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Abst ract 

The exchangeable Mg contents of soils in the In g l -~woot.l -

Ne..,; Pl mouth area of T·,rana lci are primari ly d et'c:rmin,~d !)J !,Jg 

conten t s of parent materia ls. Ingl e1.- ood coarse sandy l o.:.11-1 n , 

formed from Inglewood Tephra cont ained the lowest, and Nev 

Ply!iiouth black loams forme d from Oakura Tephra the hir, h,, r,t., 

exchangeable Mg cont nts. Ex c hangeable Mg contents of Roils 

form e d from In g lewood a n~ Oa k ura Tephras declined 1-: .i i. i, i nc re tu,;­

i ng alt itude. The exchan&enblc Mg c ontent::; of Taran;"tki yellow­

bro wn loams formed from pumiceous parent mate rials un, loi:r high 

r ainfa ll co nditions are more similar t o those of yel lo,~-llro\•' 

pumice soils than of Cen tra l yellow-brown loams . 

In a pot experiment, the Mg concentrations of rl~ r ra ss 

plants grown on Burrell gravelly sandy loam (0. 24 ni.H .•: ti~chc::nge­

able Mg) or I nglewood coarse sandy loam (0. 22 m.e. % <'Y ( !rn ng ·ab le 

Hg ) we re lower than tho se of plants grown on £gmont l 1i ack lo~m 

( 1.22 m.e.?~ exchangeable Mg ) or New Plymou th black J.,i<; 11i ( 1,,;1 1 

m.e .% exchanr;ec!lJ lc 1-ig). Only on t h e t.l,' t> so il s o f 10 1 ·~ r ,:xchar.gc~-
... 1 

able :ig- content did Mg additions of fcom \J to 3G k[; ~l f', l,a 

result in increased dry ruattcr yi elds of rye brass p! ;-\rii: o; . 

Increases in rye~rass Mg concentrations a nd total ~!f; u1 . takes :in 

response t o Mg additions were als o more marked on the ~o ils of 

low exchangeable Mg content t ha n on the soils of h igh t''lt: chan~e-

a ble Mg content. Ry egrass dry matter yields i ncre ai:;eG Hith 

increasing temperature on all so i ls, as did plant Hg oncentration 

and uptake, although the latter increases were greater on the 

soils of low Mg content and did not occur until afte r ~n appar­

ent critical minimum temperature of ca. 14 Chad been r~a ch ed . 

Mg additions had no ma jor effec t on plant Ca or K c oncPntrations . 

The results of the field survey and the pot expe rimen t are 

discussed in relation to the possible occurrence of ~lg deficiency 

in plants and animals in Taranaki and the possibility of correct­

ing these deficiencies using Mg-containing fertilizers. 

i 



ii 

Ack n 01-: le d1;emen ts 

I wish to acknowledge with r;ratitude the guidance and encou1·n f~e ment 

received from my supervisors Dr M. A. Turner 1 and Ur V, C. 

Neall throughout the course of this study. Their helpful 

comments and criticjsms during the preparation o f th.io 

manus c ript were much appreciated . 

The assistance of the many people who aided me in thia ~tudy is 

also i;rateful ly acknowledged :i n particular ; Mr G. Ila 11 i gan 

of the D.S.I.R . Climate Control Laboratory~ Palmcr~tnn Nort h 1 

who helped with the running of the pot experiment; Mr J. 

Waller and Mr C . Dyson and staff of the BiomctricH Section, 

Ruakura, for help and advice regarding the statistical 

analyses ; and the many farmers i~ tie Inglewood - New Ply­

mouth area of Taranaki who permitted access to tht-! i ! 

properties for the collection of soil samples durii1 g· tht:? 

field sampling programme . 

I wish to record my thanks to the members of my family i or th e ir 

for b earance and understanding particularly oyer the final 

stage of this study . 

Finally, thanks must be given to Ms Veroni c a Joblin and Mrs Val 

I-iildon for typing this manuscript . 

000000000 



Chapter 1. 

Chapte r 2. 

2 .. 1. 

2 . 1. 1 

2 . 1.2. 

~ . 1. 3. 

~!.1. 4 . 

2 . 1 . 5. 

2 .2 .. 

2- .. 2. 1 

2.2 . 2 

2 .3. 

Table of Contents 

Ackno wl edgements 

Table o f Contents 

Lis t of Tables 

List of F igures 

Page Number 

ii 

iii 

vi 

viii 

Introduction 

Literature Review 

Factors Affecting the Magnesium content 

of soils 

General 

Sources of soil magnesium 

Trans formations of magnesium-hearing minerals 

in soils 

F'o rms ,.,nd amounts of rnagne"'iur,1 in s oi ls 

Losses of m3 ,,-nesi urn from soi ls 

Fac t ors affe c ting; Ma:7:n~sium uptak b:v nlants 

Introduction 

Soil magnesium content and magnesium &vaila ­

bility to plants 

Movement of magnesium through the so il t o 

plan t roots 

Magnesium uptake by plants 

1 

3 

3 

3 

5 

10 

12 

22 

26 

27 

33 

34 

Magnesium fertilize~ appl ica tion to pastures 43 

Chapter 3. 

Chapter 4. 

4 . 1. 

4.1.1. 

4. l.2. 

4 . 1.3. 

4. 1.4. 

Experimental Ob,iec ti ves and Desihn 

Materials a nd Methods 

So il Sampl i ng P ro gramme 

Geolog y an d soils of th e sampling areas 

Organisation of the field sampl ing pro­

gramme and location of sampling sites 

S a mpling procedure 

Sa mp l e preparatior: f o r ana l ys is 

47 

50 

50 

50 

52 

53 

53 

iii 



'1 . 2 . 

4 . 2.1. 

4 . 2 . 2. 

4 . 2.3 . 

4 . 2.4. 

4 . 2. 5. 

4 . 3. 

'1-. 3 . 1. 

4 . 3 . 2. 

4 . 3.3. 

4 . 3.4. 

4 . 3.5 . 

4 . 3.6. 

4.3.7. 

Cha :eter 5. 

5 . 1. 

tl . l. 1. 

~'i. 1.2. 

5.1,.3. 

5.2 . 

5.2 . 1. 

s.2.2. 
f> . 2 . 3 . 

5.2 . 4. 

5.2 . 5. 

5.3 . 

Page Number 

Pot exper i ment 

Soil preparation 

Planting 

Soil moisture contents 

Growth conditions anrl harvesting 

Climate - room growth conditions 
\ 

Analytical Procedures 

Exchan geable cations 

Soil pl! 

CEC 

Reserve magnesium 

Total soil magnesium 

Total herbage Mg, Ca, K contents 

5 4 

5 4 

5 7 

57 

58 

60 

60 

60 

62 

62 

62 

62 

63 

Determination of Mg, Ca and Kin solution 63 

Hesults ai1d Discussion 66 

Field sa111p lin e1: proiramme 66 

Soil exchang able magnesi um contents 66 

Soil exchdngeahle Ca, Kand soil pH 

Variations of soil magnesium content wi th 

73 

nltitude 75 

Pot exp eriment 

Initial s oil magnesium status 

Dry matter yields 

Pl a nt magnesium 

Plant c alcium 

Plant potassium 

General Discussion 

80 

80 

84 

91 

11 4 

12 1 

130 

iv 



V 

Chap t er 6 . Conclusions 136 

Bibliography 138 

Appendix 1 

Details of Individual Sampling Sites 151 

Appendix 2 

Results of Soil Analyses 160 

Appendix 3 

Analyses of variance at each harvest 167 . 

Appendix 4 
\~"2... 

Analyses of variance by soil type 



List of TRbles 

Abridp;ed Title Pa,c;e ~umber 

1 

2 

3 

4 

5 

6 

7 

Primary mineral sources of ~oil magnesium 

Magnesium accessions in rainwater 

Exchangeable and reserve magnesium cont.nts 

of mature and immature soils 

Total magnesium in horizons of recent soils 

Topsoil exchangeable and total mai;nesium 

contents and soil pll 

Magnesium status of Taranaki soils 

Ferromagnesian minerals in Taranaki Central 

yellow-brown loams 

8 ~linimum required exchan~cable and reserve 

9 

10 

magnesium contents of soils 

Soils used for the Pot Experi1nent 

Amounts of fertilizers used 

11 Te1,1perature chanr;es and harvest U !11CS during 

the pot experime nt 

12 Environmenta l conditions during the pot 

experiment 

13 

14 

15 

Summary of analytical procedures used 

Exchangeable cations and pH of Inglewood 

c.s.l. samples 

(reconnaissance survey) 

Exchangeable magnesium and pH of Inglewood 

c.s.l. samples 

(detailed survey ) 

16 Exchangeable cations and pH of a range of 

Taranaki soil types 

17 Exchangeable cation and pH analyses from 

previous broad surveys 

18 Magnesium status of selected Inglewood c.s.l. 

samples 

19 Magnesium status of a range of Taranaki 

yellow-brown·· loams 

6 

11 

1G 

18 

20 

2 1 

3 0 

55 

r:;\_l 

Gl 

63 

67 

68 

71 

77 

79 

vi. 



Pap;e Number 

20 Analyses of untreated soils used in pot 

experiment 

21 . Amounts of magnesium in soils ( Metson and 

Brooks, 1975) 

22 Dry matter yield·re s~onses to magnesium 

addition 

23 dummary of treatment effects on dry matter 

yields 

24 Ryegrass magnesium concentrations 

25 Linear regressions of rycgrass magnesium 

concentration on magnesium addition 

36 Average Magnes ium concentrations for suc­

cessive harvests 

27 Differences in plant magnesium concentration 
-1 betwe_n control and 26 kg ha magnesium 

treatment rate 

Hyegrass i;1agnesiuw upt.1. l'-e 

~9 Analysis of variance of ryeg rass magnes iu m 

uptake 

81 

82 

85 

87 

92 

95 

99 

100 

103 

105 

30 Changes 1n soil exchangeab le magnesium content 108 

31 Analysis of variance of changes in soil ex­

cha ngeable magnesium content 

32 

34 

35 

36 

37 

38 

Est imated recovery of fertilizer·rnagnesiurn 

Ryegrass Ca concentration 

Average ryegrass Ca concentrations 

Ryegrass C~ uptake 

Ryegrass K concentrations 

Ryegrass K uptake 

Changes in soils exchangeable K content 

000000000 

112 

113 

115 

117 

119 

122 

125 

128 

vii 



List of Fip;ures 

Pacinr-; pa~~~ 

1 Distribution of soil parent materials 

in {he Inglewood - New Plymouth sampling 

area 

2 Location of samplinr; sites - Recon nais­

sance survey 

3 Location of sesmpling sites - Detailed survey 

4 "Iso -Hagnesium " contours for 0-10cm topsoil 

layer 

5 11 I so - Magnesium'1 contours for 10-20cm topsoil 

layer 

50 

52 

6 Changes in soil exchangeable magnesium with 

Parent Material along transect A-A ' (Fi g . 5) 7:\ 

7 Exchangeable magnesium vs. Altitude for 

0-10cm topEoil layer ( Inglewood c.s.l., 

detailed survey ). 

Ba Exchangeable magne s ium contents of 0-10cm 

topsoil layers from Altitude: tr,Hit:ects 

Bb Exchangeable magnesium contents of 10-20cm 

topsoil layers from Altitude transects 

000000000 

7:i 

75 

Viii 



Introd.uction 

Uagnes ium is an essentic.l nutrient element fo:::- both 

pla nts and animals. In plant!3 , 1.:g ferns part of t.}ie c h lorophyll 

mole cule and is be lieved to p,:::rti cipc.te in several o ther 

p::-ocesses , which mny include funct ioning as an enzyu,e co-f2. c tor 

in the processes of car bohydrate netabolism phosphate metabolis:.1 

nitrogen metabolism and lipid netc.bolism (Gauch and Krauss , 

1959) ; the r er,ilation of cell osnotic potential ( Sutcliffe , 1967) 

and the trans port of phosph?..tes rrithin the phnt ( Jacob, 1958;Gauch 

and Krauss , 1959 ; Sutcliffe , 1967). 

In anima l s , Mg is be liev ed to 1:!.ct as an enzyr:ie co - fe.ctor 

in m2.11y processes similar to those described above fo r plant 

c ,~lls,. Furthor , the nonna1 fu.nct ionin[~ of nerve cells is 

d.ependent uyon the presence of o.cles_ua te levels o: I!;~. When J.!g 

is deficient , the nerve c e lls bccone more i rri table , possibly 

r c::,:.1lting in the onset of a tcte.nic state in the af~ected animal. 

(G-runes et al , 1970) . This disec.se is l:!10:;;n as hYIJ omagnasaemi.:1. 

(hypo~agi~saemic t etany ; grc.ss staggers) , and i s o~ major 

p:-,'.:!. c tical importa.nce , particulo.rly in dc.iry or bee f co·,•is early 

in t..h.e p ast- parturition pe riod . Over the July- Se_ptember 

pe riod , hypomagnasaemia may affe c t up t o 2;s of the c a ttle 

population in New Zealand . The e co!'l.o;-:-iic im portance of the 

di seas e a ris es from the fac t tro t , in mc.ny cases , the 

uf'fected animals die ( Butler and 1.:etso:1, ~967). It ha s been 

su sgested tha t in order to ensure c.clequatc animal intakes of 

Mg to :prevent hy_pomagnasaemia , pasture herbage needs to 

contain at l eas t o. ~ Mg (Kemp 2.nd T ' If.:!rt, 1957). Deficient 

l e ve ls for plants are c onunonJ.y con:, idered to be \·ri thin the range 

of O.1-O.157o Mg (McFaught, 1970). 1\0 tI1e re are few areas of s oils 

in i!ew Zeal a nd vrhich a re .. ~g deficient rrith regard to plant 
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requirements (Metson , 1974-), the pr cse!1t r.!g problem is more 

one of mo.inta.ining adequate contc!1t s i:: herbage to raeet animal 

r equirer.lents. This: , problem is acccntu.2 ted by seasonal fluctua tior.s 

in plant Ug concentr2.tions, ·:,:.th J.o-:i<~st con tents genera lly 

occurring over the late vrintcr- e::rly s:r,ring period . 

In t he pas t, scant attention has been paid to the r elatio.!1-

ships between soil parent mc1.teri2J..s 2.nJ. soil types , and soil 

e:xchan c;eable Mg status, :i..r.. T2.r,:u,"..}:i . In an ear1y study, 

Gr2.J1ge QnJ. Taylor ( 1932) m<1pped t:,e r:iain soil series in 
.. 

Tar a.na.ki but presented what proveJ to be an over-simplification 

of th e occurrence of different soil narent materi als and the 

:::·ela.tionships between them and the v .'.!rious soil types. In 

a recent study , l-Jeall ( 1972) m::1.::1::ied a krge number of soil 

p2.rent naterials and thus enaoled the relationships be tween 

soil parent materials and t~1e v.'.lrious soil types in '.i'aranaki 

to be be·tter defined . 'rhis, i:1 -:urn , has m2.d.e possible this 

ctuiy of the reb -'cionships b,::; ":0::ee ri Goi l !Jarent TG2.teri2.ls , soil 

ty::es, and soil exc}1...:1nge::blc •:::; con-'ccnts : .. r1 several o.reas of 

·10.r:~.11c:Gc:i. . In this ntudy , sevc::::-'.'..l :f',:;.cto:-s b-10·:m, or s uspected, 

to :-i.ffect th_ ..lg content of soil::; , o.n,l th":! l.'.g supply to plan ts , 

ne.rc investi.ge.ted ~ 

2 



Chapter II 

Liter.:. turo :?evicw 

2 .. t Fo.ctors Affectinr~ t•0
'C, L:;cr~csiur:i Content of Soils. 

2 .1 .1 General. 

The 1.1g conte..nt of an unfertiJ.isccl soil is determjned 

:prir:ie.rily by the J,!g content of the !la.rent ria tcrial as modified 

by cli~ate, relief, organjsms 2-nd tice. The effects of these 

,12.rious factors are s umma.risecl bolol'r. 

Parent J.Iaterial. For soils of zimilar age, developed 

under similar climatic conJitior.n, initi:.<l total ,[ g 

contents gen8ro.lly rc1.:1 tc clo:::; ely to the Hg content 

of the p..-icc:nt rocks. Jn :rn·;; Zc ::J2.ncl , Chitt-2ncle:.. cmd 

lio Ll;son ( ·i 953) demons tr.:::.LcJ. this rcJ.n ticnship for 

soils of 'Jc1imca County .. i.f~my ove1'neas norkers, 

fr.eluding Beeson (1959), s~cmon (1963), Semb (1964), 

Reith (-1967) and 1.fokwunyc Mel J.Ielstcd (1972 ) h:'1ve 

re:porte cl similar :t'imlincs. 

ii) Climate. The ],lg contents of zoilz are affected by t.1-ie 

intensity of r:eatherin8 aml lccichin8 processes. In Harm , 

humid clim2-tes the rn. te of rrea tter:i..n g of primery minerals 

is rapid and J,!g is rearli1y rclcasecl from primary minerals 

to exchangeable or seconclo.ry mineral forms . In cooler 

c limates the rate of ,·;oi:!.tl:.erinr; is generally slov;er. The 

interaction bet-·,een we2. therinc anu. leaching is summarised 

as follows : 

J 



-:::-, 
-:-: 

"' C 
,,.; -;< 

Lor, 

Iligh 

\"feathering I:1tcnsi ty High 

Low ---------------------------tlS> 

Slow relea.se of J.:g from 

primary mi..'1e ral i'orr~s; 

Mg released in solubl•J 

form accunul2..tos slo,·rly 

as I,!g exch as leac11~1G 

loss es are minimal . 

