil

exchangeable Mg status, in Taranaki, In an early study,

)

Grange and Taylor (193%2) mapped the main soil series in
Taranaki but presented what proved to be an ovér-simplification
of the occurrence of different soll parent materials and the
relationships between them and the various soil types. In

a recent study, lieall (1972) manped a2 large number of soil
parent materials and thus enabled the relationships between
soil parent materials and the various soil types in Taranaki

to be better definsd, This, in turn, has made possible this
study of the relationships beotween soil parent materials, soil
types, and soil exchangeable iig ccnients in several areas of
Taranaki. In this study, several Pactors known, or suspected,
te affect the Mg content of soils, and the lig supply to plants,

were investigated,
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2.1

(e
D

Litersture Pov

Factors Affecting thz lagnesiun Content of Soils,

General,

The g content of an unfertilised. soil is deternmine

primarily by the Mg content of the narent material as modified

by climate, relief, organisms and time., The effects of these

verious factors are summarised below.

e

~

[

Parent Material, For soils of similar age, developed
under similar climatic conhditions, initial total lig
contents gensrally relate closely to the Mg content
of the pnrent rocks. In llew Zenland, Chittender and
Hodgson (1953) demonsirated this relationship for

ils of Viaimea County. 1lany overseas workers,
ircluding Beeson (1959), Salmon (1963) Senmb (1964),
Reith (1947) and Mokwunye and liclsted (1972) have

reported similar tindings,

Climate, The Mg contents of solls are affected by the

intensity of weathering and leaching processes. In warm,
humid climates the rate of weathering of primary minerals
is rapid and Mg is readily recleased from primary minerals
to exchangeable or secondary mineral forms, In cooler

climates the rate of weathering is generally slower, The
interaction between weathering and leaching is summarised

as follows:



Low

iv)

v)

ileathering Intensity High

Low =
Slow release of lig from Exchangeable Mg and
primary miaseral forms; secondary forms of llg
Mg released in soluble accumulate with time
form accumulates slowly as leaching losses are
as Mg exch as leacning minimal,

losses are minimal,

The g weathered out of Secondary forms of lig

primary minerals is do not accumulate as

rapidly leached out of orimary forms are weath-

the soil., ered due to high leaching
losses,

(Adapted from letson and Brooks, 1975)

Reliof, Soil Mg contents may increase or docrease as a result

of s0il erosion from steep sloves. In areas of

p

ow lying relief,
soils may gain Mg in loaching waters from surrounding a

(Manna, 1959; Alston, 1972).

Organisms, Accumulation of g in the topsoil can occur

vhen plant litter of 2 high base content, such as from a
deciduous forest returns lig to the soil surface. Podocarp
foresvs, on the other hand, tend to produce an acid litter

which causes accelerated leaching of ¥g from topsoil, (Blakemore
and Miller, 1968.)

Time., ‘/hile time is not a factor controlling the initial lig
content of a soil, the time-span over which the agencies of
soil flormation have been operating on parent materials
affects the Mg content of soils, As an example, recent
soils formed on rhyolitic ash may possess similar
exchangeable and reserve lig contents to older soils formed
on basaltic scoria even though basalts contain more lig than

rhyolite (Metson and Brooks, 1975). It is important, therefore,



that to compare the effects of parent material, climate,

X

relief and organisms on soil llg contents, the soils should

£

bz of similar age.

2.1.2 Sources of Soil liz,

(a) 1lineral, The minerals which contribute most to the Mg
content of soils are the primery ferromagnesian minerals -
olivines, amphiboles, and pryoxencs (Hetson, 1974) which are
found in greatest abundance in ultrabasic and basic igneous
rocks, The various ferrcmagnesian minerals crystallize during
the solidification of magmaz and substitution of Mg for Fe in
erystal lattice structures tekes place. This substitution
process is possible because Fe2+ and Hg?+ have similar ionic
radii (Mg2+, 0.783; Fe2+, 0.833;} and the same charge, In
the crystallization sequence lMg-rich minerals such as olivine
crystallize first, followed in order of increasing Fe -
enirichment, by pyroxenes, amphiboles and ferromagnesian micas
(Goldschmidt 1953).

The ferromagnesian minerals that significantly contribute
to sc¢il Mg contents are only present in soils where weathering
has been of short duration or low intensity (Salmen, 1963).
However, such minerals may be vreserved deep in the C-horizon
of older soils (7ells, 1968). The important primary mineral
sources of soil Mg are outlined in Table I,

Vleathering of primary minerals may preduce a number of lig=
rich secondary carbonzte or silicate minerals., The carbonate
minerals, dolemite, MgCOB.CaCO3, and magnesite, MgCOB, are of
little widespread significance as soil forming minerals, both
usually occurring as massive local deposits (Goldschmidt,
1958)., The silicate minerzls of most widespread importance are
serpentine, ¥ale, chlorite and vermiculite. Serpentine,
HgasiQO 2H_0, derived by alteration of olivine, pyroxenes or

1 2
amphiboles, and tale, Mg3Si 0 (QH)E; altered almost exclusively

510
from Enstatite, are similar, both being 1:1 hydrosilicates with
lg substituting for Al in the octahedral layer (Goldschmidt,
1958). Chlorites have a 2:2 structure, the second octahedral

layer comprising a brucite sheet (Ficldes and eatherhead, 1968)



Table 1 Primary Mineral Sources of Soil Magnesium

Composition, Structure, Sources and ease of weathering,

Mineral:

Olivine (Mg, Fe)z 5104(3) Independent tetrahedral structure; Common in
Basic and ultrabasic rocks. Readily weathered,
and are not found in New Zealand soils as have
weathered out of basalt-derived 50115(2)

Pyroxenes:

Enstatite Mg2(5i03)2(4) ) Single-chain silicate structure.(4) Found in

Hypersthene (Mg, Fe)2 (5103)2 ; Andesitic and Basic igneous rocks, Readily

Diopside CaMg (Si03)2 ) weathered; where Augite contains less than

Augite Ca (Mg, Fe Al) (Al 512)0 ; usual amounts of ¥e, Mg, weathering rate slower.
May be present in mature soils due to accessions
of velcanic material.(z)

Amphiboles: Double chain tetrahedral structure(4) found in a

Anthophyllite (Mg, Fe) 8103(4) ) wide range of acidic to basic igneous rocks, Are

Hornblende (OH, F)2 Ca, Na, (Mg,Fe)s (A1,Fe)2515022; readily weathered; where present in soils implies

Aetinolite ca (Fe, Mg)s (Si03)4 ; either recent origin or recent accessions of ande~

sitic ash,



Table 1 (cont..)

Mineral:

Micas:
Dioctahedral

(Muscovite)

Trioctahedral

(Biolite)

Fel: spars:
Acid (Ortho

; (2)
K AL, (51A1)4010(0H)2

Kx(Al, Fe, Mg)2 (8L,

)

K Al 81308

Na Al Si_ O

3 8
Ca 312 81208

S N N N

A1)4010

(0H)2

2:1 layer silicate with A13+ in 2 of 3 octa-
Mg may substitute for up to

half of occtahedral AI(J).

hedral sites,
Found in schists,

Relatively weathering
(5)
and

(2)

may also form during weathering of feldspars.,

greywocke and granites.

(2) May contain up to 6% Mg

resiStant,
2:1 layer silicate structure with Mg occupying

it
all octahedral positions, as a Brucite layer e

Occurs in a wide range of rocks; is rare in

rhyolblite,
y (2) ; (5)
Is readily weathered . Contains up to 17% Mg
aad is an important source of Mg in early stages
(

of soil development where present in parent rocks

Structure of frameworks of linked Si and Al

fetfahedra; alkaline or alkaline-earth cations

balance charge deficiencies due to sUbstitution
of Al for Si in the lattice. Contains small
amounts of Mg(2) (1) Found in rhyol ites (Orthocla-

ses) and andesites (Plagiocoses)., Orthoclases

4)



Table 1 (Cont..)

Mineral:

Volcanic

Glasses

References:

(1)
(2)
(3)
(4)
(5)

Fieldes and Swindale (1954)
Fieldes and Weatherhead (1968)
Goldschmidt (1958)

Metson (1974)

Salmon (1963)

relatively weathering-resistant; Plagioclases

(2)

weather easily.

Structure of random chains of silicate tetra-
hedra interspersed with basic cations.(z)
Susceptibility to weathering increases with
increasing content of bases.(z) Some forms of
intermediate and basic volcanic glass appear

to be weathering resistant and would be poor

(2)

sources of soil Mg.



Table 2

3 . . . : -1
Magnesium accessions in rainwater (in kz Mg ha yr

-1 )

estimated at various sites in New Zealand

Station Location Yearly average Reference:
Ruakura Hamilton 4.1 (1)
Wairakei Taupo 3.6 (1)
Marton 3.4 (1)
Makara Wellington 12.5 (1)
Broken River Arthur's Pass 1.6 (1)
Winchmore Canterbury Plains 1.5 (1)
Tara Hills South Canterbury 1.1 (1)
Invesmay Mosgiel 2.4 (1)
Soil Bureau Taita 11.2 (2)
501l Bureau Taita 8.4 (3)
Soil Bureau 4,7 (4)

Taita

(3)

(4)

D. M. Cooper, pers, commn. (1961-63 yearly average).

Miller, R. B. (1961) The chemical composition of rain-

wvater at Taita, (N.,Z.). New Zealand Journal of Scieace 4:
844-53. (1956-58 yearly average).

Blakemore, L, C., (1973). Element accessions in rainwater

at Taita (N.Z.). New Zealand Soil Bureau Scientific Re-
port 17: 16 pp. (1963-71 yearly average).

Claridge, G.G.C. (1975). Element accessions in rainwater,

catchment 4, Taita Experimental Station, 1969-74,
New Zealand Soil Bureau Scientific Report 24: 56 pp.



and are soft zni easily weathored (Kodama and Jchnitzer, 1 97":).
The vermiculifes ere similar to the chlorites but in place of

the brucite Izxyer is a leyer of vater and Ca and Ng ions, T

Ig dons rredoningte and ilie water is in stable hexagonal closelyr
o
i 7 L
vacked Zazyers around Mg~ ions (Peiterson et.al, 1965) .,

(b) Cyclic Sz2izse.

In adlition to rrimery mineral sowrees, eyclic sgalts originciing
from sea water znd contributed in 1ainfall, are often an imrortant
scurece of Mg Tor soils. The amounts of lig in rainfall accessions
vary according To the proximity to the ocean and the direclion
of the prevailing winds (Table 2), Although Vinchmore, Ters

Hills, end Invsrmey ere 21l located closer to the coast Lhan
3

e
H
[15)
iy
(4]
4
Q
|
)
‘k..
;'.
l
t
},_l
Il
g
o]
lr—_’

srevailing winds at the former sit:es

tend to be froz en inland direction thus resulting in smalice
additicns of ¥z by rainfall, It appears that coastal areaa o
eleveteld dnizal zreas exposed Lo winds coning direetly off lim
ocean oy reesive reinfall accossiens of up to 10 Kg g ha i ;f‘cﬂl

or more; Teor exznple, an avea al Aketarawa, near VWellingcton,
-t

Ilew Zealani, r=ceived average agcessions of 13.4 kg Mg ha  yr

- b - . - 2}
(!";11? er, 1955}, Data from other sources indicates a range of

. 5 5 -1 = & s
aceessions Troz .28 = 34 kg lpg ha yr (Sulmon, 1963; JAymitage
= |

and Low, 1970,.

2.1.3 Trensformztions of Mg-bearing minerals in soils.

The trensformziien of primery minerals to secondary forms is
thought to occur either as a result of structural decompos ition
of *he minerzl “ollowed by the re-synthesis of residual procucts
inte secondary —inerals or by substitutional changes in th-

chemical composition of a primary mineral but with concomitant
oreservation of the ordiginal structure of the mineral (Fielr’jcs
and Swindale, 1334), The two types of transformation are shown

overleaf,



1. Olivines 1:1 layer silicates upon
Pyroxenes Amorphous reccmbination and recryst-
Amphiboles gels alization of alumina and
Feldspas silica; e.g. serpentine,
Glasses tale, kaolinites,

llg may be lost via leaching,

2. llornblende =gl -1.1'92; Vermiculites -~
Chlorites +H

(2:2 silicates)

llicas 2:1 layer clays

in which the

brucite layer of

chlorite has been
Jost., May be able
to retain lig from
leaching solutions,

Olivines, pyroxenes and amphiboles undarge dissolution to
form amorphous hydrons oxides wnich then re-crystallize with silica
to form the hydrosilicate Serpentine which has a 1:1 kaolin tyve
structute (Ficlrles and Swindale, 1952;.}. The feldspars and volcanic
glasses weather to form amorphous clay minerals (allophane) or
kaolin - type 1:1 clay minerals such as halloysite (Fieldes
and Swindale, 1951;.).

As neither allophane nor halloysite contain appreciable amounts
of lig, the Mg content of the weoathered glasses is either held
at the exchange sites of the clay minerals, incorporated into the
structure of other secondary minerals, or lost from the soil by
leaching.

The first weathering stage Tor micas involves the loss of
potassium followed by oxidation oif octahedral iron and substitution
of hydroxyl ions for oxygen. At the same time, lig and Fe may
be lost from octahedral positions (‘-.‘.’ilson, 1975). Mg-rich micas
may weather to form chlorites, which effectively conserves lig
in the soil system (Stephen, 1952), within the brucite layer
of the chlorites. Vermiculite can form as the end result of
the continued removal of Mg from both octahedral and interlayer
sites (Barshad, 1960 a, b; Barshad and Foscolos, 1970; Kodama
and Schnitzer, 1973). Vermiculite, vhich has a stable water and
T.‘.gz"“ layer replacing the brucite layer of chlorites (Peterson et.
al, 1965) is able to retain lig from leaching solutions in
preference to Ca and possibly Na (Peterson loc.cit; Stephen, 1952).

i1



The loss of Mg frem other lig-bearing primary and secondary
ninerals also occurs under acidic conditions, A large proportion
off the lig contained in olivines can be released in the presence
of an acidic clay, whereas talec and hornblende release smaller
proportions (Longstaff and Grzham, 19513 Stahlberg, 1959, 1960).
g may also be released from interloyer and octzhedral sites of
expanding clay minerals (Rice and Kamprath, 1968; Christenson
and Doll, 1973).

With time, a large proportion of the Mg content of soil
forming minerals is lost from the soil in leachihg vaters.

The Mg content entering the sedimentation cycle may be re~precip-
itated as the carbonate minerals, magn esite or dolomite, or may

finally reach the ocean as soludle H"' (Goldschmidt, 1958).

.

2.4 Forms and Amounts of lig in Soils,

Although Mg is present in all the soil separates (silt, sand
and clay) (Kaila and Ryti, 1968) it has been shown that compared
on & per-unit weight basis, the soil clay fraction can contain up
to 955 of the total soil Mg (liokomunye and Melsted, 41973b; Rice
and Kamprath, 1968; Christenson and Doll; 1973; Protz and Riecken,
1968; Salmon, 1963). 4n increase in soil lg content with
inereasing amounts of 2:1 layer lattice clays has been noted
(llokvninye and Melsted, loc. cit; Rice and Kamprath, loc.cit).
The 2:1 clay minerals contain lig either in octahedral positions
(biotite and chlorite), in interlayer positions (vermiculite) or
as a substitute for Al in latiice positions (illite and montmor-
illonite). With inereasing weatherins;, many of these clay
minerals degrade to form 1:1 clay mincrals (kaolinite, halloysite),
or secondary silica, of low lig content (Fieldes and Weatherhead,
1958). Exceptions include soils fomed on andesitic or basaltic
parent materials containing unwecathered reserves of ferromagnesian
minarals (Metson and Brooks, 1975) or where conditions of impeded
drainage have resulted in retention of lig (Alston, 1972; Metson
and Brooks, 1975).

S0il clays also retain lig as exchangeable cations. The



relative importance of exchanzeable or structural Mg varies
with soil types. T“here large amounts of 2:1 clays are present,
tho amount of llg present as & structural component is generally
nuch greater than the lg existing a2t cation exchange sites
(3letsen and Brooks, 1975). Soils such as yellow-brosm loams
dorived from andesitic ash (Fieldes, 1968) may contain abundant
Hz initially but can lose lig relatively rapidly during the
veathering process as the donminant allophane and halloysite

clay constituents do not retain iig as

LR S

& structural component

™

(Burrell and Fieldes, 1968; Metson and Brooks, 19?5). The

effect of weathering on Mg contents of volcanie soils has been

investigated in comparative studies of exchangeable and boiling

acid - extractable (Reserve) Mg contents in mature and immature

Ilorthern Red and Brown Loams and lorthern and Central brown

pranular loams and clays (Table 3) derived from basaltic and

wndesitic parent materials, respectively. The irmature members

of voth soil series contzin far greater exchangeable and rescrve

Vg contents than the mature soils, vhich have lost lig as a

rasult of extended weathering (letson and Brooks, 1975).

The sequence by which Mg is first transformed from

primary mineral forms to secondary mineral forms and then lost

irom the soil can be expressed in terms of the forms and amounts

of ¥g in soils at different woathering stages. In this

dizcussion, the following categories of soil Mg are referred

to and defined as:

Total Ng - Mg extracted from a soil with a mixture of strong
acids; includes all primary and secondary mineral
Mg, Mg held on exchange sites and in interlayer

spaces, and any organic lig.

Reserve Mg - Mg extracted from a soil by hot or boiling dilute
acids - often 1.0N HC1 or 1@103 (Stahlberg, 1960;
Kaila and Ryti, 1968; letson, 1968; Metson and
Brooks, 1975). Considered to be Mg in finely-divided
prinary minerals susceptible to acid attack and Mg
able to be displzced from octahedral and interlayer
sites (Barshad, 1960 a,b).

Exchangeable Mg - lig extracted from & soil by a salt solution,



Table 3
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Exchangeable and Reserve Mgz contents of Northern red

and brown loams and Northern and Central brown granular clavs.

Soil Group

Immature N/R & B L
Immature N/JR & B L
Mature N/JR & B L
Mature N/R & B L
Immature N/C BGC
Immature N/C BGC
Mature N/C BGC
Mature N/C BGC

N/R&BL =~
N/ C8B GG -

Horizon Exchangeable Mg Reserve Mg
m,e.%
Topsoil 7.48 + 5.88 24,5 + 27.0
Subsoil 3.64 + 3.08 13,0 + 4,7
Topsoil 1.17 + 0.51 1.3 + 0.8
Subsoil 0.77 + 0,49 0.8 + 0,6
Topsoil 12,33 + 1,03 63.3 + 33.0
Subsoil 17.70 + 4.00 95.0 + 47.5
Topsoil 2,82 + 1.14 1.8 + 1.0
Subsoil 0.78 + 0.45 2.1+ 1.3
Northern red and brown loams
Northern and Central brown
granular clays.

Source: -

Metson and Brooks (1975)



commonly either a dilute Ca salt (0,05 - 0,01 N) or
@n ammonium salt (IN buf'fered at pH7. Dilute acids
(0.01 ) are sometimes used. Includes lig held at
exchanse sites and able to be displaced by the cations
in the extractant, and alse includes any water-soluble

Mg or Mg held at orgznic exchanze sites,

The amount of Iz held at organic exchange sites is unknown
but is thought Lo constitute a large pronortion of the total
amount associated with the exchangeable fraction (lokvunye and
l":cl:s,‘-:ed, 1972). True organic-complexed Mg is generally only
present in small amounts (lolwmnye and ifelsted, loc.cit).

Immature, or recent soils are characterised by the similar-
ity of total lg contents throush the profile, The so0il lg
content is primarily determined by the lig content of the parent
naterial, as shown in Table ., These soils contain most of the
minerals inherited from the nerent material even if such

minerals are easily weatheradble (Pieldes and Veatherhead, 1963).

£t

Tiie content

ts of reserve and exchanpgeable g have been shown
(Metsen and Brooks, 1975) to vary markedly between recent soil
types presumably reflecting the ease with waich the minerals
rresent are weathered, and the lig contents of these minerals,

Therefore, recent soils from andestic ash may contain less

reserve and exchangeable g thon soils derived from hydothermally

altered rhyolite, which although i \n‘rl'ia“g contoined  less Mg,
was more eazily weathered,

Older soils show a different distribution of Mg in the
various forms. Ifost of the lig-bearing primary minerals are
decomposed, except for larger sized particles,or the more
resistant minerals, particularly if hipgh pH conditions exist
in a region of low leaching intensity, Thus biotite may
persist for long periods in sands of P> 6 (Fieldes and
Weatherhead, 1968), Vhere 2:1 clay minerals have formed, Mg
will have been incorporated into the clay mineral structures.
Such s0ils are characterized by high reserve Mg levels (Metson

and Brooks, 1975) when compared to soils formed on Mg-rich



Table 4

Barrhill fine sandy loam

(Southern recent on accumu-

lating loess).

Horizon

A11

12
(B)

11

Total Mgz contents in the various horizons of some recent New Zealand soils

Total Mg

(%)

0.7

i.1

1.1
1

(Central recent, from

Horizon

12

IuC

Ngauruhoe sand

andesitic ash).

Total Mg

(%)

Selwyn sandy loam
(Weakly-leached

southern recent).

Horizon

Aii

12

11
ul

Retomahana sandy loam
(Central recent, from

andesitic ash).

Total Mg Horizon Total Mg
(%) (%)
0.6 Al 1
0.65 C 1.2
0.7
0.8

97



17

volecanie parent materials, vhich contain amo“phoda clays, Soils
hisgh reserve lg content are better able to replenish loss
of ilg from e xchanze sites, The effeects of more advanced uehtlering
of lovsoils with respect to subsoil horizens is typically
reflected in the lower total lip conteats of the topsoil.
U,atha?ing and mutriest recycling effects generally result in

1igher exchangeable Mg contents in the %tonsoil than in the
subsoil (Metson and Brooks, 1975).

m

The proportion of Mg in the tobtal exchangeable base

senerally increases with soil age, As Eg2+ is displaced from
exchange sites by H* originating from rainwater or organic
matier breakdown and brought into the soil in the leaching
solution, it is able to be replenished from octahedral and
interlayer positions in soil minerals (Barshad, 1960a; Barshad
and Foscolas, 1970; Longstaff and Graham, 1951; Stephen,
952a,b; Stahlberg, 1950). Other soil exchangeable cations

especially CaQ+ and Na +, are not commonly incorporated into

secondary mineral structures, ond once released (from vrimery
minerals) are retained on exchangse sites in the soil, Hence,
leaching losses of these exchanrsezble cations mey not be able
to be replaced,

The relationship between P! and soil Mg levels is quite

distinct and is also related to the stage of profile
develooment, soil pH generally decreasing as soils age, and
the base saturation, decreases under the influence of leaching
(iklander, 1974). Low pH (older) soils tend to have low
total Mg levels in thz topsoil, while high i younger or poorly
drained soils have higher total g levels, The proportion of
tetal lig present as exchangeable lig i3 greater in the lew pH
soils, possibly reflecting the effect of replacement of lig by
1Y in the soil minsrals resulting in the displacement of Mg
and release oh to exchange s¢tﬂ"(t6ﬂc‘9

Once soils have reached the mature stage, they generally
contain clays of 1:1 or amorphous structure, and/or icon oxides

(Fieldes and Weatherhead, 1968). llost of the Mg present resides



Table 5: Topsoil (A Horizon) exchangeable and total Mg

contents and pH of some New Zealand soils.

Soil type Exch, Mg Total Mg pH
n.e.% %

Okanto peaty loam 1.5 0.1 4.1
Tautuku silt loam 3.5 0.2 4.1
Vharekohe silt 2.3 0.08 4,3
Kaingaroa loamy sand 0,27 1.0 4.0
Patua loam 2.0 1.0 4.4
Otanomomo peat 14.8 0.3 4,3
Mean 4,06 0.5 wa
Manorburn sandy loam 2,2 0.3 6.2
Waikakahi clay loam 2.4 1.4 6.6
Waiareka clay 2l.1 2.5 6.4
Ahuriri clay loam 5.6 0.9 7.0
Selwyn sandy loam 1.2 0.6 6.0
Mean 6.5 1.1 G.a**
Mean of 54 soils - 0.8 5.5

* 9.9% of total Mg = exchangeable Mg

I

** 7.2% of total Mg = exchangeable Mg



in mineral forms which are not readily weathered (Mokwunye anl
lielsted, 1972). lature soils geperally contain smaller amounts
of reserve, exchangeable and total iig, and lower reserve ond
total, although not necessarily exchangeable Mg contents, then
immature seoils, 1In general, mature soils are depleied of mosh

vases - Ca, K, Na, as well as lig (fells, 1968).

bl &=
Under acid conditions, especially wheré low-fertility demonding
nlant speecies are vresent, orpanic motier breakdown is slow and

a2 nor-type humus leyer may form (Taylor and Pohlen, 1968). This
x ot kY tv - ]

results in a considerable accuvmunlation of Mg in humus horizon:
abvove the topsoil, Thus weathering trocesses, soil erosion and

el

movement of soil colloidal perticles dovm +the profile (Mokwunye

L2

and lielsted, 1973b) result in the depletion of Mg levels in

4 .

the topsoils of highly weathered metwe seils, This trend muy

be partly arrested by the aciion of plents in eyeling some of

back inta the topsoil layar in the plant littér,

Published dzata on the kg stalus of' 5 soils formed on

andesitic ash in Tarenalki, incluling exchangeable reserve, awl
wiere available, total Mg contents are listed in Tehle 6,

L £l

The topsoil exchanpgeable Mg contents are evidence for the:
effects of both the more advanced stage of weathering of the
topsoils and, particularly in the case of Fatua loam, the
effects of nutrient cyeling, as {hie subsoil of Patua loam

has very lor levels of exchangeable ¥Mg. Reserve Mg contents of
the recent soils probably refleet differences in compositien

of' the parent materials (Mctson and Brooks, 1975). Despite the
aporeciable contents of ferromagnesian minerals in the sand
fraction of the yellow-brown loams, the reserve Mg contents

are all low, as the clays probably do not contribute to the
release of non-exchangeable lig (etson and Brooks, 1975). The
decrease in the reserve llg contents of hoth topsoils and subsoils
of these yellow~brown loams is accompanied by the loss of some
readily weathered ferromagnesian mincrals particularly endesine
(intermediate feldspars), volcanic glasses, biotite and horn-

blende from the sand fraction, which also decreases in abundance
2



Table 6: Exchangeable, reserve, and total magnesium contents (in m.e.%) of soils
formed frowm andesitic volcanic ash in Taranaki
Soil Type Classification Exch, Mg Reserve Mg Total Mg Mg as % CEC
T S T S T S T S
RBurrell gravelly Recent so0il on Burrell 0.9 0.4 4,2
sandti). andesitic ash
Burrell gravelly itecent so0il on Newall 1:1 1.6 1.5 4,7
sand(i) andesitic ash
Stratford coarse Moderately leached 1.4 0.9 4,9 4.3 82 82 5.0 4,0
sandy loam(Z} Central yellow~brown loam
Egmont black Moderately leached 5.4 3.9 4.9 - 74 148 15 13
loamtz) Central yellow-brewn loam
Patin 1oan =" Very strongly leached 2,0 0.2 3.9 1,2 82 123 4.0 0.4

Central yellow-brown loam

References:

T - topsoil ; S - Subsoil

(1) Metson and Brooks (1975)

(2) New Zealand Soil Bureau (1968)
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Table 7:

FFrequency of occurrence of fesromagnesian minerals in the sand fraction of Central

Minerals

Sand % of soil

Feldspars (andesine)

Glass

Micas: Biotite
Muscovite

Hornblende A

Hornblende B

Augite

Hypersthene

yellow-brown loams from Taranaki

Stratford coarse

Topsoi

47
A
A/s
R

-~ aQ 0

sandy loam

1 Subsoil

= & B < |

Egmont black

Topseil

s frd
A
a/s

P n O

n

loam

Subsoil

R

Topsoil
38 36
a A
c/c C/c
~ R
S C
C S
a a
- S

Patua loam

Subsoil

12



with increased weathering (Table 7).