Th e ~g weathered out of 

pri~a r y minerals is 

rapidly leached ou-'c of 

the soil. 

Exchangeable l'.!g anrl 

second2.ry forms o f iIG 

accumulate v1ith tir:e 

as l eaching lossen are 

minimal. 

Secondary f orms of l,'.e; 

do not accumulate a s 

pr imary forms are rre<1t!1-

ered due to hig.'ri. leaching 

losses. 

(AdaptccJ. from 1'.cts on and Brooks, 1975) 

Relic f. Soil l,Ig contc1,ts ElO.:Y j-'lcroase or clccrease as 2. result 

of soil ,)rosion froo s Lco:p slo:9es . In areo.s of lo:v lyi.r10 rolio:' , 

soils rnQ.y gain 1.Ig in 1-:)o.chine; ·;;c. ters from surrounr'ling araas 

(:Io.ruv.1 , 1959 ; Alston, 1972) . 

iv) Org3.Ilisrnn. Accunula tion of j.!g in the t opsoil can occur 

1·rhe!1 plant litter of 2. iligh base content , such as from a 

docicluo1.1a f orest returns i.Ig t o the soil surfa ce. Podocarp 

forests , on the other hand , tend to produce an a cid litter 

which causes acceloratccl leaching of ~.:g from t opsoil . ( BlD.kemore 

and Uiller , 1968.) 

v) 'l'ime . ::rhile ti;ne i s not a fa ctor controlling the ini tia.l i.lg 

con tent of a s oil, the time-spo.n over v,hich the agencies of 

soil fornation have been operating on parent materials 

affe c ts the Ug content of soils . As an example , rec ent 

soils formed on r hyolitic ash may possess similar 

exchan geable and r eserve Eg cont ents to olde r soils formed 

on basaltic scoria e ven though b2.sal ts conta in more Mg than 

rhyolite ( Pe tson and i3rooks , 1975). It is im portant, therefore , 

4 



tlnt to cor.ipare the effect::; of paTent natcrio.l, climate , 

:c·eli ef and organisms on ::; oil J.Ic; contents, the soils shou ld 

be of similnr age. 

Sources of Soil ],;p~. 

(a) i.Iineral. The minere.ls rrhich c ontribute r:iost to the Kg 

content of soil.s are the prin2.ry ferror:10.gnosian minerals 

olivines, e.mphiboles , and pryoxencs (1fotson, 1974-) nhich are 

founu in greatest abur.dance in ultrabasic and basic i gneous 

r ocks. The various ferroma&~esian minerals crys tallize during 

the solidification of magma ancl substitution of Mg for Fe jn 

crysto.l lattice structures takes place . This substit-ution 
2+ . 2+ 

process is possible because Fe Q.!ld Lg have sir;iil.::.r ionic 

r;iclii (u/+, o. 7st Fe2+, o.83,A ;; ancl the sar.1e char ge . In 

the crystalli :;:ation s e quence Ug-rich minerals suc.}i as olivine 

crysb.llize first, followed. in o!'clcr of increasing Fe 

en.1, ichment , by pyroxenes, e:mphibolcs ar.tl fcrromagnes ian micas 

( C~cMschmi<lt 1953). 

'l'he f8rroma&'1esian mincral.s tlu t s iG1ific~ntly contribute 

to soil J.!g contents are only present ir, s oils where wea t h erin6 

has been of short durati on or lon mtcnsity (Salmon, 1963). 

Ilowever, such minerals may be !1reserved cleep in the C-horizon 

of olc1cr soils (1,7ells, 1968) . 'i'hc im nortant pr imary mineral 

sources of soil 1,lg are outline cl jn 'i1ablc I. 

\'Tea thering of primary minerals mo.y produce a number of J.ig­

rich secon dary ca rbon.ate or silicate njneral.s. The carbonate 

minerals, d olomite, },lgC0yCaCo
3

, ancl magne site, Mgeo
3

, a re of 

little wi despread significance as soil f orming minerals, both 

u~ually occurrin f, as massive local deposits (Goldschmidt, 

1958). The silicate minerals of most widespread importance are 

s erpentm e , ·t alc, .(.hlorite and vermiculite. Serpentine, 

Mg
3

Si
2
o
7

2H
2
o, derived by alter£Ltion of olivine , pyroxenes or 

amphiboles, and i alc, Mg
3
S\_o

1 O
(oH)~; altered almost exclusively 

from Enstatite, are similar , both beine; 1 :1 hydrosilicates nith 

J.lg subs ti tu ting for Al in the octahedral layer (Goldschmidt, 

1958). Chlorites ha ve a 2 :2 structure, the second octahedral 

layer comprising a bruci te sheet (Fio l des and '.'lea therhead, 1968 ) 

5 



Table 1 

Mineral: 

Olivine 

Pyroxenes : 

Enstatite 

Hypersthene 

Diopside 

Augite 

Amphiboles: 

Anthophyll i te 

Hornblende 

Actinolite 

Primary Mineral Sources of Soil Magnesium 

Composition, Structure, Sources and ease of weathering. 

(Mg, Fe) SiO ( 3 ) 
2 4 

Mg2(Si03)2{4) ) 

(Mg, Fe) 2 (Si03 ) 2 ~ 
daMg (Si0

3
)
2 

) 

Ca (Mg, Fe Al) (Al Si 2 )o ~ 

{Mg, Fe) Si0
3

( 4 ) 

(OH, F) 2 Ca2 Na2 (Mg,Fe) 5 

Ca (Fe, Mg)
3 

(Si03 )
4 

) 

. 0 ) 
(Al,Fe)2S 1 6 22) 

) 
) 

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 soils( 2 ) 

Single-chain silicate structure . ( 4 ) Found in 

Andesitic and Dasie igneous rocks. Readily 

weathered; where.Augite contains less than 

usual amounts of f e, Mg , weathering rate slower. 

May be present in mature soils due to a ccessions 

of volcanic materia1.< 2 ) 

Double chain tetrahedral structure ( 4 ) found in a 

wide range of Gcidic to basic igneous rocks. Are 

readily weathered; where present in soils implies 

either recent origin or recent accessions of ande ­

sitic ash, 

~ 



Table 1 (cont •• ) 

Mineral: 

Micas: 

Di.octahedral 

(Muscovite) 

Tri octahedral 

(Biolite) 

Fel1 spars: 

Acid (Ortho 

KxA1
2 

(SiA1)
4
o

10
(0H)

2
( 2 ) 

Kx(Al, Fe, Mg) 2 (Si, Al) 4o10 (0H) 2 

) . 0 ) K Al S1 3 8 
) . 0 
) Na Al S 1 3 8 

Ca Al2 Si208 ) 

2:1 layer silicate with A1
3

+ in 2 of 3 octa ­

hedral sites. Mg may sgbst itute for up to 

half of octahedral Al ( S). Found in schists, 

greywocke and granites . Relatively weathering 

rcsiitant.( 2 ) May contain up to 6% Mg( 5 ) and 

may also form during weathering of feldspars.( 2 ) 

2:1 layer silicate structure with Mg occupying 

all octahedral positions, as a Brucite layer(S) 

Occurs in a wide range of rocks; is rare in 

rhyo:blite. 

Is readily weathered( 2 ) . Contains up to 17% Mg(S) 

a .:1d in an important source of ~lg in early stages 

of soil development where present in parent rocks( 4 ) 

Structure of frameworks of linked Si and Al 

tetrahedra; alkaline or alkaline-earth cations 

b a lance charg e deficiencies due to sUbstitution 

of Al for Si in the l att ice. Contains small 

amounts of Mg ( 2 ) ( 1 ) Found in rhy<>l i tes (Orthocla­

scs) and andcsi tes ( Plagiod oses). Orthoclases 

-.J 



Table 1 (Cont •• ) 

Mineral: 

Volcanic 

Glasses 

References: 

( 1) Fieldes and Swindale (1954) 

(2) Fieldes and Weatherhead (1968) 

( 3) Goldschmidt (1958) 

(4) ~tetson ( 1974) 

(5) Salmon (1963) 

relatively weathering-resistant; Plagioclases 

th ·1 (2) wea er eas1 y. 

Structure of random chains of silicate tetra­

hedra interspersed with basic cations. (
2

) 

Susceptibility to weathering increases with 

increasing content of bases.( 2
) Some forms of 

intermediate and basic volcanic glass appear 

to be weathering resistant and would be poor 

f ·1·· (2) sources o soi l'1g , 

00 



Table 2 

Magnesium accessions in rainwater (in kg Mg ha-l yr- 1 ) 

estimated at various sites in New Zealand 

Station 

Ruakura 

\fairakei 

Marton 

Makara 

Broken River 

Winchmore 

Tara Hills 

Invesmay 

Soil Bureau 

Soil Bureau 

Soil Bureau 

Location 

Hamilton 

Taupo 

Wellington 

Arthur's Pass 

Canterbury Plains 

South Canterbury 

Mosgiel 

'faita 

Taita 

Taita 

Yearly average 

4.1 

3.6 

3.4 

12.5 

1.6 

1.5 

1.1 

2.4 

11.2 

8.4 

4.7 

Reference: 

( 1 ) 

( 1) 

( 1) 

( 1 ) 

( 1) 

( 1) 

( 1) 

( 1) 

(2) 

(3) 

(4) 

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

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

water at Tai ta, (N.Z. ). N~w Zealand Journal of Science 4: 

844-53. (19 56-58 yearly average). 

(3) 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). 

(4) Clarid?:e, G.G.C. (1 975). Element accessions in rainwater, 

catchment 4, Taita Experimental Station, 1969-74 • . 

New Zealand Soil Bureau Scientific Report 24: 56 pp. 
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'i.'he v n..,,..-.-i cu'~ -:- ,:.e:. 2. ::-e sjJ1,j 1a.r to the clJ1oritcs bnt i.'1 pJ,1. c e ,_, :_, 

J.~g io.::s ~~eC.0:-::~c..tc ar1c·i -:..Le \·:a.tc1· i0 ).n s-L.abl8 hP;raco:1;iJ. e;lo:;r:l ,~r 

l)a cke :::. ::..aJc:cs E-:--o-_.: .. nd l-'.s?.+ :ionc ( Pc-tor!:.. on et.a1., 1965). 

(b) Cyclic ~a~~s . 

f'ro!;'. sec::. wa tc:!'"' ::....'.:'.: cont:::.'ibu-L url in ro.infal] , a:::-e often an .im1:o:::tG.nt 

sour ce o::' 1: g :.::::: s o ils . 'T'hc Qr. ounb of j,;g :i11 ro.infall 2.cc: c" ;,:.i.ons 

vc..ry 2.sccT-:.:...:-_; -.,;o the proxi!::-ii;y to the oceDn anc: the: dirN·1.: 0,1 

of t:1e ~r-ev 2.. ::..::...:.: .. _€; rri.nds ( 'i'a blc 2) . _-\J.thout;.h Y!i!lcl;.r.10re , T,. n 

iiills, 2..n ,~ Ir.:.-:::,.·.ay 2.re i:!.ll 1oc~tocl cl 03l1 r to the coe:.st Lii:: 1 1 

1.'(2.irakei o:::-- .?-:..G:-..::-.. ic.1., tho pr c~v,~iJit1G r;in<l.s at the former .... . -t- . :_• 
•-• I t. ~ ,.J 

clc v2tc~ :.:.:=-..::.:~.:. ::..:-ei!3 c :<"l1or;e,J t~ ·1·i~.n.ls cor1j_nc C:ir·ectly 01-'j~l t: :; 

•• 1 -1 ocee..ri ~--.:.2.- ~-:;c~.: -:s :rei.rri")a.11 ur:r~c 1 ssjo~1:,; of up t o 10 Kc !.~g h:.i. · }r 

or sc~~3 ; l.,c:=-- e :•~~ple , an c.tr·\:a C!.t .:\~:.Q."tCtro.v;:1 , 11ec1r 1
1· ,

1e llin1-Lcn; 
···l - 1 

:~er: :_:CQ.J_e_!":_,:: ' :' -~·-2':: ivea. average u. cc cssio_ris of 13.1+ kg },!e; hrl ~)'] · 

2.nd Lm7 , 1 970 ~ • 

'1..1. 3 

Jat2. from oth0 r sour ces indicates o. ran1.u c.1i.' 
-1 -1 

C .28 - .34 kc; l.'.'c; lu yr ( So.lmon , 1 963; 

The tr2..:1s f or:::=.-::::...c:i of prim2.ry rnil1cral5 to second2.ry form s j ~':': 

-thougnt to occu..:::- either as a re.'.n1lt of structural decomr,o:,: ;,i on 
... 

of the ::-.iner2..l :..,allowed by the r e -synthesis of residual p:~~,·.: ucts 

:into seconc.e.r:.- ::-. inerals or by .substitutional changes i.11. t}:,­

chenical co:=:~os :.. -cion of' a primnry mil1eral but vri th concorn :i. t....:.nt 

preserv2.. tion o::' ~:i.e original .structure of the mineral (l~ie lees 

and s~·:-'.J..11C:.2.le, 1 954). The two t;y-pcs of transformation are shorm 

overlee.f . 



Amorphou..:J 

1. Olivines 

Pyroxenes 

Anphiboles 

Fcldspas 

Glasses 

1 :1 layer silicates u pon 

recombination and r e cry8 t ­
!Jl,, 

!>- ---

2 . Horn blencle } 

I.1icas 

--4!>,. 

gels 

Chlori tcs 

( 2:2 silicates) 

alization of a lumina and 

silica; J..• e . g . s erpenl.,we, 

t alc, kaolinites . 

J.lg may be lost via leaci.1inc. 

2+ 
-I,Ig > Verr:iiculites -

2 : 1 l ayer clay s 

in vrhich the 

bruci te layer of 

chlorite has been 

l ost. May be able 

to re ta in 1:Ig from 

leaching solutiooo . 

Olivines, !J)Toxen e s an~ 2.r:1 ~Jl:ibole s unde r go dissolution to 

fo r m ar.,orpho us .1yc..rons oxiclcs i-.·"c1ich t :1cn r e - cryst2.llize n:i.. th silica 

to foro the hyclros ilicn te 3 e r :icn t i ne n>.i ch ha s a 1 :1 kaolin t:y~e 

structute (Fie lrles and Swindn.lc , 195l~) . 'l'he feldspars and volcan i c 

glas ::,es vrea thP.r to form anorphous cl:;..y minerals ( allophane ) or 

k1:!.olin - type 1 :1 clay niner<lls such as halloysi te ( F i eldes 

ancl Srrindale , 1 95l~). 

As neither allophil11e nor },alloys i te contain a_oprec:i..a ble ar.101.lI'..ts 

o f 1,'.g, the Mg content of the ·.-rcatl1e r·cu glasses is either held 

at the excr.ange sites of the clay minerals, incorporated into the 

structure of other secondarJ r.1incr.:2ls , or lost from the soil by 

leaching. 

The first vreathering sta03 for micas involves the loss of 

potassium followed by oxidation of octahedral iron and. substitution 

of hydro:>-..-yl i ons for oxygen . At "chc 3ane time , 1,!g and Fe may 

b e lost fr om octahedral posit ions (\ .7ilson, 1975). Mg-rich micas 

may nea ther to form chlori tes , nhi ch cffe cti vely cons erves l.lg 

in the soil system ( Stephen, 19?2) , nithin the bruci te layer 

of the chlorites. Vermiculite can forn as the end result of 

the continued removal of 1.lg fror.1 both octahedral and interlayer 

sites ( Barsb.ad, 1960 a , b; Barn lucl and Foscolos , 1970; Kodama 

and Schnitzer, 1973). Vermiculite, .-,hich has a stable wa t e r and 

?,~g2+ layer replacing the bruci tc 12.~yer of chlori tes ( Peterson et . 

a J., 1965) is able to retain Us fron leaching solutions in 

prefer enc e to Cit. and possibly Na (Peterson lac.cit.; Stephen, 1952). 

11 



'l'he loss of I.lg fro• other I.!g- 1Jc.::i.rin c, pri-:nary and secondary 

ninerals also occurs under acidic con.cl itions. A l arge proportion 

of the lifg contai.'1ed in olivi1:.es c2.t1 be released in the presence 

of .:l...'1 acidic clay , r:hereas t 2.lc o.nc2. hor nb::..ond.e release s maller 

pro:;iortions (Longstaff anc.. C-ra:1.a.s, 1 951; Stahlberg, 1959 , 1960). 

Ut:; r:ia,:,r also be relce.se,1 fro:n intcrlo..ye:c arnl octahedra l sites of 

expandin8 clay minerals (Rice CJ1i K2.,;rprath , 1968; Christensen 

and Doll , 1973) . 

·,'/i th time , a large proportion of . the r,!g content of s oil 

forni.ng minerals is lost from the soil in leaching \·JUters . 

'l'he J.Ig content enterin.g the soclim8nt2.ti on cycle may be re - precip­

itated as the carbonate mine rals , magnesite or dolomite , or may 

finally reach the ocean as solu::ile ug2+ ( Goldschmidt , 1 958) . 

2 .1 .4 Ferns anrl Anounts of' i-l.; j_"l Soib • 

.. -"clthoug-,h }.ig is uresent in all the soil separates ( silt, ::;end. 

an,7_ cb.y) (Kail:J. and !(y-ti, 19GG) i t i·!ctS 'o cen shovm that com::iareu 

on a pe:c--unit Vi8ig,"lt bilsis , the ::;oil c l ay frilction 0211 cont:2in u:::i 

to 95~ of the tob.J. soil r.lg (!.iok:runye o .. n.u. 1.'.elsterl , 1973b; Rice 

:incl K2.r:1prath, 1968; Christe!1son arid. Doll; 1973; Protz and Riecken , 

1968 ; Salmon, 1963) . :i.n increi:!.sc i.ri soil i.;g content vr.ith 

increasing amounts of 2 : 1 layer lattice clays has been noted 

( I.!ok,11.inye anJ. 1.'.el:;ted , loc . cit; J.ico and Kamprath, lac.cit). 