Total Mz contents in topsoils and subsoils show evidence
for the effects of differential weathering of the different
herizons in the representative Taranaki soils, Total lig
contents in the Stratford coarse sandy loam are the same in
both topsoil and subsoil; with increasing weathering, total
Mg contents in the topsoils are Jess than those in the subsoils
on the Egmont and Patua loams (Table 6). C.7.C. in

In the 5 representative soils Mg.saturation m./topsoils
and subsoils parallel the amount of exchangeable Mg present
in the respective horizons, showing the effects of increased
leaching. As the rate of leaching increases, so lig is lost
from exchange sites, and because of the nature of the soil clays,
which are mainly allophzne and hyirous feldspars (N.Z. Soil
Bureau, 1968), taere is insufficiont reserve Mg available to
raplace these losses

The soils from Taranaki arc examples of soils Tormed from
winerals that weather ints amorphous zecondary minerals (as
described by Mieldes and Swindale, 9).’) for vhich lig content

changes with increasing weathering in the f’ol."_o':.'ing; way:

4

i) Exchangeabhle lig contents first incroase and later, under
the influence of increas2d leaching, decrease, particularly
in the subsoil, Nutrient cycling may only partly counter

this trend in topsoils,

1i) Reserve Mg contents decrease as the readily weatherable

lig-containing minerals are deconnosed,

11i) The total Mg content of the bLopsoil decreases with respect
to that of the subsoil.

iv) The Mg saturation of the CEC in the subsoil decreases

relative to that in the topsoil,

2.1.5 Losses of lig From soils,

a, As a result of leaching.,

vintermediate

=
t

The replaceability of iz with other cations
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between K and Ca: NA'> A E52+j> Ca2+ (Miklander, 1974);
Kuerbz and Melsted, 1973). The rate of loss of Mg from the soil

oA

13

governed not only by the ease of replacemant of Mg by other

0¢t1n“a, but also by several other factors, including:

L

ide

i

)

Rainfall and Infiltrztion rate, Under high rainfall,
specially vhen frequent heavy falls occur, the rate of
leaching of lg may initiczlly be high from juvenle soils,
Older soils have generally become impoverished of lig under
such a regime, and so the rate of leaching of Mg may be
slow, High rainfall intensities tend to lead to rapid
percolation of the leaching solution through well~drained
soils, so that an equilibrium is not established between
the soil and the solution (iklander, 1974). Accordingly,
the lig concentration in the leachate tends to decrease as
rainfall intensity increases. In less well-drained soils,
the persolation rate tends to remdin relatively constant
over a wide range of rainfall intensities and hence the

llg congentration in the leachate does not vary as widely

L1

in well-drained soils, Also, coarse textured soils,
besides being well-draired, usually have a lower CEC and
exchangeable lig contents than their finer-textured counter-
parts; thus the amounts of Ilg lost from coarser-textursd
soils are usually less than those from finer textured soils
dus to differences in both drainage rates and

exchangeable Mg present contents,

Amount of Mg present in the soil, Under a constant leaching
regine, the amounts of lig leached from the soil will vary

in proportion to the amounts of exchangeable Mg present in
the soil. (Salmon, 1963; Xurtz and Helsted, 1973).

All soils under a leaching regime, will tend to lose Mg
(Wiklander, 1974); the rate of loss of Mg being partly
determined by the capacilty of the soil to buffer these
losses. The importance of readily-weathered reserves of

Mg in the soil lies in their ability to buffer leaching

losses of exchangeable lig (Stephen, 1952; Wilson, 1975).



iii) Composition of the Leaching Soluiion,

»

As the salt concentration of a leaching solubtion increases
there is a greater tendency Tor tas displacement of cations

from the exechange comnlex of ¢ seil by the process of ion
2

. + = N S .
exchange. The presence of Ca ", K ? or IH in percolating

+

solutions as a result of fertiliscr applications or passage

-

through upper horizons ol higher ceontent of these elements
results in the displacement of 1lg from soll exchange sites
(Dixon ana Taylor, 1942; Tlosgs, 1960, 1962; Kurtz and
lielsted, 19733 Wiklander, 1

The presence of mobile anions tends to increase the
displacement of Mg by cations in the soil seolution., Thus
application of chloride or nitrate salts to the soil can
result in greater losses of lig than application of bicarbon-

ate, carbonate or phosphate salts (Hogg, 1962; Pratt and

S0

Harding, 1957). Nitrogenous fertili
cause leaching losses of ilg by direet displacement of lig
+ . vind
from the pxchange sites (F‘, -0 ‘.:‘:,-} or by providing
r

ultimately, & mobile anion to the leaching solution (No“j)
Urea tends to be less effective than ammoniacal or nitrate
salts in removing Mg from the soil (Pratt and Herding, loc.
cit) probably bacause of the slower release of RHAT and N0_3
from thic fertiliser compared to that from the nitrate or
ammonium salts,

Aeccelerated Mg loss resulting from urine applications
(adding X' and NH#+ to the soil) was described by Hogz (1958).
The loss of lg trem beneath dung votches was noted by During
et al,(1973) who found thet the under dung patches Mg was
more susceptible to disnlacement by KC1 fertilisers than
that in the surrounding areazs, Tosses of Mg of up to 15
kg ha_1yr_1were cited by Dixon and Taylor (1942) as the
result of apolication of supnerphosphate to soils in the

Waikato (N,Z.) over a 20 year period.

iv) Organic cycling., Mg wpbake by plants, and the subsequent

deposition of litter at the soil surface may retard the



the loss of Mg from seils (Jacob, 1958; Miller, 1963;

Low and Armitage, 19?0)

b. Removal of soil materiel from the profile, Ng may be

K]

' crosion on sloping sites,

e difficult to evaluate;

renoved from the soil as a result

o

f ¥g due to this process

w

©

) estimated that on such sites, the losses of Mg due
were equivalent to apoproximately one=half of the
leaching losses, Similarly, the do’.‘rnz’:;‘-.rc’l movement of soil clays,
vhich may contain a large proportion of the soil lig may proceed
in a manner analagous to the leaching of nuiriest ions (Kurtz and
lelsted, 1973), resulting in the depletion of liz contents in the
topsoil. This is considered to be one of the ways by whi

mature soils have become depleted of lig (I okvunye and Melsted,

1973b).

Ca T"l‘f"oll"';.’l rempoval by plants and arimals,

The amounts of g removed from the soil in crops .varies

very widely depending upon the 1lg content and y3

._}
D
[
Lt
o
y
.+
|'T

£

o

varticular c**‘n"). Various estinate the amounts of Mg in
! .
I

crops range ﬂ 29 k

5
g ha 'yr  (3zlmon, 1953); or 3-109 kg
1 1 . & - sy .
ha yr (Fz-n.ed and Broeshart, 1957). The amount of lig removed

1

in a hay cron has been estima

oo

ted at between 7 and 12 kg Mg ha
(i}urjn 19?”) ..+ The probable loss of Mg in milk from
dairy farms is estimated at ansroxinately 2 kg Ng I‘;a_1yr_1 -
Transfer of lg from the soil to unproiuctive areas (sheds,
races etc.) in dung may account for another loss of approximately
3 kg Mg ha” yr = . (During, loc.cit).

On sheep farms, the main loss of lig from the soil probably

=

results from the transfer of lig in dung from grazing areas to
stock camps vhich may amount to anproximately 20% of the tot
turnover of lig under a sheep msiure ( i.e. 4-6 Kg Mg ha.-dy:t"-‘l
where annual pasture production is 11,000 kg. D.M. ha"‘t),-r"‘1

containing 0.2-0.3% Mg, (During, loc. cit).

4
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2,2 Iactors affecting Mg Uptake by Plents,

2.2.1 Introduction,

The upteke of lig from the scil by plants is dependent upon

i
the interagtion of a number of soil and plant factors, These

include

i. ©oil Mg content;
11. Mg supply processes of diffusion, mass-{low
and root intercention;
iii.Cation-arnion balance;
iv.Efficiency of uptele and transloecation of Ng
by plants;
v. Environmental factors.

vi. lon antagonising,



2.2.2 Soil Mg Content anil llg Availability to Plants,

leasurenment of the activibr of l'gf or its concentration,

he soil solution, and especinlly indices which allow for the

)
Q
1
*Ci
0]

etitive effects of other calions (Ca2+, K H30+) on Mg
upiake, have generally been found to be the most successful
for predicting the amounts of soil lig available to plants
(Salmen, 1964; Alston, 1972). These measurements are
intensity measurements, however, and give no indication of the
long~term lig supplying power of & soil,

lieasurements of the amounts of various categories of soil
ilg including total lig, acid-soluble lig, and exchangeable lg
contents, have tended to be less successful in predicting the
amounts of Mg taken up by plants due to the indirect relation-
ship between these categories of llg and the amounts present
irr the soil solubtion, These measursnents are useful for

identifying soils where lg availability may be marginal, or

1

.

example, soils with lov total 1z conlents are unlikely to contain

lirge amounts of dilute acid-soluble or exchangeable lig (Metsnn,
197&) and the potential of such socils to maintain an adequat
pply of Mg for plant nseds would be low, Similarly, soils
with low levels of acid-soluble ("reserve") Mg are unlikely to
be able to maintain adeguate amounis of plant available Mg
over the long term, (Metson and 3rocks, 1975; MNetson, 197k,
1968), as it is from this pool of soil Mg that losses of
exchangeable Mg, by leaching or vlant uotahw, are replenished,
fHowever, as direct indicators of the amounts of Mg available to
plants over a single growing season, measurements of reserve
Mg are of limited use. Some investipgators (Rice and Kamprath,
1968; Christenson and Doll, 1973; Kidson et al, 1975) have
found releases of non-exchangeable lig to plants over a period
of months, but generally these releuases have occurred only when
soil reserve Mg levels were nigh (D15 n.e.5) due to the presence
of unweathered ferromagnesian nminerals or 2:1 and 2:2 layer clay

minerals, It seems likely that in most situations the release

21



of non-exchangsable lig over a single growing season is too
small to have any appreciable effect on the amounts of lg
available to plants (Salmon and Arnold, 1963).

Soil exchangeable lig contents are directly related to, and
in equilibrium with, the amounts of lig present in the soil
solution (Shone, 1967). Unfortunately, this relationship appears
to be unique for different soil types, and depends upon a number
of Tactors including soil C=C, amounts of Ca, K and other
exchangeable cations present, and soil moisture content
(Arnold, 196?), Thus as general predictors of the amounts of plant
available Mg present in the soil, or the amounts needed for
ndeqnate plant nutrition, exchan:eable lig determinations have

. limited success, as evidenced frem reports by lcliaught et
al (197; a); Salmon (1964) and Alston (1972). ‘hen individuval
soils and crops are considered, the utility of exchangeable
Jig as a predictor of the amounts of plant available Hg improves
(eog. lcNaught et al, 1973 b).

fttempts to inprove the efiiciency of exchangeable lg as
a general predictor of plant available Ilg have had linited

success, for a given amount of exchangeable Mg the concentration

~

T g in the soil solution tends o decrease with increasing

;011 CEC (Arnold, 1967). Thus the relative saturation of the

tr
o]

il cation exchange complex with Iz has been employed (Bear
and Toth, 1948; Prike et,2l, 1947; Felbeck, 1959) as an

G P e we -
index of available soil Mg with 2 minimum value of 104

saturation proposed as an adesauate supnly of lig for plants,
Gimilarly, the use of other ratios such as exchangeable Ng/

exchangeable Ca, exchangeable lg/ exchangeable K, exchangeable
Mg/TEB have been advocated to allow Tor possible antagonistic
effects of other ions on plant lig uptake (Hooper, 1967;

Hovland and Caldwell, 1960). 501l texture has also been used

as an added criterion for relating the amounts of soil
exchangeable Mg to plant requirements (Schachtsabel, 1954) with
the amounts needed increasing for finer textured soils. This is

in agreement with the concept of maintaining a constant Mg

28



saturation of the soil C

33

3G, as CLC generally also increases
as soll texture bescomss finer.

The data summarized by llctson (1974) indicate that on
seils with low soil exchangeeble contents, there is little
difference in the amounts of exchangezable lig extractad by a
large range of neutral or weakly acidic extractants. Only
where soils contain carbonates or casily-weathered Mg silicates
do differences occur with dilute solutions of strong acids or
salts buffered in the acid range extracting more Mg from such
soils than dilute salts or weak acids,

With regard to the success of any of the above methods for

determination of the amounts of plant availadble Mg in a soil,
Fried and Broeshart (1967) commented that the only reliable
indicator in any given situation is the plants themselves,

e single parameter is likely To be successful in defining

e use of ratios of exchan: is subject to similar
imitations, and as Felbeck (1939) vointed out, none of the
ratios appear to be critieal, and the values found can vary

ovar wide ranges without racessarily affecting the health of

Perhaps the most comprechensive annroach to the problem of
deternining amounts of plant available lig in soils was suggested
by Jeckett (19?2). This aporoach involves first characterising
soil Quantity/Intensity rslationships for the nutrient
e¢lements of concern; then, by considering the amounts of these
elenents likely to be withdrawn from the soil by the crop grown,
probable changes in soil solution activity ratios over the
course of the growing season could be caleculated, If these
activity ratios decreased below certain critical values which

were tentatively established after a series of trials, then

o
lie]

plication of fertilisers would be indicated. TFor Mg, Beckett
(1cc. cit) sugprested that if ah@/ax fell below a value of 50,
then the application of Mg fertiliser would be likely to produce
& crecp response,

A summary of the findings of these various reports is given

Table 8 overleaf,

bus amounts of lig available to nlants in all soils (Metson, 1974) .
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Table 8: Tabulated values of minimum required exchangeable and

reserve Mg contents of soils

quoted in the literature

a) Exchangeable Mg

i) A kg Mg b~ % Extractant
17-23 "0.05N HC1
112 not indicated
23-68 not indicated
112 Georgia soil test
procedures
o6 Dilute acids

ii) As mg Mg per 100g soil
3-5 IN NH,CAc pH 7
20 IN NH,OAc pll 7

Comments

liorticultural crops

Arable cropping

Annual requirement for
arable crops

Arable crops will respond
to Mg additions below this
soil content

Maize will respond to Mg
additions when soil Mg
content less than indica-

ted level.

Pasture pisntis
Provision of adequate
i

Mz in pasture for animal

health

Reference

Prince (1941)

Felbeck (1959) citing Hester et al,
(1947)

Beeson (1959)

Gallaher et al, (1973)

Hall and Hegwood (1975)

Reith (1964, 1967)
Reith (1964)

O
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Table 8 (Cont..)

a) BExchangeable Mg Extractant Conments Reference
0,17 IN NH40A0 pll 7 For clovers on pumice soil Dorofaeff and McNaught (1962); data
recalculated by Harrod and Caldwell
(1967).

iii) As m.e.% Mg

0.3 Not indicated Agricultural and cropping
soils Welte and Werner (1963)
0.3 IN NH4OAC pll 7 Agricultural and cropping
soils Metson (1968)
o4 )
6 ) IN NH40Ac pH 7 Agricultural use of light Schachtsabel (1554)
) medium
1.0 )
heavy
textured soils
0,15 IN NH40Ac pll 7 For satisfactory clover Dorofaeff and McNaught (1962)

growth on pumice soils,
1,0 IN NH40Ac pH 7 Pasture responses unlikely McNaught et al, (1968 a, b)
on medium-heavy textured

scils

-
L .s’:)
Lt
5



Table 8 (Cont..)

b) Acid-soluble ('"reserve") Mg

30 m.e.%
15=30
7-15
3=-7
3

5.0 m,e.%

e R W W o W WP N

Boiling in HCI

for 15 minutes

Boiling 1N HC1,

one hour

Extractant

Comments References

Soils with low or Meson and Brooks (1975)
very low contents

)
)
)
Medium ') of reserve Mg likely
)
)
)

Low to become Mg-defici-

Very Low ent in near future

Minimum level for pasture Mayland and Grunes (1973)

requirements citing Broek and Van der Marel
(1959)

g ]

s 5::



2244 Kovement of Mg through the foil te Plant Rooly

m
$ L

Kere are three processes by waich lig may be brougnt into

contact with plant roots for possible upﬁake-

Rootv interception,

lass flow,

Diffusion (Corey, 1973).

Root Interception results irom the occupation by prowing
roots of space formerly occupied by soil particles, which
nay hold nutrients adsorbed to their surfeaces. As z result
the roots may take up some of flicse ndsorbed nutrien In a
trial with corn on a well fertilised silt loam at p16 , 16 kg
Mg ha-ﬂ was considered to be made available to the crop by
this process (Barber, 1966, cited in Corey, 1973).

Hass flow is the movement of g in solution in ani with
the s50il water., Vater movemeni in the s9il oceurs as a resulb

of rainfall, water uptake by bvlants, or wpward capilliary

4

novenent (Subteliffe, 1967). The major factors which delermire

the amounts of lig vresent in the soil solution have already

been discussed in Section 1,.1.% (leaching of Ng) and include soil
exchangeable Mg content, CEC, i, amounts of other anions and
cations in solution, soil texture and soil moisture content.

vater and nutrient uptake by roots are two separate processes;
mass Tlow serves only to bring nutrients into close proximity
with plant roots (Sutcliffe, loc.cit.). Nutrient uptake depends
upon the state of the plant and its demands for nutrients, so
that all of the lig brought to the root surface may not necessarily
be taken up. In some cases, vhen supnly exceeds demand, it
is possible to find an aczcumulation of lig oceurring at the root
soil interface (Fried and Broeshart, 1967).

Generally, mass flow is thought to be capable of providing
clequate Mg for plant reguiremcnts throughout the growing season
(22:ber et.al, 1962; Fried and Broeshart, 1967; Corey, 1973).

The amounts of Mg moving by diffusion to the root surface
are generally very small, This results from the low diffusion

coefficient of Mg in the soil, c.g. the diffusion coefficient

A
-

y -7 2
for lig in a homionic soil was ecstimated to be 2.2x10 ocm~™ sec



and in a heterionic soil, 1.0#10 en’ses (Graham-Bryce, 1967),
Thus the distances from which iig can diffuse towards the root 1o
satisfy plant requirements are vory small being of the order of
107 40 10 (c"l (Fried and 3roeshart, 1967), and the volume of
soil (the Diffusion Volume) vhich can nrovide Mg via diffusien
to plant roots is correspondingly small,

Diffusion and lasslow are inter-related as the diffusion
volume can be replenished by the influx of ions as a result of

nass flow. A soil with a high content of exchangeable g may
therefore supply Mg to the rools by diffusion for a longer
eriod than a soil with a low cxchanpgeable lig content with the
low lig soil having to provide nutricnts from a larger voluuw
(via maess flow) to be able to meet plant needs.
The accessability of soil I’z to plants is also influenced
by the type of root system present. The greater the peneiration

f the soil by plant roots, ihe shorter are the mean distences

are required te iravel to reach the plant root (Mengel,

19?#). Plants with well-divided i'ibrous root svstems are

a

2

more likely to be able to extract sufficient g from a soil wilh
low levels of plant availeble iig than are those plants with
less extensive root systems.

Thus, root interception nay result in varying amounts of
lig being brought into contact with the root system for possible
uptake, depending upon the type of crop and the amounts of
adsorbed Mg contacted in this way, Iiass flow usually provides
the balance of plant hg requirements throughout the growing sczson;
only where soil Mg contents are low would diffusion play a

significant role (Graham-Bryce, 1967).

2.2.k. Mapgnesium uptake by plents.

a, Uptake mechanisms and translocation of lig.

The absorption of Mg by plant roots is an energy=-requiring
process (Brouwer, 1956; Sutcliffe, 1967; Hodges, 1973) probably
involving a carrier mechanism to transport Mg2+ ions across

the root-cell membrane (Epstein and Iegeet, 195k). The nature
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of the actual carrier has not been elucidated; however, work
with vhosphorylation uncouplers has suggested that the enerpgy
reguirement for llg uptake is rrovided by ATP (Sutcliffc, 1667
lodges, 1973). Rvidence for lizg uptake sites separate from thosz
of other alkeline earth cations was found by Collander (1941) and

vievr

Enstein and Legget (1954). However, in a recent

o
4
A

2

Hodges (1973) presented evidence for a single carrier uptake
nechanism for transporting cations zcross the roov cell membrane
with the relative amounts of diffTerent cations taken up being
deternined by their respective solution activitiés,

After absorption by roots, lig is mobile within the plant,
the proportions of total plant Mg in the diff'erent plant parts
changing as the plant ages. The concentiration of Mg in the
roots exceeds that in the tops in seedling plants, but the
situation is reversed as the plants mature (Brown, 1959),

38 1

kg may also be translocated from older to younger lenves (Cnuch
and Krauss, 1959), from vegetative Lo reproductive orrans
(Rrawn, 1959) or fromstems and pectioles into leaves (&:bbe wnd
Vackenzie, 1973). The Mg concentrotion in pasture plants,
serticularly gresses, inceases 2s tlic plants mature (Grurnes,
1973). An increase in the Mg content of grasses has commonly
been observed over the late spring-autumn perioed (Grunes, 19733
lelaught et al, 1968a, 1973a; layland and Grunes, 197k, and
Reith, 1963).

be Plant Species Differences,

Plant species differ both in their requirements for Mg and
in the relative efficiency with which Mg is taken up from the
soil, Varietal differences in the efTiciency with which Mg is
absorbed from the soil and translocated within the plant have
been found for a number of species including: sweetcorn (Clark,
1975); maize (Iutz et al, 1972); wheat (Ward et al, 1973);
white clover (Snaydon and Bradshaw, 1969); and peanuts (Hallock
et.al, 1971).

With resard to pasture species, Reith (196L) shoved that

perennial ryegrass (Lolium pcrenne), Cocksfoot (Dactylis glomerata)
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and Timothy (Phleum pratense) had similar resuirements for Mg

Pasture grasses generally conbtained lower Mg concentrations

in herbage than clovers (Mclausit et al, 1968a; Rieth, 1963

-t

96L). Mowever, clovers are more sensitive to changes in soll

Mg status, so that changes in the lig content of mixed herbage

in response to Mg fertiliser applicziion are generally greater
the higher the prorportion of clover in the sward (Rieth, 196L).
The magnitude of the seasonal changes in herbage Mg concentration
is generally greater for grasses than Tor clover, so that by
later summer, grasses and clover mgy both possess similar lg
concentrations (Rieth, 1964; lellzugnt et al,1968(a);

During, 1972).

Different grass species vory in their ability to extract

Mg from the nonexchangeable vool of soil Mg. XRyegrass was unabl

B

to utilise nonexchangeable soil lig durding the course of a pot
trial (Salmon and Arnold, 1963). Paagolagrass (Digiteria
decumbens Stent), however, was found to be a very efficient:
user of lg "Tixed" in the c¢lay {raction and it appears that
most tropical grasses need very little llg for opntimal growth

(Chesney, 1972).

Ce Environmental Effects,

As plant Mg uptake is an energy-reguiring process, it
would be expected that Mg absorption would be affected by environ-
mental conditions, mrticularly those of temperature, light,
intensity and oxygen availability in the soil,

The relationshig observed in many plant species betiween
temperature and Mg uptake is related to the energy requirement
for root Mg uptake; as tempersture increases, so the rate of
energy production is ircreased and plant roots become more
efficient at absorbing Mg from the soil (Corey, 1973). Temp-
erature dependence of the Mg concentration of ryegrass and
other pasture species has been demonstrated in several
experiments (Dijkshoorn and T'Hart, 1957 ; Hendricks and Grunes,
1966; Grunes et al, 1968; Hclaught et al, 1968 a; Stuart et 2l,

1975). Herbage Mg content in these frials generally increased



over the range 5 = 20° Ce Similarly
of Mg in the grain of wheat (
small grains (Iard et al, 197
-25%,

As light inténsity was decreased to about 253 of full

nauskas et.al., 1975) and other

3) hove been observed over bthe ranen

un

daylight, kg concentrations incrsased in the leaves of fregthed

vheatgrass (Agrovvron desertorum), Basin Wildrye (Elymus cincrous)

(Kayland and Grunes, 1974) and Coastal Bermudagrass (Cyznodon dactlon)

, increases in the concentrations

(Burton et al, 1959). This increase in leaf lig content was thought

to be the result of luxury consumption of lg (Burton et.al, loc,
cit); i.e. total Mg uptake was reduced by the decrease in

light intensity but not to the same extent as the decrease

in total dry-matter production which also occurred. The findings
of Deinum et al.(1968); and Hishi et al (1968) indicate that

a similar phenominon occurs in Perennial Ryegrass, as, although

herbage g concentration was noti measured in these studies, toind

: ]
plant N, cerbohydrate, and ash contents charnged in a similux
manner to those in the above siudies. The results of' liclought
et al (1968z) however, showed a positive correlation between
inecident radiation and Mg content of pasture grasses (mainly
ryegrass).
4s root respiration (and lence ernergy production) is

dependent upon the presence of adecuate oxyszen in the soil atmos-
phere, it would be expected that lig uptake by plant roots would

be sensitive to soil seration status (Coray, 1973). However, lg

uptake by barley did not appear to be affected by the soil zeration

state (Ward et al, 1973), and dn another study, Labanauskas et.al,
(1975) showed that while the concentration of Mg in wheat grain
was unaffected by soil aeration, !lg upteke was reduced, due to

a reduction in wheat yield, by saturating the soil atmosphere

with nitrogen,

d. Antagonisms.
i K/Hg
The antagonism between the plant uptake of K and Mg has

been long recognised. The first indications of this antagonism

CAY
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were found on acid sandy soils when anplication of XK fertiliser

esulted in the appearance of liz deficicrncy symptoms in crops.
Since then, the K/M? antagonisn has been recognised in a larme
nunber of crops, including some grown on soils with apparently
adequate levels of exchangeable lig (lletsen, 1974)., The RAlg ant-
agonism may not necessarily result in lig deficieney btut the
application of K fertilizer mey result in a depression of plant
Mg content and, in some cascs, cron yield,

In coarse textured soils K addition, .whether as a Tertiliser
or in animal urine, may result in the displacement of kg from
the exchange complex with possible loss of Mg by leaching (Hope,
1960,61,68; Welte and Verner, 1963; During et al, 1973). In
this way, the aveilability of Iig would appear to have been reduczd
as a result of K fertiliger application. Such an effect may
have occurred in an experiement by lcHeught et al.(1968) on ‘hak-
arewarewa Sandy loam, where X fertiliser applications reduced
herbage Mg concentrations only in the last 2 years of & L-yvar
trial, The applieation of K was 2aleo found to reduce ihe zvail-
ability of Lﬁ;@ﬁqw@ssed as %nu"-mF in soil saturation extracts)
by Hovland and Caldwell (1960) as nlant lig concentrations also
decreased,

Besides such "epparent" rcductions in the availability of
ilg, increasing K concentration in the s0il solution can also
directly reduce lig uptake by nlants. Salmon (196L) and Alston
(1972) suggested that the antagonism between K and Mg was a

mutual one for which concentration in the herbage was strcnrly

correlated with the soil solution activity ratio ./a }/ V‘Lc Hr

+ Bay. Similarly, Prine (1951); Hansen (1972);and Hagerm (1971)

considered that the relative uptakes of lig and K by plants were

proportional to the ratios;%ﬁéir activities in the soil solution,
A K/Mg antagonism may be accentuated by the addition of

nitrate to the soil which may result in an increased anion

uptake by plants. ‘here adequate soil K is present, the anion

uptake increase may be balanced by an increased uptake of K+,

x* 45 move mobile in the soil than We " op Ca®® (Dijkshoorn,

1957).
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During the uurlj spring perdied, when soil noisture content is
higher than in late spring-summer, the ¥/Mg activity vatio will

be nigher in the soil solutbioen than later in the season due to

the greater relative desorption of monovalent cations and adsornl-
ion of divalent cations at ihe hirgher soil moisture contents

Schuffelin and Koenigs, 1662), Application of K fertiliser

to the goil under these circumsiances gould Turther zporavat

a situation in which the bzlance beltwwecn plant K and Mg uptake
may be already predisposed towards a low Mg content of pusiure.
Nelleught (196L4) observed that ¥ fertiliser e :pplications in
spring could result in major depressions of herbzge lg content,
The change from set stocking to rotational grazing on deiry und
beef farms at the time of the spring flush of pasture grovih
could also contribute to the lowering of plant Mg contents o
this time, due to a high raeie of X' roturn in urine (Metson,
1974). “hen the combination of such effechs occurs - high I, il

ratio. due to high soil moisture content, svring application of

e
potassie fertilisers, high return of K in urine, and a pessible
A 3 * ok g ;
further decrease in the amounis of K and Mg  taken up ‘due to
5 + ’ & . v < .
conversion of NH to NO,, for soils with marginal or low

A2

excnangeable Mg ccntents, it follows thaet s

e

gnificant major
depressions in pasture lig content could be expected,

The effect of the K/kg antagonism is greatler for grasses
than for clovers (Reith, 1963, 6L, 67; Mclaught et al, 1577(z)).
This may also to accentuate the effect of spring application of
K fertilisers on pasture lig content as pastures are generaily
grass dominant early in the growing season, It has also been
noted that pasture Mg contents are decreased more in situations
where K fertiliser is applied to correct a K deficiency than
wvhen anplied to a soil of adequate K status, Wthere K fertilisers
are required to be applied to achieve an increase in plant yield,
then Mg should also be applied to offset the possible depressions
in herbage Mg content (Welte and #erner, 1963).

It has been suggested that K/Afg antagonisms in pastures
are probably only significant in situations where K fertilisers

are applied in amounts in excess of plant requirements especially



in early spring. Likewise, it is rocommended that K fertilisors
should not be withheld to avold a possible K/lg antagosnism with
consequent deleterious effecls on stock health, Rather, the

applicztion of sufficient K Lo neintain nassture yields should

i

be reperded as desirable (Durins, 1972) and where the possibility
L H ()
for scrious reductions in herbare Lig exmstis, as for seils with

low exchangeable ¥g contents or 2 low IIp/K 0 (MefK f o2

Hooper, 1967) then lig fertiliscrs should be applied along with

3
rat

the K fertilisers.

ii., Ca/Mg.

Frecessive calciuvm supply con compete with g for plant
uptake in a similar manner o that Tound for potassium. Howewver,
reports of Ca/Mg antagonisms in the literature are not common
(Metson, 1974).
The results of trials usine soybeans and corn (Tey et al, 1642)
and German millét and alfelfae (Melaan and Coervonell, 1972) proan
on goils at different exchanconble Ca:llg ratios sugomested Lhad
the concentration and Mg in ihe herbage wes Japenﬁent unen the
amounts of exchangeable Ca or lig nresent; as these two elements
were varied simultaneously, it is difficult Lo aseribe chianges
in herbage Ca and Mg to a Caflig antagonism, Key et 21,(loc.eit)
found thzt yields of soybeans znd cern vere not afiected by ihe
Cexlig ratio on the exchange complex provided Ca:Mg 1 and suvffiicient
amounts of both Ca and Mg were nresent.

Indications of competitive cffccts of Ca on lig uptzke were
found by Salmon (1964) and Alston (1972) who showed that, at o

constant soil K content, ryegrass lig concentrations in herbase
vere linearly related to the s0il solution activity ratio
"/_B'H_E-; /J a&g""’(fa. Depressions in herbege lig content as a result
of Ca application, or vice~versa, in pasture have been reported
by Mcdlaught (1964); MeNaught et 21.(1973 b) and Layland et al
(1975).

Soil pI may enter into the interaction of Ca on plant lig
uptake, Thus Christenson et al,(1973) found that addition:of

lime resulted in both a soil pH increase and an increase in Mg

4
4
e
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untake by'oats whereas CaSOz epplication produced little choncge
|

in either soil pH or Mg content and uptake, At high o (€.8) end
hizh soil llg contents, addition of Ca denressed the lig content

of young corn seedlings {(Hall and Hegroed, 1975) yet at lower
soil iig contents, at both high and low pH's, Ca application did

el

not affect Mz contents, t thus appears that soil pH may influence
the interaction between Ca and lig, as well as the relative levels
of Ca and lig in the soil, letson, 1974, summed up the Ca/ilg ant-
agonism by observing that "..at high oi values (say >7.0)
and at high levels of base saturation (say >90%) the probebility
of lig deficiency at low levels of exchangeable lg is higher than
it would be at a lower level of vl or base saturation,"
iil..  TNMg.

The interaction between II and lig may occur either as the

regult of an enhancement of lig uptake by 1 *0; ~ N or an antagenism
— . s o 3 G - = 7
by I'H, «N, As previously discussed, the effect of NOB =i en lig
o

vteke may be influenead by the relative amounts of different
cations oresent in The soll; addition of KHS—N to the soil
its (Hansen, 19723

Dijkwshoorn, 1957). Other renorts are available for increases

resulting in increased cation upteke by plan

in pvlant Mg concentration resulting from N fertiliser applic-
ation (Reith, 1967; Kershaw and Bariton, 1965; MNayland and
Grunes, 1974; Terman and Allen, 1974 (in corn.)). layland
et 21.(1975) found that 2 part of the increase in Mg uptake
in pasture resulting from I fertilisor application was due to
increased root proliferation, Alternatively, N fertiliser
could have resulted in more efficient root uptake of Ng, or
improved translocation of lg within the plant, This latter
voint is supported by the evidence of Cain (1959) who found
that N fertiliser application resulted in greater mobilization
of Mg into the actively growing parts of the plant,

Reductions in Mg cortent of herbage following N fertiliser
addition are most likely to result from growth dilution effects
(Terman and Allen, 19?4) or competitive effects between NH

and Mg (Hansen 1972 s Kershaw and Barton, 1965).
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Apparent reductions in kg availobility may also arise {'ronm
H=indueced leacning losses of lig Trom soils when nitrogenous
fertilisers are epplied over a nrolonged period, Logether with

the reduction in soil pH esypecially where NH, containing

&
fertilisers are used (Mulder 1956),

ive Plant Mg upteke and scil 1.

v

Investigation of the relaticnships between soil pH and plant
Mg uptake has been a difficuli r»ececrch area (Mctson, 1974 )
due to:

(2) The difficulty in defining and measuring "dxchangpo-

able hydrogen";

—
o
o
Ca

trongly acid soils may have toxic levels of
exchangeable Al;

(e) Acid soils usually have low basc saturation Jevels,
so that Mg may be deficient, Thus an zpparent
l—f+/!'.ig2‘r antaganise nay in fact be equally an
absolute lg deficicncy.

Hvidence for an antagonism between lig~ and H' comes fron

the obsecrvations of Salmon (1964) who found that increasing i
activity in the soil (H+ activity measured as the inverse of
solution pH) resulted in a decrease in ryegrass lig contents,
lig deficiency symptoms in oats were aggravated by low pH
conditions (Ferrari and Sluijsmans, 1955), and Christenson ot
2al.(1973) found that the liming effect of c;;coB additions had
more effect on Mg uptake by oals than could be accounted “or by
changes in soil Ca level, There was a lig uptake response in
alfalfe when the soil pH was rcised from 5.4 to 6.8 by liming
(licLean and Carbonell, 1972)., ILutz et.al.(1972) found that the
lig concentration in maize plants was increased as the soil pii
was increased from pH 3.9 to 6.1 .

In contrast, increasing soil lig content at low soil pH (5.0)
resulted in more efficient utilisation of the applied Mg by corn
plants than when soil pH was incrcased to pd 6.3 (Hell and
Hegwocod, 1975)., However, as the amounts of Mg applied differed
at the two pH levels with more Mg being applied at the high i,
this result may be an artefact as plant dry-matter production

was virtuelly identical at the low and high p treatments.



2.3 Masnesium Fertiliser sop

Magnesium deficiency is not gencrally a problem in Hew
Zealand except for some aereas of rhyolitic—-ash derived soils
he Central Plateau rezion of the Iorth Islanrd, (Moody,
1962; HcoNaught and Ludecke, 1967). Iiowever, the maintenance
of adequate lig levels din pasiure to provent metabolic disorders
varticularly hypomcgneseemiz, of lactating dairy and beef
ttle, is a rather more wiiespread problem, “hilst the faclors
contributing 4o low plant Lz levels may not ell be soil-derived 5
1

Cuefes climate, and pasture management zlso affect pasture Mg

levels (Hetson, 1974), the vroblem of inereasing herbage Mg

concentrations to 2 minimum of O.Za of’ Gry matter or greater
has received a great deal of atien 1 both in New Zealand and

averseas, The problem of kynonaghasaemia is accentuated by

'CJ

the seasonzl veriztion in pasture.lg conltents, these being

L]

lowest in the lete winter to carly srreing period, which coincides

oo 21

with vezk demand of beef ani dui

1
t!~f‘
Q

attle for dictary lg

supnliss, Thus the problem Is not only one of increasing
herbage Mg content per se, btutl also of achieving this inereare

at a time when Mg concentrations tend to be at their lowest
levels for the year

The relationship betwsen soil lig levels and herbage lig
content, as defined by Salmon (1}b4), iz

herbage Nge€y/ llg
,/a’mlg +Ca + BaK + Ca..

Il

is interpreted to mean

that in order to double herbage llg content, soil exchangezbles lig
contents would have to be guadrupled, Therecfore on soils with
relatively low exchangeable lig contents, significant increzses

in pasture lig uptake and herbage llg concentration can be

achieved by the use of economic application rates of Mg fertil-

isers., However, on soils of higher exchangeable Mg content,

smaller increases in plant lig uptake would result from similar
application rates. Results of lig fertiliser trials in New

Zealand have tended to cenfirm this viewpoint (Moody, 1962; Dorofaeff
and MclRaught, 1962; MclNaught, 1964; MNcllaught and Dorofaeff, 1965;



Hogg and Kerlovsky, 1566; OChittencéen et.al, 1967; Hclaught
(8]
-

and Luaeckc, 1967; Helaught ot 2119682, b, 1973 a,b).

Nalauzght et.al, (1968 2,b) showed that inereeses in herbage

I'g content tended Lo conform bto ihe square-raot relaticanship

&s predicted by Salmon (1954), bub in later work (lelson et al,,
1973 2, b) it was suggestod fhai ihe index log pxchangseable

lig eppeaved to be a more efiicicnt prodictor of plant Mg

concentration. & possible evzention to the zenexa oL
response to Mg fertilisers would seem to be the Lirdned

L (&

by Zvery (1975)s In this trinl, large increases i
levels occcourred after the application of Trom 20 to 90 Kg lig ha
as 14g0) to & soil testing 14 on the Ldvisory Test scale (c.i'

the response-level of 4 gencrally recommended).

Results of Cverseas exmeriments are in generzl agreencnt
vith those from Ilew Zealand. In Scotlarnd, large dressinss of
lI'g (Prom 340 to 4200 X ke Mg ha - ) were required to achicve
sasture dry matter lig conbents of 0,235 or more (Reith, 1963,
', '67). It was suggested (Fcith, 196L) that a soil content
of 1.3 mg/100 g of exchanzeable g was the mininum required

to ensure an adecuate supply of lig to slants to prevent the

occcurrence of hypo wgnasaenia, Large differences in plant
response to rtiliser Hg were Tound between soils by Salmon
end Arnold ( 63) and Hooper (1967) in the U.K. Hoecper {loc.

Q concluded that a ratio of cxchangeable Mg:K in the seil
of 1.2 or greater was needed to ensure adgguate Mg in the diet
for stock health. On rangeland soils in U,S5.A., an
addition of 600 kg Vg ha™t (a5 Yig SO -.?HEO) was needed to raisc
herbage lig above 0,25 of dry matier }.Ec:f.yland and Grunes, 19745,
The same authors concluded that it was impractical to use lig
fertilisers to increase herbage lig contents to offset problems
of hypomagnasaemiz, In an earlier paper (Grunes, 1973) it
was asserted that lMg fertiliscrs may be useful on acid, sandy
soils but on finer textured soils,the application of lig
fertilisers was often unsuccessful,

In terms of the effectiveness of variocus Mg fertilisers,

Reith (4 964) concluded that there was no difference between gS0,,71, 0

kieserite (ng{)#.d O) magnesite (I.:vCO ), calcined magnesite

(3'g0) and magnesisn limestone zpplied at eqguivalent rates of
g, Kieserite, Serpentine superphosphate and finely-ground




dolomite (807 passiag a 120 mesh sieve) all produced greater

vasture yield responses than did magnesian phospbate or coeraaly=

ground dolomite in an experinment oa a lg-deficient yellow=Lroun

k

vunice soil (Hogg and Karlowsly, 1967). ™The pariicle size of

calcined megnesite did not appear to affect llg conceniratiocn

5
inerease in white clover, although the largest yield responina
to Kg occurred when coleined masnesite of Q.5 mm or {iner puriicle
size vas used (Hogg and Toxopeus, 1973,) The failure of talo-
magnesite (205 ig) to increase yield and vlant Vg concentrations
to the same extent as serpentine (217 ¥gz), dunite (287 lg)

or dolomite (11.5° Ng) in a #rial on a lig deficient gley-

podzol was attributed to the coarse particle-size of the talc-
nagnesiiec since glasshouse experimentis had shown tale-magnesite
to be an effective Mg fertilisor (Chitienden et al, 1967).

Soil ol can determine the effectiveness of some lig fertil -

Ty

1
isers, Heavy dressings of dolonite (1,000 to 4,000 kg ha )
have been shown Lo increase soil pH to such zn extent thot
further dissolutiocn of dolomite and henee supply of llg is
reduced. (licaught et al, 1973 b); cne effect of increasing

4

the rate of dolomite applied wags

to increasc the interval
between application and the meximum effect of the fertiliser on
soil exchangeable, and plant lig, content., It was suspected Lhai
rapid decreases in the amounts of iter-soluble lg following
A.?HQO to two soils of high (7.0 and 7.6)

vl were due to the formation of insoluble lig carbonates (Maylsnd

arplication of Mg30

and Grunes, 1974). Likewise, the availability of Mg from basic
slags may be reduced es the liming value of the slags increacces
(Heintze, 1963).

lagnesium fertiliser use on some soils may well be worth
consideration for purposes of arrecsting the progressive decline
in aveilable soil ikig content vwhich inevitably accompanies
intensive land use (Dixon and ~ylor, 1942; Mebson, 1974). Tithin
this category are those soils knovm to have low (<7 m.e.f)
reserve lig contents (Metson and 3rooks, 1975) including:

Northern podzols;

Northern yellow-brown sands;

pon
o
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Recent soils from pumice alluvium;
Yellovw=brown pumice soils:

Central yellow-brown loums:

Northern and central brown fpanular leams and clays

LS

Although many of these soils contain, at present, adequate
ntents of exchangeable lg, over the long termylosses from tho
exchangeable Mg pool mzy not bz replenished from soil reserves.

-

For Horotiu sandy losm (& brovwn manular loam) it has been
estimated that the yield of lig in fhe pasture herbage over a
three=year period was epproximniely equal to the guantity of lip
contained within the 0~7.5 em tonseil layer, suggesting that the
s 0il is of merginel lig status Tor continued production (Puring
et-al., 1973 ) Any additional losses of lig from such 2 soil,

as may be induced by the centirusl use of KC1 fertiliser,

sould lead to reductions in available lig sunpplics for pastore
use with consequent adverse effccts on animel, und later, plant
health, unless Mg was replzced in fertiliser form.

Viewed from this perspec iv-:‘, e application of Mg
fertilisers may be Jjustified for reasons of preventing the

development of a future deficichcy. COverseas results (Reith,

195L) have shown that vhile a;plications of low rates of lg (ca.
A

concentration, long term benefits could include improved crop

and animal performance, Areas in llew Zealand where such a policzy
of llg fertiliser application could be beneficial are the areas
covered by the above soil types, especially where high annual
rainfalls may lead to large leaching losses of lig which may be
further aggravated by spring applications of potassic and
nitrogenous fertilisers (Hogg, 1960). Such areas could include
parts of Northland, the Waikato-liing Country area, the Volcanic

Plateau (Taupo-Rotorua) and Taranzki,



Chapter III

Experimental Objectives and Design

There were two main objectives of this study:

A To determine:

(1) the relative Mg-statu$S of soils in
the Inglewood - New Plymouth -~ Okato
area of North Taranaki, and

{(2) the relationship between soil Mg
contents and areal distribution of
so0il forming tephras and lahar

deposits,

B. To assess the relative Mg-supplying powers of a rvanpge of

yellow~brown leams from Taranaki and the nature of plant

responses to Mg fertilizer addition in a conirclicd-climate

environnent,

A. Field Sampling Programme

Over the period July 1974 - August 1975 soil samples were
collected from sites located within the mapped are¢a cf Inglevood
Tephra and analysed for exchangeable Mg contents. Additional
samples were taken from soil formed on the Oakura Tephiva (Neall,
1972), Burrell Lapilli, and un-named recent lahar deposits, to
allow a comparison of the results of soil exchangeablrs Mg
analyses for a range of soils formed under similar climatic
conditions, Sites were sampled at different altitudes ¢n
Inglewood coarse sandy loam (formed from Inglewood Tephra) and
Patua loam (formed from Oakura Tephra) to investigate the varia-

tion in soil Mg content with relation to:

(i) 1Increasing rainfall, and hence leaching

intensity, with increasing altitude;

(ii) Increasing coarseness of soil parent
materials with proximity to source

(Mount Egmont).

4"
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B. Contirolled-Climate Pot Experiment

Magnesium uptake by perennial ryegrass from four repre-
sentative Taranaki yellow brown loams was assessed under a
controlled climate regime using the climate control facilities
at D.S.1I.R., Palmerston North, This experiment was designcd to
investigate:

(i) The relative Mg supplying abilities
of the four soils, using a perennial

ryegrass (Lolium perenne L.) test crop

in the absence of applied Mg fertilisers.
Perennial ryegrass was used as the test
crop because the critical period for
hypomagnasaemia in Taranaki occurs during
early spring in association with ryegrass-

dominant pastures.

(ii) The effects of varying rates of Mg addi-
tions on Mg concentrations and dry-maiier
yields of ryegrass herbage. The rates
of Mg added were chosen to cover a range
of application-rates that would be
feasible for inclusion as part of an

annual topdressing programme,

(iii) The effects of small temperature incre-
ments, from 1276 (day)/SOC (night.) to
14°C (day)/7°C (night) and then to
16°¢C (day)/goc (night) en Mg concentration
and uptake by ryegrass.,

The climatic conditions for the experiment were deeigned to
approximate the normal temperature conditions encountered during
the eight-week period August - September in Taranaki, as indicated
from data supplied by the New Zealand Meteorological Service,
These climatic conditions are of special interest since it is in
early spring when plant Mg contents are often insufficient to meet
animal requirements, The temperature conditions selected also

provided an opportunity for a comparison with the findings of



Kemp and T'liart (1957) whereby increased Mg concentrations in
ryegrass were only achieved at temperatures above 1400.

Two cutting regimes were also investigated. In one regime,
plants were harvested mid-way through the period between tewpera-
ture changes, wherecas in the other, harvests were talen at the
conclusion of cach temperature period., In this way it was
possible to isclate effects due to temperature changes fron

effects of plant maturity.



Chapter IV

Materials and Methods

The values for soil exchangeable magnesium, calcium; or
potassium contents are hereafter referred to for convenience,
as "exchangeable Mg, Ca, or K contents" respectively. Soil
reserve magnesium and soil total magnesium are hereaftler re-
ferred to as "reserve Mg" and '"total Mg'". The values for
total plant magnesium, calcium, or potassium contenis are
hereafter referred to as '"plant Mg, Ca, or K" respectively.

Soil type names are abbreviated as follows:

Burrell gravelly sandy loam - Burrell g.s.1.;
Egmont black loam - Egmont b.1.;
Inglevocd coarse sandy loam - Inglewood c.s.l.;

New Plymeuth black loam - New Plymouth b.1l.

4.1, Soil Sampling Programmne

4.1.1, Geology and Soils of the Sampling Areas

The soils chosen for this study were mainly Inglevwood
c.s.1., formed on Inglewood Tephra to the west and scuih-west
of Inglewood township., Inglewood Tephra was erupted between
4 000-5 000 years B, P. ( V. E. Neall, pers. comm.,), Scils
formed from Inglewocod Tephra parent material extend over the
area from Korito Road in the west to at least as far as Dudley
Road in the east, and from the 500m contour near the Egmont
National Park boundary to below the 150m contour near Egmont
Village (Fig. 1.) (Neall, 1972), The area has a northerly
aspect and is dissected by numerous sub-parallel streams, most
of which form tributaries to the Waiwakaiho River. In the
eastern part of this area, the Inglewood Tephra is overlain
by a younger as yet un-named Lithic Lapilli (Fig. 1.) (V. E.

Neall, pers, comm),
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The profile of Inglewood c.s.1. at a site near Inglewood
towvnship is 15cm of dark brown cea se sandy leam on brown,
loamy, coarse sand and gravelly sand (Grange and Taylor, 1932),
The so0il may contain up {to 33 percent by weight of partly pumi-
ceous gravel (Gradwell, 1976). Seils of agricultural iwportance
formed from Inglewcod Tephra and clsssed as Inglewcod c,.s,1.,
vere estimated to cover an area of ca, 10 000 ha (Grange and
Taylor, 1932).

As the Inglewood Tephra thins to the north, the finer-
textured New Plymouth black loams occur at altitudes of less
than 150m on a more gently sloping land surface with a similar
aspect to that upon which Inglewood c.s.l. occur. To the west,
Patua lecams occur on an area of similar physiography to that
on which Inglewood Tephra was deposited, but with a westerly
aspect. Patua lecams and New Plymouth black loams were ftormed
from Oakura Tephra, erupted<6 970ye.B.R  (Neall, 1972)., Addit-
ional soils from which sauples were collected include a Sirat-
ford ceoarse sandy loam from near Stratford, and a Burrell pg.s.l.,
formed from Burrell Lapilli, deposited ca, 1655 A, b, (bruce,
1966),

Within the area of mapped Inglewcod c.s.l., the Newall,
Norfolk, and Hangatahua soil series, formed on andesiiic and
laharic sands and gravels, occur along major stream and river
channelsa. The texture of soils in these series varies widely,
including loams, bouldery loams, sands, and gravelly sands

(Grange and Taylor, 1932),
Rainfall

Rainfall over the range of so0ils investigated varies from
1 400mm at the coast near New Plymouth to ca, 3 800mm p.a., at
the 500m altitude.

Land Use

The dominant land use on all soil types in the study area
is dairy farming., At higher altitudes, on the Inglewood and
Patua series, there are some larger sheep and beef breeding units.

On some farms, hypomagnasaemia has occured in dairy herds, and

(SR

ety



prophyvlactic measures used have included the dusting of pastiures
with calcined magnesite prior to grazzing, distributling Mg-
containing stock licks and supplements and/or the application

of serpentine or dolomite superphaesphate.

4,1,2, Organisetion of the Field Sampling Programme and

Location of Sawpling Sites

The =0il sampling vrogramme consisted of two surveys:

i) A reconnaissaince survey was carried out between July and
December, 1974, at which time soil samples were taken to
investigate the range of exchangeable Mg contents in the
s0ils formed on Inglewecod Tephra and mapped as Iuplewood
c.8,1. Samples were also taken from the New Plywouth
b.1l., the Newall, Korfolk and Hangatahua bouldery sands,
Burrell g.s.l., and Stratford coarse sandy loam in order
to enable couparisons of the exchangeable Mg contents
of a range of Taranaki yellow-brown leams., Duriiy the
recounnaissance survey a total of 32 matching G« lican and
10-20cm topscil samples were collected. The location of
sites is given in PFipg, 2, and a description of cach site
is contained in appendix 1,

ii) A detailed survey of exchangeable Mg contents was made
for soils formed on Ingiewood Tepbra and the un-vawed
Lithie Lapilli within the study area. In addition soils
formed on Oakura Tephra to the west of the Kaitizle Range
at similar altitudes to the study area were sawmpled, This
survey was carried out in August 1975 in order to examine:

a) the relationship between the areal distribution o«f Ingle-
wood Tephra and the un-named Lithic Lapilli, and exchange-
able Mg contents of the soils in the Inglewood - Kew
Plymouth study area, and

b) the effects of increasing altitude, and hence rainfall
and leaching intensity, on the exchangeable Mg contents
of soils formed on Inglewood Tephra and the un-named Lithic
Lapilli, and, for comparative purposes, soils formed on
the Oakura Tephra. Forty-four matching 0-10cm and 10-20cm
topsoil samples were collected from the Inglewood - New-

Plymouth study area. The location of each site is shown

a
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*  Fig.2. Location of sampling sites-Reconnaissance survey.
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in Fig. 3.; details are given in appendix 1. Nine samples

vere collected from soils formed on the Oakura Tephra

along Upper and Lower Pitone Roads.

4.1,3. Saupling Procedure

At each location, sampling sites were selected according
to the following criteria:
i) no previous history of Mg fertilizer use;j
and

ii) flat or gently rolling terrain distant from streawm heds

to aveid the influence of alluvial accretions in topsoils,

Ten random cores (0-20cm deoth) were taken from an arca
of approximately 100 m2 at each site. Obvious recent dung or
urine patches were avoided. The upper 10cm of each coje was
taken as the upper tepsoil sample, while the 10-20c¢m portion
became the lower topsoil sample, The cores from similar depth
layers at each sampling site were bulked together to form a

composite sample for that site,.

4. 144, Sample Preparation for Anaiysis

Soil samples were air-dried in the laboratory, al ambient

temperatures, and then crushed in a porcelain mortar and pestle

to pass a 2mm sieve. JIn each case the 2mm portion which in-
cluded large roots, pumice and lithic lapilli was discarded,
The 2mm portion was retained for analyses of exchangeahle Mg,
Ca and K contents together with soil pH, cation exchange capa-
city, and total Mg as required, using procedures outlined in

section 4,3
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4.2, Pot Experiment

4.2.1. Soil Preparation

Four soils were used for the pot experiment with fouyr rales
of Mg fertilizer additiocns and two cutting repginmes., Theve vere
four replicate pots of each so0il type x fertilizer x cuttiag
regime combination, making a total of 128 potis for the entire
experiment. Locality details of the sites from which 1he four
soils selected were taken are given below (Table 9 ). The scils
were sampled at a depth of 2-15em which avoided the dense root
zone in the upper 2em of the topsoil.

Soils were prepared for poiting by passing through a soil
shredder to break up large aggregates and then sieved threough a
6.5cm wire mesh screen. Large stones and lapilli were discarded,
After sieving, the soil was Hnmu§ﬂ9 mixed in a mechanical mixexr
prior to potting.

Square plastic pots of 2.2 litre capacity were ultimately
filled with so0il to within 2.5cm of the top. Allowing Tor varia-
tions in scil bullk densities, the actual final oven-dry
(105 ¢) weightis of soil used were:

Burrell gravelly sandy loam: ... ses  s0s o4

L

-9

~
2]
o)

- P L]

Inglewoed coarse sandy 10am: ... sse ceo ooe 2o oo 1430g
Egmont black lecam: i wEE B sEe el wah  pea  ean 1435p
New Plymcuth black loam FerE W g wwE @ we e s AeJOR

The procedure for potting was carried out in three steps:
(i) Sufficient soil was added to fill the pots to
within 4,.5cm of the top and was then lightly
tamped down,

(ii) The extra soil required to fill the resaining
2cm of each pot was placed into a large plastic
bag for mixing with the required of basal and
treatment fertilizers (Table 10), together with
0.068¢g pot"1 of '"Dasanit" insecticide to combat
the effects of any insect pests present in the

soil,



Table 9 Soils used for the Pot Experiment

Soil Type

Burrell gravelly
sandy loam

New Plymouth
black loam

Inglewcod <Coarse

sandy loam

Egmont black
oam

Location (Grid reference, Altitude

(m.)