The 2: 1 clay minerals con t2.in l.:g ei thcr in octahedral positions 

( biotite and chlori te), in inter fayer positions ( vermiculite ) or 

i:!.S a substitute for Al in l~ttice positions ( illite and montmor­

illonite). 1i/ith increasing rreathcrinG , many of these c Jay 

minerals degrade to form 1 : 1 clay nincrals ( kaolinite , ha lloysitc), 

or s e condary silica , of lo·,; !.IG content (Field.es and i/eat herheaa., 

1968). Exceptions inclu~e soils f omed on andesitic or basalti c 

parent materials containing unrrca t hcred reserves of f erromag.'1es ian 

minerals ( Metson and Brooks, 197 5) or where conditions of impeded 

clrainage have resulted in retenti on of Mg (Alston , 1972 ; Uetson 

and Brooks , 1 97 5) . 

Soi l c lays also retain l.IG as exchangeable cations. The 

12 



rol2.tive import~ce of exchr:.n c;cablc or structural l.'.g vc.ries 

r:i th eoil types. '.'/here l'.lrge amounts of 2 :1 clays 2.re present, 

the o.r;iount of l.'.t; present 2.s 2. strt!cturo.l component is generiJ. l ly 

nuc~ &eater than the J.:g ezistinc .:::.t cation exch2.n[.;e sites 

(:·lets on and Brooks , 1975). 3oils such i:!S yellovr- brorrn 102.ms 

derived f rom andcsitic ash (?iclucs , 1968) m.'.ly contain ab undant 

l: g initie.lly but can lose 1.:g relatively r ,-!.pidly clurin3 the 

r.icut:1,Jring process as the d.onino.nt .'.lllopnane and. halloysite 

clay constituents do not retain i.!0 :.is a str uctural component 

( Jurrell a.rid F i eldes, 1968 ; 1,!etson anu. Bro oks, 1975). The 

effect of weathering on },!g cont ents oI" vo lcanic soils has been 

investigated in comparative studies of exchangeable and boiling 

acid - extrac b.ble (Reserve) Ug con tents in matare and iram:.ihu-e 

Lo1·th0rn Red and Brown Loams aml Iiort..>ie rn and Central brown 

cr::..nular loams anc1 clays (Table 3) derivccl from basaltic and 

:.tnilesitic parent materials, rc:o:;:-,cctively . The irr.mature mem1)crs 

o ooth soil series cont,1.ir: f:cr gre,~ter e.x:ch.'.1.n~eable 2.nd res er ve 
)' J': ,s contents them the ma t'...l.rc soi~s , n~ic:1 have lost !.:[; as a 

rcs11lt of extended \·1e2.ther jnc; (1'.e~son ancl Brooks , 1975) . 

The scquenc~ by rihich nc i::i fi r ::it t r G,.hsforr.1ecl from 

pr:in;:iry minerc1J. forms to seconu.o.r y min e1·a.l f orr:is and then lost 

from the soil t}"...n be e ;:p:ce;:; ::;eel in terr:is of the f orms and a.mounts 

of ,.:f; in soils .J. t differ ent ·;;ca.thc1' in{~ stae;es . In this 

di3cussion, the f oJ.lowin0 c.:i.tq:;ories of s oil Mg are referred 

to a.ncl defined as : 

Toi,r.!.l ?-lg - Hg extracted fror,1 a s oi l nith a mixture of strong 

acids; includes all primary and secondary minera l 

Ng ~ l,!g hel:l on e:xch:~.nce ::,ites and in interlaye r 

spaces, and any orgJ.ni c J,;G• 

1.cserve Mg - t,\g extracted fro • a s oil by hot or boiling dilute 

acids - often 1 . m, HC l or HN07. ( St a hlberg, 1960; 
:; 

Kaila and Ryti , 1968 ; Hebon , 1968; Hetson and 

Brooks, 1975). Consirlerecl to be Mg in finely-divicl ed 

pri,7ar y minerals susceptible to acid attack and 1,1g 

able to be displaced from octahedral and interlayer 

sites ( Barshad, 1960 a ,b). 

Exchanc;eable Mg - J-.Ig extracted from a soil by a salt s olution, 

1 ".) 
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Table :3 

Exchangeable and Reserve Mg contents of Northern red 

and brown loams and Northern and Central brown granular clays . 

Soil Group Horizon Exchangeable Mg Reserve :-ti;.,; 

m.e . % 

Immature N/R & B L Topsoil 7. 48 + 5.88 24.5 + 27.0 - -
Immature N/R & B L Subsoil 3.64 + 3.08 13.0 + 4.7 - -
Mature N/R & B L Topsoil 1.17 + 0.51 1.3 + 0.8 - -
Mature N/R & B L Subsoil 0 .77 + 0.49 0.8 + 0.6 - -
Immature N/C BGC Topsoil 12.33 + 1.03 63.3 + 33.0 - -
Immature N/C BGC Subsoil 17.70 + 4,00 95.0 + 47.5 

Mature N/C BGC 

Mature N/C BGC 

- -
Topsoil 2.82 + 1.14 1.8 + - -
Sub soi 1 0,78 + 0,45 2.1 + 

N / R & BL - Northern red and brown loams 

N /CB G G - Northern and Central brown 

granular clays. 

Source: - Netson and Brooks (1975) 

1.0 

1.3 
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common l y either a dilute Cs:~ s:1lt (0.05 - 0.01 N) or 

<a.!1l ammonium :.:.alt (:rn) buffered a t p,'47. Dilute acids 

(0 .01 N) are sor.1eti!:1c::; u3ecl . Includes J,i g held a t 

exch.'ln ,~e sites and. able to be clis!)b.ced by the c.::i.tions 

in the extractant , an,1 also incJ.udes any vratcr-s oluble 

1,!g or ,ig he ld at or ,:::2-!1.ic czchan :;e sites . 

rrhe amount of ;.TE hi3lcl a t 01.·c;anic exchan; e sites is unknown 

but is thou8ht to constitute a larc;e !)roportion of the total 

ai:\ount associated vii th the e:ccho_ri.6eable fraction ( 1.I okwunye and 

Lielsted , 1972) . True or gan:i.c - cor.1:]lc:;::cd J.!g is generally only 

pres ent in small amou..11.ts ( 1.!ok:TUnye and. r.:elsted, lac .cit~. 

Immature, or recent soils e.re chara cterised. by the s iroil:lr­

i ty of total t !g contents throu::;h the profile. Ti1e soil 1.Ig 

content is primari ly determined b::r the i:g content of t h e parent 

r.12..terial , as sho·:,n in. Ta:,le l,_. '.L'hese soils contain most of the 

mincr2.ls inherited from the ~orcn t n .::i tcri o. l ev-en :if such 

l:L!..118:-'0. ls :.:.re Cils:ily \'/C2.t!1cr2.b lo c ~i c lc.les uncl ·:rcat.he.:. heacl , 1968 ). 

'i'i1c con t ents of r 8serve ;1.n::i c::c'.1.:11~r~c2.blr: J.:g have been sho·:,n 

( ··,lets on 2-.'1 :l Broo:cs , ·j 975) to v-:ir-J na.rkcd.ly bet~·reen r e cent soi 1 

L:,11es presuma bJy r e f l ecting t:1.c c,1.se rrith rrhich the minerals 

_,resent are weatherea , o.n cl the :'.g cont ents of these minerals. 

'I'her efore , re c ent soils f o~n an,lostic .::ish nay contain les s 

r eserve ancl exc.'rto.n geo.ble re; th2.n soils der i ved f rom hydothernally 

E~ J.t e recl rhyoli tc, vrni ch alt hou rJ1 i~ inif-io\l~ COfttQ\n~ l ess J.fe , 

~ more easily v,ee..thered . 

Older s oils sho1-, a difi'erent distr ibution of 1.'.g i n the 

v~rious forms . l.'os t of the .1g- boarinc prinary minerals are 

dccoillpos ed , excep t for larger s ized partic les , or the nore 

resis t {l!lt minerals , par::icul.::irly if hit:Jl pH conditions exist 

in a region of lovr l eaching intcl-isity . Thus biotite may 

persist for long periods in san,i n of :p.."I > 6 (Fieldes and 

':lcatherhe::i.d , 1968 ). i'ihere 2 :1 clay minerals have fanne d , Mg 

will have been incorporated i nto the clay mineral structures . 

Such soils are char a cte rized by hig..h r eserve :r.ig levels (},!etson 

and Brooks , 1975) v,hen compared to soils fanned on Mg- rich 
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Table 4 Total Mg contents in the various horizons of some recent New Zealand soil~ 

Barrhill fine sandy loam 

(Southern recent on accumu­

lating loess) . 

Horizon 

A11 

A12 
(B) 

cu 

Total Mg 

(%) 

0.7 

1.1 

1.1 

1 

Nga uruhoe sand 

(Cen tral rec en t, fro m 

andesitic ash). 

Horizon 

A12C 

C 

IuC 

Total Mg 

( % ) 

4 

4 

4.5 

Selwyn sandy loam 

( \l'eakly-1 eached 

southern r ecent ). 

Hori~on 

A11 

A12 

CU 

uA 

Total Mg 

(%) 

0.6 

0.65 

0.7 

0.8 

Rotomahana sandy loam 

(Central recent, from 

andesitic ash). 

Horizon 

Al 
C 

Total Mg 

(%) 

1 

1.2 

. i=-'­
O'j 



vole Mic parent m2..teric1.ls, rhich contc.i.n amo!'phous clays . Soils 

o f hig,.1-i. reserve l:lG content i.,rc bette r c.ble to replenish losS '.;3 

o f r.lg from exchange sites . 'l}1c effects of more aclv~nced weat!1Crinr; 

of to?[;oils ni th resuect to .:-:;ubsoil l1orizons is typically 

re::f'lcetecl in the lovrer totnl llr.; contents of the topsoil . 

'.Jr::a thcring Qild nutr ient recycli1:::; effects e;e.'1erally r esult in 

hic;hcr exch2.n3eabl8 J.le; content::; i.'1 the to ·:,soil than in the 

snbsoil (Metson and Brooks, 1975). 

The proportion of Ug k the totrcl excr.angeable bases 

11 . . th . 1 ' " 2+ . d · 1 cl f /~C!1G!·,:.t y increases vri., soi ae,e . 2_3 . .. g i:::; 1sp ace \. ron 

u:-:ch2n13e sites byH+ oric;in::!.t-i..n~ fror:irainwater or organi c 

"'.,-:! tter breakdown cU1rl brou:-;ht into the soi l in the leachit1g 

solution, it is ~ble to be replenished from octahedral and 

.:..ntcrlo.yer positions in soil nincrill.'3 (Bar.shad, 1960a; Barshn.d 

:u:d. F os co la.s, 1970; Lon,<;3~Aff' o.nd Crr2.l12.r.1, 1951; Stephen , 

i :)52a , b; Stc.hTbc• rc;, 1 960). 0 !~h::r .:;oil c:z:chan, :,eable cations 
2+ + 

,•:, s>,ci3.lly c-~ :2.nrl Na.· , r-:rc J1ot cor.1;:10nly i!'lcorpor:.:::. te:'!. in.to 

sor:on2,'lry r.1in0r:tl structi1r~,,, .'.'.rd or.cc released ( from !lrimci.ry 

rn.ine::.·als) are rctaine,l on e:-:c::c..r.(;C sites i.."'. the soil . Hence , 

bac!l::1..ng losses of these e:,:c:1J..:-, ,·:e2blc c2.tions mc.y not be able 

to be rcp la. ced.. 

The rclntionship bet:::een nE nnc'. soil Hg levels is quite 

il.i sti.11.ct and is also rel1. tcd. to the ::;t2.c;e of profile 

llflvcloyment , soil pH gener2.ll:r cl.ec:::-easin3 as soil5 age, and 

the base sa tur2.tion, decreo.scs 1.L11.dcr the influence of leachkg 

( ';J:iJ.:13.ncler, 1974) o Lo·N pH ( oJ.!lcr) soils tend to have low 

total Ug levels in the topsoil , nhilc hif,h :p,.'tf younger or poorly 

dro.inec'l soils have hig.ri.er tot::.l f.[g levels. 'rhe proportion of 

tot'.11 J.fg present as exch,q_nceable I.lg fo greater in the low pH 

soils, possibly reflecting the effect of repJacement of 1,lg by 

H+ in the soil mi.n-:?rals resultin3 in the displacement of Mg 

and release on to exchan5e sitcs(\:e;ok,5) . 

Once soils have reache d the nature stage, they generally 

contain clays of 1 :1 or amorphous structure, ancJor i t:on oxides 

(.?icldes and 1.':eatherhead, 1968 ) . lfost of the Mg present resides 
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Table 5: Topsoil (A Horizon) exchangeable and total M~ 

contents and pH of some New Zealand soils. 

Soil type 

0kanto peaty loam 

Tautuku silt loam 

Wharekohe silt 

Kaingaroa loamy sand 

Patua loam 

0 tan omomo peat 

Mean 

Manorburn sandy loam 

Wa ikakahi clay loam 

Waiareka clay 

Ahuriri clay loam 

Selwyn sandy loam 

Mean 

dean of 54 soils 

Exch. Mg 

m.e.% 

1.5 

3.5 

2.3 

0.27 

2 . 0 

14.8 

4.06 

2.2 

2.4 

21.1 

1.2 

6 . 5 

Total Mg 

0.1 

0.2 

0.08 

1.0 

1.0 

0.3 

0.5 

0.3 

1.4 

2.5 

0.9 

0.6 

1.1 

0.8 

pH 

4.1 

4.1 

4.3 

4.0 

4.4 

4.3 

4 9 * ·-
6.2 

6.6 

6.4 

7.0 

6.0 

6.4** 

5 . 5 

* 9.9% of total Mg= exchangeable Mg 

** 7.2% of total Mg= exchangeable Mg 
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:i.11 c.1:Lncral forrs:s v;hich arc not rcc.d~}.v rrcathP-rcd ( l.:okmrn•rc -ctd 
V • 

J.:clstcd. , 1972). i.:ature soil, ccnertlly coni..2.·.l.n sma 1lor amo',!'.t, 

of reseJ~ve, excha!1;;e!J.:J]e e.n:-l total ;:G, arnl 1o·:r•~r reserve ;.'n:: 

tot:i.l , J.lthouu-1-i. not neccss .J. ri-_y c::-:cr,c.nr~ca.blc 1.:13 cont1c,nts, i .! wn 

irn:12.ture soils . In r_;er!er!ll, r.1.'.ltll!.'C f;oiJ.s c.rc tkplctcd of mo::; t 

oases - Ca, K, Na , as r;cll ns ),;G (".:cJ.Js , 1968 ). 

~1lant species are present , 02.· o:.nic ii18.tter brcakdo·:m i s sl.ov.r ;u1tl 

a n or-type hu:;111s J.2.yer may forn (~:2.ylor o.nd Pohlcn, 19G8). ';.'}1]:-; 

results in <1 con~iderab1.c accun!tl,,.tlon of !,:g in humus ho1•i_:·on: l 

ab ove the top::;oil . 'J'hus ,·,eathcd11c -processes , soj_l erosion "n'2 

movc;.1e11t of soil colJ.oidr. l p2--rticJes clorm the profile (l.':ok\'.unyc 

and l:eLsted, 1973b) r es ,ilt in the J.cnloti on of l.f g levels jn 

th0 topsoils of hir,hly ne2.thcrcd. nc.tL;1·c soil,. Thi, trend m·1y 

Publinhc<l (1,d;o on i..llc J.'.~ :::: :.2.t::s oi' 5 soj J;-; fo1-r1oa 0:1 

a1:de::;i tic a c:h in '1.'ar2.ne.ld. , :i.nc·h.1,~:: ,;-· c:-:cl".::n:;eabk rcsc1'Vf:, ,1n•l 

ntc re ave. il:::. b 1 e , -Lo ta 1 H 6 coEtC!!ts ,:.~:c lis tcd j n S:, 11] e 6. 