NZSH1 series)

N108/766583 ~ adjacent to 510
Barclay Road

N10Q8/734945 - adjacent to 45
Corbetit Road

N109/658742 - 1 km last of 450

Korito Road

N129/877255 ~ adjacent to GO

Whareora Road
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Amounts of Fertilizers used

Table 10

Treatment Rate
. * S

Basal 400 kg ha

1 0 kg ha™}
2 9 kg ha™ Y Mg
3 18 kg hahl Mg
4 36 kg ha~1 Mg

Fertilizer Amount. per pot (g)

30% K=-super 0.675g
Hg804 7H20 0.155¢
HgSO, 7H,0 0.306
ig504 7H20 0.612g

* No basal fertilizer was added to Eguwont Plack Loam as the

sampling site had been topdressed two weeks prior to sample

collection with 375 kg ha™ )

Note:

of 30% K-superphosphate,

0.068g "Dasanit" equivalent to 40 kg ha_I, was added to

each pot.



87

The fertilisers and insecticide were
incorporated into the soil by thorough
mixing within each plastic bag.

(iii) The amounts of soil reguired were weiphed
into each pot. The soil in each pot was
then compacted down to within 2,.5cm of
the rim of the pot by darcpping a Skp
weight from a height of 13cm above the
soil surface on to the so0il until the
desired level was reached. The pots were
then put aside to await planting,

Prior to the start of the experiment, ithe untreated soils
were analysed for exchangeable Ca, K and ¥g, soil pli, reserve
Mg, and total Mg, according to the procedures outlined in

section 4.3.
4.2.2, Planting

All pots were planted with 50 seeds of perennial ryepgrass

(Lolium perenne L.). The surface of the soil in each pot vas
loosened slightly, and the seeds were broadcast evenly over ithe

surface of the soil and lightly tawped down,

4,2,3, Soil Moisture Contents

The soils were maintained ihroughout the experiwient at a
moisture content equal to that in a separate sub-samnple of each
soil which had been equilibrated at 60cm water tension. This
tension was selected to ensure that adequate water was available
for plant requirements and that the soil was sufficienily well
aerated for viguréus root growth., To determine this moisture
content, duplicate field-moist samples of each soil were placed
in tension cups with porous ceramic bases, and thoroughly wet by
capilliary action, This was achieved by raising the water level
in the tension system slightly above the base of the cups, Sub-
sequently, the soils were drained for 24 hours at 60cm tension
using a bhanging water column. After draining, the moisture
content of the soil samples was determined by weighing each
sample, oven-drying at 105°C for 24 hours, and re-weighing. The
total weight for each pot was recorded, and used to replace

daily water losses by evapotranspiration.



4,2,4, Growth Conditions and ilarvesting

Details of the temperature ranges during growih perieds
and the timing of harvests in each cutting regime are summar-
ised in Table 11 Plants were given a five-veek establishnent
period in the glasshouse after which they were transferred to
the controlled-climate room for an initial two-week acclimati-
sation period., Following this period, plants were sssipned
to one of twe cutting regimes. The purpose of establisliing the
two cutiing regimes was to investigate differences in ryegrass
growth and Mg concentration and uptake under the alternative
cutting regimes., Under cutiing regime 1, the ryegrass grew
between harvests under uniform temperature conditions; under
cutting regime 2, the ryegrass grew through a tewperature
changeover,

For those pots assigned to cutting regime 1, (half of the
pots in each soil type x Mg fertiliser treatment combination)
herbage was trimmed to 2,.5cm above the soil surface (first har-
vest) at ihe conclusion of the acclimatisation period., 1Two
further harvests were taken at three week intervals correspon-
ding with the end of the two impecsed climate periods. For
cutting regime 2, the first harvest was delayed until day 59,
which coincided with mid-way through the 14°C (day)/7°C (night)
period. The second harvest for this regime was tsken three
weeks later (day 81), i.e. mid-way through the 16°C (day)/
6°C (night) period. The third harvest in cutting regine two
was taken at the same time as that in cutting regiwe one, on
day 92, at the conclusion of the experiment.

The herbage trimmed from the pots at each harvest was
weighed, placed into a numbered container and dried cvernight
at 40°C in a “Cudden" vacuum-assisted drying oven with re-
frigerated moisture-extraction plates, After drying, each
sample was re-weighed for dry-matter determination and then
ground into a fine powder in a "Glen Creston' mill, Sub-~
samples of ground herbage were analysed for total Ca, K, and

Mg contents according to the procedures outlined in section
4.3-6!
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Table 11 Temperature changes and harvest times

during the pot trial

Period|Temp (°C) Cutting Time Cutting
Regime 1 (days) Regime &
Planting Plantiug
p= 50 ﬁgeds/pot 1 50 seeds/pot
2
£
o 20 C day
ol
P and night
P
g Transferred Transferred to
(=} ;
to climate climate
room 35 room
i2 C day 36
i
o 5 C night
o First Har-
vest 48 o
T |14 ¢ day 49
o+
7 .C night Firsi Harvest

——— e i e S o ks Y. e S

Second llar-

vest 70 -
16 C day 71
9 C night 81 Second Marvest

- 5 4= - —

Third Har-

Climate-roop experimen-jlcclimatig=-

vest g2 Third Rlarvest

&t



4.2:5, Climate Room Growth Cenditions

Full details of the environmental conditions in ilhe con-
trolled-climate room are shown in Table12 . Light intensity wvas
measured with an Eppley pyranometer and Schott KG8 fitter myaienm,
Light was supplied by 4 x 1 000 watt Sylvania "metalaxc® high-
pressure discharge lamps togeiher with 4 x 1 000 watd Philiys
tungsten iodide floodlamps., The light was directed down into
the growith room through a screen. Vater flowcd over the screen
to assist in temperature control within the room. The photo-
period was 12 hours with an abrupt light/dark change occurﬁni
half way through the two-~hour changeover period from day tcuper-
ature and humidity conditions to the night conditions. CGQ level

was uncontrclled.

4.3, Analytical Procedures

4.3.1. Soil Exchangeable Cations

Soil exchangeable Mg, Ca and K were determined according
to the procedure of Salmen and Arnold (1963) in which 2g of air-
dried so0il was cxtracied by shaking with 58ml of neutral, 1IN
ammonium acetate in a polypropylene centrifuge tube cii an end-
over-end shaker (50 r.p.m,) for one hour. After remeval from
the shaker, the tubes were cenirifuged for 10 mirutes at
3 000 r.p.m., The supernatant solulion was filtered (Vhatman
No. 44 filter paper) to remove suspended clay particles. An
aliquot of the filtrate was diluted 10-fold with distilled, de-
ionized water. To this was added an equal volume of 1.6% (w:v)
Sr (N03J2 to give an overall 20-fold dilution of the original
Mg, Ca

and K the final solution were determined according te the pro-

solution and a final coxacentration of 0.8% Sr (N03)2.
cedures outlined in section 4,3.7.

At the same time as so0il subsamples were taken for ex-~
changeable cation determination, a separate subsample was taken
for estimation of the moisture contents of the air-dry samples,
following oven drying for 24 hours at 105 C. All resulis were
calculated on an oven-dry basis. Duplicate subsamples were

used for estimation of exchangeable cation content and oven-

dry weight.



Table 12: [Lnvironmental Conditions during Pot Experiment

Time (Days) Temp. (°c) R.I,% V.P.D. (mb) Light Intensity
Day Night Day Night Day Night
36-48 12 S 72 73 -5 -3
<8
49-70 14 4 68 70 -5 -3 173 W m
71-92 16 9 64 §3 -5 -3

o~



4.3021 Soil E”

Seil pll was measured using 10g of air-dried soil and Z0ml
distilled water (Metson, 1956)., The soil-water mixture was
stirred thoroughly using a glass rod and left to stand cvernight,
The following day, the suspensions were stirred and immediately
aftervards, the pH of the soil-water suspension was determined

using an "Orion" pll meter and combination pl electrode.

4.3.3; Cation Exchange Capacity (CEC)

CilC was determined using the leaching method of Melson,
(1956), in which 10g of zir-dry soil where ammonium saiurated
by first leaching with neutral, 1 N ammonium acetate, and then
with 20% ethyl alcohol to remove any excess ammonium acetate,
The ammonium was removed from the soil by steam distillation in
the presence of MgO, the distillate being collected in dilute
(4.0%) beric acid containing a bromocresol green - metlyl red
mixed indicator. Ammonium was determined in the distiilate by
titrating against 0.1N HC1l until the indicator changed to the

neutral grey colour,

4.3.4. Reserve ME

Reserve Mg was determined using a method adapted from that
recommended by Metson (1968) in which 2.5g of air-dry scil was
extracted by boiling for 15 minutes with i00ml of 1IN 'l cn a
hot plate., After exiraction and cooling, the mixture was filtered
(Whatman No. 44) into a 500ml volumetric flask, The scil on the
filter paper was rinsed three times with about 100ml of distilled-
deionized water, and the washings collected and added to the
filtrate which was then made up to volume with distilied-deionized
water. The extract was diluted 10-fold with the final solution
containing 0.8% Sr (N03)2 (w:v). The concentration of Mg was

determined according to the procedures outlined in section 4.3.7,

4,.3.5. Total Soil Mg

Total soil Mg was determined using a wet acid digestion. A
subsample of air-dry soil was ground in an agate mortar and
pastle to pass a 125 M mesh., Duplicate 0.3g subsamples of the
finely~-ground so0il were placed into separate 100ml polypropylene

beakers with 10ml of a 1:1 mixture (v:v) of 40% HF and conc. HNOS.



Digestion was carried out on a hoiling water-bath by evaporating
to dryness, This process was repcated at least three more times
uritil a white residue remained, The residue was dissolved in
20ml of a dilute nitric acid solution (16ml of conc. HNO_ in
500ml distilled-deionized water) by heating for 10 minnf;G at
below hoiling point on the water-bath, The solution was then
filtered., The residue on the filter paper was rinsed several
times wilh distilled-deionized water and the ftotal volume made

up with distilled-deionized water and Sr(NO3)2 to give a tinal
solution concentration of 0,8% Sr(N03)2 (w:v). Mg was determined

according to the procedures outlined in section 4.3.7,

4.3.6, Total Herbage Mg, Ca and K contents

Samples of finely-ground herbage (0.2g) were weigied in
duplicate, into 100ml "Pyrex" bealers and ashed for three hours
in a muffle furnace at 475-500 C, After ashing and cooling, a
few drops of distilled~deionized water were added to cach beaker
followed by 2ml of 2NHC], The contents were then evajpvvated to
dryness on a hot plate. The dry residue was dissolved in 10nl
of 2N HC1l by heating genily (without boiling) for 10 minutes on
a hot plate,

The solution was filtered (Whatman No 44) into a 250ml
volumetric flask and the residue washed with distilli«d-deionized
water, The filtirate plus washings were made to volume with dis-
tilled~deionized water and 25ml of 8.0% (w:v) Sr (I\'Us)2 to give
a final solution containing 0.8% Sr {N03)2. Mg, Ca, and K were

determined according to the procedures outlined in section 4,3.7,

4,3,7, Determination of Mg, Ca, and K in solution

Ca and Mg concentrations in the final solutions were deter-
mined using a Perkin~Elmer atomic absorption spectrophotometer.
All final solutions contained 0.8% Sr (N03)2 (w:v) as an inter-
ference suppressor. K concentrations were determined by flame
omission procedures .using either an E,E.L, flame photometer or
a Perkin-Elmer 306A atomic absorption spectrophotometer. Stand-

ard curves for each set of determinations were prepared using



standard eclutions containing a range of Mg, Ca, and K, con-
centrations, in the appropriate matrix.

A summary of the analytical procedures used is given in
Table1l13,



Table 13 Summary of analytical

proccdures used

Procedure Soil Sampling Programnme

Reconnaissance Survey

Soil exch. Mg
Soil exch. Ca, K
Soil pH

Soil C EC
Reserve Mg

Soil Total Mg

(1)

L T

(1)

Herbage Ca,
K, Mg Contents

(I)Selected Samples Only

Detailed Survey Soils
pre-planting
x X
x
x X
x
X
X

Pot Trial

after experiment

Herbare

19
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Chapter V

Resulis and Discussion

911
-
RIS
.

Field Sampling Preogramme

The results of this study are discussed in the ovder of
exchangeable Mg contents aond their relationship to so0il parent
materials, exchangeabhle Ca, K, and so0il pll; and the variation
of exchanpgeable Mg with increasing altitude. In this way the
s0ils included in the study are compared, and major ssil differ-

ences are isolated.

S.1.1. Seil Exchanpgeable Mg Contents

The results of analy<es of samples taken from soils formed

on the Inglewood Tephra from both the reconnaissance aud detniled

surveys show a similar range of exchangeable Mg velues {(Table 14, 15
and Appendix 2). The exchangeable }Mg levels in the 0-)30em ftop-

s0il layer ranged between 0,20 to 2,71 m,e.% exchangeable lg.
The 10-20cm topsoil layer generally contained about one-third
the amount of exchargeable Mg in the 0-i0cm topscil laver, the
range being from 0.01 to 0,91 m.e.% exchangeable Mg, The ex-
changeable Mg in soil samples taken from other soil {ypes
(Table 16 ) indicate that there may be further areas of soils with
similar exchangeable Mg contents in Taranaki, particularly soils
of the Stratford, Burrell, Norfolk and Hangatahua series., The
exchangeable Mg contents of New Plymouth black loams are higher
than other soils sampled in the reconnaissance survey, being
greater than 2.0 m.e.% exchangeable Mg at both of the sites
sampled (Table 16 ).

The overall pattern of results in this survey was one in
which younger so0ils on coarse-textured parent materials contain
significantly less exchangeable Mg than older soils formed on

fine-textured parent materials,

By inspection of the data presented by New Zealand Soil



Table 14 Soil exchangeable cation contents and soil pll of 26 samples from Inglewood coarse

sandy loam (receonnaissance survey).

0-~10 cm 10-20 cm
Mean Range Mean Range
Exch., Mg (m.e.%) 0.74 + 0,56 0,20 - 2,71 0.26 + 0,17 0,07 - 0,91
Exchs Ca (m.e.%) 5.66 + 3.38 1.05 - 14,79 3.10 + 2,32 0.40 - 8,52
Exch. K (m,e.%) 0.71 + 0,77 0.20 ~ 3.95 0.34 + 0.34 0.07 - 1.52
pH 5.7 + 0.2 5.3 = 6.2 5.6 + 0, 2 5.5 = 6.1

L9



Table 15 Soil exchangeable Mg and soil pli of 44 samples from

Inglewood coarse sandy loam

Exch, Mg (m.e.%)
pH

0.68
5.8

Mean

0.40
0.2

(detailed survey)

0-10 cm

0.25 - 1.87

5.2

Range

- 6,2

10-20 cm
Mean Range
0.17 + 0.12 0.01 - 0.64
5.8 + 0,2 3.3 =~ 6.2



Table 16 Results of soil exchangeable cation and pll determinations for a range of

Soil types from Western Taranaki (reconnaissance survey)

Soil exchangeable

Cations (m.e,%)

Soil Type (Sample Depth Mg Ca K pll Altitude Grid Reference
Number) (em) (m) (NzMS 1)
Stratford coarse 0-10 0.14 3.58 2,85 5.6 320 N119/842605
sandy loam (2) 10«20 0.14 1.97 3.43 5.3
Burrell gravelly 0-10 0,35 3.57 1.35 5.7 490 N118/765509
sandy loam (1) 10-20 0,23 2,23 1,52 §.7
(16) 0-10 1,84 6.03 0.60 3.7 425 N119/789598
10-20 0.64 1.80 0.21 5.5
New Plymouth 0-10 2,08 8.31 C.350 5.6 S0 N109/701920
black loam (17) 10-20 0,51 4,12 0.17 5.4
(18) 0-10 2,91 14,43 Vo A7 3.5 60 N1OG/710811
10-20 0.35 2.08 .39 5,2

5

P

B



Table 16 (Cont..)

Soil Type (Sample Depth Mg Ca K pH Altitude Grid Reference
Number) (em) (m) (NzZMS 1)
Norfolk Bouldery 0-10 0.28 2.44 0.21 5.5 325 N109/697756
Sand (12) 10~-20 0,16 7 1 % ¢ 0.14 5.6
Newall Bouldery 0-10 1,38 5.82 0.44 5.6 455 N109/722723
Sand (14) 10-20 0.13 2.68 0.34 3.7
Hangatahua 0-10 0.65 2,87 0.26 5.5 320 N118/534671
Bouldery sand (32) 10-20 0.38 1.97 0.286 5.7
Patua loam (9) 0-~-10 0.53 5.43 0.60 5.6 395 N108/612763
10-20 0.21 1.34 0,37 3.3

=]
o

Lt



Table17:

Soil exchangeable Mg, Ca, and K and soil nH of samples from previous broad surveys

Soil
Stratford coarse
Sandy loam
Patua loam
Egmont black
loam
Burrell gravelly

sand
H

C/YBL (and)*
C/YBL (rhy)**

yBps”

References: (1)

Depth (cm)
0~7,5cm

7.5-15¢em

0-7,5cm
0-7,5
7.5-15cm
0-10cm
15-25¢cm
0-10cm

0-15cm

0~15cm

0-15cm

of Taranaki soils

Exch, Mg (m.e.%)
1.4
0.9
2.0
5.4
3.9
0.9
0.4
1.1
2,44 1.33
1,04
1.32
0.75
5 P B |

0,46

I+ +

0.79

i 4+

0.46

bE 1+

New Zealand Seoil Burecau, 1968

Metson and Brooks, 1875

0.74

0.58
0.98

Exch, Ca (m.e.%)
9.3
6.0
6.9
12.6
10.5

L3

A& Central

+ Yellow-brown pumice soils,

Exch, K (m.e,%)
0.62
0,13
0.41
0.62
0.29

Central Yellow=brown loans

Yellow=brown loams

pH

o+

ot
3

L

Reference

1

2 (On Burrell
andesitic ash)
2 (On Newall

andesitic ash)
2
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Burcau (1968) and Metson and Brooks (1975), a similar trend

can be found from previous broad surveys of the region (fable 17 )
However, in the present survey, exchangeable Mg contents were
generally lower than previous measuremnents., This may be a
reflection of the differences in criteria for sauple-=ile selec-
tion, In the previous studies, samples were teken fyrom woils in
an unimproved state, whereas those in the present study wove
taken from agricultural land. As most of the sites from which
samples were taken in this study had been farmed for periouds in
excess of 50 years, the continuing small reiovals of Mg from

the s0il as a result of their use for agriculture (During 187:

)

v

may have resulted in the differences between the present, and
previous, studies.

The uptake of Mg from the soil by plants and ite subseguent
return to the &o0il surface in plant residues and animal wastes
is known to result in increased exchangeable Mg contenis in the

upper layers of the soil with reference to those lower down (Meti=

son 1968; 1974; During et al, 1973; Wiklander, 1974). This
process of nuivient cycling is reflected in the grealer contentis
of Mg in the 0-10cm topsoil layer compored to those of the 10-20cm

layer at nearly all of the sampling sites (Tablesi4-1n:Appen-
dix 2). This detailed pattern is also similar to that evident
in the results of exchangeable Mg analyses reported in previous
broad surveys (New Zealand Soil Bureau, 1968; Metson and Brooks,
1975) for Taranaki yellow-brown loams.

The exchangeable Mg content of the soils formed on the
Inglewood Tephra and classed as Inglewood coarse sandy loam
resemnbles more nearly the exchangeable Mg contents given for
yellow=brown pumice soils (Metson and Brooks, 1975) than those
of Central yellow-brown loams . formed from either andesitic
or rhyolitic parent materials (Tablel7 ), This may be due to the
coarse pumiceous nature of the Inglewood Tephra (Neall, 1972
which contains less Mg than many othc so0il forming tephras in
Western Taranaki (Kohn and Neall, 1973). Thus, although the
Inglewood coarse sandy loams are classificed at present as Central

yellow-brown loams, being formed on andesitic tephra, with refer-
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ence to exchangcable Mg contents, the scils are more similar
to yellow-brown pumice soils.

To examine the distribution pattern of exchangeahle Yz, the
data from the detailed survey were plotted at the site locstions
on a 1:63360 topographical map of the area, and contours consiru-
cted of equal exchangeable Mg content ('Iso-}g contours'). For
the 0-10c¢m topsoil samples, a general pattern of low exchangeable
Mg contents is evident where Inglewoed Tephra is preserved in
the upper soil horizons (Fig.4 ). In the eastern part of ihe
survey area, where the Inglewood Tephra is overlain by the more
recent un-nawed Lithic Lapilli, exchangeable Mg contlents are
higher, The high exchangeable Mg contents, from 1.6 to 1.9
m,e.% Mg, near LEgmont Village are presumed to be due to ihe
extensive use of Mg-containing fertilizers on some farws in
this area. The pattern of exchangeable Mg contents foy the 10-
20cm layer is similar to that of the 0-10cm layer (Fig., 5),
with the low exchangeable Mg contents extending further to the
east, This suggests that the Inglewood Tephra influences the
properties of the lower tepscil, beirng buried in the upper 10cn
by the Lithiec Lapilli. A transect (line A=A’ en Fig, 8} denon-
strates Lhe relationship between the exchangeable Mg conivols of
the 0-10 and 10-20cm topsoil layers, and the occcurrence of the
Inglewood Tephra and the un~named Lithic Lapilli (lig.¢ ).
Although there are no reported analyses of the Mg content of
the un-named Lithic Lapilli, the exchangeable Mg analyses in
the present study indicate that it has a gresier Mg content

than the Inglewood Tephbra.

5.1.2, Exchangeable Ca, K, and Soil pH.

The resultis suggest few relationships exist beiween exchange-
able Ca or K contents and exchangeable Mg contents of soils
formed on Inglewood Tephra (Table14 )., Exchangeable Ca contents
of the 0-10cm topsoil layer varied widely in scoils formed on
Inglewood Tephra, from 1,05 to 14.79 m.e.% exchangeable Ca. In
the 10-20cm layer, exchangeable Ca contents were lower, ranging
from 0,40 to 8.52 m.e.% Ca. Linear regression analysis did show
that, in the 0-10cm topsoil layer, there was a trend for exchange-
able Ca and Mg contents to increase together:

y = 0.10)( + 0.19 ; r = 0059*‘ (n =3 26).



- Fig.4 'Iso-Mg" contours for 0-10cm topsoil layer.
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- Fig.5."Iso-Mg"contours for 10-20cm topsoil layer.

: ™
NEW PLYMg . i
m A ol R.DOJS
- Rivers
/- - Trglerood Tephda isopach.
86 - Vo med Libic Lagili
[ ‘sopach .

f Tso-Mg conbouc; in

: 02 m.&..',luc'hmﬁum !"'-3.
g N e alb

g
£




=<

Y
8 E
_Q o
35,
o 7 0] 0-10cm
8 208
S 206
W = 041

o7 R

A ."_. AL X AN 4 \ A‘
2 o\ 1\ \ v \ \
N == 204.. . R “' : t hﬁ}&hgood Teghra,
] : A S 2
O S 3043 dTaiay < [ 1]
- — S eyt e gy Unnamed Lithic
o ® 40 2 e Logilli,
£ ; < ";' . ‘.""."..Okutu and
S-*&; st o e N el $ L W I - o PN o e ey W i ';sogkmq-gfhmg,_
a s Nlpsjsso'rss N_mg}nm

Fig.6. Changes in Soil exch. Mg(m e %o) with Parent Material

along transect A-A'(see Fig.5)



However in the 10-20cm layer, no relationship was evidenu:

y = 0,02x + 0,20 ; r = 0,20 n.s, (n = 25),

(WVhere y = exchangeable Mg ; x = exchangeable Ca, in m,e.%)

o

This suggests that the relationship between exchangeable Mg and
Ca in the 0-10cm topscil layer may be related to the use of scil
amendnents, such as lime, which comronly contains small amounts
of Mg. However as detailed fertiliser histories were noi aveail-
able for most of the sites visited, the possibility of recent
and earlier use of mixed Ca/Hg fertilisers cannet be dimcounied,

Exchangeable K contentis varied hetween 0.20 and 3,45 m.e,
K in the 0-10cm topsoil layer and 0,07-1.52 m,e,% K in the
10-20cm topscil layer (Table14)., The absence of any relatiounship
between exchangeable K and Mg in soils formed on Inglewocéd Tephra,
viz}

0-10cm: y = -0.06x + 7.79 53 r = -0.08 n.s. (n = 26)

10-20cm: y = -0.05x + 0,25 ;3 r = ~0.10 n.s. (n = 25)

I

-

(Where y = exchangeable Mg 3 x = exchangeable K, in w.e.%)

is probably due to the widespread and varying use of K-containing
fertilisers over the Inglevood - RNew Plymouth sampling area.
There was evidence for a positive relaticnship betfween
exchangeable Mg and soil pll from the samples obtained in both
surveys, but which only reached significance in the rauples

teken in the detailed survey:

0-10cm : y = 1.04x - 5.31 ; r = 0.53*** (n = 44)
10-20¢m : y = 0,15x - 0,72 ; r = 0,27* (n = 43)
(Where y = exchangeable Mg in m.e.% ; x = soil pH)

This effect may be partly attributed to the liming effect
of Mg additions in the form of either dolomite or basic slag on
the farms in the vicinity of Egmont Village, where soil pll was
generally higher than elsewhere in the sampling area {Appendix 2)
Over the rest of the sampling area, it appears that lime
additions may have changed soil pl without any discernable

changes in exchangeable Mg contents.,

1 Ljr:



5.1.3, Variation of Soil Mg Content with Altitude

A summary of linear regression analyses of exchangeable
Mg content vs. altitude for samples taken from soils formed on
the Inglewcod Tephra during both the reconnaissance and detailed

surveys is as follows:

Reconnaissance survey:

0-10cm: y = 1.28 - 0.002x ; r = -0.36 (n = 26)
10-20cm: y 0.48 - 0.001x ; r = =0.44* (n = 25)

Detailed gurvey:

0-10cm: y = 1,20 - 0,002x ; r = 0.42** (n = 44)
10-20cm: y = 0.26 - 0.006x ; r = -0.23 n.s., (n = 43)

(where y = exch. Mg in m.e,% ; x = altitude in wmetres)

This shows that exchangeable Mg contents tend 1o decreace
with increzsing altitude. The exchangeable Mg contenf resulis
for the 0-10cm depth in the detailed survey hest demonstirate
this relationship (Fig 7.)

The wide variaticon in exchangeable kg contenis with in-
creasing altitude is probably due in part te the exchangeable
Mg contents being dependent upon the areal dispersion of the
Ingleviood Tephra. The exchangeable Mg content incresses to
the east as the Tephra thins, but it also increases to the
north with decreasing altitude., Altitude transects ol ex-
changeable Mg contents using the results of analyses of
samples taken from along Egmont Road in both the reconnaissance
and detailed surveys are plotted in Fig ®, b, These transzects
lie close to the dispersal axis of the Inglewood Tephra, mini-
mizing variations in the depth and grain-size of the parent
material, and minimizing consequent effects on the exchangeable
Mg contents of the soils. Linear regression analyses of ex-

changeable Mg content vs. altitude gave the following results:

Reconnaissance survey:

0-10cm: y = 2.46 - 0.006x ; r = -0,.84* (n = 6)

10-20cm: y = 0,44 - 0.001x ; r = ~0.89* (n = 6)
Detailed survey:

0-10cm: y.= 1,06 - 0,002x ; r = 0,87** (n = 10)

10-20cm: y = 0,18 - 0,003x -0.56 n.s. (n = 10)

-
e |
]
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To examine the effects of increasing altitude cn the ex-
changeable Mg content of soils formed on a different parent
material, an altitude transect of scils aleng Upper and Lowver
Pitone Roads was made., The s0il types from which samples were
talken vary from New Plymouth black and brown loams at lower
altitudes to Patlua loams at higher altitudes. Exchangeable Ny
contents varied from 0,56 to 1,89 m.e.} Mg and frow 0,16 io (1,86
m.e.% Mg in the 0-10cum and 10-20cm topsoil layers, respectively
(Appendix 2)., For both depths, exchangeable Mg content devreaced
with increasing altitude (Fig 8 a, b), although the decrcase in

the 10-20cm layer did not reach statistical sigrificance:

0-10cm: y = 1.74 - 0.004x ; r = ~0,82** (n = 9)
10-20cm: y = 0,66 - 0.002x ; r =-0.59 n.s., (n = 9)

)

Therc are marked discontinuvities in the trend ot exchenge-
able Mg contents with increasing altitude in the 0-10cm depths
for both the New Plymouth b.l. - Inglewood c.s8.1l. transcct of
the reconnaissance survey and the New Plywmouth b.l, - Patua
loam altitude transect in the detailed survey (Vig Ca.) These
diccontinuities occur at approximately 1bBUm altitude, coinciding
with the change frem KNew Plymouth brown leam to either inglewood
c.58.1. or Patua loam. A marked decline in exchanpgeable Mg
content with increasing altitude also occurs at altiiuvdes of
300-40C0n on both the Inglewood c.s.l. altitude transacis and on
the New Plymouth black and brown loams - Patua loam aliiiude
transects. These two discontinuities occur at a siwijar altit-
ude at which incipient iron mobilisation (150m) and the forma-
tion of thin iron pans (> 300m) have heen observed (V. E, Keall,
pers, comm). This suggests that the mobilisation of both Mg
and Fe from primary soil forming minerals is occurring at
similar altitudes and is possibly related to an increase in
leaching intensity with increasing altitude. Similar discontin-
uities are evident, although less marked, in the 10-20cm depths
(Fig 8b).

While total Mg contents are similar at all altitudes in
soils formed on Inglewood Tephra (Table 18; V. E. Neall, pers.
comm.) the ratio exchangeable Mg/total Mg decreases as altitude

increases:

¥y = 1.39 - 0,002x 3 r = -0,68* (n = 12)
(where y = exchangeable Mg/total Mg ; x = altitude

in metres)




Exch. Mg
Table 18 [Ixchangeable Mg, Total Mz, so0il CEC, total MNgm

and Mgz saturation of CEC for selected sanpling sites on
- I 43

Inpglevood c.s5,1.

Exch. Mg Mz

Sample Altitude Exch, Mg Tetal Mg CLC Total Mg CRG
(m) m.e. % - (%

19 151 0.84 72 31.7 0.012 2.7
20 213 1.31 87 36,4 0,012 3.6
27 213 0.89 81 - ¢.010 -
7a 213 0.57 26 - 0,006 -
7hb 213 0.24 156 - 0.002 -
28 244 1.29 86 26,0 0.015 5.0
22 351 0.47 80 - 0.006 -

30 396 0.20 135 26.5 0.002 0.8
13 4741 0.33 90 24,5 0.C03 1.4
4 503 0.29 107 . 0.003 .
10 503 0.28 98 21.8 0.003 D

i
31 503 Q.37 94 28.3 C.004 1.3
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This indicates that at higher altitudes, a smaller pro-
portion of the total Mg present is in exchangecable form, Two
possible sets of factors may contribule to the decrease in
exchangeable Mg with increasing altitude:

i) Rainfall, Annual rainfall, and hence leaching
intensity, increases with increasing altitude, svaer
the area covered by the Inglewood Tephra. The range
is from approximately 1 700mm p.a. at 150m of

altitude to 3 BOOwn p.a., at 500w of altitude.

ii) Chemical weathering., Classically, the intensity of
chemical weathering processes, especially the hydro-
lysis of primary silicates (Fitzpatrick 1971, pp 27)
are thought to decreese with increasing altitude,
2lthough Ruxton (1968) has evidence for a reverse
trend in weathering of tropical volcanic ash soils

in Papua.

in ihis study, there is evidence for a decrease in soil

CEC values with increasing altitude (Table 18 ):

y = 36.8 - 0,03x 3 r = =-0,71* (n = 7),
(where y = s0il CFC; x = altitude in metres),
which is probably indicative of a reduction in the intensity of
chemical weathering processes at higher altitudes.,because =o0il
CEC is partly determined by clay minerals preduced {rom the
weathering of soil-forming minerals,
The Mg saturation of the so0il CIEC also decreagses with

increasing altitude (Table 18 ):

y = 5.12 - 0,01x j r = -0.76* (n
(where y = (exchangeable Mg/CEC) x 100 ; x

7)

altitude in metres)

an effect which could be atiributed to the increase in leaching
intensity with increasing altitude. Previous studies (Beeson,
1959; Wiklander, 1974) cenfirm that where soils are formed from
similar parent materials (eg sedimentary rocks or loess) the
saturation of soil CEC with bases decreases with increasing
leaching intensity,

At the higher altitudes, the combination of the reduced

rates of Mg release from primary minerals, the lower so0il CEC's



Table 19 Exchangeable Mg, total Mg, soil CEC, and indices of soil Mg status for a range of Taranaki

yellow-brown loams

Soil Type Altitude Exch, Mg Total Mg CEC Total M CEC

(m) m,e.% o

Burrell gravelly sandy loam 427 1.84 111 27.1 0.02 6.8
[langatahua bouldery sand 320 0.65 63 18,1 0.01 3.6
Newall bouldery sand 396 1,38 79 28.4 0.02 4.9
Norfolk bouldery sand 335 0.28 82 26,5 0.003 i
Patua loam 426 0.53 - 31.3 - s B
Stratford course sandy loam 320 0.14 78 22.4 0.002 0.6
New Plymouth black loam 61 2.91 67 39.4 0.07 74




and the higher leaching intensity, would lead to a smaller

pool of exchangeable Mg compared to soils at lower altitudes.
The apparent similarity between the altitudes at which incipient
iron mobilisationand iron pan formation occur and changes in ihe
rate of decrease of exchangeable Mg content with increasinpg alt-
itude in the 0-10cm topsoil layer suggests that leaching
intensity may be the major facior influencing the gize of the
exchangeable Mg pool in soils forwed on Inglewood Tephra. 'The
decrease in the Mg saturation of so0il CEC wiih increasing alii-
tude would suppert this contention.

The decrezse in exchangeable Mg content with increasing
altitude in soils formed on the New Plymouth black and brown
loams -~ Patua loam altitude +transect suggests that similar
factors to those discussed ahove also affect exchangeable bg
contents in these soils. The results of exchangeable and total
Mg content and soil CEC determinations on soil samples collected
~from other soil types (Tablel® ) also indicate that the above
factors influence exchangeable Mg contents of other scils in
Taranaki. The percentlage Mg saturation of seoil CLC and the
value of the ratio exchangeable Mg/total Mg are gererally lower
for soils at higher altitudes (Burrell gravelly sandy loam,
Hangatahua bouldery sand, Newall bouldery sand, Norfolk bouldery
sand, Patua loam, Stratford ceoarse sandy loam) than for soils at

lower altitudes (New Plymouth black loam),

3.2 Pot Experiment

5.2.15 Initial Soil Magnesium Status

Ixchangeable dg, Ca, K, reserve and total Mg contents, scil
pH and soil CEC for the unamended soils are given in Table<0 .
It is apparent from these results and from experience working
with these soils in the field and in the laboratory, that the
s50ils used in the experiment could be grouped into two bread
classes, viz: coarse textured soils of low exchangeable Mg
content (Burrell g.s.l, and Inglewood c.s.l.)and finer textured
soils with higher exchangeable Mg contents (New Plymouth and
Egmont b.1s.). Exchangeable Ca, K,soil Cation exchange capacity
(C.E.C.,), and to a lesser degree, reserve Mg and soil pH also

followed a similar pattern.




Table 20

Soil
Type

Burrell gravelly
sandy loam
Inglewood coarse
sandy loam
Egmont

black )oam

New Plymouth
black loam

Mg

.24

0.22

1,22

1.44

Analyses of Untreated Soils used in Pot Experiment

Exchangeable
Cations

(m.ec%)

Ca

1.37

7.56

10.30

1.10

0,80

pH

5,9

CEC (m.c.%)

17.6

Mg

1.4

1.1

4.9

Percent

Saturation

of CEC with:

Ca

20

6.6

30

34

2.9

4.4

Reserve Mg

(m.e.%)

Total Mg

(moea%)

1]

92;

87.7

74.6

(@:8)

beats



Table 21

Rating

Very high
High
ledium
Low

Very Low

Amounts of Mg in scoils according to the

cd'e!.‘;i"‘ rics of

Metson and Broocks (1975)
7

Range (m.e.%)
Exchangeable Mg

>7
e T,
1-3

0.5-1
<0.5



According to the criteria propesed by betison and Brooks
(1975), as shown in Table21 , the contents of exchangeable and
reserve Mg contents in the Burrell g.s.1l. and Inglewood c.s.l,
would be considered to be in the very low and low catepories
respectively, in relation to other New Zealand soils. On the
other hand, New Plymouth b.l., and Egmont b.l., would be consid-
ered to contain medium amounts of exchangeable Mg and low amocunis
of reserve Mg. Soils which conlain low amounts of resevve Mg

to

but medium to high exchangeable Mg contents vould be expected
beconme depleted of exchangeable Mg with time, especially in
areas of high rainfall (Metson and Brooks, loc.cit.)

According to the criteria proposed by Prince (1247), based
on the percentage Mg saturatiocn of the CEC, all four soils would
be regarded as potentially Mg deficient and likely to respond ie
fertilizer Mg, as the percentage saturation of the CEC with Hg
in each case was less than 6%, Allowing for variations in
texture, Metson and Gibson (1974) stated that the minimum Ky
saturation of the CEC should ideally range from & to 10%, with
the higher figure pertaining to sandy scils of low CuC. ©On ihis
hasis, the heavier textured New Plymouth and LEgwont b.}. would
probably be classed as marginally Mg deficient in Mg, and the
Inglewood c.s.1. and Burrell g.s.1l,, as extremely Mg deficient,

Not one of the soils used in the pot experiment approached
the "ideal" percentage saturation of the CEC suggesied by Bear
and Toth (1948) of 65% Ca, 10% Mg and 5% K. In fact, in the
two soils of lowesti exchangeable Mg contenis, the amcunts of
exchangeable K exceeded those of exchangeable Mg, which is the
opposite situation to that commonly fecommended (Bear and Toth,
1948; Graham, 1959; Hooper, 1967). Hooper (1967) considered it
necessary for the exchangeable Mg/K ratio to exceed 1.2:1 to
ensure that ryegrass herbage contained at least 0,2% Mp. This
ratio was approached in the Egmont b.l, (Mg/K = 1,1:1) and
exceeded only in the New Plymouth b.1l. (Mg:K = 1.8:1),For the
other two soils this ratio did not exceed 0.40:1,

These results could be interpreted to indicate that, of
the four soils, Burrell g.s.l. and Inglewood c.s.l. which both
contained extremely low contents of exchangeable Mg and per-

centage saturations of CEC with Mg would be expected to be
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the most responsive to Mg fertilizer additions in a similar
way to that reported by Moody (1962) for the coarse-textured
Te Rere sand. Smaller responses to Mg fertilizers on New
Plywouth and Egmont b.l.'s would be expected on the basis of
the above analyses and criteria and the finding that sacils of
similar exchangeable Mg contents have not generally tended to
respond to the application of Mg fertilizers (McNaughi et al,

1968b; McNaught et al.,, 1973 a, b.).

528y Dry Matter Yields

Ryegrass herbage yields and responses to Mg feriilizer
addition and cuiting regimes are summarized in table 22 , Yield
responses were tested for significance using Yate's method for
computing factorial effcets. At the first harvest, vyveprass
dry nmnatter yields on the coarse textured Burrell g.s.1. and
Inglewood c.s5.1., were greater than those on the fincr-textured
New Plymouth b,l, and Egmont b,l., (Table 22)., The vciative
yields obtained from the different seils changed during iLhe
course of the experiment so that by tihe ithird barvesti, the yield
ranking was New Plymouth b.l. = Egumont b.1l.> Burrell p.s.1.>
Inglewood c.s.1.

a) Dry Matter Yield Responsec to Mg fertilizer addiiions

A significant (p <0.001) yield response to Mg fertilizer
additions occured at the first harvest (Table £595) aver all
soils, Although this effect persisted into the second and third
harvest, the level of significance declined indicating that the
response to Mg became less pronounced with successive harvestis.
The significant soils x rates of Mg interaction (Table 23), at
all harvests, showed that the dry matter yield respuuse to Mg
additions varied between soil types,

For the two coarse-textured soils there was a trend for
dry matter yields to increase with the addition of Mg at each
harvest, which was reflected in the total D.,M. yields (Table22 ).
The trend only reached significance (p<0,01) for Burrell g.s.l.
where large yield responses occured at the first two harvests,
and for total D,M, yields, On the finer textured soils there
was generally no consistent yield response although at the

third harvest a significant (p<0,05) yield response occured



Table 22 Dry Matter Yield responses to Mg additions for

cach scil type and cutting regime

BURRELL GRAVELLY SANDY LOAM

Treatment Cutting FHervest 1 Harvest 2 Harvest 5 ‘'fotal

(kg Mg ha-l) Regine A
g DM, pot ~ ————e

1 1.58 0.60 1.41 3.59

9 1 2.85 0.77 1.60 5,22

18 1 2,51 0.73 1.41 4,65
36 1 2,27 0.86 1.50 1,63
2 1.99 0.67 0.68 3,34

2 3.04 0.91 0.82 4,77

18 2 3.02 0.88 0.80 4,70
36 2 3.08 1.04 0.85 1,94

TNGLEWOOD COARSE SANDY LOAM

0 1 1.17 0.42 0.55 2,14

9 1 1.33 0.411 0. 54 2.28

18 1 1.56 0,40 0.59 2,56
36 1 1.33 0.41 0.62 .36
0 2 1.52 0.40 0.33 2.25

2 1.74 0.42 0.35 2.51

18 2 1.67 0.49 0.32 2,48
36 2 1.49 0.48 0.51 2.48

EGMONT BLACK LOAM

1 1.09 0.83 1,38 3.30

9 1 1.06 0.95 1,96 3.97

18 1 0.91 0.90 1,64 3.45
36 1 1.00 0.93 1,86 3.79

il B
.
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Table 22 (Cont..)

Treatment Cuiting
(kg Mg ha-i) Regime Harvest 1 Harvest 2 Harvest 3 Total
IEGMONT  BLACK LOAM
0 2 1.45 1.C8 0.89 .42
9 2 1,37 1.07 0.79 3:23
18 2 1,4 1.30 .77 3.91
206 2 3 L) 1.09 0,81 3.40
NEYW PLYMOUTH BLACK LOAM
0 z | 0,86 0,68 1,72 3.26
9 1 0.78 0.59 1,42 2,79
i8 1 Q.25 0.63 135 2.71
36 1 0.88 0.61 1.63 S 12
2 : I () 0.87 0,85 2,84
9 2 1.05 0,81 0,80 2.006
18 2 G.90 0.82 0,83 2,85
36 2 110 0,92 0.83 2,95
LSD 5% 0.39 0.15 0.26 0.56

1% 0.32 0.20 0,34 0.74

(@20

Vot




Table 23 Summary of Treatment Effeccts on Yields at each

Illarvest and for Total accumulated Yield

Treatment Lffects Interactions
M R S Mx R S x R Sx M Sx Mx R
Harvest One s oHYe rEE T & L NS s e NS
Harvest Two *E o 4ve kxx 1 2 S AS s =N NS
Harvest Three * 3 +ve rAar g 2 e AS e * NS
Total DM Yield Baks 4ve * Kxk * NS et NS
Harvest Interaction * ks 2 e NS X N NS

*; **; *¥%s Significant at p<0.05;<0.013;<0,001, NS: Not Significant
M = Mg fertilizer
R

|

Cutting Regime

s NPT O,
S = 501l iype

Effects tested for significance using the -teost

o

B
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on Egmont b.,1l. under cuiting regime 1, butl not under cuiting
regime 2, The differential results for the two cuilting regines
are not readily explained. There were no toctal D.M., yield ve-
sponges on New Plymouth b,1l., and Egmont b.l. under cutiiong
regime 2; the significant total D.M. yield response of lguont
b.1l. under cutting regime 1 being due to the yield response =t

the third harvest.

b) Effects of Cutiing Repimes

For all soil types significant (p <0,001) dry matter yield
differences occured between the two cutting regimes at all har-
vesis (Table 23). At harvests 1 and 2, yields from cuiiing
regime 2 exceeded those from cutting regime 1., At harvest 3
however, the reverse situation occured. These differences vere
probably due to the different growth periods at harvesis 1 and
3 together with the different temperature conditiong ail harvests
1 and 2. VFor example, at harvest 1 the regrowth pericd was 11
days longer under cuiting regime 2 ithan under cutiiang regime i,
and in addition a temperature increase (from 12¢ day/ﬁ C {(night)
to 14 C (day)/7 C (night) also occured during this period
{Table 11). At the second harvest, although the growth period
was conetant at 21 days, the yields from cutiing regime 2 were
again greater than those from cutting regime 1 (Table 22), as
the plants grew through a temperature change, from 14 € (day)}/
7?7 C (night) to 16 C (day)/9 C (night) under the former regine,
whereas those growing under the latter regime experienced con-
stant temperatures of 14 C (day)/7 C (night) throughout. At
the third harvestﬂthe differences in drymatter yields htetween
the two cutiing regimes reflected the different growth periods,
viz:21 days under cutting regime 1 and 10 days under cutting
regime 2, Temperature was constant over both regimes, at 16 C
(day)/9 C (night),

c) Discussion

The patiern of dry-matter yield responses to Mg additions



found for the four soils in this study eg¥<e in principle with
the results previously obtained Ly other workers (Moody, 190623
Dorofaeff and McNaught, 1962; HMcNaught and Dorofacff, 10065;
McNaught and Ludecke, 1967; McNaught et al, 1968 a, b flogs and
Karolvsky, 1668; Hogg and Toxopeus, 1973; BHMcNaught et.al,, 1075
a, b; Toxopeus and McNaught 1973; Metson, 1974), in which re-
sponses were commonly found on coarse lextured soils of low

pll and with so0il exchangeable Mg contents of approximaicly 0,2
m.e.% or less, Few resulis of field or glasshouse experitenis
have been reporied in New Zealand and fewer stilil have reported
pasture yield responses to varying rates of Mg addition. HMoody
(1662) concluded that there was no significant difference in
pastiure yields on Te Rere sand between 250 and 500 kg hanl of
MgSO,. 7H,0 (10% Mg). Later work has been meainly concerned with
comparing pasture dry matter yields in the presence ind ahserce
of Mz additions. High rates of Mg addition (such as dolomite

at 2 500 kg ha_l) did not result in increased dry-matter yields

over lower rates of Mg, but rather appeared to sustain lhe

e |
increasen in yields over a longer period on responsive soils
(McNaught et al, 1973a). The results of the present cuperinent,
in which there was generally no significant difference betveon

ryegrass yields from the ¢ and 36 kg Mg ha~! pates on the ve-
sponsive soils (Table22 ) are in general agreement with these
findings.

Yield responses to Mg addition on soils derived from
rhyolitic Taupo pumice have been obtained at sgoil exchangeable
Mg contents of from 0.15 to 0.20 m.e.% Mg (Moody, 19G62; lorg
and Karlovsky, 1968). The results of the present experiment
suggest that responses to Mg may slso occur on soils derived
from andesitic parent materials . with _ similoc exchange~
able Mg contents. Yellow-brown loam so0ils derived from rhyolitic
material with exchangeable Mg contents of ca.1.0 m.e.% Mg have
not shown yield responses to Mg fertilizer (McNaught and Lud-
ecke, 1967; McNaught et.,al,, 1968; McNaught et.al, 1973 a, b)
and other soil types of comparable or higher exchangeable Mg
content have given similar results. The lack of a significant
yield response to Mg additions for ryegrass on New Plymouth b.l.

(exch. Mg 1.44 m.e.%) concurs with this general observation.



However, the indication of a response to Mg addition at the
third harvest on Egmont b.l. (exch. Mg 1.22 m.e,%) indicates
that this so0il may contain a limited supply of plant available
Hg. In an analysis of the Mg ecenomy of pasture on a Hovrotin
sandy lozm (1.5 m.e.% exch., Mg, 0.25cm, 0.6 m.e.% exch, Mgz,
2.5-7.5cm), a s0il of similar exchangeable Mg status to I wmont
b.l., During et.al.,(1973) concluded that the soil was marginal
in content of plant available Mg, and suggested that any lcecs
of Mg from the soil-plant system could result in depressed plant
Mg contents and also dry-matter yields. The results eohlained
in this presenti experiment, where herbage was removed at euach
harvest, coupled with the known low conient of reserve Mg (Table
20 , and also Metson, 1868; Metson and Brooks, 1975) suggest
that Egmont black loam may be very similar to Horotiu sandy
loam with regard to the amounts of Mg available for plant uptake,
The lack of a significant yield response to Mp additions
on Inglewoced c.s.l. cannot be fully explained on the basis of
soil Mg status, as the exchangeable Mg content of ilhia soil was
low enough to expect a yield response to follow Mg addilicn,
However it is possible thai ryepgrass yields on Inglewvaod c¢.s,1.
were limited by a deficiency of some other nutrieni element,
poseibly one of the trace elements,
The differences in dry-matter yields produced at harvest
2 for the two cutting regimes appears to be related to the
differences in the temperature conditiors of the two regimes,
as described previously. The ryegrass plants in cuiling regime
2 pgrew at temperatures close to the optimum for ryegrass of
between 15-16 C (Mitchell, 1956) for the latter half of this
growth interval. -Below this optimum temperature, a sharp de-
cline in the rate of tiller dry-matter production has heen
found to occur (Mitchell, loc. cit) and may explain the lower ,
dry matter prodictiomf ryegrass gr;wing at the constant 14 C
(day)/7 C (night) temperature conditions under cutting regime
1. A similar teuwperature effect may explain the differences
in dry matter production obtained at harvest 2 and 3 in cutting
regime 1, where a two-fold increase in dry matter production
occured on three of the soils between the two harvests. Ingle-

wood c.s.l. was again the exception.
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A further factor that may have contributed to the increase
dry matter yield between harvests 2 and 3 in cutiing regine 1
could have been an increase in tiller numbers., Although no
count of tiller numbers was iaken during the experiment, tiller
numbers probably did increase over the course of the exjperiment,
The similarity in dry-matter yields between harvests 2 and J§
in cutting regime 2 could thus be atiributed to both a trwperas-
ture effect on growth and an increased rate of dry matlter
production due to increased numbers of tillers on each ryepgrass
plant compensating for the differences in the lengths ¢ the

regrovth periods for the two harvestis.

5.2.3. Plant Magnesium

a) Plant Mg concentration

Ryegrass Mg concenirations generally increased with
increasing rates of fertilizer Mg addition en all soiis and
for hoth cuiting regiwes (Table24 )., The largest main effects
of Mg addition occured in Burrell g.s.l. a2nd Inglevood e.s.l.
where the mean plant Mg concentration averaged over all harvestis
increased from 0,16 to 0.22% and 0,13 to 0,21% respectively, for
cutting regime 1, and from 0.17 to 0.,25% and 0,13 to 0,227 ro-
spectively, for cutting regime 2. Smaller increases in mean
plant Mg concentrations were found for New Plymouth b.1, and
Egmont b.l., ranging from 0.24 to 0.28% and 0.22 to 0.,25%
respectively for cutting regime 1, and from 0.25 to 0,29% and
0.24 to 0.28% respectively, for cutting regime 2, All of the
avove increases were found to be statistically significant
(p<0.001)., In most cases the minimum Mg concentrations occured
in the untreated controls and the maximum concentrations for the
highest rate of Mg addition (36 kg Mg ha™1).

Linear regression analyses of plant Mg concentration and
Mg fertilizer rates confirmed the above trends (Table25 ) for
both mean Mg contents, calculated as the weighted means adjusted foc
dry matter yields at each harvest, and for plani Mg concentra-
tions at each harvest. For each increment of kMg addition, the
rate of increase of plant Mg concentration on Burrell g.s.l. and

Inglewood c.,s.1. was approximately double that occuring on New



Table 24

Ryegrass Mg concentrations in relation to soil type, Mg

e

fertilizer addition, cutiing regime, and Harvesti period

Secil Type Mg Cutting farvest number:
Rate Regime 1 2 3 Mvan{}j
(kg ha™1) %Mg
+ 0.01——
Burrell 0 1 0,12 0,12 0,23 0.16
gravelly sandy ] 0.i14 0,16 0.28 0.18
leam 18 0.14 0.16 0.28 0,18
36 0.16 0,19 . 0.33 u.22
4 050] =
2 013 0.2 0,22 0,17
Q.14 0,29 0.29 G.20
18 0,15 0,29 0,27 0,20
36 0.18 0.36 0.368 0.5
e < Lyl S et
Inglevood 0 1 0,12 0,11 0,15 0,13
coarse sandy 9 0,13 ©.,13 0,20 0,15
loam 18 0,46 0,16 0.22 0,17
36 0,19 0318 0,26 0.21
+ 0,01
2 .11 0.14 0,23 0,13
9 0.15 0.17 0.25 0,16
18 0,18 0,20 0,26 ©.1i9
36 0.19 0,24 0.25 0.22




Table 24 (Cont..)

So0il Type Mg Cutiing Harvest numher:
Rate Recimne 1 2 3 Henn(])
(kg ™ ) oM
+ 0.01 e

Egimont black 5 0.2x 0.21 0,23 0.22

loam g 0.23 0.22 0.25 0.22

18 0.23 0.24 0,26 0,25

36 0.25 B.25 0.25 Q.25

+ 0,01 S

2 0.21 0.28 0.23 ©.24

9 0.24 0,29 0,25 0,26

18 0.25 .29 0,25 (.26

36 0.27 0,31 0,25 0,28

e 4 0,0 L - s

Kew Plymcuth 0 i 0,21 0.20 06,27 G.*4

black loan 9 0.12 0,21 0.26 0.23

18 0.23 0.21 0,28 0G6G.I5

36 0.24 0.24 0,31 0,28

e R B

2 0.21 0.30 0.26 0.23

S 0.24 0,28 0.26 0,26

i8 0.23 0,27 0,27 0.26

36 0.26 0.31 0,31 .29

("j HMW A o\r.wra\iha ' B\no ma‘l’nr .@Ms d‘ eon.d-\ ‘\Nws*.