The -:;opsoil exdw.n.i:;eable llg cod.::c::1ts arc evidence for 

effects of bot:1 the more 2.clvancc:l s'ca5e of ricathc ring 

top~,oils and, partic"Jl[lrly in the c2.sc of Fatu.:1 loam, the 

effects of nutrient cyclinc;, as tl,c ~.mbsoil of Patua loam 

h::.:.s v e ry lo·;r levels of exch2..!10cJ.blc J.~e; . Reserve J,!g contents f> f 

th!). recent soils :probably reflect differences in composition 

of the parent materiah (1,fotson ariu 3rooks, 1975). Despite tiic 

appreciable contents ·or ferromacnesian minerals in the sand 

fraction of the ycllo-n- bror:n loa!:13, the r eserve J,fg contents 

2.re all lor,, as the clays pro b:1b ly do n ot contr:i. bute t o the 

r e lea se of non-exchangeable i,;g (Metson and Brooks , 1975). The 

de crease in the reserve J,Ie contents of both topsoils and subsoil:; 

of these yellow-brovm loams is a ccor.rp.:wied by the loss of some 

readily v,eathered ferrorr.agncsian nincrals particu l arly andr:.".sine 

( intermediate feldspars) , volcanic gl2.s ses , bioti te a n d hor!l­

blende from the sand. fraction , rrhich also decreases in a.bundance 
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Table 6 : 

Soil Type 

Burrell gravelly 

san a< 1 r 
Burrell gravelly 

san d(1) 

Stratford coarse 

sandy loam 
(2) 

Egmont black 

loam( 2 ) 

Patua loam 
(2) 

References: 

Exchangeable, reserve, and total magnes ium contents (in m.e.%) of soils 

formed from andesitic volcanic ash in Taranaki 

Classification 

Recent soil on Burrell 

andesitic ash 

Recent soil on Newall 

andesitic ash 

Moderately leached 

Central yellow-brown loam 

Moderately leached 

Central yellow-brown loam 

Very strongly leached 

Central yellow-brown loam 

T - topsoil ; S - Subsoil 

(1) Metson and Brooks (1975) 

Exch . itg 

T S 

0.9 0.4 

1.1 1.6 

1.4 0.9 

5.4 3.9 

2.0 0.2 

(2) New Zealand Soil Bureau (1968) 

Reserve Mg 

T S 

4.2 

1. 5 4.7 

4.9 4.3 

4.9 -

3.9 1.2 

Total Mg 

T S 

82 82 

74 148 

82 123 

Mg as% CEC 

T s 

5.0 4.0 

15 13 

4.0 0.4 

'f',,"j 

0 



Table 7: Frequency of occurrence of fcsroma~nesi an minerals in the sand fraction of Central 

yellow-brown loa ms fro m Taranaki 

Minerals 

Sand% of soil 

Feldspars (andesine) 

Glass 

Micas : Biotite 

Muscovite 

Hornblende A 

Hornblende D 

Augite 

Hypersthene 

Stratford coarse 

s andy loam 

Topsoil 

47 

,\ 

A/s 

R 

C 

C 

R 

Subsoil 

55 

a 

A/s 

R 

C 

C 

R 

Egmont black 

loam 

Topsoil Subsoil 

37 51 

A A 

a/S c/c 

R R 

R R 

C C 

s s 
a a 

s R 

Patua loa m 

Topsoil 

38 

a 

C/c 

s 
C 

a 

Subsoil 

36 

A 

C/c 

R 

C 

s 

a 

s 

l',.") 

1-'· 



rrith increased. neathering (Table 7) . 

'L'ot,<:!.l J.!g contents i .'1 top 0oils ::.ncl subsoils show e vid en ce 

for the e ffe cts of differential vrc;:tthcrin3 of the differ ent 

horizons in the repres.:.nt2. ti vc Taran,:.ki soils. 'l' otal 1.!g 

contents in the Stratford c on.r:.;c sci.rnly loJ.:..-i are the same in 

boJch topsoil and subsoil; v;ith incrc,tsing \';eatherinv;, total 

).[1_; contents in the t opsoil:; 2.rc 1css t!mn those in the subsoils 

on the :r:gnont B.nd Pa tun loams (To.olo 6). 
C. E .C. in 

In the 5 repres entative soils 1.Ig.s.:1.turation of/topsoils 

;:.rd subsoils parallel the anount of oxchan Geable I.lg present 

in the respective horizons, show:i..t1r, the effects of increased 

le2.ching. As the rate of lea chin;,; increases, so J.Ig is lost 

f1•om e::,:change sites, and becctu:;c of the nature of the soil clays, 

•.-;hich are mainly :1.llophane c.ml hyc.rous feldspars (N .z. Soil 

:3,_.;reau, 196-9), t11ere i s insi.lfficicnt reserve J,fg av.J.ilable to 

r~ place these losses. 

'J.'he soib from '['c.rana'r:. i a.re eXc'c:.1p J.c3 of soils fonned fron 

de;_,cribe:i by 1"lelde::; unc:. S·:::-.ncl.'!.J.c, 1951f-) for vrhich I.lg content 

ch~rnges \'Ii th -i..ncreasing v,eo. th;rin.r. in the follo·:ring nay : 

:i. ) T:xohangeahle J.Ig contents firs'.~ i11:::r80.se a.ncl later , under 

the influence of' incroas :)cl lce.chinf,; decrease , particubrly 

in the subsoil . Nutrient cycl:i..'1C r.12.y only partly count e r 

this trend in topsoils. 

-i. i ) Reserve li!g eontonts d(~croe.sc as the r ead.ily vreatherable 

1.Ig-containing minerals a.re docoI:1;1osed . 

i i.i ) The total l.Ig content of the tops oil decreases ni t.1-i r espect 

to that of the subsoil . 

iv) 'l'he Mg saturo.tion of the C:°::C in tho subsoil de crease s 

relative to t hat in the topsoil . 

2.1.-5 Losses of Mg From soils . 

a . As a result of l enchin0• 

The replaceability of ;,:c n:i th other cations is ·intermedic.tc 



b C r,T+.. K+> ,:_,.2-i-> C 2+ e t ween K and P. : .a ;;- ,._ i.. 0 a (
1.'!ikl.'.!.Il cler , 1974) ; 

1:u f"t 7, and J.Ie lsted , 1973). 'l'hc r n.te of loss of Hg from the soil 

is 0ovcrned no t o:ily b_y the e::.se of rcpk.cem,'.)nt of J,Ii:; by oth e:r 

c.::i.ti.o:-is , but al.so by sever1::.l o,ch cr fc.cto~s , including: 

i) Rainfall ani Infiltration ~-1::.';c. Under hig.h rainfall , 

especially ':then f'requc.:i.t hcc.vy f.:i.lls occur , the r ate of 

l eaching of J.'.g mn.y ini tio.lly be hi ;:,h fron .juve,t\\\e soils . 

Older soihi have gene:.·::tlly becor:i.e iTJpoverishe,l of J,ig under 

such a re gi.rne , and ::;o the rc.tc of· · leaching of Hg may be 

slo;y. Hig..'ri. rain:'all inte.r:::;i ties teni to lead to rapid 

percolation of the le£tchin,g solution through ,,-,ell-drained 

soils, so the.t an ec1_uilibriuJ1 is not esb.blished between 

the soil a.mi the s olu tion ('.'!ikl.:: .. n.clcr , 19711-) . Accordingly, 

tne 1.'.g concentration in the le.'."!.c:12. te tends to decr ease as 

rainfall in tensl ty incrcn.scs ~ In less ·:re11- d.rC1ined s oils, 

tn.e nerso l '.'.tio:1 rn.te t c .'."!,.l::; to r c::10.in relatively const~t 

over a ·:ri.r!r~ r::mr:;e of rc:cin£'.~:.J.l intcn~i ties and. hence the 

'.,'.{'.; conc e!:t tr-a tion in t:1ca J.oo.cli:!. te u.o es not vary 2..:; 1·;ic:.ely 

2.s in rr~1 J.--draine cl soils. !,l::;o , coc1.rsc textured soils , 

besides b,]iDG well-(lrili.r..0~1. , ,1suJ.lly have a loner C3C .J.r.cl 

cxch2.n.;eablc L!g contents tlun their finer-textured counter­

p -'lrt:J ; tnus the am ou .. "1.ts of ;.:g lost from coarser-te:ctu!":':d 

s oiJs 2.r8 usually l.es,-.; 1,h::c.n tho.•:;e from fin,Jr textured soils 

clue to differences in bot~1 (~r.J.in.J.e;e rates and 

e;ccho.nr;e-?.ble Hg r;:-e.sent con;;cnts . 

ii) Amount of !.lr; present in the noil. Und r a constant l eaching 

r egirae , th"! a!!lounts of 1::8 le ache cl from the soil will vary 

in proportion to the amounts of exchanp,eo.ble I,!g pres ent in 

the soil. (Salmo!'l, '1963; Kurtz an,' Uelsted, 1973) . 

All soils under a leaching rer;irae, nill tend t o l ose Mg 

( \'liklander, 1974-); the r.:-ste of loss of 1,{g be ing partly 

de ter.nined by the capaci t.:r of the soil to buffer these 

losses . The importance of readily-weathered reserves of 

1Sg in the soil lies i n tho;,., 2.bility to buffer leaching 

losse s of exchanGeabJ.e I.lg (Ste:rihcn, 1952; ;.'Tilson, 1975) . 
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J..J.:t) Cornnosi tion of the Leac1:i.nc; SoJ.u~;ion . 

,\r; the sill t conc entration of a leaching solution increases 

there i s a greater tcncloncy f o~: t:ic? cliS!)lacem<Jnt of cati ons 

f rom th<J cxc0.ane;e co;;i~)lc:,: of o.. soil by the -process of ion 

, rp· ~ C + 2 -,+ ' 1= + . 1 J.. . excnant;e. _ne presence or o. J\. or ·,1~l;- :i.n perco a t,111[:; 

solutions as a result of fcrtilis t:r applic2.tions or pass2.ge 

th2.'ou ch upper horizons o; hiGhcr contc:it of thes e elenents 

results in the d.isple.ccr.1cnt of i.:g from soil exchange sites 

(Dixon arni Taylor, 1 942 ; Eogg , -1960, 1962 ; Kur tz anc. 

!.:el.sted, 1 973·; •Jikland.c r, 1 974 ). 

The presence of mobile o.nions tends to incr ease t he 

displacement of' 1,lg by cations in the 5oil 5 elut ion. 'I'hus 

2.pplica:ion of co.lorit.c or nitrate r:, 2.lts to the soil can 

result in creater losses of J;c; than c.pplication of b ic2.r bon ­

ate , ca.rbona.te o:::- oho~nhn.tc s2.lts ( Hor-; 6 , 1962; Pratt and 

H:irdine, 1 957) . Hi troge:nous fo.-.,til:.::; P.rs may therefore 

cc",use l c,.-v~hing losses of Lr; b;;-- c!.ircct d.ispb.ceDent of ].!~ 

L> i·( ~ 1,-, --. 1 rTO r -i · 'I'~ (°Y'-;.: + C"'~l-l-c• '\ b • 1 · .1.rom ,.t , . ( .--cne.n ,.,~ ,, _t u., , 1.. ,). -,;c.. , • ..,, or y p~0\'1.<.:..ing 
r 

ul tir:i::i. t~el.y , 2. r:iobile ~nio~ t o the lcac:,ing solution (No -
3

) 

Ur ,~2. t ern1.s to be less effective tlnn ar:imoniacal or nitr2.te 

0al ts in :..·cmoving J.ig from the soil (Prat t ar.c:. II2.rd.ing , loc . 

cit) prob:•.bly b2c2.use of the slm·mr release of Jl)}{l+ 2.nd IiO - :-
;. _) 

fron thi..c; fertiliser cor:ip.:-crc ,l to th2. t from t'>-ie nitrate or 

ai:ffilonium s2.l t::, . 

Accelerated. l,Ig loss rc::,elti11:_; from urin<:? applicati ons 

(addingK+ and NHh+ to the soil) nas descri bed by Ho gg (1 968) . 

The loss o:: J'.g troffl beneath clunc !)C.tches was noted by During 

et al , (1973) vrho found th2t the unrlcr dun patches Mg w2.s 

more susceptible to clis!')lD .. ccmcnt by KC l ferti lis ers then 

that in the surrounclin g etrcas . Losses of J,!g of u p to 15 
-1 -1 ) kg ha yr vrere c i t eu by Dixon a.ncl Taylor ( 1 94-2 as t l:e 

r esult of application of super:phos phate to soils in the 

·:raikato ( N. Z.) over a 20 yeo.r ~Jeriod . 

iv) Organic cycling. 1,'tg • a.1.;:c by plants , and the subs e quent 

d.eposi ti on of litter at ,chc soil surface may r etard the 



the loss of J,:g from soib ( J2.co·o , 19.53; lhller , 1963 ; 

Lo;;; and Armitage, 1 970) • 

b~ ~lem 0val of soil m~teri3.l fron the profile. l.:r; Tilay be 

rer.10ved fror,i the soil as a r es-.,lt of erosion on sloping sites . 

The losses of J.' 0 due to tl1i::; ~roccs s are difficult to ev2.luat c ; 

Hanna (1959) es tima ted that on sucl1 sites, the losses of .. :g due 

to erosion ·.-rere ccpiv2.lent to 2.]:?!'0:•:i.r:icc t:cly or..e-half of the 

leachini:; losses. Similarly, the doimrtc.rd nover.ient of so i l c lay3 , 

which me.y contain a large pro:por"c i on of the soi l J.lg may proce0d 

in a r.1anner analagous to the leaching of nutr\ tnt. ions (Kurtz a.nc.. 
1-.'.eb tecl, 1973) , resulting in t.li.e depletion of Ug contents in the 

to;isoil. This is consiclered to oe one of t':le ways by which 

no.ture soils have become de!i leted o f :.:g (J.'.okwunye and l.fels ted. , 

1 973b). 

The ar.10unts of lig rcmov~~<:. fror:i ".;he soil in crops .varies 

v,·-::--:;· rrideJ..y depenti.'\S Ui1on tn-:: ,'.3 con"c~nt and. yieli of the 

pa.cticui:t1~ crop . Vc.rio1is e:.; t ir:12.tc!J o~l t!1e amot:.nts of 1-Ig in 

/ 
ifoffl · -1 -1 · 

Cl'Ops range 1~. 5 to 29 kg ha ;Jr ([i c~L":lon , 1963) ; or 3- 109 kg 
-1 ·-1 

ho. :rr (I-'rie d and 13roesl-:,,art , 1 9G7). 'i:'he amount of I.lg removed 

in a hay cro:r1 has be en estiso.tccl 2.-t behreen 7 and 12 kg J.~g 

( --~ . i,UrJ.nG, 1972) • 

cl.airy farms is 

The prob2.blc loss of Mg in milk from 
-1 -1 

estimated at a:,:,roxi.:12Jcely 2 kg l.:g ha yr 

Transfer of 1-ig from the soil to unpro ~~ucti ve are2.s ( sheds , 

-1 
ha 

rnces etc . ) in dung may accour..t for 2..nother l oss of appr oxL~ately 
- 1 - 1 

3 kg J.! g ha ;;-r • ( ~y.ring , loc. c i tJ. 

On sheep fo.::-rr.s, , the main loss of J.:e; from the so i l probably 

results from the t r ansfer of ;.:g in clung f:..·om graz i ng a r eas t o 

stock camps nhich may amount to ariprox:i.matel y 20}6 of t h e t o tal 
-1 -1 

turnover of J.ig under a sheep JU sture ( i.e . 4-6 Kg Mg ha yr 

r:here G.nnual pasture production is 11,000 kg . D. J.l. ha-\,--r- 1 

c ontaining 0. 2- 0. 3% Mg.; ( During , loc . cit) . 
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2 . 2 le actors affecting 1,\ g Uptake by Plo.n. ts. 

?. • 2 .1 Introtluction . 

'l'he uptake of l'.g from 'che coil by plan ts is clcpendent upon 

the interaction of a number o~' coil ,:.nu nli°_rit factors . 'l'hese 

includ.e 

i . ~oil l.!g content; 

ii . 1.lg supply processes of cliffusion, mass - flow 

an.(1 root interception; 

iii.Cation- anio~ bal~nce; 

iv .3ff icien.cy of u1)toJ:c ~!1cl trc.ns location of J,Ig· 

by plants; 

v . Enviror1mentul f ac 1~or·s . 

vi. Ion a1:tagai-:-ic ;·~s . 



2.2.2 Soi l t.!g Content an'l ;.f .',vo.ilabi li ty to Phnts. 

l,!easurenen t of the activity of I.:[s or its concentration, 

in the soil solution, and esp(~ ci,:.lly 

competitive effects of other cutiocs 

j ndices ,,,hich al lo0.v 

(C · 
2+ K+' F 0+) a , .1

3 
on 

for the 

uptake , h;;ve generally been found. t o be the most successful 

fo-:::· predicting the amounts o f soil J.:g available to plants 

(Sa J.J10n, 1964- ; f ls t on , 1972) . TieGe measurer.:ents are 

in tensity measurements, ho wever , 2.ncl r,ive no indication of the 

l on{;-term J;Ig supplying po·aer of o. soil. 

Eeasurements of' the arnot.:.nts of v2.rious cate gories of soil 

).lg includ ing total Mg, a c id- soluble i.:g, a.ncJ. exchn.ngeable Mg 

~o:1tents, have tended to be l 8 s:; successfu l in predicting t he 

·1 m0Wlts of J,lc; taken up by pla..'1ts clue to the indirect relati on­

~:.::i}) between these catego i es of' '.:g .. 1.ncl t h e amounts present 

·i. 1, the so:il s olution. These rn8 rcs 1.:rcr.1cnt s are useful for 

·i 1i ,m-:;ifyi..ng soi.ls rihe:re J.:{; a ·..r,t il.::,b :d:it:y m.~.y be mar gi n a l. ?or 

r!·: :-1rnple, soi:b wi.+;h lo-,•, ;:;ot:11 :.: .::,; CO!:': cnt 0 P-re unlikely to con'.:o.i.n. 

1i.: . .r~c o.:not.:.nt;; of (1ilut8 ,:.ci.cl-.3olubl•) or e:;,:c:1:!.n.r;e2.;:ile :.:g ( J,!etson, 

1 97l;.) tl-:t~ potential of s1.1cl~ so::.l!J 

;,;:, 1pply of Ug ro pl!=rnt Dfje cls ,'iO~ll(l be lo-.-,. Sim ' larly, s oils 

•;:i th low l ev els of acid- soluble ( nr o.s •]rve '') 1!tg are unlike l y to 

be able to r.iaint:ii.'1 ad.equ-'ltc 2.~o "J.r..ts of pl3.nt a vailable Hg 

over the lor..~ term, (i,letson o.n~1 3 rnol:s, 1975; J.~etson, 1974, 

1968), as it is from this pool of soil r.:g th3.t loss e s of 

exch.'rngeable ,.\g , by l eac:1in i:_; or pla! t U})take , are replenishe d . 