D
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Plymouth b.1l. and Egmont b.l. The relative increases in plant
ig content found for the different soil types in this experiment
are in general agreement with the results obtained from previous
trials (Moody, 1962; Reith, 1963; Salmon and Arnold, 18663;
McNaught and Ludecke, 1967; MeNaught et.al, 1968 a, b; 1973 a,
b) in which the largest responses generally occured on coarse-
textured soils of low (Ca. 0.02-0.03 m.,e.%) exchangeable H;
contents,

The different relative responses to Mp sdditiors probably

result from the fact that:

i) Ryegrass Mg content has been found to be iinearly
A .
related to the activity ratio 'ﬁ?‘“““‘ in the soil
* Co

solution, for soils of similar K content {Salmon,
1864); and

ii) fkﬁ_*,__ has been found to be directly related fo
‘ﬂnq+cu
so01l exchangeable Mg contents within a single soil

type (Arnold, 1967)

na +Ca
However, the rate of change of ihe activity ratio Shl AL S

gﬂi-i'Cn
with increasing exchangeable Mg content differs belween su0il

types. Arnold (1967) presented data (from Salmon, 14Gil) which
indicated that the changes in this activity ratio for unit
changes in soil exchangeable Mg content were larger in soils
of low cation exchange capacity than in soils of high cation
exchange capacity & similar relationship between soil exchange-
able Mg and the same activity ratic for different =cil types,
was shown by Alston (1972) who concluded that the ability of
any so0il to buffer changes in the activity ratio varied in
proportion to the soil exchangeable Mg content. It would he
expected, therefore, that the activity ratio Ekng-—— and hence
the plant available Mg content of a so0il would 1'g¥ease less
rapidly in response tc additions of fertilizer Mg, the higher
the C.E.C. of a scil, The results of the linear regression
analyses (Table25) are taken as evidence that similar relation-
ships to those described above probably also hold for the soils
used in this experiment.

There was a strong tendency for plant Mg concentrations
to increase with successive harvests on all soils. This in-

crease was significent (p <0.001) for all soils except Egmont



Table 25

First Harvest

Results of Linear Repgression Analyses of Herbage

Mg conc. (% D.M,) (y) vs, adjusted treatment number (x}(l)

Cutting Regime

Burrell 1 0.01% + Q.3 3 » 0.83 vae(2,3)
2 O:0ix 4+ 0:11 3 r = 0,86 ***
Inglewood 1 0.02x + 0,10 ; r 0,92 ¥Ex
2 y = 0,02x + 0,11 ; r = 0,87 ***
Egmont 1 y 2 0.,01ix # 0,20 3 »= 0,753 **
2 Y 0,01x + 0:20 ; »=&= 0,90 ***
New Plymouth 1 3 0., 00x + 0,18 5§ » = D;63 **
2 b 0.01x + 0.21 3 DTG e
Second Harvest
Burrell y 0,02x + 0.12 § ¥ 0,87 HmE
2 0.03x + 0,22 ; »r 087 e¥
Inglewood Y 0.02x + 0.09 3 r 0.90 ***
P C.08x + 0.20 3 r 0,35 ***
Egmont 1 y = 0.00x + 5,29 § » = 0.72
2 v 040%x + 0,27 5 1 = 0,73 **
New Plymouth q 0.01x + 0.18 : » 0,72 **
2 ¥ 0.01x + 0,28 ; r 0.29 ns

46



Table 25 (Cont..)

Third Harvest Cutting Regime
Burrell 1 ¥y & 0,022 & 0,232 52 v g 0,90 *%¢
2 ¥y = 0,03% + 0,20 3 © = 9.,89 ¥
Inglewood 1 y = 0,02x + 0;12 § r = 0,81 ***
2 ¥y £ 0.02% & 0,18 § ® 2 o.7e v
Egmont 1 y = 0,005x + 0,23 3 »r = 0,39 ns
2 y = 0.005x + 0.23 3 r = 0,392 ns
New Plymouth 1 y = 0.0Ix & 9.24 & v = 0,79 *r*
2 y = 0.02% # 0,24 % © = Q.83 *#*¢
Overall
Burrell 1 y = 0,02x ¥ 0.158 5 v = 0,85 ***
2 y = 0:02x + Q515 5 v = 0,91 ***
Inglewood 1 Yy = 0,02x + 0,11 5 r = 0,95 ***
2 ¥ = 0,028x + 0,11 § v = 0,93 ***
Egmont 1 y = 0,0lx # 0,22 3 v = 0,72 **
2 y = 001X + 0,23 § r = 0,89 ***
New Plymouth 1 ¥ = 8,01% + 0,22 ;. b = Q.79 *r*
2 v oF 0.01x 4+ 8,33 5 P = 0,82 wee



Table 25 (Cont..)

Results of Linear Regression Analyses of llerbage

Mg conc. (% D.M.) (y) vs. adjusted treatment number (1)(1)

(1) Treatments were numbered as control; 1: 9 kg Mg ha"i;
2: 18 kg Mg ha"l;
3% 36 kg Mg Ha 3

: such that (adjusted trt.

[#1]

numbers ~1) x 9 = rate
of Mg applied in kg/ha.
(2) There were 14 d.f. for each regression.
(3) Significance is indicated by: ns - not significant
* - significant (p<0.05)
** - significant (p<0.01)
*¢*. gipgnificant (p<0,001)



-
e

b.l., where the increase was less marked ( p<0.01 for cuttiing
regime 1), For cutting regise 1, the maximum plant Mg concentra-
tion occured at the final harvest on all soils. The largest
overall increases (from 0.12 to 0.28% Mg) occured on Burrell
g£.8.)., with smaller increases occuring on Jnglewood c.x.1,
(from 0.15 to 0.21%Mg), New Plymouth b.1l. (from 0,22 tu 0,28%
Mg) and Egmont b.,1l., (from 0.23 to 0,25% Mg)., For cutting regine
2, the maximum plant Mg concentration was reached at harvest 2
for all soils except Inglevoad c.s8.1. Under {his repgime plant
Mg concentrations at harvest 3 remained similar to those in

the second harvest (Table<6 ) except for Inglewood ec.s.l., where
a further slight increase occured at the third harvest. and
Egwont b.1,.,, where Mg content of the herbhapge decreased at the
third harvest. The largest increases in plant Mg concentration
again occured on Burrell g.s.l. (from 0.15 to 0.29% Mg) with
smaller increases on Inglewocod c.s.l. (from 0,16 to 0.22% Mg),
New Plymouth b.,l., (from 0.23 to 0.29% Mg) and Egmont b.,1. (from
0.24 to 0.29% Ng).

The differences in ryegrass Mg concentrations between the
controel (0 kg Mg ha_l) and the highest rate of Mg addition {36
kg Mg ha“l) are presented in Table 27 for each harvest. The
data suggest ihat on the two soils of low (ca. 0.2 -~ 0.3 m,e.%
Mg) exchangeable Mg content ihere was a greater increase in
plant Mg concentration with additions of Mg and increasing
temperature than on those of higher (ca. 1.2 ~ 1.4 m.e.% dNg)
exchangeable Mg contents, This evidence for an increase in
Mg content of ryegrass plants with increasing temperature regimes
in good agreement with the results of previous work with a range
of plant species (Dijkshoorn and T'Hart, 1957; Hendricks and
Grunes, 1966; Grunes et, al, 1968; McNaught et. al, 1968 b) and
more particularly for other grass species and for mixed pasture
herbage (McNaught, 1964; Stuart et.al,, 1973). It has been
suggested (Kemp and T'Hart, 1957) that a critical minimum tem-
perature appears to exist for perennial ryegrass below which
Mg uptake responds only slightly to increases in soil and air
temperature., Once this critical minimum temperature, of approx-
imately 14 C is exceeded in the spring, Mg uptake by ryegrass
_increases rapidly. The results of the present study (Tables 24

and 27 ) indicate that for all soils the increases in plant Mg

D
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Table 26

Average Ryegrass Mg concentrations for successive harvests (means of

all treatments)

Soil type Cutting Harvest 1 Harvest 2 Harvest 3 F (2/36 d.f.)
Regime

Burrell 1 0.14 0.186 0.28 451,3 ***

2 0.15 0.29 0.28 349,8 ***
Inglewood 0,15 0,14 0.21 51,1 ¥%*

2 0.16 0.19 0,22 25,9 ***
Egmont 0.23 0.23 0.25 Tl ™

2 0,24 0.29 .25 o X
New Plymouth 1 c.22 Cc.21 0.28 80,3 ***

2 0.23 C,29 0.28 A58 s

g

LY
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Table 27 Dpifferences in plant Mg content between

- 5 -1 ¢
control (0 kg Mg ha 1) and the highest (36 kg Mg ha ) Me

ireatment rate,

Soil Type Cutting
Regime Harvest 1 llarvest 2 Harvest 3
% Mg R
Burrell 1 0,04 0,07 0,10
geSsle 2 0.05 0.12 0,14
Inglewood 1 0.07 0,07 0.11
(300 e 1A 2 0.08 0.10 0,03
Egmont 1 0,04 0.04 0,02
o R 1% 2 0,06 0.03 0.02
New Plymouth i 0,03 0.04 0,04

b.l,. 2 0.05 0,01 0.05




concentration between harvests 2 and 3 in cutting regime !, and
between harvests 1 and 2 under cutting regime 2 occured following
the transition from a tewperature environment of 14 ¢ (day)/
7 C (night) to one of 16 C (day)/9 C (night). It has already
been shown (Dijkshoorn and T'Hart, 19573 Herdricks and Grunes,
19663 Grunes et al, 1968) that when teuperature changes occur
during a periocd of plant growth, temperature conditions at the
conclusion of the growth period exert a stronger influence on
ryegrass Mg concentrations than do those operating during the
early part of the growth period. Thus, the higher tespervaiures
at the conclusion of the second growth period under cutling
regime 2, when day temperature increesed from 14 C to 16 C mid-
way through the period are reflected in the finding of an in-
crease in Mg concentrations between harvests 1 and 2. Conversely
the reduction in temperature when the plants were moved from the
glasshouse (at 20 C) to the growth room (initially at 12 C day/

5 C {night) may be responsible for the finding of lewve: plant

Mg cencentrations at the first harvest for all regimen. Again,
the increase in temperature from 12 C (day) to 14 C (day)

between harvests 1 and 2 in cutting regime 1 did not evceed the
apparent critical minimum temperature of 14 C and so plant Mg
concenirations were similar at each of these two harvertis,

There appears to be no general consensus as i¢ the physio-
logical causes of ithis temperature effect on Mg uptake by
plants. Since Mg uptake by plant roots is thought tc be metabo-
lically controlled (Collander, 1941; Epstein and Legget, 1954;
Brouwer, 1956; Sutcliffe, 1967; Hodges, 1973) any increase in
plant Mg concentration with increasing temperature msy be
explained in terms of increased rates of plant metabolism (Corey,
1973). Also, increasing temperature would be expected to
stimulate root growth, and if the optimum temperature for rye-
grass root growth is similar to that for ryegrass tillers, viz,
15 C (Mitchell, 1956) then increased exploration of the soil
volume by roots may account for some of the increase in plant
Mg uptake since the greater exploration of the soil velume by
plant roots would decrease the mean distance for transport of
nutrients from the soil to the plant root (Mengel, 1974). In
addition, the interception of nutrients by plant roots growing

through a soil has been shown to proVide a significant proport-

-y
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ion of plant Mg requirements (Barber, 1966) and any increase in
root volume in response to temperature increases would be ox-

pected to result in increascd Plant Mg uptake.

b) Plant He Uptake

Mz uptake at each harvest follewed a similar pattern to
that found for Mg concentrations (Table28)., A featurc of the
results was the similarity in total Mg uptake for tle two
cutting regimes, suggesting that the same total quantitics of
s0il and fertilizer Mg were utilised within each regime. FHence
in the following discussion cencerning total Mg uptake tbe
results used are the means of the two cutting regimes. The
greatest relative uptake responses occcured on the Burrell p.u.l.
and Inglewood c.s.l., from 5.7 to 11 mg Mg/pot and frow 2.9 to
5.4mg Mg/pot, respectively. For these two soils the highest
rate of Mg application (36kg Mg ha_l) produced an apparent two-
fold increase in plant Mg uptake over the untreated controis.
There were smaller inecreases in plant Mg uptake on the HNew
Plymouth and Egmont b.l,, where total Mg untake increaced from
7.5 to B.7ug Mg/pot and 7.7 to 9.0mg Mg/pot, respectively.

At each separate harvest, Mg uptalte responses occured
as the result of dry matter yield and/or Mg concentration re-
sponses. Thus Mg uptake responses occured on Burrell pg.s.l.
(dry matter yield and Mg concentration responses) and Ingle-
wood c.s5.1l. (Mg concentration responses) at the first two
harvests, and on Egmont b,1. at harvest 3 in cutting regime 1
and harvest 2 in cutting regime 2 (dry matter yield respenses).
There were no Mg uptake responses at any single harvest on
New Plymouth b.l.:

The effect of increasing temperature on Mg uptake is shown
by the differences between Mg uptakes in cutting regimes 1 and
2 at harvest 2 when Mg uptake was significantly greater
(p €0.001) under the higher temperature cutting regime 2, for
all soils (Tables 28 and29)), This was due to concomitant diff-
erences in dry matter yields and plant Mg concentrations between
the two regimes (regime 2 »regime 1). The effect of increasing

temperature is again demonstrated by the large increases in Mg



Table 2

Mz uptake in relation to soil type, Mg fertilizer

addition rate and cutting regime

Soil Type Mg Cutting lHarvest Number Total
Rate Regime 1 2 3

(kg ha-l) — nmg pot = -—
Burrell gravelly 0 1 1.8 0.8 3.2 5.9
sandy loam 9 3.8 1.2 4.5 9.5
18 3.6 1.3 4.0 8.9
36 3.7 1.6 5.0 10.3
2 2.5 1.6 1.5 5.6
9 4,2 2.7 2.4 9.3
i8 4,5 250 2.1 951
36 5.5 3.6 3.0 2.1
Inslewood 0 1 1.4 0.5 1.0 2.9
course sandy 9 1.7 0.6 ’ 3.4
loam i8 2.5 0.6 . 4.4
36 2.5 0.8 1.6 4,9

2 1.7 ‘ ; 2.9
9 2.6 . . 2.0
18 3.0 1.1 0.7 4.8
356 2.9 1.2 3 5.5
LSD 0.05 0.8 0.4 0,8

0.01 1.0 0.6 1.0 1.6
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Table 28 (Cont..)

Soil Type Mg Cutting Harvest Number Total
Rate Regime i 2 3
(kg haﬁi) ng potnl
Egmont black 0 1 2. 1.7 3.2 7.1

2

loam 9 2.4 2.1 4,9 9.4

18 2.0 2,2 4.3 8.3
2.5

36 2.3 4.6 9.4

2 3.4 31 2.0 8.2

L, P R § 2.0 8.3

18 3.6 . 1.9 5

36 4.0 3.4 0 | 9.5

New Plymouth 0 1 1.8 1.4 4,6 7.8
black loam ¢ ] Te5H 1.3 3.6 6.4
18 1.7 1 37 6,06

36 2.1 1.5 5.0 £, 0

2 2,4 2,6 2.2 Cutd

9 2.5 £ 450 2.1 6.9

18 2,0 4 02 23 GaD

36 2.9 2.9 2.9 6,7

LSD 0,05 0.8 0.4 0.8 1,4

0.01 1.0 0.6 1.0 1.6



Table 29

Result of Analysis of Variance of Mg upiekes at harvests

1-3, and total Mg uptake

A e
LS

Classification d.f. Sum of Mean i
Squares Square
First Harvest
Soil Type 3 0,508 0.1€9 61;12*%%
Treatment 3 0,216 0,072 25,9
Cutting Regime 1 0.2i3 G.217 TR =R
Soil type x treatment s 0.160 0.018 [
Soil type x cuiiting regime 3 0.021 0,007 2,58 mas,
Cutting regime x treatment 3 0,011 0.004 127 nus.
Remainder 105 0,261 0.003
Total 127 1.424 RS = 0.053
Second Harvest
Soil Type 3 0.629 0.210 1 B S A
Treatment 3 0.072 0.024 ol S
Cutting Regime 1 0.330 0.330 2876
Soil type x treatment 9 0,063 0,006 P S ald
Soil type x cutting regime 3 0.660 0.020 ; (R S
Cutting regime x treatment 3 0.006 0.002 1.62 n.s,
Remainder 105 0,12 0.001
Total 127 1.270 RSD = 0.034
Third Harvest
Soil Type 3 1.149 0,383 1278
Treatment 3 0,148 0,049 16, 5% %
Cutting Regime 1 0,808 0.808 269,7***
Soil type x treatment 9 0.085 0.009 S 3T
Soil type x cutting regime 3 0.170 0.057 18,95 %
Cutting regime x treatment 3 0,006 0.002 0,66
Remainder 105 0.315 0,003
Total 127 2,681 RSD = 0,055




Table 29 (Cont..)

Classification

Total Mg uptake

Soil type

Treatment

Cutting regime

Soil type x treatment
Treatment x cutting rvegime
Remainder

Total

o

WU O = W

109
127

Sum of

Sguares

4,78
1.19
0,02
0.69
0.02
1,04
T.74

Mean F
Square

1.59 164,977 *
0,40 41.2%%"
0,02 2.05 n.s.
0.08 Toa G
0.007 0.70 n,=.,
0.01 RSD = 0,088
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uptake between harvests 2 and 3 in cutting regime 1 for all
s0ils as day tlemperature increased frem 14 to 16 C betwcen the
two harvests. The increase in dry matter yields (Talile 22 ) and
plant Mg concentration (Table24 ) which cccured betwecn the
above two harvests contributed to ihe increases in plant Mg

uptake,

¢) Plant Mg Uptake and Changes in Exchangeable Mpg Content

The apparent changes in exchangeable Mg content duxing
the experiment (Table 30) were calculated by assuming that
fertilizer Mg entered and remained in the exchangeable
pool of scil Mg, This assumption is in line with the resulils
of Mayland and Grunes (1974) who found that Mg applied as
Mg SO4FH20 in a field experiment could be quantitatively re-
covered as so0il exchangeable Mg, and Mokwunye and Melsted,
(1973a) who found no evidence for Mg fixation in non-exchange-
able form after incubating soils with various rates ol fertili-
zer Mg. This assumption was necessary in the present crperinent
as Mg fertilizers were not uniformly disivibuted throuphout the
vhole so0il at the cutsel. The apparent changes in soil exchunpge-
able Mg were calculated as the difference betweecn the sum of
exchangeable Mg content of the soil at the conclusion of the
experiment, the Mg taken up by plants, and the esiimated initial
s0il exchangeable Mg content{i.e., exchangeable Mg in untreated
soils and fertilizer Mg added (in m.e. Mg)). In this caleculation
a negative result implied an unaccounted for nett lozs of Hg
from the exchangeable pool, whilst{ a positive resuli implied
a nett gain of Mg to the exchangeable peool. Analysis of variance
showed that the differences between soil types were significant
(p<0.001) as were differences between treatments (Table 31).

It appears that there was a loss of exchangeable Mg from
the coarser-textured Burrell g.s.l., and Inglewood c.s.1l1. which
tended to increase with increasing rates of Mg fertilizer.

This result presumably indicates leaching losses of Mg, as
there was some loss of water as drainage from the pots at each
watering, The apparent gain in exchangeable Mg which occured
on the New Plymouth b.l. and Egmont b,l. cannot be explained.
The results of Kidson et al. (1975) indicated that only on soils

of high ( >30 m.e.%) reserve Mg content is there likely to be



Table 30

Changes in soil exch. Mgz contient over the experimental

period for the various soil types, Mg fertilizer treatments

and cutting regimes

Soil Treatment Cutting regime exch, Mg Total plant Mg Apparent change in exch,
(kg ha-lMg) : Start TFinish uptake Mg
mg pot-l
Burrell 1 %43 1,3 C.6 +0.6
gravelly sandy 9 5.8 4,8 i.0 Q.0
loam 18 7.4 1.6 0.9 g F
36 10,4 9.5 1.0 +0,.1
0 2 4,3 3.6 . ~0.1
9 5.8 4.8 . -0,1
18 744 5.2 i -1.3
36 10,4 8.5 1, +0.1

}pr.'L
oty
GO



Table 30 (Cont,.)

Soil Treatment Cutting regime exch, Mg Total plant Mg Apparent change in exch.
(kg ha-lﬁg) tart Finish uptake Mg
mg per pot -
Inglewood 0 1 3.8 4,5 0.3 +1.0
coarse sandy 9 : 5.3 3.7 0.3 -1.3
loam 18 6.9 4,42 0.4 -2.3
36 9.9 8.3 0.5 -1,1
2 3.8 b2 0.3 +1.7
9 5.3 4.3 0,2 -0.8
18 G,9 4,0 0,5 -2.4
36 8,9 Tl 0.6 -2.2




Table 30 (Cont..)

Soil Treatment Cutting regime exch, Mg Total plant Mg Apparent change in exch,
Type (kg ha-IMg) Start Finish uptake Mg
mg pt)t'-1
Egmont 0 1 21,3 23,0 0.7 +2,4
black loam ' 22,8 23,2 0.9 +1.3
18 24,4 27.4 0.9 +3.9
36 27.4 20,4 0.9 +3.9
2 21.3 23.6 . +3.1
22,8 24, +2,6
18 24,4 2 . +3.5
36 27,4 29,3 . +2,9

o

s



Table 30 (Cont..)

Soil Treatment Cutting regime exch, Mg Total plant Mg Apparent change in exch,
Type (kg ha"1Mg) Start Finish uptake Mg
mg pot.-1
New Plymouth 0 ; i 21.6 23.4 0,8 +2,6
black loam 9 23.1 25.8 0.6 +3.3
18 24,7 26,0 . +2,0
36 Bl 28,2 0,8 +1.4
2 1.6 24,3 . +3.4
9 23.1 26,2 7 +3.8
18 24,7 26,1 0.7 +2,1
36 277 28.7 C.9 +1.,8




Table 31

Soil type

Treatment

Cutting Regime

Soil type x treatment

Soil type x Cutting Regime

Cutting Regime x treatment
Remainder

Total

Results of analysis of variance of apparent changes

in exchangeable Mg.

0,310
0.095
0.0001
0,237
0,018
0,014

Gl U O = 3 I s

105 0,765

127

[
N
(€ |
[¢e]

. Sum of Sguares

Mean Square

0,437
0,032
0,0001
0.026
0.0066
0,005

0.007

89,0 *Ex
4,38 **
0.01
3.6 **=
0.80
0.64

v.{
i"

&%



Table 32

Estimated recovery of fertilizer Mg by plants in

relation to soil type, Mg fertilizer addition, and

cutting regime

Mz treatment Amount Mg Cutting Burrell Inglewood Egmont New Plymouth
(kg Mg ha-i) per pot (g) Regime EaBal. CiBals S b.1.
% recovery of Mg fertilizer
0 0.00 1 - . = =
9 0,015 24 3 15 -9
18 0.031 10 5 4 -3
36 0,061 7 3 4 1
0,00 2 - - - i
9 0,015 25 -6 b -2
18 0,031 . 11 6 3 -2
36 0,061 11 2 2




an appreciable release of non-exchangeable Mg over a periecd of

30 months. Similarly, Salmon and Arnold (1963) found that very
little non-exchangeable Mg was released to ryegrass plants

during the course of a pot trial, Those trials which have shown
utilisation of non-exchangeable Mg by growving plants have
generally been conducted on soils containing expanding latiice
clays containing high amounts of Mg, such as vermiculite (i-ice
and Kamprath, 1868; Christenson and Doll, 1973). As New Plyncuth
b.l. and Egmont b.l. contain low amounts of reserve Mg (5.26

and 5.10 m.e.%, respectively), and contain allophane and hydrous
feldspars as the dominani clay wminerals (New Zealand Soil Buareau,
1968) it is unlikely that the apparent increase in exchangezble

" Mg was due to any release cf non-exchangeable Mg, Howvever, it

is apparent that in most cases the amount of neti loes or gain

was a relatively small fraction cf the so0il exchangeable Mgz

poel.

The apparent recoveries of applied Mg were low i all
s0ils ranging from essentially nil to a maximum of 25% (Tabled2 ),
Such low recoveries are in general agreement with the findings

of scveral other experimentis in both RNew Zealandé (¥Mclanght ot

al, 1968b) and overscas (Mayland and Grunes, 1974),

5.2.4, Plant Calcium

Plant Ca values vere similar for all soils except Ingle~
wocd c.s.1l., over all treatments, being always within ihe range
0.42-0.71% Ca (Table33).

Ryegrass Ca concentrations on Inglewood c.s:l, were gen-
erally lower than those of the other three soils, ranging from
0.29 to 0.42% Ca and thereby reflecting the much lower exchange-
able Ca content of this soil type (Table 33 ). However, even
for this soil, plant Ca concentrations were always greater than
the deficiency levels of 0.1 - 0.2% Ca for perennial ryegrass
at the vegetative stage of growth (McNaught, 1970)

Data aralysis using analysis of variance procedures shewed
that, for all soils except Inglewood c.s.l, only minor changes
in plant Ca concentrations accompanied the addition of Mg fert-
ilizers (Table 34). Although several of these treatment effects

reached statistical significance the magnitude of the changes



Table 33

Ryegrass Ca concentration in relation to soil iype, Mg

fertilizer addition, cuiting regime and Harvesti period

Soil Type Mg Cuiting Harvest number
Rate Regime 1 2 3
(kg ba~1) %Ca
£9.03
Burrell gravelly 0 1 0.50 0,63 0.€68
sandy loam 9 0.46 0.68 0.64
i8 0.47 0,71 0.67
36 0.42 0.63 0.62
£0.03
0 2 0.58 0,66 0.64
9 0.58 0.76 0.69
i8 0.51 0,66 0.67
36 0.51 0.71 0,66
+£0.01
Inglewood 0 i 0.34 0,41 0,40
coarse sandy 9 0.3 0.42 0.41
loam 18 0.32 0,37 0.38
36 0.29 0.33 0.34
+0 .03
2 0.37 0,38 0,40
9 0.36 0.37 0.39
18 0.30 0.38 0.34
36 0.29 0,35 0.31




Table 33 (Cont..)

Soil Type g Cutting Harvest nuwnber
Rate Regime 1 2 3
(kg ha™1) %4Ca

to0.02
Egmont black 1 0.64 0,51 0,49
loam 9 0.70 0,48 0,49
18 0.62 0,51 0,50
36 0,63 0,48 0.46

t0.02
2 0.66 0,54 0.45
0.67 0€.53 0,45
i8 0,62 0,52 0,47
36 0,60 0,51 0.43

+ 0.0
New Plymouth 0 1 0,68 0.58 0,38
black loam 9 0.58 0.60 0.57
i8 0.67 0.58 0,061
36 0.61 0.60 0.63

£0.02
2 0.62 0,61 0,54
0.67 0.61 0.53
18 0.60 0.54 0.53
36 0.64 0.5¢ 0.48

13
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Table 34

Average ryeprass Ca concentrations in relation to s0il

type and cutting regime (mean of all harvests)

Soil Burrell Inglewood Egmont New Plywouth
Type L = LBl 5 Bieds
Cutting Regime 1
ie; Rate %Ca i
0 kg Mg ha 0.60 0,61 0.38 0.55
g " " 0.59 0.38 0,56 0.38
18 " " 0.62 0,36 0.54 0.6
36 " e 0.56 0,32 0.53 0.61
E silé 2,27 n.s, 12,70*** 1,06 n.s. 0,93 n.s,
Cutting Reginme 2
Mg Rate
0 kg Mg ha™t 0.63 0.38 0.55 0.59
g " " 0,68 0,37 0,55 Q.00
8 v n 0,62 0.34 0,56 0.55
a6 " i 0.62 0,32 0,52 0.57
Fcalc 4,03* 3.46* 3.37* 2.77 n.s.

g ,n 1‘:;
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involved was small and consequently would be likely to be of
limited practical concern. Feor Inglewoed c.s.l. significant
decreases in plant Ca resulting from kg addition were found
at most harvests and at boih cutting regimes. Thege results
sugpest that reductions in plant Ca concenirations resulting
from Mg addition might be expected for soils similar to logle-
wood c¢.s.). which centain less than about 1 to 2 m.e,% ex-
changeable Ca.