Ho,·,ever , as direc t indi ca t ors of tl1c c.mount.s of Mg available t o 

plants over a s ingle grov,ing sc2.son , neasurements of r eserve 

1,:8 a r e 

'i 968; 

four..d 

of limited use. Some invcst.:.r,o.tor s (Rice and Kamprath, 

Christenson and Doll, 1973 ; Kids on et a l., 1975) have 

r eleases of non-exchangeable ~-,!6 to plants over a period 

of months , but generally the se :re l cc.ses have occurred only rrhen 

soil reserve Ug l e vels were high ()1 5 ~, . e .%) due to the pr e sen c e 

of lL'1r!eathered ferromagn esian nine1·0.ls or 2:1 and 2 :2 layer clay 

mine rals . It seems likely t::12.t in most situations the r elease 
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of non- e:x:chai:geable Hg over a s :U1[).c gro·:rinr; season is too 

s 1-.ie.ll to have any e.ppr ec.iabl o oi'fcc'c or. the amounts of J.!g 

n. vc:.ilable to plants ( Salmon n.nrl ArnolJ , 1963). 

Soil exch.:i.nr:;oablc ;;g con tents c.rc c.Erectly related to , anc1 

in equilibriuIT: vr.ith , the cJ.moun'cs oi' I.:g })resent in the soil 

so1ution ( Shone , 1967). Unfortuno.toly , this relationship appet1.r:j 

to be unique for r1i.fferent soil typos , and depe n ds u p on a nur:ibcr 

of fact ors including soil c::c;, .::.--;iot.mts o:.' c~, K and other 

e xch!lllgeable cations present , anc.l soi·l moisture co nten t 

(Arn old , 1 967), '.rhu s as Gener a l preclictors of foe amounts of plant 

:, vaiL:i.b le i,:g present in the soil , or the ar:iount s needed for 

u.deriuate plant nu t rition, exch .. '1..'1~cablc J.'.g determinations have 

had. limi t ed succe3s , as evi::lonceJ fron reports by /..l cNaught e t 

::i. l (1973 a ); Salmon (-1964) !lllcl Alston (1972). \'.7hen individual 

!J oil:., and crops 2..re considered, the utility of exchangeable 

J-~g :-1s a pred i.ctor of the a::!O"...u-:ts of !)Jt, .. nt avail~ble !Jg improves 

( c.r; . 1.icNaugh t ct a l., 1973 b) . 

,\tter:1pts to ir:1prove ti1c cf {'icicncy of' excha.nge2.blc J,'g a ::; 

a t:ene.::::-c.l prcdic: tor of plci.n.t i:!.V2. ~.J.e:. bl'J i'.g have hall limi tcd 

succ•.)ss . For a ~iven amount of c::cho.ngeabl e 1.1g the c oncen t r a tior: 

of ;if; in the soil s olution tcr:cls to decrease ni th increas in g 

!,O:\.J C:SC ( Arno ld , 1967) . Thus the rclntive saturation of the 

::;oil cation exchange complex ·:;i th I.:c has be en era ployed ( Bear 

2ml '110th, 1 911-8; Pr~ ce et. a l., 19lr7; ?clbe ck , 1959 ) as an 

:in.lex of a vail:.i.ble soil Mg ·:rith c.. minimu,11 va lue of 10;,S 

s 1.~ tura. tion proposed a s an aclequ2. tc supply of 1,:g f or plants,. 

:-;irnilarly, the u se of othe r ratios such as exchangeable Mg / 

c:;,::changeabl e C~ , exchangeable 1.:£; / exchangeable K, exchangeable 

1,ig/r.EB have been advocated t o allow for possible antagonistic 

effects of othe r ions on plant l.IG uptake (Hooper , 1967; 

Hovland and Ca l dwell , "i960) . Soil te):ture has als o been used 

as an added criterion fnr r e l atin s the amounts of soil 

exchnnceable Mg to plant r equircnents ( Schachtsabel , 1954) vrith 

the amounts needed increasinG for finer tex tured soils . This is 

in aG>Teement with the concept of maintaining a constant Mg 
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sc:;:b1ri:ltion of the soil CEG, 0.,13 Cr:=G c:;cncro. lly also increases 

as soil texture becomes finer . 

The dat2. su!'!!n,arizec. byl:cts on (197l,.) indicate that on 

scils ;·ri th lo·N soil ex:ch:::n.r;cc.blc contents , there is little 

difference in the ar:1ounts of cxcl1:ui . .3e;:;,bJ.e J.lg extracted by a 

large range of neutral or r;c.1.l:l:i 2.ciclic e:x:tra ctants . Only 

·,•rhere soils contain car bona tc.:s or 02.sily- ·:rec'.l the red ?.1g silica tcs 

d.o differences occur nith dilute solutions of strong a cids or 

.sa.lts buffered in the acid r2.11:;e extrc.~ting more J.!g from such 

soil'.:; than dilute salts or rrc<lk acids . 

·.1ith reeard to the succo:.;s of :2.ny of the above meth ods for 

a determination of the amounts of pl.a.Et .'.lvailable J·,'.g in a soil, 

?riec.l anc1. Broesh9.rt ( 1 967) cor:1r:ieri..tecl tlta t the only reliable 

i.11:licator in any giv en situation is the plants ther!lselves . 

!' c :.;i11Gle parameter is likel::,· to be nu.cccssful in defining 

t;;i:; a1,10unts of Jig ::i.vaikole to ~k.nts in al l soils ( irets on, 197l'r). 

'1.'r1e :.1s,J of ratios of exc:1e.!,,~e;:,.blc cc.tir:in::, is sub;jcct to sinil:::.r 

1· - , ,- l -,~ , 1 ('9·-0) . J ·1 L ... t: ~·j_:., :.cio.ns, ;c.n r o.s ;;e.Loec,-: 1 :;.;., }_)O .Ln .. c, ou", none of the 

:i ·:.:.tios appear -Lu he cri tic 01.l, a.nd. t:.1c values fol.ll;.d can vary 

uv,~r 0:rid.e r2.ne;es rrithout nece:::.02..rily ::effecting the health of 

i,h(: plants . 

Perh.:'1ps the most comprohcn::;ivc a_i:-,~;roach to the problem of 

cl :::: \· crrnining amounts of pL--:lnt av.:1iJ.2.'ulc 1.;r.; in soils was suggestecl 

hy Jecl~ett ( 1972). This ap),roe!c:.1 involves first chai·acterising 

:.;o:.l Quantity/Intensity r e lation.sl:ips for the nutrient 

clc,:,.cn ts of concern ; then, by co:1::;ic:.crin.3 the amounts of these 

eJ:cr:ients likely to be i'li thdrc1wn fro!:\ the soi l by the crop grovm , 

probable changes in soil solution activity ratios over the 

com·se of the growing se3.son coultl be calculated . If these 

a c tiv'ity ratios clecreased belorr certain critical values which 

ncre tentatively established 2.ftcr a series of trials, then 

application of fertilisers nould be indicated . For 1,~ g , Be ckett 

( lac. cit .) sug0ested that if 2.t-\~/a~~ fell below a value of 50, 

then the applicntion of Ng fertiliser noulcl be l ike l y t o produce 

a crop resp ons e . 

J\ summary of the findincs o f these various reports is given 

in 1'ai.1le 8 overleaf. 
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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) 

ii) 

-1 
A kg Mg ha 

17-23 

112 

23-68 

112 

56 

As mg Mg per 100g soil 

3-5 

20 

Extractant 

0.05N HCl 

not indicated 

not indicated 

Comments 

Horticultural crops 

Arable cropping 

Annual requirement for 

arable crops 

Georgia soil test Arable crops will respond 

procedures 

Dilute acids 

I~ NH~OAc pH 7 
"1: 

IN NH40Ac pl! 7 

to Mg additions below this 

soil content 

Maize wi 11 respond to }lg 

additions when soil Mg 

content less than indica­

ted level. 

Pas tu re pl_;n t.s 

Provision of adequa te 

Mg i n pasture for animal 

hea lt h 

Reference 

Prince ( 1941) 

Felbeck (1959) citing Hester et al, 

(1947) 

Beeson (1959) 

Gallaher et al, (1975) 

llall and Hegwood ( 1975) 

Reith ( 1064 1 1967) 

Reith (1064) 

c.,:; 
-c::i 



Table 8 (Cont •• ) 

a) Exchangeable Mg Extractant 

0.17 IN NH40Ac pII 7 

iii) As m.c.% Mg 

0.3 Not indicated 

0.3 IN NH40Ac pH 7 

0.4) 
) 

0.6) 
I N NH

4
0Ac pH 7 

1. 0 ) 

0.1q IN NH40Ac pll 7 

1.0 IN NII40Ac pH 7 

Comments Reference 

For clo vers on pumice soil Dorofaeff and McNaught (1962); data 

r e calculated by Harrod and Cal dwell 

(1967). 

Agricultural and cropping 

soils 

Agricultural and cropping 

soils 

Welte and Werner (1963) 

Mctson (1968 ) 

Agricultura l use of light Schachtsabel (19 54 ) 

medium 

heavy 

textured s oils 

For satisfactory clover 

growth on pumice s oil s . 

Dorofaeff an d Mc Naugh t (1962) 

Pasture responses unlikely McNaught e t al, (1968 a, b) 

on medi~ffi - heavy textured 

s 0 ils 

C.:;tJ 
pw\ 



Table 8 (Cont •• ) 

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

30 m.e.% 
15-30 

7-15 

3-7 

3 

5.0 m.e.% 

( 
( 
( 
( 
( 
( 
( 

Boiling in HCl 

for 15 minutes 

Boiling 1N HCl , 

one hour 

Very high ) 

High 
) 
) 

Medium : ) 
Low 

) 
) 

Very Low ) 

Comments References 

Soils with low or Meson and Brooks (1975) 

very low contents 

of reserve Mg likely 

to become Mg - defici­

ent in near future 

Minimum level for pasture 

requirements 

Mayland and Grunes (1975) 

citing Broek and Van der Marel 

(1959) 

\ J .. ) 
~'\.':, 



2 .2.3 r,'.ovcment of 1,;g t m.· ou!-·)1 L:1c '.::o i l to Pla."1.t Roots 

'.i'}~erc a r e three proces~:0:1 sy Yi:1ich J.:G r.::iy be brou r;l.d~ 

corita ct rr.i.th pla.nt roots f or £)Ot,::;iblc u:;itnke : 

~ oot inter cepti on , 

l .. 2.ss f lov,, 

Dif f usion (Corey , 1973). 

~ .L .' _.., ,.o 

Roo t Inter ception r esult::; ,_'r or:1 "che occ upation by r,,~O\'tin5 

roo ts of spa ce fo r r.ierly oc cu~1::.cl by ::;o i l particles , ;·;hich 

nay hold nutr ients ads or bed. t o their St!I':f2ces . As 2. rf'•rult, 

tr1e ro ot s r.,ay tl1kc up s ome oi.' l::ccsc :1ds orbed nu t rients . In o. 

tri t1 l rri th corn on a rre ll fc_;_.tiliscll silt 102.n a t p!-16 . 8, 16 kc 
-~ 

1,!g ha ' v1as cons idercd t o be rrw.-le CJ. vo.ila ble t o t he crop by 

t h is 21ro cess ( Barber , 1966 , r.j 'cerl in Corey , 1973). 

J.12.ss flon is t h e r;io vemcnt of :.:0 in s olut:i.on in o.n--1 r:i th 

t:-1c soil r;ater . ·:ro.tc r mo\re:mc,nt in 1,.:::e soil occurs ac ,~ rc~-;u_J l; 

t:-1e amounts of J.;g :present i.n t!1c soil soJ.ution have alr,::1rly 

been dis cussed i n Se ct i on 1 .1 . /+. ( l c2. chinc o:' l,:g) and inc l wlP- ;,;oil 

exchangeab l e I·,!g conten"c , CEC , l)H , £L"':!OU..'1'cs of oth er aniorLs an d. 

cations i n so l u t ion, s oil tex ture <lid soil rr.oisture c ontcn"c . 

;'later and nut r i ent up t ake by ro o'.:; s are tr;o sspar ~tc pr'Jc1:::;:.;cs ; 

ma ss flovr serves only to bring nutrients into close proximity 

with plant roots ( Sutcliffe, lac . cit .). Nutrient uptake de pr.nrb 

upon the state of the pJ.ant and its Qcmands for nutrients, s o 

t~a t all of the ?,l g brought to the root surface may not necessa r ily 

be taken up . In some cases, y;hcn suri:1l y exceeds demand, it 

is possible to find an a ;~ cumuJ.D. tion of 1,:g occurrine; at the root/ 

soil interface (Fried and Broc s hl!.rt , 1967). 

Generally , mass flow is t h ought to be capable of providing 

c. ~.:..e quate t:g for plant r equirements t!1rou6J.out the gro\'/in 6 season 

( 3 E:1 ·ber e t . a l., 1962; Fried a m:. Droes hart , 1967 ; Corey, 1973). 

The amounts of Mg moving by di ffusion to the root S'..lrface 

are generally very small . 'l'hi$ r e sults from the low diff us ion 

coefficient of Mg in the soil, e . g. the dif:usion coefficient 

f or Eg in a homionic soil was c s timl!. ted to be 2 . 2x1 0-
7 

cm
2 

sec-~ 



1 . l -'- . . . 1 1 0 1 0 -? 2 - 1 (G h B 1;.r.c in a 1e ..;er ionic '..l oi . , • :r cm sc c .. r1;.. 2.m- ryce, 19G7), 

S.'hus the clj s t,:.nces from which :: c can clif~'use tor.raru.s U:e root ~-o 

satisfy plant requ il·ements 0,y-r; v::-:..·_y- SDD 11 beinc of the ore er oi' 
-), --6 

i O ,. to 10 cm (Fried a11.d Jroc:.;;'.crt, 1967 1 , and tlle volU!no cf 

soil ( the Dif:f:'usi.on Volur:1e) r;hich cQtl ~ro'1ide Mg via djf:~u8icn 

to ;Jlant roots is correspondir.c-;ly s,:w.ll. 

Diffusion anJ :.'assFlo-:r arc i1i.ter- rolai:cd as the cli f Cw:d Ott 

volur.ie co.n b~ replenished by the influx of ions as a r esult of' 

,.12.ss flo·:: . A soil -_.Tith a hid1 content of exchcW.geable J,:g moy 

therefore supply J.~g to the root~~ b:; Qiffusion for a J.onc1;;;1• 

period than a soil vrith a lon e:-:C'J1an ccab le J.!g content wj "vh t.1·,,i 

lon J.!g soil havin13 to provide nutrients from a larger vo1uuo 

(via !i\ass flm'l ) to be abJ.e to meet 1,lant neecls . 

l'he accessabil:i.ty of soil r:c; to :t_)lants i,, a lso in :f'Juer;c•., cl 

by the type of root system p cscr:t . 'l 'he ~rcal;cr the pe.r.et'.?.,;1tic,n 

of the soil by plant roo-:.s, tl1~ ~;110rte:!:' are the mean dist2...:1.~,;.::; 

r.,:c;trients a,'.'e required to tr3.V,)1 -~o reach thn pl2.r:;.t root (1'.cnc\.,2., 

. q....,, ) 
·1 ., { '-':- • PL.:!nts ,·,i th well-di v:i.d ca i':.i.brous root syn terns Dre 

more li];_ely to be able to e:-::t r~:.ct ::;uff:i.cient J,\~ from a so:i.J. i'l.l th 

lor, levels of plant avc!.ilable l'.e:; "..:hc.n 2.re those pJ.znts r,i!,l ; 

lc3s extensive root systems. 

Thus , root interception nay r esult in varyin.g e.mounts of 

1.:g being brought into contact r.0ith the root system f or possible 

uptake , depending upon the t;:rpc of crop and the amounts of 

adsorbed l.1g conta c ted in this Y:ay . ],:ass ±'low usually proviaes 

the balance of p lant Mg req_uirer:1ents throughout the growing 0\..ason; 

only nhere soil Mg contents arc lor, rrould diffusion play a 

significant role (Graham-Bryce , 1967). 

2 .2 .4. Magnesium uptake by pl2.11.ts . 

a. Uptake mechanisms and translocation of Mg. 

The abs orption of r.~g by pJ..ant roots is an energy- requiring 

pro cess ( Brouwer , 1956; Sutcliffe , 1967; Hodges, 1973) probably 
2+ 

involving a carrier mechanism to t:!:'ansp ort Mg ions across 

the root-cell membrane (Epstein and Legget, 1954). The nature 



of the actual crtrrier has r.ot boen cluciclatecl ; horrev,:;r, ·.-;ork 

·,-r.i.th phosphoryl2.tion u11couplcr::, h2.s su136estecl that the c11crc;.y 

requirement for J.!g uptake is T'rov ic.ccl by ATP ( Sutc1ii'fe , 1 9c;7; 

:r l 197-z) " oc..ges, ;; • Evidence for !.I3 ur-to.ke sites serx1ro.t.e j~ron i.l,o,":.: 

of ot!icr alkaline earth catio:-i.s ·:,-2.s found. by Colkrnler ( 19/i-1) un.l 

E::is tein and Legget ( 1951+) . :ionevcr , in 2. recent revii::;1·:, 

iiod.i;es ( 1973) prese!lted evio.ence for a sing:l.e carrier U}>tc!ke 

mcche.nisn for transr,ortinr, cation::, ::.cross the root ecill 1,1P-m1n·:, •,:, 

l'lith the relative anounts of different cations taken up bc ~_n p; 

cleternined by their respective s olution a ctivities. 

After absorption by root::;, J,:c is mobile with:i.11 the pJ;;nt, 

the proportions of total phnt 1.rg in the different })lant pa::.1 ts 

cr.ane;ing as the plant ages. 'l' h8 concentration of J.:g in Uv:: 

roots exceeds that in the tops :in seed.line plants, but the 

situ2.tion is reversed as the })l.2.nts r.12.ture (13rovrn_, 19'.:,9 ) .. 

rg may c~ls o be translocatecl from older to youn17,er lu~ve;; (c>,uch 

o.r:d Krauss, 1959), from vegcto.tive l;o r erroductiYc orr:ans 

Vro·;;n , 1959) or from st.e:ns and rctiolcs into Jec.:cve::; ( &-:::.bbr; c·.rd 

i.'.o.d:cnzie, 1973). 'l'hc l.1g conc<mtr::tion i.'1 p2sturc pl::mt:::, 

p2.rticul e.rly gresses, inceas Gs ,1::, the plants r.iature (Grunr.iJ, 

1973 ) . An increase in the 1,! 6 content of c;rasses ho.s co~.monJy 

been observed over the late sririnc;-:rntumn period. (Gruncs , 1973; 

J,:c.I;aught et al, 19680.., 19730..; 1.:0.yL:,.nd. ancl Gr.ines, 1971~-, a.nd 

Reith , 1963 ) . 

b . Plant Species Differences. 

Plant species d.iffer both in their requirements for J,l ~ ancl 

i n the relative efficiency nith nhich J.lG is taken up from the 

soil. Varietal differences in Jc.he efficiency vr.:i. th v1hich !.f~ is 

abs orbed from the soil and trc.nsloco..tecl rr.:i. thin the p1o.nt have 

been found f or a number of species including : sweetcorn (Clar~, 

1975) ; maize ( Lutz et a J.., 1972); ',7hcat (V!ard et aL, 1973); 

nhi te c lover ( Snaydon and Bradshaw , ·19G9) ; and peanuts (Hallock 

et . a }., 1 971 ) • 

Tlith regard t o pasture species , Reith ( 1961~) shcxred that 

perennial ryegrass ( Loliurn nercnne ), Cocksfoot ( Dactylis glomcro.b.) 



and Ti mo thy ( Phlewn pra tense) :.D.ci. s inilar :r·e :;u·i -r er:ie."1 ts 

Pasture grasses generally con 1;0.incd lo':rer r,:f; conc cntr:::. Li 01,.::; 

i:1 herbn.ce than clovers (!.:clJc.ur~lt et Il l., 1 968a ; Rie.th, 19r;3 , 

, 9' I) I ,) ,;. • lloviever , clovrj rs are r~ore scns::.tivc to chat1 t;e:., in soil 

!,'.c; stntus , so t'riat ch;i_rie;es in the I: 0 ~ont nt of mixed Le::--bc.r_:;,) 

in resnonse to J·.:g fertiliser ;.!.I)~)lic2.tion are r:ene::.•a1ly f?-'e,::.,,ter 

the higher the pror,ortion of clover in the si·:ard (I'.foth, ·; 9c/ ) . 

Tho m,::l.{;nitude of' the scasonn.1 c;12.n c;c :::; in herb,lr;e i'ic; concL,nt:::·2 t;i o'1 

is e;enerally gre2 ter for grc.s:..;cs tllc.n for clove r , so that by 

later su1m1er, grr:.sses and clover !~.,::;,~,c ooth rossess simiJ..:i.r l,:c; 

concentrations (Rieth, 1961.i-; J,:c:r2.uc,1.t et r1. l.119G8 (a); 

Dur ins, 1972). 

Different grass species vc.r-;;0 in t}1eir nbility to extract 

],~g from the none:<chani:;eable !)Ool of soil J,;r,. l"i.yecrass r:as u1.abl·::: 

to utilise nonexchan[;eable soil J,'.c uurin[; the course of a 1)o'L 

trial ( Salmon and i:rnold, 19Gj). P2..'l.colc.p 0 ass ( DiP:i :.c.d .a 

dccumben,; Stent), ho\·:over, ·;;as founcl to he :1. ver-,.J eff'jciE,nt 

usor of :.:r, 11 fixed" in the cl:>._y fru.c-'cion a.nd it e.ppec.r:, tha. t 

most tropical 8rasscs need ve r y little J.:g for 011timal sroi·;tJ-1 

(C hesney, 1972 ). 

c . ~nvironmental Effects . 

As plant l.Tg uptake is an oncrey-requiring process, it 

would be expected that J•,'.g absor~tion i'iould. he affectecl by en·.r::.1·on­

mental conditions, ,rarticularly tho8e of temre r ature, light, 

intensity and oxygen a vailability in the s oil. 

The relationship observed in r:any plant species betvwen 

tenperature and Mg uptake is r el~ted to the energy requiremcn t 

for root Mg uptake ; as tcmperD. ture increases , so the rate of 

energy production is ir.creased 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 clo8ori..strated in several 

experiments ( Dijkshoorn and T 1E.J.rt , 1957 ; Hendricks and Grunes, 

1 966; G-runes et a L, 1 968; J,.lc!Jaught et al., 1 968 a ; Stuart et aJ., 

1973). Herbage Mg content in these trials generally increased 



over the range 5 - 20°c. Simild'ly , incr8as0s in the concentrcd,io:1:, 

of J.Ig i..'1 the gr a in of v;heat ( L:2.bo..,'10.us ko..s ct . a l., 1975) a ,JC1 0J.:.!1 cr 

sr.:all gr.::: ins (;'lard et a l ., 1 973) lh'J.VC 1Jcen obs crved over t"f-,c 1•;:;.n ~}~ 

0 
5-25 c. 

1\s lir;ht intensity ,·,as d.ccre.:::scd. to ;:i.bo:.1t 25,'.s of fu l1 

daylight, J,1g concentrations in.cr-'.]ascd in the leave!:l of r: ~0s+. t,:l 

,·;:i.catgrass (Agro:!:YJ'.Dn dese r toru;-;1) , Basin ':,'j_JcJ.rye (F.lymu.,; ci nc·J ·,:~:J 

(I.laylancl and Gru.'1es , 1 97~-) 2...'1 u. C,Kl::;'.::i l Bernr.1d2.r,rass ( Cy.nod o:n d1.,e t ·- l on ) 

( Burton et a l, 1959). 'i'his increase in leaf :,;g content 1·ras thoucilt 

to be the result of luxury con.st,:.ipt i.on of I.lg ( Burton e t .a l ., lo c 0 

. .,__ '\ 
C J . 1,.;; i.e. total J.:g uptake \"TC.S r educed by the decrease i.n 

light intensity but not to the sone extent as the decr.E:ase 

in total dry- matter n:roduction r;lli ch also occurred. The firn:l :in.g::; 

of' Dcinum et al . ( 1968 ) ; anc1. :Iici1t \Jt al .( 1968 ) ind.i cate th:c+: 

a similar p!1enominon occurs in 1-'o:ren::d.al ~tycr;rass, as, aJ.tho ,i _j·•. 

herbar;e i.Tg concentra tio;1 r,as no~ '":'CC.s'...:rP.d i n these ~;i.:udi!~:3 , i.1<:.' 1. 

pJ.c":.nt J'.T , ca r bohydrate , and ash co.'ltcn.t::, ch.:i..r.ged in a D j_r,rU..:1.r 

IT!an.ncr to those in the above s':;:1tiics . 'i.'he rc,sults o::.' J.:cEuur;]n; 

et al (1 968a) ho·:rever , shor:ec1. ,1 !)ODitive c.orre l a tion h ,:trree n 

incident radiation and 1'.g con"ccnt of :9asture grasses ( mainJy 

r ye grass ). 

As root r e s pirati on ( c .. nd hence enerQT pro du ction) is 

dependent upon the pres ence of ~dcquate o:;.~1 t:;er1 in the !3oi1 2.trnc~ -

phere , it v10uld be expe cted th;:-:_t :.Ig uptake by plant r oo ts would 

be sensitive to soil aeration s tc.tus (Corey, 1973). }foy;ever$ Mts 

uptake by barley di~. net appear to be affected. by the soil aer ation 

sta te ( \'Tar d et al., 1973), and in another study , Labanauskas et . al , 
' ( 1975) showed that ,·,hi.le the concentration of Mg in vrheat g:rnin 

was unaffe cted by soil aeration, .. '.g uptake was r educed, due to 

a reduction in wheat yield, by so.tu~ating the soil atmosphere 

v,i th ni tro c;en . 

d. Antagonisms. 

i. K/Mg 

The antagonism bet·,•;ccn the plant uptake of K and. Ug han 

been long recognised . The first indications of this antagonism 



n ere f ounJ on a c id sandy s oj b r;hc~1 2.~)pJ..ic:,U on. of K fert·i li:;e:1' 

r esu l t ell i n t he appearanc e of 1\3 d.cfi c iu:cy sym1_) toms in cro~13 . 

Sinc 0 t hen , t he K/Mrs ant ae:o.n i sn has bricn recor,nisecl in r1. lar r:,: 

nur.ibe r of crops, incJ.udi n c; some cro;·m on soi l :, r1i th appc.:.rently 

ad.equate lev e l s of exchangea.bJe J.7g ( !.:ctson , 1 974). '?he k/Hg c,nt ­

c?. [;On i s m may not necessari ly r esult :l.n i,:g clcficiency b,1t the 

a pplice. t i on of Y. fertili zer ma:/ resul t in a d.eprcssion of ~bli~, 

Ll g content a n d , i n some cases , c~o~ y i el~ . 

I n coa rs e t extured so i ls K c.cJ:l iti on , . rhethcr e.::; !l l('rtili:.;c:r. 

or in an i ma l urin e , r:iay r esuJ t in tl1c displ&cem.ent of 1.;g f r om 

the excha n ge compl ex wi t h possible Joss of i::e by J cochinc (Eon:;, 

1960,61,68 ; ~'/elte c.nd. ·.'!erncr , 1963 ; Dur i...'1g ct aL, 1973 ). In 

t:1is Hay , t he a vaj_J.a bi1it y of Lg noul <l appear to have been 2~e rluc·J d. 

as a res u l t of K ferti l i s e r o.::ip1:i.co. t ion . Su ch 2.11 effect r,1ay 

h2. vc oc curred i n an experiemnnt by ).:c!faue-½t ct a l , ( 1 968 ) on ·:.111.1k­

are\'/o.r ena Sandy loc..m, v;hcre K fcrtil:i scr o.rplication~ redu c•:d 

herb2.ce J.\g c o:icentratjons 01,l.,y jn the last? years of,'. h- ✓-1·r, 1 ' 

tria l. The application of K r;·c.s c. lso i'm.1!,(l to reduce ·U.8 2.va:i.l­

abilit y of l.rg (expressed as -t-pJ.:c- :DK in ~oil s.'.l turd ion c :-:fr·,:,: -i ::) 

by Hovland. and Cald.rm1l ( 1 960) c.s plo.n t I.It; concentrd,ions a.L:: o 

decr eased. 

Besides such "a:p1)a r eI1lt 11 r r.: d.uct io.ns in the e. va i labilj t:,, of 

I-,'.g , increasing K concentrati on in the soil solution can :1lso 

cli:-e ctly r educ e 1.l g u p t ake by pknts . Salmon ( 1964- ) ancl :~lr,tc,n 

( 1 972 ) suggested tha t the anfa13on i sm bctv,ecn K and },!e; v1c..s a 

mutuo.l one for wh ich concentr.:1tion in the herba ge was s t r ollgly 

correlated v,ith the soil sol uti on activity ratio ./aMg / J aca·Hlt\s 

+ BaK . Similarly, Prince (1951) ; Huns en (1972 ) _;and Fager ia (1971,. ) 

considere d tha t the relative uptakes of' L'.g and K by plants were 

propor t ional to t he r a tios/-€1\c ir a ct i vitie s in the soi l s olution . 

AK/Mg antagonism may be a cc entuated by the addition of 

nit rate to the soil whi ch may result in an increased a nion 

upta ke by plants. "ilhere adequate s oil K is p resent, the anion 

up take inc r ease may be bo. l a nc ed by an L~ crease d 

K+. ~ & 
'- is more mobile in the soil than J,fe or Ca 

1957). 

+ u ;:- take of K , a.., 

( Di j kshoorn , 



!)urinr; the e;l r }y spring per·iou , ·,;}:en soil ::.oisture c onte nt is 

hi 6he r thQll in lute spri11 c;-surrir.:cr , tho 1:/!."c a c t i vi ty r.otio ·,·.,j l :L 

be higher in ~:he soil solution -C-:::i.n ]..'..!. tcr in the se.:::son due f.<' 

j on of cl::. v2.lent en tions r.:. t -Lhe; hi.[J-tcr soil moisture contents 

( C' ' ~ ~ l ' 1 J-r • .( 1 cG 0 ) ,; cau r 1 e l.!1. anr , nen, 11s , .,, ),_ . • 

a situation in v:hich the b2-lancc tJCtr.,ccn pJrmt K 2.nd. J.'.g ur,tul--, · 

may be e.lready pr ctli.sposed to·::2. r Q::; a lorr l'. g content of r~,sture . 

J,: cJ:rauf::ht ( 1964) obser ved. ti1::it :~ :'tirtiliscr a~pli c,-:o.tions i11 

sririn g could result in major dcprc~sions of hcrbaGe 1'.'.g content . 

'.l.'he change fron set :.;tockin g to rot2. tio112.l gc1.zinr, on duj r;;: ;.:,ll 

beef f2.r ms at the time of t!:lc sr,:::in~, flush of p2.sture ~rc,·;·~-:1 

could also contribute t o the J.m·:e1·:i..n.r; of plr>nt !.lg co.nte, d.:, :: ' 

this t ime, due to a hi 011 rn:Lo of K·r return in urine 

197L:-). 1.",nen tho combinati0n of siJch effer:t.s oecllr~, - hich L,.J.' •--; 

r ic tio. d.u c to high soiJ. rnois~,ur-c c0ntent , s-i:iring appl-i.cat:i.on cif' 
.J. 

I)Otfl-t3:Jic fertiliser·s , high. r-::~tur·l1 of I(' i: ·1 urine , QtJtl c1 p0~;.~; il,Jc~ 

" . . . + , :·!+ 
I c2°tl:.e r decrease J.n "the amcu.'1,::-: o~• K anrt fi r; te.ken up ·au,·· t,.1 

conve rsion of nI\_ + to NO 
3

, for ::; oils ni th :nnrcin a l or lorr 

exc:1angeable J,:g contents , it fol:.or:s tr:I::t significant majc.r 

c ep'.!'.'essions in pas ture J.: g content co ttlcl. be expe cted. 

T},e e ff'ect of the K/Mp, c1ntagonism is greater for grc.s ~, t ,J 

th/.l.11 f or clovers (Re ith, 1963 , 64- , G7 ; ~.\cNaught et al., 1~,7', (ci.)) . 

This may also to accentuate the effect of s pring application of 

K ferti lisers on pasture i,Ig content a s pastures a r e generu: l.v 

grass dominant early in the Q'.'O\"TinG seas on. It has als o been 

noted t na t pasture Ug conte nts c.rc decreased more in situations 

r1here K fertiliser is appliecl to correct a K deficiency than. 

,·,hen a1)plied to a soil of adequc1te K status • y,rhere K fe rtilisers 

are required t o be applied to a c!1ievc an i ncrease in pla..'1 t yie ld , 

then J.~ g should als o be a_ppliecl to offset the possible depressions 

in herbage Mg content (Y!elte and .':'erne r, 1963). 

It has been suggested. t ha t s~/1-Jg antagonisms in pe.stures 

a re proba bly only significant in situations whe r e K fertilisers 

are applied in amounts in e xcess of plar:.t r equ irements especi2.1ly 
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i.'1 e2.rJy sprinc; . Li.kcv,ise, :i.t ~;-'-' r·c comrr:cncle cl th.Tt K fcrt.iJjsc•1"; 

sl ou2.d n ot be wi U:held to a vo i:1. Q po~ si bl-e J(/!.lg 2-nt2.r;o::d.sm r,r-j :::h 

cons equent deJ.eterio~s effcc~,s on :;·bckhnalth. Rath 'r , tLc 

c.~:rp lic2.tion of snffjcient i\ to r:L0 •:,1tc.i11 Dc-~-h:r f i yie::'..us s l,ou J.tl 

ba r ccc:.rded e.s de":::..r,~ble ( Dur :i.n: ·, 197?) r:nrl '·'-·r,ere -;-J, e possio.i.i .. ii:_:_,-

the K fertilisers . 

ii. Ca/Mrs • 

.:_;;;.:cessi.v e c<l lcium s11.pr,Jy cen co~,r~)Cte r:i th l.~G for plant 

uptake in a similf.l.r manne r to t :1c.t founcl f or potassium . Ho,·:,,, r , 

r eports of Ca/Mg antaGonjsm:.:; i n tile litero.tu.r e are not con,1:1ur. 

(1.Je tson, 1974). 

'i'hc results of trj [1ls us~_l:. ,S ::-10;/beo ... ns 'I l •1 c,:~L">) 
I f "; •' \ / 

ar.iountd of exctar:gcu.hle Ca or J.:t_; ~ire sent ; as these brn e ·1c111t.'l. L3 

·.-:e r e vc.ried simultane01.1sly, it is :lj_f':i'.'icult to as cribe cba 'l[_'. •-·; ; 

in herbage Ca and. Mg to a Ca / 1::G 2.ni.a c;o.nism. Key et a l.( J.o c:,. c.i-L ) 

f'ouml that yields of s oybeans ,2.n cl corn \'!Crc not affe cted by i 11c 

Cc.{·Mg r atio o .. the exchant;e cosplcx provided. Ca : 1,:g 1 2.nd sui'i'i cicnt 

a mounts of both Ca and l,Ig were present. 