These resulis are somewhat at variance with those of
McNaught et al, (1868a, 1973b) who reported major depressions
of plant Ca content resulting from the use of Mg fertilizers
to Hamilton clay loam (exch. Mg 1.19 m.e.%, exch. Ca 9.9 m.c.%)
and Horotiu sandy loam (exch, Ca 1.85 m,e.%, exch, Mg i2.8 m.e.%)
However, the rates of Mg fertilizer used in their f{ield experi-
ments were much greater than those used in the present study,
There are also several other reports in the literature which
sugrgest that inereasing rates of Mg addition can resuit ia
decreased plant Ca contents for a range of plani specics ([ey
eti. al,, 1862; Salmon, 1864; Grunes et al, 1968; Hartin and Page
166843 Mclean and Carbonell, 1972; Cumwins and Perkiung, 1974

Clark, 1975).

.
1

¥hen the correction of a plant nutrient deficicacy on a
s0il deficient in more than onec nputvient elementi results in in-
creased plant dry-matter production, the concentratiocn of other
nutrient elements in the plant often decreases comparcd to those
on the untreated soil (McNaught, 1970) by way of a simple di-
lution effect, This effect appears teo account for ihe decrease
in plant Ca concentration on Inglewood c.s,l., as plant Ca
uptakes on this so0il (Table 35) were not changed as a result of
Mg addition to the soil., On soils where only a single nutrient
is deficient, correction of that deficiency may not necessarily
result in changes in the concentration of other nutrient elements.
in the herbage (McNaught, 1970) except where an antagonism he-
tween the elemeﬁt added and another nutrient, occurs as, eg.

Mg and Ca, in this experiment. In the absence of any major
depression in herbage Ca concentrations on soils cther than

Inglewood c.8.1l. in this present experiment, plant Ca uptakes
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Table 35

Ryegrass Ca uptake in relation to soil type, ircatment

cutiing regime and harvest period

Seil Type Mg Cutting Harvest Number Total
late Regime i 2 3
(kg ha~ 1) ——— g potnl —_—

Burrell 0 1 7.8 3.7 9.5 21.0
gravelly sandy 9 13,1 5.2 10.2 28.5
loam i8 11,8 5.2 9.4 26.4
36 9.5 5.8 9.3 24,1
2 115 4,4 4,5 20.4
17.9 6.9 5.6 30,4
i8 15.4 6.0 5.4 26.8
36 15.7 T2 BJ6 28,5
Inglewood 0 1 4,0 1.7 2.8 (98¢
cearse szndy 9 4.0 1.7 2.2 T8

loam i8 5.0 1.5 2.2 3
36 3.9 1.4 2.1 o’
2 5.6 3.9 T3 8.1
9 6.3 1.6 1.4 9.3
18 5.0 1.9 1.1 8.0
36 4.3 1.7 246 7.6
LSD 0.05 2.1 0.9 1.6 3.9
0.01 2,7 1.2 2.2 5.2



Table 35 (Cont..)

Soil Type Mg Cutting Harvest Number fotal
Rate Regine 1 2 3
(kg harl) ng pot-l
Egmont 1 7.0 4,2 6.8 18,0
black Joam 9 7.4 4,6 9.6 21.6
i8 5.6 4,6 B.2 18,4
36 3.3 4.5 8.6 19.4
0 2 9.6 5.8 4.0 10,4
9 9.2 5.7 3.9 18.4
18 9.9 6.8 3.6 20.3
36 9.0 5.6 e L 8.1
New Plymouth 1 5.8 3.9 9,9 19,6
black loam S 4.5 3.5 8.1 iG.1
18 5.0 b 8.1 16.8
36 5.4 Tl 10,3 14
2 6.9 5.3 4.6 16,8
9 7.0 4.9 4,2 16,1
18 5.4 4.4 4.4 14.2
36 7.0 5.4 4.5 16.9
LSD 0.05 - | 0. : i 3.9
0,01 2.7 1, 2,2 5.2

Ty ™
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gencrally followed a similar pattern to that of dry matter
yields on each soil type (Table'35). Accordingly, sipnificant
increases in plant Ca uptake only occured vwhere dry naticr
yield responses to Mg fertilizer addition occured such an on
Burrell g.,s.1. and Lgmoni b.l.

As found for Mg, plant Ca concentrations tended {0 increzse
with successive harvests on Burrell g.s.l, and Inglevwecd c.s.1,
(Table 33). A similar finding was reported by Bijkshoorn and
T'Hart (1957), llendriks and Grunes (1966),and McNaupght et al,
(1968a), who showed that Mg and Ca responded similarly to in-
creasing temperature, However, on New Plymouih bh,l. and Egnmcnt
b.1l, plant Ca concentrations tended to remain consi{ant or
decrease with successive harvests (Table33 ), Within each soil
type and at bharvests 1 and 2, plant Ca concentrations woere
highest under cutting regime 2 than for cutting regime 1 indic-
ating that Ca concentrations did tend to increcse with increas-
ing temperature,

For 2ll soils Ca uptake increased between harvesis &
and 3 in cutting regime 1, as a resull of the incresse in dry
matter yields which occurfed heciween these iwo harvests (1ahicl2 ),
At harvest 2, Ca uptake in cutting regime 2 was greater than
that in cutting regime 1 as was found for plant Mg uptake.
However, as the increase in plant Ca uptake with increasing
temperature was not generally as great as the increase in plant
dry-matter production fer New Plymouth b.l, and Egment b,1.
(ftable 22 ), plant Ca concentration either declined or remained
constant for these iwo soils. Therefore, it appeared ihat vnder
the conditions of this experiment, plant Ca uptake war nol as
sensitive to increasing temperature as was the situatien for

plant Mg uptake.

5.2.5, Plant Potassium

There was no consistent effect of Mg application on plant
K concentrations (Table36 ), TFor all soils and at all harvesis
there was a tendency for plant K concentration to increase with
increasing additions of Mg. However cnly in some isolated cases
did this trend reach significance.

Plant K concentrations declined with successive harvestis
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Table 36

Ryegrass Y concentration in relation to soil type, Mg

fertilizer oddition cutting regine and harvest period

Soil Type Mg Cutting HHarvest Number
Rate Regine 1 2 3
(kg ha™1) %K
+ 0,12

Burrell gravelly 0 1 2,61 1.57 0.52
sandy leoam 9 2,09 1.32 0.54
18 2.14 1,20 90,58

36 2,26 1.61 0.80

——— + 0.09

0 2 1.86 1.22 0.89
9 1.67 1.16 0,893
i8 1.76 1,19 0.71
36 1,64 1.08 0.74

sy 4 W, AP

Inglewood coarse 0 1 2,45 2,36 2,13
sandy loam 9 2:353 2:44 2,11
18 2.45 2.36 222
36 2,50 2.62 3

TR D

0 2 2.12 2.38 1,58
9 2,09 2,47 2,37
18 2.20 2,56 2,38

36 2,29 2,85 2,29




Tahle 36 (Cont..)

Soil Type Mg Cutting llarvest Number
Rate Regime 1 2 3
(kg ha™ 1) %K
+ 0,10———
Egrmont black 0 4 2.69 2.26 1.31
loam 9 2,78 2,50 4,241
18 2.73 2,39 1.44
36 2,78 2,44 1,36
+ 0,08 v
0 2 2.31 2,32 1.70
9 2,42 2,18 1.81
18 2,57 2.15 1.67
36 2.41 2.24 1,75
+ 0.11
New Plymouth 1 2,47 2,52 1.48
black loam 9 2,66 2,60 1.29
18 2,70 2.58 1,43
36 2,80 2.67 1.55
+ 0,10
(0] 2 2.39 2.35 1.38
9 2,62 2,48 1.46
18 2.57 2.38 1.40
36 2.64 2.53 1.81
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for all soils (Table 36). fThe extent of this decline was most
marked on Burrell g.s.l., where plant K concentrations decrcased
from a maximum of 2.61% K to less than 0.9% K. For New Plymouth
b.1. and Egmont b.l., plant K concentration declined from a
maxinum of 2.8% K to less than 1.80% K. 'The smallest declina
occured on Inglewood c.s.l. where plant K concentrations gener-
ally remained above 2,0%,

Significant differences in K concentraticns were found
between cutting regimes, with concentrations for cutiing regime
1 generally exceeding those for cutting regime 2 at harvestis 1
(p €0.001) and 2 (p <0.01). At harvest 3 however, the reverse
effect was found with plant K concentrations for culling regime
2 generally exceeding those for cutting regime 1 (p<0.001).

Plant K uptake varied greatly between soil types (Table37 ).
At the first harvest, the order of plant K uptake was: Burrell
g.5.1, > Inglewood c.s,.1. » Egmont b.1l, > New Plymeuth bL,1.,
paralleling the differences in dry matter production bhetween
soils at ihis harvesi., The ranking of K uptake chanped at the
second harvest, to: Egmont b.1.> New PFlymouth b,1,” iturreil
g.8.1. > Inglewcod c.s.1l,, duec in the wmain to the large decre-
azes in plant K concentrations on Burrell g.s.l., and redections
in éry matter yields for Inglewood c¢,s8.1, By the third harvest,
the continuing decline in plant K concentrations on Hurrell g.s.1,
caused a further decline in plant K uptakes on this soil rela-
tive to the other three s0ils go that the order then became
Egmont b.1.> New Plymouth b.l, 7 Inglewood c.s.1l.> Burvrell g.s.l.

Differences in K uptake between the two cutting regimes at
harvests 1 and 2 mainly reflected dry matter yield ¢ifferences
with K uptakes for cutting regime 2 generally exceeding those
for cutting regime 1. The reverse situation occurred at harvest
3, due to the shorter growth period. Likewise, effects of Mg
addition on plant K uptake were apparent where such additions
resulted in dry-matter yield increases, i.e., for Burrell g.s.l,
and Egmont b,1. For Inglewood c.s.l., a significant response
in K uptake to Mg addition occurred at the first and third har-
vests (p<0.01) due to the combined effects of the trends
towards increasing dry matter yields with increasing Mg addition

(Table 22) and the concomitant increase in plant K concentrations
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Table 37

lyeprass K uptake in relation to soil! type, Mg

fertilizer addition, cutting regime and

harvest period

Soil Type Mg Cutting Harvest Number Total
Rate Regime 1 2 3
= - 2
(kg ba 1) (g pot 1« 10 )
Burrell 0 1 4.19 0,93 0.73 5.87
gravelly sandy 9 5.96 1.02 0.86 7.84
leocam i8 5.37 0.88 0.82 anE
36 5.13 1,37 1,20 4 {0]
0 2 3.71 0.82 40,62 5.15
9 5.08 1,06 0.68 6,82
18 5.13 1,05 0.57 6.75
36 5.058 1.09 0,63 G.77
Inglewood 0 1 2,86 0,89 1,17 5.02
coarse eandy 9 3.09 1,00 1.14 g.23
loam i8 3.82 0.94 1,31 G.07
36 3.33 1.07 1.43 5.83
¢ 2 3.22 0,95 0,52 4,69
9 3.64 1.04 O0.83 5,51
i8 3.67 1,25 0,76 5.68
36 J3.41 1,37 1,17 5,95
LSD 0,05 0.54 0,26 0,30 0.86

0.01 0,72 0.35 0.40 1.13



Table 37 (Cont..)

Soil Type Mg Cutting Harvest Number 'Total
Rate Regime 1 2 3
(kg ha-l) (g pc:o‘l:“1 x 102
Egmont 0 1 2,98 1.88 1.81 6,62
black loam 9 2.95 2,18 2,37 7.50
18 2.48 2.15 2,36 6.99
36 2.78 2,26 2,82 7.086
0 2 3385 2,51 1561 .37
.32 2.3 1.43 7.08
18 3.70 2,80 1,29 7.79
36 3.62 2,44 1.42 7.48
New Plymcuth 0 1 212 1.7 2449 6,32
black locam Q 207 1.5F 1483 H5.43
18 2.03 1.68 1,90 5,56
36 2,46 1.63 2,53 0, 62
2 2,67 2.04 1,317 5.8¢
8] 2,75 2,01 1,17 5.93
18 2,31 1,95 1,16 5.42
36 2,80 2,32 1.68 6.90
LSD 0,05 0.54 0.26 0.30 0,86
0,72 0.72 0,35 0,40 1.13

P
"5 )
=
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(Table 36 ).

Uptake of plant K did not always decline with successive
harvests as found for plant K concentrations (Table ®7 ). Under
cutting regime 1, plant K uptakes generally increased bctween
harvests 2 and 3, although not to the same extent as did dry
matter yields (Table2? )., Except for Burrell g.s.l., plant K
uptake was generally greater for cuttiné regime 2 than fov
cutting regime 1 at the second harvest, for all soils,

It appears theretftore, from these results, that K uptake
by ryegrass tends to increase with increasing tempersiuvve, a
result which is in agreement with the fiudings of previous
work (eg Dijkshoorn and T'Hart, 1957)., However the awount of
increase in K uptake achieved appears to have been partly
masked by a decrease in the amounts of exchangeable K n the
soil, as shown in Table 38, Allowing for the amounts of K
taken up by the ryegrass plants (Table38 ), the data indicates
that for each soil a large proportiocn of the initial exchange-
able X content (caleulated as the sum of the amounts of
exchangeable K present in the untreated soil and the anounts oi
K fertilizer added) could not be accounted for at the cenclusion
of the experiment, Significant (p<0.001) between-suil diifer-
ences were found in the awmounts of exchangeable K unaccounted
for, which appear to be related to the initial soil exchangeable
K status. A major potential source of this loss of K was as a
result of leaching, since some drainage was inevitable over the
duration of the experiment, Assuming that the loss of K was
continuous throughout the exper’sental pericd, the decline in
plant K concentration on these soils in which large ¢ry-matter
yield responses occurred as a result of increasing tewperature
may be due to the comkined effects of:

i) A growth dilution effect, and

i) A decrease in the size of the pool of availble
soil K as the experiment progressed, due to
leaching and/or plant K uptake.

Differences in plant K concentration between cutting re-
gimes at the third harvest could be due to differences in plant
maturity, as plant K has been shown to decrease with increasing

plant maturity under constant temperature (Dijkshoorn and T'Hart
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Table 38
Changes in exchangeable K content over the experimential

period for the various so0il {iypes, Mg fertilizer treat-

nents, and cutting repgines

Soil Mg Cutting K K - plant K

Type Rate Regime start finish K una/e
(kg hawi) uptake fov

Sy PO Sessspemey
Burrell 0 i 0,41 0.09 0,06 0.26
gravelly 9 0.o8 0.08 0.25
sandy loam 18 0.06 0.07 0,28
36 0,07 0.08 0.206
2 0,41 .11 0.05 0,03
9 0.10 0,07 0.24
18 .08 0.07 0.26
36 0.10 0.07 0.24
Inglewood ] 1 [ 0,21 0,17 0,05 0,10
coarse sandy 9 0.14 0.056 013
loam 18 0.14 0.06 0.12
36 0,31 0.06 0,18
0 2 0.32 0,15 0.05 0,12
9 0.12 0.06 0.14
18 0.12 0.06 0,14

36 0,12 0.06 0.14




Table 38 (Cont..)

brach
oy
L

Soil Mg Cutting K K plant K
Type Rate Regime start finish K una/c
(kg ha™1) uptake for
g pot™ —
Egnont 1 0,62 0.15 0.07 0.40
black loam 0,16 0.08 0,58
18 G.16 Q,07 0,39
36 0.16 0.08 0,58
2 0,62 0.15 0.07 0.40
9 0.13 0.07 0.42
18 Q.17 0.08 0.37
36 0,19 0.07 0,356
New Plymouth 0 i 0.39 0,14 0,06 0.19
black loam 9 0,15 0.05 0,19
18 0,15 0.0G6 0,18
36 0,14 .06 0,18
2 0,39 0.15 0,06 0,18
0.14 0.06 0.19
18 0.15 0.05 0.19
36 0.16 0.07 0.16

-0
)
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The ranking of tetal plant K uptlakes was in the samno
order as the inital soil exchangeable K contents (Table 30 ),
viz,: Egmont b.1l.> Burrell g.s.1.3y New Plymouth b.1.> Inple-
wood ¢.s.1. The differecnces in dry watter yields bLotween soils
resulted in a different trend for plant K concentraticus, =och
that the apparent order of K supplying power to ryegrass plants
was:Inglewood c.s.1,% New Plywmouth b.1,,7 Egwont b.1.7 Burrell
g.s.1. Had dry matter yields on Inglewood c.s.l, been similar
to dry matter yields on ithe other three soils, then it is poss-
ible that plant K on this soil would also have decvcaned with
successive harvests.

The absence of any marked antagonisma of Mg on plant K in
the soils used in this experiment is in contrast to ih« results
of previous experiments. Tt may be relevant to note, However,
that in this present experiment, relatively low rate- of Mg
addition were used (maximum rate was 36 kg Mg hﬂ*j)ﬂpfrdrﬂd with
additions of greater ihan 100kp Mg haﬂl which have beorn uvsed in
previous trials (eg Reith, 1964; McRNaupht, 1973bh; Mayland and
Grunes, 1974).

It is of interest te note that ithe low plant K inund at
the final harvest on all soils except Inglewood c.&.1. would
be considered deficient for ryepgrass according to the uriteria
proposed by McNaught (1970), viz., 0.3 -~ 1,7% K, and yet dry
matter yields did not appear to be adversely affected. Tt is
not known whether dry matter yields would have been suistained
at the same levels as those of the third harvesi had the ex-
periment been continued.  These results would suggesi that
plant K of 1 - 2,0% K may well be adequate for perenuaial rye-
grass at the vegetative stage (c.f. 2.0 - 2,.5% K, McNauzxht,

loc. citl).

D s General Discussion

In Taranaki, soils on Inglewoocd Tephra have been found to
contain low to very low amounts of exchangeable Mg according to
the criteria of Metson and Brooks (1975), and with Mg-saturations

of the CEC of less than 10%, The value of 10% saturation

53
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is commonly considered to be the minimum saturation for ensuring
an adequate supply of Mg to plants on coarse-textured soils
(Prince, 1947; Metson, 1968, 1974; Metson and Gibsoan, 1974).
These so0ils could easily become Mg deficient with intensive
agricultural use, particularly as they are mainly used for dairy-
farming.

In effect, the Mg status of Inglewood c.s.1l.'s formed on
Inglewood Tephra is more similar to many yellow-brown pumice
soils than to typical Central yellow-hrown loams, This simi-~
larity probably arises because:

i) Inglewood Tephra is pumiceous in nature, and
although not composed of rhyolitic pumice and not
fleocating in water, is very similar to pumice in
grain size and vesicularity (Neall, 1972),

ii) The Inglewood Tephra is relatively young; recently
being dated as between 4 000 - 5 000 years 5.P,
(V. E, Neall, pers. comm.)

iii) The soils are well-drained and are developed undey
a high rainfall, so that under the strong leaching
regime exchangeable Mg is uvnlikely to accumulate in
the topsoils.

These results show several chemical properties in conmmcn
between coarse-textured yellow-brown loams and yellow-brown
pumice soils, This is in agreement with the findings for
certain physical properties, especially available water holding
capacities (Gradwell, 1976),

Addition of Mg to Burrell g.s.l. resulted in dry matter
¥Yields and plant Mg responses similar to those reported by
Moody (1962) for Te Rere sand, which is a yellow-brown pumice
soil, Similar large plant Mg responses were obtained on Ingle-
wood c.s8.,1. following Mg addition, although dry-matter yield
responses were less marked,

This study also established that other soil series within
the Inglewood-New Plymouth-Okato region of North Taranaki are
potentially Mg deficient, including the Burrell, Hangatahua,
Newall, Norfolk, and Stratford, series. Thus, Mg problems may

be more common than is generally acknowledged for soils develop-
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ed from andesitic parent materials from Mount Egmont.
The detailed survey of exchangeable Mg contents carried
out in 1975 indicated that in the Inglewood - New Plymoutih area,
soil parent materials appcar to be the primary facter deteruining
the exchanpgeable Mg content of topsoils, This result is in
general agreement with other studies of parent material effects
including those both in New Zealand (Chittenden and Hodgscn,
1953) and overseas (Beeson, 1959; Salmon, 1863; Semb, 1964).
Within the area covered by the Inglewood Tephra, additional
secondary factors also appear to affect soil exchangeable Mg

contents. These include:

i) Leaching intensity, which increases as rainfalil and
altitude increase, and

ii) Weathering intensity, which probably decreases with
increasing coarseness of the soil parent wmaterial
closer to source and with the cooler temperaiures
prevalent at higher altitudes. The decreass in
exchangeable Mg content with increasing allirude
found for the Patua and New Piymouth loame iudicates
that similar climate-related effects may aiso affect
the exchangeable Mg contentis of soils formed on other
parent materials in Taranaki,.

The relative Mg-supplying power to perennial ryeprass of
the four soils used in the pot experiment was related (o the
exchangeable Mg contents of the four soils., The concentrations
of Mg in the ryegrass plants grown on the control (0 kg Mg haml)
treatments were in the crder of Burrell g.s.l., ¥ Inglewcod c.s.1.
< New Plymouth b.1l. = Egmont b.l., which was also the approximate
order of the soil exchangeable Mg contents, Mg additicns to
Burrell g.s.l. and Inglewood c.s.l. produced greater chtanges
in plant Mg than did the same additions to New Plymouih and
Egmont b.l.'s. It is therefore apparent that for many of the
Taranaki yellow-brown loams, as for soils elsewhere in New
Zealand, exchangeable Mg contents and soil texture are the main
factors determining the supply of plant-available soil Mg and
the response of plants to applied Mg. Coarse-~textured soils
containing less than 0.2 - 0.3 m,e.% exchangeable Mg in Taran-
aki may be considered as likely/¥25pond to applied Mg. This
“"eritical' value for possible responses to Mg addition for

Taranaki yellow-brown loams is similar to those found for other
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s0ils of velcanic origin in New Zealand.

The different responses 1o applied Mg found for the soils
used in the experiment may have practical implications for the
contirol of hypomagnasaemia in grazing animals. The required fig
concentration in pasture planis for the provision of adeauaie
dietary Mg for recently-calved dairy cows has been quoted as a
minimum of 0.20% Mg (Kemp and T'Hart, 1957). Other reporte in-
dicate that a safe minimum plant Mg concentration may e sround
0.25% Hg (Butler and Metscrn,1967). On the basis of the rverults
of Kemp and 1T'Hart (loc. cit.) the ryegrass grown on the conirol
treatments of New Plymouth b.1,, and Egmont b.l. would he con-
sidered to contain adequate Mpr for stock neceds at all lharvests
throughout the experiment. For Burrell g.s.l., only after the
day temperature exceeded 14 C did plant Mg increase abicve 0,2%
Mg on the contrel treatments, while for Inglewood c.s.i. only
at the third harvest under cutting regime 2, when day temperature
was 16 C, did plant Mg exceed 0.2% Mg on the control treatments,

For both Burrell g.s.l. and Inglewood c.s.1l. atl ftie {irst
harvest, the application of kMg at a rate equivalent to & field
application of 36 kg Mg ha~! resulted in increases of nlant
Mg level to close fto 0.2% Mg. At later harvesis, presuvnably as
a result of the temperature effect on Mg uptake, the level of
0.2% Mg was exceeded even at lower rates of Mg addition for
both soils. Therefore, the use of relatively low rates of Mg
fertilizers might be expected to be a practical means of in-
creasing plant Mg sufficiently te prevent the occurrence of
hypomagnasaemia on Burrell g .s.l. and Inglewood c.s.!.

The temperature-dependence of Mg uptake by ryegrass was
clearly demonstrated in this experiment. A critical minimum
temperature of ca. 14 C,below which increasing temperature would
not be expected to result in increased plant Mg was indicated,
in agreement with the findings of Kemp and T'Hart (1957). A
further feature of the plant Mg response to increasing tempera-
ture was the increase in the response to added Mg for Burrell
g.s.1., and Inglewood c.s.1. after the temperature exceeded 14 C,

For New Plymouth b,1. and Egmont b.1l., the increase in plant Mg

was much less than for the other two scils. Increasing the



exchangeable Mg content of a soil by applying Mg ifertilizer way
therefore reduce the amplitude of seasonal fluctuations in plant
Mg concentrations,

The problem of obtlaining a sufficiently large increase in
plant Mg by applying Mg fertilizer may be accentuated by the
effect of temperature on plant Mg uptake, The temperature re-
gimes used in this experiment were selected to approximate thouse
operating in the field over the early spring peried in North
Taranaki, when hypomagnasaemia is most likely to occur in dairy
cows. The results obtained indicate that not only are plant Mg
concentrations likely to be low at this critical time, but that
the response to added Mg is only minimal, increzsing as temnper-
atures increase and the danger period for hypomagnasaemia passes,
There is no strong evidence for a Mg/Ca antagonism in any of tlie
soils or treaiments used in this experiment. VWhere Mg addition
did result in a decrease in plant Ca, on Inglewood c.s.1., plant
Ca was not depressed below the adequacy range for perennial rye-
grass of from 0.25 to 0,30% Ca (McNaught, 1970), The rvesulis of
the present experiment indicate that the applicaticon of Mg-con-
taining fertilizers should nct depress pastures Ca levels
significantly and thereby affect dry-matter yields or complicate
stock health problems,

While there was no evidence for an antagonistic affect of
Mg on plant K in this experiment, the decrease in plant K which
occurred as the experiment progressed is of interest. The sus-
ceptibility of dairy cattle to hypomagnasaemié has been postu-

lated to increase as the herbage ratio increases,

Ca + Mg
especially at low (ca. 0.2%) plant Mg concentrations, The max-
imum safe value for this ratio appears to be around 2.2 (Xemp
and T'Hart, 1957). Obviously this ratio may be changed by
additions of K and Mg fertilizers, If the use of fertilizer Mg
proves impractical as a means of increasing plant Mg, which may
prove to be the case on so0ils containing1.0 m.e.% exchangeahle
Mg, then withholding K fertilizers until after the danger period
for hypomagnasaemia may be a reasonable alternative proposal,
Although withholding K may result in depressed levels of plant
K, the results of this experiment indicate that ‘this may not

necessarily be detrimental to ryegrass yields, Even if dry matter

wid
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yields are depressed, the improvement in feed quality could
offset the reductions in the quantity of available feed. In
situations where soils are deficient in plant-available K,

and K fertilizer cannot be withheld, K addition may resul{ in
large depressicns of plant Mg (Welte and Werner, 1963; HMcReurht
et.al.,, 1973a). For such conditions the combined additioen of

Mg and K could help to overcome the problem of maintaining dry
matter yields while avoiding low plant Mg concentrations (Welte
and VWerner, 1963).

The results of the field sampling programme showed that a
large area of the soils formed on the Inglewood Tephra centain
deficient, or potentially deficient Mg levels. Analyses of
samples taken from other soil types indicate that there are
probably other areas of soils in Taranaki with similar low con-
tents of exchangeable Mg. These low Mg soils are commonly
coarse textured and have formed on parent materiais<§ 000 years
old under conditions of high rainfall, and include at least the
Burrell, Norfolk, Newall, Hangatzhua and Stratiford series. The
plant Mg levé]s found in ryegrass plants grown on the pot trial
indicate that, while exchangeable Mg nay be adequate for plant
and animal requiremnents on the older soils, such as New [Plyrouth
and Egmont b.l.'s, for the younger secils, such as Burrell g.s.1,
and Inglewood c¢.s.l., it is probable that Mg deficiency, in
terms of animal, if not plant, requirements, will scon becone
an increasing problem, This wil)l make the application of Mg

fertilizers to these soils an economic necessity in the future,
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Chapter VI

Conclusions

Scils formed from Inglewood Tephra contain rela-
tively low amounts of exchangeable Mg as campared
with other soils in Taranaki and in New Jeaoiand.
Within the Inglewood - New Plymouth - Okato area

¢f North Taraznaki, soil parent materials appear 1o

be the major factors determining exchangedﬂ&‘*i'ﬂfm“db'
Within each soil series, exchangeable Mg contents
decrease with increasing altitude due to the combined
effect of increasing leaching intensity and decreasing
weathering rate at higher altitudes,

The low exchanpgeable Mg contents of soils formed on
pumiceous andesitic parent naterials in Taranaki are
more similar to those of yellow-brown pumice soils
rather than to those of other Ceniral yell!ow-brown
loams.