Indications of comnetitive effects of Ca on Mg uptake were 

found by Salmon (1964) and 1\J.ston (1972) vrho showed tr..at , a-!:- •. 

constant soil K content, rye grass I.le; concentrations in he r bu["; 

ncre linearly r elated. to the soiJ. s oJ.ution a ctivity r ati o 

.J aMg !/ ar1g +c·a. Depressions in h erbage Mg content as a r e s ult 

of Ca ilp:plication, or vice-verso. , in pasture have been repor ted. 

by J,: d faugh t ( 19611-); J,'.cNaught ct c.J. ~( 1973 b ) and J.ic1yJand e t a l 

( 1975). 

Soil pH may enter into the interaction of Ca on plant 1.tg 

uptake . Thus Chris tenson et al. ( 1973) fo1..L'1U. that addition: of 

lime r esulted in both a soi1 pH increase and. an increase in },lg 



u:;:r'cc.ke: by oats nhereas CaSOL,. ,::.!1Jilic.:::.tion produced little cho.nce 

i.n either ~~oil pH or l,1 6 content o.nc. UI)kk:c. 1\t high pH (6.8) o.ncl 

hii;h soil Hg contents, acl-!.i tio:1 of Ce, de})ros sed the Ug content 

of yom1 g corn seedlini::;s (;!a1J .:::.nd. Hec,rood, 1975) yet at lmwr 

soil ;.;r; contents, at both hir-)1. ~,nu. 10;·1 pH's, Ca application did 

r..ot affect Mg contents. It thus .'.!..:.)iJOars t11at soil rR m2.y influe:!ce 

t!"lo inter2.ction betrraen Ca an:;_ J..g, a::; -.·,ell as the relati ve levels 

of Ca and ).ig in the soil. Uetson, 1974, sunmed up the Ca/:.Ig nnt ­

a gonism by observing that 11 
•• at hir;.1-t- :riH values ( say > 7 .o) 

nncl at hig.'1 levels of base satur.'.:!.tion (sE-Y > 9CX;) the probability 

of i.:8 deficiency at low levels of exclw.ngeable l.Ig is higher tho,n 

it ·:1ou1d. be at a lmYer level of u:{ or base sature.tion." 

The interaction betwe en F ancl U~ may occur ci ther as -U1e 

res c.:l t of an enh:1ncemcn t of l.'. 6 untQko by 1':0 3 - N or an_ an tagor..ism 

by i3/-N2 i\!:J previously c1.i[;cU:J::;ed. , the effect o:' NO-:; -H en r.Ig 
- r .,, 

1.1ptc;.ke r.tc.l.Y 1.>P. :influer..c"!:l by tllo rcl::-.ti ve <'.mounts a-: differer.t 

res ·.11tinr; in incre1".s ed 

:oo-L1 : ;,~,'::.ti.on of :;o.,-H to the soil 
J 

co. tion up ~ccl-:c by' · pl.:u:, ts (Eans en , 1972; 

uiJkshoorn, 1 '357). Other rc7ort..., a::.·c available for increase,; 

in plant Ug concentration rc;:;ultin0 f .rom l'T fertiliser applic-

::!. tion (Reith , 1967; Kersh11':, [!::1~:. :i3arton, 1965; lfaylo.ncl n.nd. 

C'~runes , 197li-; Terman anc:. .nion, 197~:- (in corn.)). J,:ayland. 

ct aJ.. (1975) fcund t h:it a })nrt of ti10 increase in Hg upta:.:e 

in :9asture r esulting from n f c rtilis :!r a::_-,plica.tion was due to 

increased root proliferation. _\lterna ti vely, N fertiliser 

could ho.ve resulted in more efficient root uptake of 1.1g , or 

imnroved transl.ocation of' J,l[; rrithin the plwt. This latter 

noint is supported. by the evidence of Cain (1 959) who f ound 

that T~ fertiliser application rcsultoQ in greater mobilization 

of ?.fg into the actively gro;-rinr; !)arb of the plant . 

Reductions in l.!g content of herbage f ollo•:ring N fertiliser 

arldi tion are most lj_°l<ely to r esult from growth dilution efi'ect!:i 

(Teman and Allen , 1974) or competitive effects between NH
4 

ar.d Lg (Hcl.n sen 1972 ; Kersho.r; .'.:!.llcl Jarton , 1965) . 



!·;-irnluced lead1inc lossc.,s of Le fron soj 1::; 1·1hen nitror,enous 

:f'ey,tilis ers are up plfo d cvc,r :i. ~ro] onccd _;_,G riod , tor,ethc r r,i ti1 

:the rec.ucti on in soi l :pH esf')c:ie.lJ.y ·;,bJre J·:H
1
+-+ cor.taininc 

fcrtilis e:::-s arc \..!Sed ( 1,'.u};J er 1 9::·n . 

InvestigaU.on of the rcio.~:iorn:;l:i~s bctv1een so il pH 2!J'1 1 ]£:n!: 

!.:8 u:pt2.ke h.as been. a difficuJ-L 1~c .cs0;;.rch 2rea ( !ktson, 1974) 

due to : 

( E, ) TJ:-ie difficulty in r2.cfininc; and measuring 11 dx ch,rnr•~'­

able hyc!roe;en11
; 

(b) Stroncly a cid r;oiJ.s r:wy have toxic levels of 

exch2.r:ce2.bl e A~. ; 

( c) tcid soils usur-d]y invc l on b2.se saturation Je \',, L:, 

so t hut J,;g mP..y be ncfic:Lcn.t . Thw, an ;cppa.renL 

rt /l,ic;
2

+ <-=-':t'.:'.r:01~i~·;r. U'.lY in fo.ct h: equally 2n 

2.bsoJ.utc J.!g clci'ic:l.c ncy. 
T' ~'.+ + :~,,iclen ce for R!:. ar.tu r:;onj_::,m bct·,·,ec.'.'.l ,.,c; ancl H corh .s fi·c~1 

the obs c r v2. t:i .. ons of Salmon ( 1 962;.) r:ho foun.!. that increa,.,:i.nc Li; 

activity in the so:i.J. (1-{ activity r.ic2.st2red as the inverse: o.t.' 

solution :nH ) resulted in .'.l decrease in r;yegrass J.:g contei ,t:1 . 

i.:g deficiency symptoms in 02.ts \'lore ugG)'.'aw.1.tecJ. by lo-,·r :r:H 
conditio:--.s (Ferrari und Slui,jsman:, , '1955), and Christcn:1on 11t 

a l . ( 1973) f ound that the lirninE, effect of Caco
3 

add.itiom: b~d 

more effect on Mg u ptake by oat:-:; tlnn c ould be accountecl ''01~ by 

chan ge::; in soil Ca _le v el. There rms a J.rg uptake r es p ons o :in 

alfalfa r1hen the s oil pH w2.s ro.ised f rom 5.4 t o 6 .8 by lim:Jnc 

( McLean and Carbonell, 1972). Lutz et ,al. ( 1972) found that the 

I.ig concentration in maize plc.nts rras increased l?.S the soil p":i 

was incre2.sed from pH 3. 9 to 6 .1 Q 

In contrast, increas inr:; soil Ug content a t lm7 soil pH (_5. 0) 

r esulted in more efficient utilisation of the appli.ed Mg by corn 

plants than when soil pH was i.'1crcascd to pH 6.3 (Hall and 

i-Ie@1ood. , 1975). Ho\'1ever, as the a.m ounts of }.fg applied differed 

at the two pH levels w:i. th more Mg beinr; ar,plied at the high pH , 

this r esult may be an artefact 2.s plant dry- matter production 

nas v::.rtua lly identical at tho lorr and h i gh pH treatments .. 



J,.:agnr.sium dc;:' iciency is 1~ot r:;cn.c:r·,:.l ly a problem in I•;evr 

~ealD.1il except for some are!l~, of' r hyolitic- 2.s h derived soil:, 

in the Cc,ntral Pl.,_ teau re;c;i on o-~ ~!ic ::orth I[;lar-rl. (1>'.oody , 

1962 ; /.:ci\aug.-:-i.t c.nd Lurlccitc , ·19G7 ). Eo·:;(;Ver , the mai n-LenQ.nc,1 

cattle , is a r:1th0r 1~,ore y;j-'. c,;r,,re:ud. :I)robler.i . ·,','hil5t the f2 c~.rH·.·.: 

contributinc; to lo·:r plant L.s levels rn2.y not ull be c;oil-:e.e.-j ·,:r:c~ , 

e. g., c.;lir.iate, an:l pa!::tu.rc :J,c:12.c;cr.:cnt 2.1::io af':f'cct pasture I' r, 

leve ls (J letson , 'i 974) ~ the e:..~oblcm of incrensing :1c rbac;c Vr: 

has r eceived 2. f;rt:,n.t cleaJ. o:, 2t~;enti on both in };-e•.'T Ze2.1D.m1 ,:•HL 

overseas. The nroblem of Ly!:)or,1acn2. s 2.c;:;ia is c.cccnhw.ted b:1 

the sce.sona l VQr:i2.tion in r,::.stur c ,!.'.[; co.'1~cnts , thcsc bei11 °· 

lor:est in the .lete rrinter -'.:o 11·.,.rJ.;y· s:i_jri11r; } r,rj_ocl , r:hich er,~'· ·, (Lt"~ 

rrith 1Jcc:k der1a:,cl o:' beef a:·_:. .J !_iry cQttlc i'or u:i.ctu_ry l.'.g 

herbo.ge J.'.c; co ntet:'!: }_)Cr se, b'1t t:.ls o o:' ac1,:ie vin c; this :~nc:•1;; · ,_: 

at c1 ti.'Tle \':h n !.:r; concentro.t:i.on.s tencl to be 2.t their lo\•,cr; !; 

levels for the year . 

The relt::. tionship betr;ec!1 soil J.:c; lev els ancl herbq;c ;:1: 

content, as defined by S2.J.non ( 1 9G~-), VJ z : 

herbage t.rg c ~ is i nterpreted to ;:-,.· 'l n 

Ja.,. +Ca + oa"' + Ca.. r,g n 11 

tha t in order to double herbage i.\:; content, soi l e x chanr,e;;:)[(~ !.;c; 

contents would h.c':.Ve to be quadruplcJ. . 'i'herafore on soils ;--i".;h 

relatively low exchangeable 1.;G contents, signific2.11t increc:,cs 

in pasture J,ig uptake and herbage J.Ig concentration can be 

addeved. by the use of economic a.pplication ra t es of Mg fertiJ.­

isers. Hov;ever, on soils of hi91cr c xchanseable Mg content, 

smaller increases in p l e.nt J.:c uptake r:olll<l result from similP..r 

applica tion r ates . Results of J.:g fertiliser t rials in Nen 

Zealand have tencied t o confirm this vic\'lpoint (1.foody , 1962; Doroi'aeff 

anc: 1.~cl'Zaught, 1962; McNauj1t , 1964; lfolfau etit and Dcrofaeff , 1 965 ; 
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:-: o u~ ar..d. i~er lovsky , 1 s;C.6 ; 

2nd LuQecko, 19G7 ; l ! '·'c, },-i- nt "] -•9r·s,.., ' •. CJ •. c.UF,- v , . '--- ., 1 u c.. , o , 

J.'.cl':i:..ucht 

·1973 a _,11). 

,,...,c- nrnc.:..•·;c'eu, b" c:," 7 =on ( 1°-"'.,).'i ; , .Ll~- -;..-, 7-,~r-r .. ,,..,,k ( 1·~~~011 ,.;- ·•'1 
- ... . ._. - \J J . . , ... ...;..JU - ,/ ....... . / ' .J u ~J. _;._ l,......, , .v .. - J, , l ;: V . .. V \.- . • , 

-1973 c. , b) :i.t r.-2 ::: .sup;cestoc:_ ~.;,-, -:., :,he index loc
10 

c;1~cht:.J1[.;cahlc 

1.:e; ap~>::,:: ··~sd to be ' t u-: orc cf~--j_,~:L:• ~t ~Jrc clictor of pl;!r!t 1.:r~ 
conccntrc.t:i.on . A rossiblo c: ·::.: ~,:,",;io,1 to thr:: cone:r·nl con:H,11:,t!., o ... · 

:r·esponse to 1::g fertilisers ,·;c;~:1·:1 :::;ce..1 to be ti1e rc::.;ults oh,.,,inl'•­

b_y :>rcry (1975). In thi:; trc--1 , l;..:.rr;c incrr:oses in pt!. ::t,n-c ~•c 
l ove ls occurr e:l c.fter the o.r,;_,licc. J"'ion of fron 20 to 

- -1 
90 Kc l'r: ha 

(os l.'.[,O) t o a soil te.stinr, 11;. on the Ldvisory Test scale ( c. f 0 

the res~onse-levcl of 4 gonc!~l~y r oco• eentlcd ). 

';;ith t~1osc from J;ey; Zeo.1anu.. In '.~cotlend., 1.:2rge clressin f"'./: c;· 

re (fro::1 340 to ~ 200 kg !/c l!::.. -
1 ) ·.:Pre rcr:,:i.rc(l to achi(: \,i: 

I l'l I ,.._/, o~ , o,) . I +. ·,·,·: ,· ...,('"• C'~ I r-r-c;• ~ .L "., ( - , - _J. J-)1 ~I ('6 ' \ ... .... . ~ u. t:-rJ .1 1.., t •~l , • 1... ...... _ , :; ... Li-;' t.h:1 t a so:i J c o ·i t c· r: t 

of L 3 ~r/i 00 r; of cxche..n :;c.'.l blc r r:; ·m:..s the m.inir:rnm rcr~u i1·..-:-d 

to cn:::;u:::,c 2__r1 ec.eauu.te s :;:p]'ly of ; , r-­
- · ,;..) to ~k.nt:, to prevent tlH .. 

occur:r--ence of hypor:1a~as2cr.1jo. J...:ircc diffc:r--cn c es in plc.:.:,"'... 

r esponse to fe:--U liser J.;c_: r;e1·0 :"ouncl bcty;ecn soils by SaJ1::on 

2.11d Lrnold. ( 1963) ;-.:-110. Hooper (1 9G7) in the U .1C Ho o:per (:be. 

cit concluded that a r o. tio of e :-~c112.nccable Yg :K in t he sc-2 J 

of 1 . 2 or [;I'C2.ter was needctl to ens ure adEJ~uate 1-fg in the C:ir0 t 

for stock hea1th . On rant;elancl soils in U.S .A., a n 

2.ddition of 600 kg Me ha -
1 

( 2.s 1.;5 SO l+-]II
2

0 ) ;•ro.s needed to r ,~ _' ~rn 

l1erbage !.'.g above Oo2% of dry natter (J,:ayland and G-runcs , 1 ?<7!_,). 

'i'he sar::e authors concludocl th.!l.t it vw.s i mpractical to use i.'5 

fertilisers t o increas e herba 6e I.:g contents t o offset probler:is 

of hyponagnasaemiao In a n earlier paper (G-runes , 1973) it 

r1;;,s a s serted t ho.t J,lt3 fertilisers 1:12y be useful on aci1l, s;;,ndy 

soils but on finer textured soils ,h ·application of Ug 

f e rtilis ers P,as often unsuccessful . 

In t enns of the effecti vcncs .s of vo.rious Ug fertilis crs , 

ilei th ( 1964) concluded that there i':as no differ ence between J,1gS0,1::7iI20 

kieserite (Mgso
4

. H20), magnesite (i:e,eo
3
), calci ned magn<:site 

O,: gO ) and magnesL:n limestone c.~p::!.iocl a t equive.lent rates of 
I,~g . Kieseri te, Se rpentine .:uperphosphate and finely-grow1d 



d olo:-:.:i.te (sq-; pa.ssi .. '1f; a 1?.0 ~FJ3!l ::-.icve ) 2.11 proJuccit 6rrntcr 

~;, ~~·ur n -~ .-,1 -~ ~~v 1..; ._" J . ....... u ronponses i..f"'_ c::! n {li,~l 

crou:1d. L1olomit,., iri an e.;:pGY-i::i-::.:11l 0.1 ['. :. '. g - J.cf.i.cicnt y!"'1J or:- 1,1·,"l'. ::: 

1s .. 1rncc :; oi l (Hoi:;c c:.rnl 1(2.r l o11.:;!~_y , i ~;G7). ·::l:0 po.r'.;:i. clo s5. ::c '.)L' 

s ize ;·ias us e d (Hogs and. Toxo!:'"u:., , 1973 .) The fai l ur e of 'LaJ.c-· 

ri'..s..gnesite ( 20,;;; ;.'.g ) t o incr cosc :"iolcl o.nd i<La.nt J,:G conccntrn·:._:1'1i;; 

t o t he s2.r:1e extent as serpe,1'c::.nc ( ?·1;~ t:g) , duni -Le ( 28% I..r.) 

or c1. o lo'7i te ( 11. :r-; J,;c) in o. ~;r- i:11 on a ?:r; dd' i c icnt gley -

riod.zol rm.s a t tributed. to the coo.rsc rarticle - size of the i.::1.1 c·-· 

r:iagnesi".;c si.:·1ce c;lasshouse e:-'.T:crir:-:cnts had sho1·,n talc-nw.gn:::::::.; ! c: 

t o be 2.n effe ctive r~G fe;"tilis:::' ( c :1it"ccndf'!l ct al , 19G7)o 

Soil }):I can d.etcrn :i..no the~ c:ffcctivcnes:; of some J.:g i'8r!. i 1 ~ 

( 
-1 \ 

i sern . l'.ca\ry d.rf;3S .(.nss of dr,Jo,,:i.Jc:c ·1 , 000 to 4. , 000 kG ::a J 

h2. vc been shol'm to i:icreasc :-ioil. rH to such L:1 c;-:J..;o:;t thot 

:~-..ir".:he::!:" a.::.~soJ.,it:i.on o~ c1oJo .. i ~;c ,rn:~. :!cr!co :C:t:?]_,ly o~ 1.'.f, i0 

rcuu ccd . (lfoi:au cht e·!; a l., 4973 1)); one efJ.l;ct of i !1crcasjr:.,:-, 

the r2.te of' do lo;.1ite v. !)plied r.ie.s to incre2.f.c the :Ln 1cervaJ 

bctv,een appli cat ion .e.n.d t :.10 m.::.:-~inu:1 effect of the fertilis er ,,n 

s oil excha.'15eabl0, , a.no. plant Le, con.tent . It r:2. s suspec:tcc! 1 l·.:.:.t 

r 2.pi d clecreases in the amounts of ;;o.ter- s olu'ble J.Ig f olloHi.'1[: 

e.~plicction of l.igSo
4

. 7H
2

o to t·:;o soils of hibh (7o0 a.nd 7J>) 

nH were due to the f ormation of in.so l uble !.:g carbona t es (1.:ayl:;; ,:d. 

clnd Grune s, 1974). Likewi se , the 2.vail abi lity of Mg from bas.i ,. 

slags may be reduced. e.-s the li,";ling value of t h e slags incre.'.ls s 

( Heintze, 1963). 