The Mg supplying power of the Taranaki ycllow-brown
loans to perennial ryegrass increases wiith increasing
exchangeable Mg contents.

Plant responses to added Mg varied with native ex-
changeable Mg contents.For soils containing less

than 0.3 m,e.% exchangeable Mg, Mg fertilizer
additions may result in increased plant dry matter
and plant Mg concentration. For soils contlzining
more than 1,0 m.e.% exchangeable Mg, dry matter

yield and plant Mg concentration responses to Mg
fertilizers are likely to be more difficult to

achieve,

Plant Mg concentration tended to increase with in-
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viii)

creasing temperature, within the range 12-16 C. A
"eritical® minimum temperature of ca. 14 C was in-
dicated, below which increases in temperature did
not result in increased plant Mg uptake,

The use of Mg containing fertilizers on soily con-
taining less than 0.3 m.e.% exchangeable Mg in
Taranaki may be an effective method of raising
animal intakes of Mg to prevent the cccurrence of
hypomagnasaemia. On soils containing more than

1.0 m,e.% Mg, plant Mg contents appear at present
to be adequate for animal requirements,

Many of the coarse-textured soils at high altitudes
in Taranaki and with low exchangeable Mg contents
are likely to be Mg deficient when used intensively
for agricultural production, thereby making the use
of Mg-containing fertilizers an economic necessity

in the future,
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Appendix 1,

Details of Individual Sampling Sites

Reconnaissance Surnyey

Sample
No,

1‘

5‘
6*
7*

10
11
12
13
14

15
16

Seil
Type

BUR
STR
ING
ING
ING
ING
ING
ING
PAT
ING
ING
NOR
ING
NEW

ING
BUR

Location
(NZMS1)

N119/765599
N119/842605
N109/734772
N108/6507% 8
N109/673753
N109/698784
N109/717806
N109/744803
N108/612763
N109/650738
N109/668742
N109/657756
N109/71G728

N109/722723

N113/7448658
N119/789508

Altitude
(m)

488
320
274
503
366
259
213

213

Pasture

RG,
RG,
RG,
RG,
0G,
RG,
BT,
RG,
RG,
RG,
RG,
RG,

ria .,

RG,
RG,

WC

1r
]

Fw

WC
WC

wC

<l

Fertilizers used (where known) and Comments.

Land under development. Lime, K~super used.

Farm has not been topdressed in recent years.

K=-super, Lime used.
Same site as sample 4.
Lime, K-super. Recently oversown.
Superphosphate only.

{wguper only

Site infrequently fertilized; scome crop mix which
centains Mg used in past.
K-super, lime used.,

" " .

it

-!—r'
kg
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Date

8/74

Sample

No.

17

18
19
20
21
22

23

24

25
26
27
28

Soil
Type

NPL

NPL
ING
ING
ING
ING

ING

UNKN

ING
ING
ING
ING

Location
(NzMS1)

N109/701920

N109/710911
N109/727863
N109/717806
N109/722770
N109/718746

N109/696720
N119/690694
N109/726831
N109/721314

N10G/737805

N109/719792

Altitude
(m)

34

457

588

152

—y
8 ]
o

r o+
ey
A

no
N
g

Pasture
RG, WC
RG, WC
RG, WC
BT, WC
RG, WC,
RG, %C
CaG

0G

RG, WC
BT, Wo
RG, WC

Fertilizers used (where known) and Comments.

Very little fertilizer in pasture over 4 months.
prior to sampling, received "Ammophos' and K-
super.

K-super,

K-super,

Same site as sample 7.

Ammopheos and Osflow.

K-super, Property has had severe hypomagnasaemia
problem,; and pastures have been dusted with MgO,
but not at sampling site.

In native fcrest at boundary of Egmont National
Parlk.,

Sample site on roadside within Egmeont National
Park; 0-10cm sample only,

Farmer had used Mg fertilizers,

X-super.

Same site as saasple 7

!

; o
I-j

G



Date Sample
No.

10/74 29
"w 30
n 31
f 32

Soil
Type
ING
ING
ING
HAN

Location
(N 1MS1)

N109/675755
N109/688742
N109/650738
N118/534671

Altitude
(m)

366
427
503
320

Pasture

RG,
RG,
RG,
RG,

* Two separate samples (a) and (b) taken at these

WC
WwC
oG, ¥C
(e

sites.

Fertilizers used (where known) and Conments

K-super,
Same site as sample 11,

Same site as sample 4.

!
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Sample
No.

33
34

36

37
38

38

40

41

Soil

Type

ING
ING

ING

ING

ING
ING

ING

ING

ING

Location

N109/684826
N109/681822

N109/679' 01
N109/675795

N109/678796
N103/669779

N109/665784

N109/622744

Detailed Survey (Aupust 1975.)

Altitude
(m)

198
152

244

244

244
305

274

Pasture

RG,
RG,

RG,

RG,

RG,
30

RG,

RG,

We
WC

We

wC

Fertilizers usecd (where known) and comments.

cewt/ac 30% K-super 2 x/yr.

cwt/ac 50% K-super (spring);

CSETN

cwt/ac 30% K-super (autumn);

(=9

ewt/ac (EH4)2 504 (spring),

Fertilizer unknown.

7 ewt Kesuper (50% Spring, 30% Autumn);

farm has had hypomagnasaemia problem,

7 cwt 30% K-super/acre,

3 ewt/ac 50% K-super (spring); 3 cwt/ac 30%
K-super (autumn),

& cwt/ac 50% K-super (4 Spring, 4 Autumn) and
1 cwt/ac (NH4)2 S0, (spring),

8 cwt/ac 30% K-super (4 spring, 4 autumn);3 ton/ac
lime aspread two years beforcs

b Lo 3 5 e o At : =
:ndevelsped paddsek sn s

i)
3
o

2 property as sample 4,

No fertilizer in recent yearse.

Bk
-
bt o

P
ala



Sample Soil Location Altitude Pasture Fertilizers used (where known) and comments.

No. Type (m)

42 ING N109/667776 305 RG, WC 8 cwt/ac 30% K-super (4 Spring; 4 Autumn);ewt/ac
(NH,), 50, Spring. 1 ton lime/ac 3 years before.

% ton/ac last year. Farm has had severe hypomag-
nasacmia problem.

43 ING N109/674771 320 RG, WC, BT 5 cwt/ac 30% K-super in Spring.

44 ING N109/667750 396 RG, WC, GG On same property as sample 4; has had recent heavy
dressings of lime (1ton/ac) and 30% K-super (15 cwt/
ac),

45 ING N109/668742 427 RG, WC Same site as samples 11 and 30,

46 ING N108/676746 366 RG, WC Same properiy as sample 29,

47 ING N109/693775 290 RG, WC, 0OG 1 ton/ac "0sflew"; 1 ton/ac lime; 1 cwt/ac (NH4)2
SO4 - all recent., Discarded top 2cm to minimise
contamination ,

48 ING N109/696782 274 RG, WC 3 ewt/ac 30% K-super and 1 cwt/ac KCl (Spring)i
4 ewt/ac 30% K-super (Autunmn),

49 ING N109/692787 259 RG, WC, FVW 11 ecwi/ac "Ammophos" (spring); 3 cwt/ac 30% K-super
{autumn),

51 ING N109/696799 229 RG, WC Fertilizer unknown,

!
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Sample
No.

52

53

58
59

60
61
62
63
64

Soil
Type
ING

ING

ING

ING
ING
ING

ING
ING

ING
ING
ING
ING
ING

Location

N109/705804

N109/724835

N109/711851

N109/717822
N109/722813
N109/719795

N109/721792
N109/701721

N109/704723
N109/710728
N109/718746
N109/717806
N109/727804

Altitude

(m)

213

244
142

427

G
(S & =
[

[ %
‘lA
cl

Pasture
RG, WC,
BY5 ‘PA,
wC
RG, BT,
RG, 0G,
RG,. BT,
RG, ¥WC
RG, 0G,
RG, BT,
BT, FW
RG, ¥C
RG, %C
nm we
b a - P
RG, GG
F¥

0G

RG,

w
1]

Fertilizers used (where known) and comments.

5 cwt 30% K-super (spring) 1 cwt/ac (NH4)2 S0,

3 cwt/ac 50% K-super (spring and autumn),and up to
2 cwt/ac KC1l in spring .
3 cwt 30% K-super (spring); 3 cwt/ac 20% K-super

(autumn), Pasture grazed by shecep.

4 cwt/ac 30% K-super (spring and autumn) e
"ammophos" fertilizer; amounts unknown .

4 cwt/ac 50% K-super (spring and autumn), Same
area,

Fertilizer unknown, Has used some serp. SuUpCFe
3 cwt/ac 50% K-super. Z ton/ac lime in last 2
years,

Fertilizer unknownj very little in past 5 years.
Same site as sample 13.

Same site as sample 22,

Same sile 2s sample 7, 20, 27.

o]

n

]
*revious autumn: 5 cwit serp. K-super; 3 cwt/ac

e

Dclomite, Previous years: 3 cwt/ac super.

‘-fI
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Sample
No.

65

66

67
68

69

70

71
72

73
74

Soil
Type
ING

ING

ING
ING

ING

ING

ING
ING

ING
ING

Location

N109/730807

N109/736851

N109/744835
N109/733815

N109/736806

N109/749822

N109/745816
N109/744803

N109/752805
N109/759800

Al titude

(m)

213

152

188
198

213

183

198

\¥]
o
1]

o
W
{ve]

Pasture

RG,

RG,

RG,
RG,

RG,

e
iy

RG,

BT,
RG,

Fi

W

we

WC,
CF,

wC

0 Fal

iy

we

0G

WC

FW

Fertilizers uscd (where known) and comments .

Basic slag at 5 cwt/ac since 1937. Now used for
beef-fattening; dairying until 13 years ago.

3 cwt/ac 30% K-super (spring), 2 cwt super/ac
autumn, % ton lime 6 ycars before,

New owner. Previous owners used "Osflow".

4 cwt/ac 50% K-super (spring), 4 cwt/ac serp.
super (autumn) over past 2 years.

4 cwt/ac 30% K-super (spring and autumn) Ureca -

1 cwt/ac in spring.

4-5 cwt/ac 30% X-super and occasional dressings of
blood and bone and crop-mix.

S5 cwt 30% K-super and blood and bone (unspec.)}s

4 cwt/ac 30% K-super (spring and autumn) Same site
as sample 8.

Fertilizer unknown,

fertilizer unknown (runoff area),

-~
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Sample Soil Location Altitude Pasture Fertilizers used (where known) and comments.

No, Type (m)
75 ING N109/755804 213 BT, RG, VC, 4 cwt/ac 30% K-super last year. New owner. Previous
TW . owners allowed property to run down.
76 ING N109/777785 213 RG, BT, WC, 4 cwt/ac 30% K-super (spring and autumn) Property
. W used to graze horses,

97 NPL N108/475803 46 RG, ¥WC In last year. Spring 3} cwt dolomite, K-super (20%)
Autumn: 3% cwt dolomitie X-super, Previously, 6-7
cwt/yr 20% K-super,

78 NPL N108/477796 61 RG, WC 33 ewt/ac K-Serp. - Super (sprinz and autumn

79 NPL N108/484786 76 RG, YC 3 cwt/ac 50% K-super (spring and autunn)

80 NPL N108/489782 91 7 bG, WC, TW Paddock largely unfertilized.

81 PAT N108/513772 152 RG, ¥C 3 cwt/ac 30% K-super in autumn.

82 PAT N108/514759 183 RG, WC, F¥ 4 cwt/ac 30% K-super (spring and autumn) Some N-
fertilizer in spring,

83 PAT N108/532740 244 RG, 0G, WC 3-4 cwt/ac super., Sheepfarm,

84 PAT N108/545730 335 RG, WC, FW 3 cw;/ac 30% K-super (spring); 4 cwt/ac aerial super
{autuvma).

85 PAT N108/3551727 356 RG, 049, V¢ * cvifsc GOk A-super !‘springly 3 cwt super (autumn).
i

2hen nlon‘ Upper and Lower

Ezst of the Xaitzki Range,



BUR ...
HAN ...
ING ...
KEW ..
KOR ...
NPL ...
PAT e
STR  aes

UNKN - s

BT -
CF oo
RG soe
0G -
W -
"y P

Given in

order

So0il Types

sisw sEe wee Burrell gravelly sandy loam
weww  www e Hangatahua bouldery sand
L inglewood coarse sandy !oan
R e g e Newall bouldery sand

s wwe e Norfelk bouldery sand

eer  eee see New Plymouth hlack loam

sas seas  ava Patua loam

T T R Stratford coarse sandy loan
ses  eee  sas Unknown so0il types,

Pasture Composition

waia e aee Browntop

sdin: A el Cocksoot

sre  ese ..; Ryegrass

R TR Other grasses
pee  mw e e White clover
sed wwe ewe Matweeds

dominant-minor sword colkponents,



Appendix 2, Results of Soil Exchangeable Cation and Soil pH

Analyses for Samples taken during the Field Sampling Progranme

i) Reconnaisance Survey — 0=-10em - 10-20¢cm
Sample Soil Altitude Mg Ca K soil Mg Ca K Soil
No. Type (m) n.e,% pH m.e.% pH
1a BUR 488 0,35 3.57 1.35 5.7 - - -
1b BUR 488 0.23 2.23 1.52 5.7 - - -
STR 320 0.14 3.58 2. 55 5.6 0,14 1.97 3.43 5.3
3 ING 274 0,32 3.34 3.95 5.7 - - - -
ING 503 0,29 5.20 2,02 5.9 0.18 = 8,52 1,52 5.8
Sa ING 366 0.36 12,13 0.35 5.7 0.11 6.71 0,14 5.9
Sh ING 366 0.21 5.53 0.22 5.9 0.07 6.78 0.38 6,0
Ga ING 259 0.67 6.05 0.20 5.9 0.16 1.78 = De
6b IRG 259 0.34 4,30 0.46 5.5 0.11 1.62 Q.11 5.5
7a ING 213 057 3.84 0.74 5.7 0.33 5.98 1,08 5.8
7b ING 213 0.24 2.78 0.21 5.6 0.12 1,42 0.21. 5.5
8a ING 213 1.15 8,31 1,15 5.6 0.54 4,59 0.85 5.3
8b ING 213 0,74 8.51 0.92 5.3 0.26 3.33 0.23 5.5
9 PAT 396 0.53 5.43 0,60 3.6 0.21 1.534 0.37 5.3
10 ING 503 0.28 1,05 0.40 5.6 0.08 0.40 0.07 9.7



(@] "'10&\‘!’&. ——_— 10 ~20¢cm

Sample Soil Altitude Mgz Ca X soil Mg Ca K
No. Type (m) ' m.e.% pH — el %
11 ING 427 . 0,94 12,37 0,32 5.9 0.24 2,99 .21
12 NOR 335 0.28 2,44 0.21 5.5 0.16 1.61 0.14
13 ING 411 0.33 1,97 0,33 5.4 0.13 0.91 0,17
14 NEW 396 1.38 5.82 0.44 5.6 0.13 2,68 0.34
15 ING 427 0.67 7490 0.63 5.4 0.18 1.30 0.29
16 BUR 427 1.84 6,035 0.60 5.7 0.64 1.80 0.21
A7 NPL 34 2,08 8.51 0.50 5.6 0.51 4,12 QA7
18 NPL 61 2.61 14,45 1. 37 5.8 0.35 2,08 0.59
19 ING 152 0,84 6,00 0.29 5.7 0,25 2.94 0.13
20 ING 213 1.31 4,86 0.73 5.5 0.26 1,14 0.21
21 ING 274 0.87 4,90 1,44 6.0 0,26 1,97 0.38
22 ING 351 0,47 3.09 0,34 3.6 0.25 3 7 0.16
23 ING 457 1.59 5.37 0.36 5.3 0.37 1.02 0.25
24 UNKN 588 1,98 5.45 0.30 5.4 - - -
25 ING 132 273 14,78 C.55 6.2 0.91 6,43 G.20

=N Y
LG 2



0-10am 40-20cm
Sample Soil Altitude Mg Ca K s0il Mg Ca K

No. Type (m) —_— mee ) —— pH —_— m.e.%

26 ING 183 0.51 5.56 0.36 5.8 0.26 5.24 0.16
27 ING 213 0.89 4,30 0.353 5.5 0.26 2,76 0,26
28 ING 244 . 1.29 6.41 0.51 5.7 0,41 4.46 0.30
29 ING 366 1.03 3.82 0.350 5.9 0.37 1,89 0.25
30 ING 427 0.20 1.38 0.34 5.6 G.17 0.73 0.34
31 ING 503 0,37 3.28 0,47 5.4 0.23 0.97 0.25
32 HAN 320 0.65 2,87 0.26 5.5 0,38 1.97 0.26

et oy
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ii)

Detailed Survey

——.0-10cm
Sample Soil Altitude Exch., Mg (m.e.%) Soil Exch., Mg (m.e,%) Soil
Number Type (m) pH pl
33 ING 108 0.25 5.5 - -
34 ING 152 0.41 5.7 0.12 5.8
35 ING 244 0.99 5.5 0.12 5.3
36 ING 244 0.70 5.7 0.12 5.9
37 ING 244 0.53 5.6 0.29 5.5
38 ING 305 0.47 5.8 0.04 5.8
39 ING 274 0.62 S 0.14 5.6
40 ING 320 0.33 5.8 0.04 5.8
41 ING 395 0.35 545 0.31 5.5
42 ING 305 0.25 5.8 0.04 5.4
43 ING 320 0.49 5.6 0.21 B ¥
44 ING 396 0.53 5.7 0.08 5.9
45 ING 427 €. 55 5.9 0.27 5.9
46 ING 366 ). 46 8% 0.27 5.6
47 ING 290 0.39 5.9 Q.28 5.7
48 ING 274 0.41 5.5 0.3 5.4
49 ING 220 0.62 5.7 0,04 55

-r
4
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-0-10crn ——m——— —_— 10-%Cem

Sample Soil Altitude Exch., Mg (m.e.%) Soil Exch. Mg (m.,e.%) Soil
Number Type (m) phl pil
50 ING . 259 0.62 5a7 0,12 6.2
51 ING 229 0.37 5.9 0.12 5.6
52 ING 213 0.25 5.6 0.04 57
53 ING 152 0.86 5.9 0.16 6.2
54 ING 152 0.41 5.9 0.17 6.0
55 ING 183 0,76 6.0 0.12 6.0
56 ING 198 0.70 5.8 0.12 5.8
57 ING 229 0.80 6.1 0.08 5.9
58 ING 244 0.47 8.7 0.04 5.7
59 ING 442 0.21 5.8 0.01 5.6
60 ING 427 0.43 5.2 0,14 5.4
61 ING 411 0.49 5.8 0.04 5.8
62 ING 351 0.52 5.6 0.08 8,7
63 ING 213 0.68 5.7 0.18 5%
64 ING 213 1.85 6.0 0.39 5.9
65 ING 213 i.65 .3 G, 64 6.1

g -
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0-10crm 40-20c¢m -
Sample Soil Altitude Exch, Mg (m.e,%) Soil ixeh, Mg (m.e.%) Soil
Number Type (m) pll ph
66 ING 152 1,87 6,2 0.49 6.2
67 ING 198 0.99 8.9 0. 12 5.8
68 ING +198 0.95 5.9 0.20 5.6
69 ING 213 0,62 6,0 0.04 58
70 ING 183 0.66 5.8 C.,16 3.8
71 ING 198 0.95 5.9 0.21 5.8
72x ING 213 1.09 5.8 0.21 5.7
73x ING 213 0,82 549 .12 5.9
74 ING 198 1.62 6.0 0.21 5.7
75 ING 213 0.62 5.8 0.25 5.9
76 ING 213 0.62 6.3 0.23 6.1
77 NPL 45 1,99 6.1 0,95 5.9
78 NPL 61 1.42 5.8 0,38 5.9
79 NPL 76 1.62 6.0 0.78 6.1
80 NPL 91 1,54 8.7 0.16 5.9
81 PAT 152 0,63 2 0,19 6,4
82 PAT 183 0,86 549 0.2¢ 5.4
83 PAT 244 0.88 5.8 0.21 3.8



G- 10cm = — 10 -20cm
Sample Soil Altitude Exch., Mg (m.e.%) Soil Exch, Mg (m.e.%) Soil
Number pH (m) pH pll
84 PAT 335 0.82 5.7 0,38 547
85 PAT 366 0.56 S.7 0.16 5.8
BUR Burrell gravelly sandy loam

HAN
ING
NEW
NOR
NPL
PAT
STR

Hangatahua bouldery sand
Inglewood coarse sandy loam
Newall bouldery sand
Norfolk bouldery sand

New Plymouth black loam
Patua loam

Stratford coarse sandy loam

-,
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i)
ii)
iii)
iv)
v)
vi)

vii)

Appendix II1

lResults of Analysis of Variance for:

ryegrass dry matter yields;
ryegrass Mg concentration;
ryegrass Mg uptake
ryegrass Ca concentration;
ryegrass Ca uptake;
ryegrass 'K concentration;

ryegrass K uptake;

at each harvest,

Legend:

Soil type - Soil type effects

Treatment - Mg fertilizer addition effects
Cutting Regime -~ Cutting regime cffects
Soil Type x Treatment - Soil type by Mg
fertilizer addition interaction

Soil Type x Cutting Regime -~ Soil type

by cutting repgime intieraction

Treatment x Cutting Regime = Mg fertilizer

addition by Cutting Regime interaction,

c00000000



i) Ryegrass dry matter yields.

Harvest 1.
CLASSLIFIcaTluN

S0tL. TYPE

TREATHENT
CUTT REG ;
SO TYPE Y OTREATHENT

K OCUTT RRG
X cUTT RFG

SOIL- TYRE
TREATYVENT
REmA (vRER
 1OyAL

Harvest 2.

CLASSIFIcATION

SO1L TYPE
TREATHMENT.
CUTT REG
SOIL-TYRE
$OLL TYRE
TREATHENT
REMEIMDER
TOTAL

X TREATMFENT
X. ¢UTT REG
¥ QUTT REG
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¢ Harvest 3

e OLASSTEICATION

SOIL Type .
TREATMENT .
CUTT- - REG..
SOIL TYRE
SOLL TYPE
TREATHENT

¥ TREATWMENT
X CUTT REG

X CUTT REG

QF SLUAKES

12,6880
0,35%2
12,041146
0,60652¢
Z2,09i18%
0 0r%9¢

aEaN SQU AR

b,2224¢
0.11161
12.04114
0,058%74n
0,69474

[v

T1B307067 et
2,900 «
5&‘0,#‘41 ok ow

T, 980
18,745 %wx

Wi i N - DJ w)

. )oY 0,02604 0,714 50 8
REMAINDER 10 3 Buvia A 03714 2 : RSD= U'{;:f“
ToTaL 127 51 87515 ' e

Total Dry Matter yield.
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ii) Ryegrass Mg concentration

Harvest 1

CLASSTFICATION D.F. . Sur OF SSUARES . MEAN SRUARE ¢

TOTaAL

Ge 21001

gl e 3 0.07064 352,381 ke Sy alina
TREATHENT - 3 ,05671 0,01640 §5.06% wikx -

CUTT 2EGe - 1 (0,00067 0,004 23 30N k¥ ARy

SOOIl 1YPE X TREATHMENT 9 {1,004 % 0.,00056 2 BT R THRITEL 77

SOIL TVPE X CUTT REG 3 0,00:14x 06,0001 0,811 ety

TREATHENT X cUTT REG 3 (_0012% 0.00041 2. .05 TRy

REMAL'IDFR 103 0 02187 Q_ 007 RSD= 0 0147 :
TOTAL 127 U, 29308

Harvest 2 t

sk Fow i SUB UF SEUARES  MEAN SQUARE F Pane

S$OIL TYPE. Hew = BN rEN2 0.05784 187.515 H*w TR

TREATHENT 2 I ‘f,‘,“.vlbfai)'-‘-' 0.02?.L'5 ?1'4'./3 . -{'r.l..-.:ll-i;l

BUTT REG-—avimia = e 1 G, 1TY545 0.19845 Gh3 575 ke gy Lot

SO1L TYPE X TREATMENT v 27 0,00230 7,661 %wr T

S§OIL TYRPE—= X -CUTT REG 3 (i USigH 0. 61129 2. 446 Wk _n'“q““

TREATHENT S X CUTT 3 {1 01 39 0,005 1,628 0 1nT4

ff geiuain ' : i 0523y 0" 0GuM ' i, nl017u¢

1127 b, 524%% ' ¥
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Harvest 3

e CLASSIFICATION

SOIL TYPE
TREATNENT .
SOTT LG e

S0LL--TYPE
SOIL TYPE
TREATMENT
REMALIMDER
TOTAL

TREATHFENT

CUTT REG
cuUTT REG

D i

SUM OF . SQUARES
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¥it)

Ryegrass Mg uptake

Harvest 1

eeee CLASSIFICATION

SOIL TYPE

TREATMENT.

CUTT REG
BOLL TYRE
SO01L Type
TREATMENT
REMALNDER
TOTAL

X TREAT™MENT
Y (uTlT wr#eg
X pulT ey

Harvest 2

CLASSIFICATIUN

SOIL TYPE
TREATHENT.

CUTT REG.. -

SOIL TYRE
SOIL TYPE
TREATHMENT
REMAINOEK
TOTAL

Y- TREATHMENT
X CUTT G
X ¢cuTT KEG

L)
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-

SUx GF SHUARES
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mrak SGuake

0,169357

0.2164% 0.07211
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0,16064 0,01785
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Harvest 3

CLASSIFICATION

SOIL.TYPE

TREATMENT

EUTT REGSG

S01L TYRE X TREATMENT
SO0IL TYPE ¥ CUTT wEG
TREATAENT X ¢cUTT REG
REMALNOER

T0TAL

Total Mg uptake
CLASSTFICATTION
SOIL TYRE

TREATENT
CUTT #En

001 1yeg ¥ THREATHERT
TREAT“ENT OrUTT KEG
U8 ol WL & P,

I0inL
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iv)

Ryegrass Ca concentration

Harvest 1

e ~CEASE BICAT I UM

$OIL TYPE
CUTT REG. ..
TREATMENT .

SOTL TYPE
§o[lL TYPE
CUTT WEG
REMATIMDER

X OCUTT REG
X TREATHENT
¥ THEATHAEAT

Harvest 2

LCLASSTIFICATIOM

SOIL. TYPE
SUTT
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SOIL TYPE.
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llarvest 3
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v) Ryegrass Ca uptake
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Harvest 3
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Harvest 3
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vii) Ryegrass K uptake
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Harvest 3
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Appendix IV

Results of Analysis of variance for:

i) Ryegrass Mg concentration
ii) Ryegrass Ca concentration
iii) Ryegrass K concentration

for each s0il type and cutting regime

Legend:
Treatment : Mg fertilizer addition ecffecis
Cut : Harvest effects

Treatment x Cut: Mg fertilizer addition by

harvest number interaction
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i) Ryegrass Mg concentration
a) Burrell gravelly sandy loam
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b. Inglewood coarse sandy loam

Cutting Regime 1
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c¢) Egmont black loam

Cutting Regime 1
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d) New Plymouth black loam

Cutting Regime 1
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TREATOEY

a) Burrell gravelly sandy loam
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b) Inglewood coarse sandy loam

Cutting Regime 1
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¢) Egmont black loam

Cutting Regime 1
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‘d) New Plymouth black loam

Cutting Regime 1
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iii) Ryegrass K concentration

a) Burrell gravelly sandy loam
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b) Inglewood coarse sandy loam
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c¢) Egmont black loam

Cutting Regime 1
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d) New Plymouth black

Cutting Regime 1
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