Jfa gne siwn f ertilis er us e on s ome soils may well be worth 

consid eration for purposes of arrc.sting the :pro gi.~ess i ve d e cline 

in available soil l-,1 g content s'r:1ich i n e vitably a ccompanie s 

intensive land us e ( Di x on and '~',:cylo:?:', 1942; t,!e tson, 1974)0 ·-_-ith:i.!1. 

this category a re t hose soils l:noY;n t o have low ( < 7 m. e .;1v ) 

r e serve J.Tg cont ents (Me tson 2...'1u. :'lrooks, 1975) includ ine; : 

Northern podzols; 

Jforthern yellow-brown sands ; 



Recent soils i.'r:, n1 ),ur:iicc 2-1::_uvlum; 

Ye l lo·;; - br O\'tn 
. . , 

p11:;:ice ~~ Ol-1.S ; 

lJorthern 1-1.ncl cont r2.l bro•;;!'l u ·c.r..uJ2r loams and. c1ays 

( mc1ture) 

(n:::.ture ),, 

contents of exchan[.;e21).l e J.rg, ovc•:' "J1c lon0 tc ':'.1 , lo::;ser:i from t.:-: ,: 

ezchG.n 6e2.ble I.re; pool r:12.y not e r ~· I1l0.nishecl from soil r eserves~ 

., .. -'-. d l ( • r or 11oro 1.iu aan y _o P.m cc oror:n Q '.'.lnulB.r 102...m) l t h;:_s boen 

,=,s tima. tecl th,i.t the yielri. of i.:g -~n the, 90.stuy,e ncr::,age over c.. 

three-year period ,·ms 2.::,proxi,~.--·.tcly e c1u:J. l to the q_u311t:i.. ty of L;· 

conta ined \'lithin the O•M7 o5 c1:1 to:)f>oi.l ].ayer , :JU/!,f,l"" sting that -f. l1c 

s oil is of rr,o.rginal Pg status :~o:c, continued 1,roduction ( l'ur .i.:1r 

et- 21., 1973). Any 2.d.c.itiono.l J.ossc~ of J:e; fro:n :::;uch a soil, 

;_;_:::; nay be ir.duced by the conti::u:.:. l u::: c o:· YCJ f ,·rtiliser, 

llco.lth, w1less Me; v.-as rcpJ.c.:.c e: cl in fertiliser form ~ 

Vic,·1ed from this perspectivr~ , the o.pplica. tion of Mg 

ff:;rtilisers may be ju3tified i'oT rcn0ons of pr" vcnting the 

deve1opment of a future deficic1~cy . Overseas results (:Reith , 

1964) have shown tll1.:.t vrhilo a::-1plic,"" tions of lor: rc.tes of J.:g ( G!l ~ 

-1 -1 ) _:i5 kg Mg ha yr me.;'/ have no in:-:1ed:i.ate effect on pasi..<.1re l.113 

concentration, long term benefi-'cs couJ.cl inclucfo improved crop 

;:,..nd animal performance. Areas in Ee\'/ Zealand where such a pol.i::.:.:r 

of r.!g fertilis er application could be beneficial are the are2.s 

covered by the above soil types , espe cially vrhere high annual 

rainfalls nay lead· to large 102.chinc lasses o:f Mg v1hich may be 

:further aggravated by spring a:pplicn.tions of' pota.ssic and 

nitrogenous fertilisers (Hogg, 1960). Such areas could include 

parts of Northland, the 1.'lai..1<:ato-EinG Country area , the Volcanic 

Pl ateau ( Taupo-Rotorua) and rr<1ro..ne.kL 



Chapter III 

Experimental 0~ectiveG and Desi1tn 

There were two main objectives of this study : 

A. To determine : 

(1) the relative Mg - status of soil· ~n 

the Inglewood - New Plymouth - 0kato 

area of North Taranaki 1 and 

(2) th e relationship between soil ~:1( 

con tents and a real distribution () f 

soil forming tephras and lahar 

deposits . 

B . To assess the relative M~-supplying powers o f a 1·Hn~e of 

ye llow-brown loams fror, Taranah.i and the natn1 •~ <:f plant 

responses to ,:g fP.rtilizer addition in a co:1trcl.tt::.J - cUn,tltc 

environment . 

A. Field Sampling Programme 

Over the period .July 1974 - August 1975 soil H;,mpies were 

collected from sites located within the mapped aren of Jnglewood 

Tephra and analysed for exchangeahle Mg contents . Additional 

samples were taken from soi 1 formed on the 0akura Tt·phra ( Neal 1 1 

1972), Burrell Lapilli, and un-named recent lahar d po~its , to 

allow a comparison of the results of soil exchangeab e Mg 

analyses for a ra"nge of soils formed under similar c limatic 

conditions. Sites were sampled at different altitud · b o n 

Inglewood coarse sandy loam (formed from Inglewood T phra) and 

Patua loam (formed from 0akura Tephra) to investigate the varia­

tion in soil Mg content with relation to: 

(i) Increasing rainfall, and hence leaching 

intensity, with increasing altitude; 

(ii) Increasing coarseness of soil parent 

materials with proximity to source 

Otount Egmont ). 

4? 



n. Controlled-Climate Pot Experiment 

Magnesium uptake by perennial ryegrass from four rep re­

sentative Taranaki yellow brown loams was assess ed under a 

controlled climate regime using the climate control facil iti0s 

at D.S . I.R., Palmerston North . This experiment was de ig;11<: d t o 

investigate : 

(i) The relative Hg supplying a.hilities 

of the four soils, usin g a perenni al 

ryegrass (Lolium perenne L.) test c rop 

in the absence of applied Mg fertili sers . 

Perennial ryegrass was used as the te~t 

crop because the critical period for 

hypomagnasaemia in Taranaki occurs dn ring 

early spring in association with rye grass ­

dominant pastures . 

(ii) The effects of varying rates o f ~lg a di­

tions on Mg concentrations and d ~ - m·tter 

yields of ryeg r ai;s herbage. Th•. r ates 

of Mg added were chosen to cover a range 

of application-rates that ·ould he 

feasible for inclusion as part of an 

annual topdressing programme. 

(iii ) The effects of small tempera ture in cre-
o 0 

ments, from 12 C (day)/5 C (ni ght ) to 

14°C (day)/7°C (night) and then to 

16°C (day)/9°C (night ) on Mg concentrati on 

and uptake by ryegrass. 

· o 0.: ~·} 

The climatic conditions for the experiment were d signed 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 an d T'llart ( 1957) whereby increased Mg concentrations in 

1 I · d t t t above 14°C -ry grass were on y ac11cve a · empera ures _ 

Two cutting regimes were also investigated. In o ne regim0, 

plants were harvested mi d-way through the period bet ee11 tempera­

ture changes, whereas in the other. harvests were tnli.(,-n at thl~ 

conclusion of each temperature period. In this way it was 

possible to isolate effects due to temperature change £-- fro111 

effects of plant maturity. 



Chapter IV 

Materi· ls and Methods 

The values for soil exchanp;eable ma~nesium, calcium, 01· 

potassium contents are hereafter referred to for convenienc , 

as "exchangeable Mg, Ca, or K contents" respectively. Soil 

reserve magnesium and s oil total magnesium are h ereaft · r re­

ferred to as "reserve Mg" and "total Mg". The values for 

total plant magnesium, calcium, or pota~siurn conten ts urc 

hereafter referred to as "pl ant Hg, Ca, or K" respecti cly. 

Soil type names are abbreviated as fol]o ~= 

4 .1. 

4.1.1. 

Burrell gravelly sandy loam - Burrell g.s.l.; 

Egmont bl a ck loam - Egmont b.l.; 

IngleKood conrse sandy loam - Inglewood c.s.l.j 

New Plymouth hl·ck loam - New Plymou1. h b.l. 

Soil Samplin~ Progr mme 

Geology and Soil s of the Sampling Areas 

The soils chosen for this study ~ere mainly In glewoo d 

c.s.l., formed on Inglewood Tephra to the west and so·~h-west 

of Inglewood township. Ingl wood Tephra was erupted h~tween 

4 000-5 000 years B. P. ( V. E. Neall, pers. comm.). Soils 

formed from Inglewood Tephra parent material extend ovtr the 

area from Korito R~ad in the west to at least as far a Dudley 

Road in the east, and from tie 500m contour near the £g~on t 

National Park boundary to below the 150m contour near Egruont 

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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- Fig.1. Distribution of soil parent materials in the Inglewood­

New Plymouth sampling area. 
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The profile of Inglc;,;ood c.s.l. at a site r.ear InGlewood 

to~nship is 15cm of dark bro~n co~se sandy loam on brown, 

loamy 1 coarse sand and gravelly sand (Grange and Taylor, 1932). 

The soil may conta in up to 33 per.cent by weight of partJ y Illlm:i. ­

ceous gravel (Gradwel l, 1976). Soils of agricultural importance 

formed from Inglewood Tephra and classed as Inglewood c.s.1 . 

were estimated to cover an area of ca. 10 000 ha (Grang e aoJ 

Taylor, 1932). 

As the Inglewood T~phra 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 F-imilar 

aspect to that upon which Inglewood c.s .l. occur. To tlte west, 

Patua loams occur on an area of similar physiography to that 

on ·h ich Inglewood Tephra was deposited, but with a \o\'~~1.;terly 

aspect. Patua loams and l\'ew Plymouth black loams wer,: formed 

from Oakura Tephra • erupted<6 970 13'"· B. P. ( Neal 1, 1972) . A<.ldi t-

i on al soiJs from which samples were collected include a Strat­

ford coarse sandy loam from near Strat fo rd, and a Bu, ' H? l 1 µ:.s. l., 

formed from Burrell Lapilli, deposited cil, 1655 A. D. (H rm::c 9 

1966). 

Within the area of mapped In~lewood c.s.l., t~~ Newall, 

~orfolk, and Hangatahua soil series, formed on ande~itic and 

laharic sands and gravels, occur along major stream a~rl river 

channels. The texture of soils in these series varies widely, 

including loams, IJouJ dery loarus, sands, and gravelJ y ~.mds 

(Grange and Taylor, 1932). 

Rainfall 

Rainfall over the range of soils 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 



prophylactic n,ea,·ures used have included the dusting of pastures 

with calcined magnesite prior to grazing, distributing Mg­

containiug stock licks and supplements and/or the application 

of serpentine or dolomite superphosphate . 

4.1.2. Organisetion of the Field Sampling Programme an<l 

Location of Sampling Sites 

The soil sampling programme consisted of t -o F;Ut' ' ' \ VS: 

i) A reconnaissance sur,·ey "as carried out between July a n ,l 

December, 1974, at which time soil samples wer0 t,dl en to 

investigate the range of exchangeable Mg conten1H in the 

soils formed on Inglewood Tephra and mapped as l:it~lE:-wood 

c.s.l. Samples were also taken from the New Ply, outh 

b.l., the Newa ll, Norfolk and Hangatahua boulde r, s ands , 

Burrell g.s.l., and Stratford coarse sandy loam in order 

to enable comparisons of the exchan~eable Mg coot t• nts 

of a range of Taranaki yellow-brown loams. Dur l i ,r; the 

reconn- issance survey a total of 32 rna tching 0- 1 U"t.t nnd 

10-20crn topsoil samples were collected. The lo c;, t.i o n of 

sites is given in F ig. 2 , and a de~cription of e;1ch 1:;i t e 

is contained in appe ndix 1. 

ii) A detailed survey of exchangeable Mg contents ·an made 

for soils formed on Inglewood Tephra and the u11- 1a1,1ed 

Lithic Lapilli within the study area. In additi on soils 

formed on Oakura Tephra to the west of the Kaitak e Ran g e 

at similar altitudes to the study area were samp led. This 

survey was carried out in A~gua t 1975 in order Lo xamine : 

a) the relationship between the areal distribution c;f Ingle­

wood Tephra ·and the un-named Lithic Lapilli, an d xchange­

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 - ~ew­

Plymouth study area. The location of each site is shown 
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' .j, Fig. 2. Location of sampling sites- Reconnaissance survey . 
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Fig .3. Location of sampling sites -Detailed survey. 
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in Fig . 3.; details are given in appendix 1. 

were collected from soils formed on the Oakura Tcph1·a 

along Upper and Lower Pitone Roads . 

4. 1.3 . Sampling Procedure 

At each location , sampling sites · ·ere selected accurd1ng 

to the following criteria: 

i ) no previous history of ~g fertilizer use ; 

and 

ii) flat or gently rolling terrain distant from stre.:i1.t1 beds 

to avoid the influence of alluvial a ccretions in lopsuils. 

Ten random cores (0-20cm depth) were taken from no area 

of approximately 100 m
2 

at each site. Obvious recen t dung or 

urine patches were avoided . The upper 10cm of each en e was 

taken as the upper topsoil sample , while the 10-20cm p t i ·tion 

became the lower topsoil sample. The cores from simil rir depth 

layers at each samplin~ site were bul l<1~d together to f,.11•1:i a 

composite sample for that site . 

4 . 1.4. 

Soil samples were air-dried in the laboratory, ~L ambic~t 

temperatures, and then crushed in a porcelain morta r n•1d pestle 

to pass a 2mm sieve. Jn each c ase the 2mm portion whi~h in-

eluded large roots, pumice and lithic lapilli was dis~arded. 

The 2mm portion was retained for analyses of exchan gt:>,~1, 1 c Mg , 

Ca and K contents together with soil pH, cation exchange cap~­

city , and total Mg as required , using procedures ou tJi~ed in 

secti o n 4.3 



4 . 2 . Pot 8xre riment 

4. 2. 1. Soil Pre paration 

Four -soils were used for the pot experiment with f,,ur n-1 L0,:; 

of Mg fe rtilizer additions and two cut.tinµ; re1~ir. ,cf5 . 

four replicate pots of each soil type x fertiliz e r x cu~. t.in [ 

regime combination, making a total of 128 p-otr, for the ,•n t ire 

experiment . Locality detnils of the siteB from which -Jlie fo ur 

soils selected were taken are p.;i vcn below ( Table 9 ). T he f; nil s 

were sampled at a depth o f 2--15cm which avoided thl-! dent; c root 

zone in the upper 2cm of the topsoil. 

Soils were prepared for potting by passing throu r;!t a ·oil 

shredrler to break up large aggregates and then sieved t.hr u g h a 

5 .5cm wire mesh screen. Large stones and lapilli ~er e djscarded . 

After sieving, the s oil was th«ou~hl~ mixed in a 1-;:eclwnic:.l mixe:.· 

prior to potting . 

Squa 1·e pla s tic pots of 2 . 2 litre c a p- city ·ere u J t. imai.e ly 

filled with s oil to within 2.5c m of th e top. A 1 1 <H•: i n r, f o r v ;i :-- i a -

tion s in soil bulk densiti es , th e acttw1 fin a l ov t'. n- d 1 y 

( 105 C) .,,;eights of soj 1 used v;cre : 

Burrell gravelly sandy loam: 1170g 

Inglev:ood coa rse sandy loam: 

Egmont black loam: 1435g 

New Plymcuth bl·ck loam 

The procedure for potting was carried out in thr~e ~t e ps: 

( i ) Sufficient soil wad added to fill the puts to 

within 4.5cm of the top and was then l i ghtly 

tamped down. 

(ii) The extra soil required to fill the re ,:1a ining 

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 

0.068g pot-
1 

of "Dasanit" insecticide to combat 

the effects of any insect pes~s present in the ­

soil. 



r .. : ~: 
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Table 9 Soils used for the Pot Experiment 

Soil TiJ2,e Location (Grid reference, Al ti tud,~ ( Ill• ) 

N~SM1 series ) 

Burrell gravelly N108/7GG593 - adjacent to 510 

sandy loam Barclay Road 

New Plymouth N109/734945 - adjacent to 4 5 

black loam Corbett Road 

Inglewood Coarse N109/658742 - 1 km East of 450 

Sandy loam Kori to Road 

Egmont black N129/877255 - adjacent to GO 

loam Whareora Road 



Table 10 Amounts of Fertilizers used 

Treatment Hate Fertilizer Arr.cunt pc r .Y ot ___ Lf£) 

• 

Basal* 400 kg ha 
-1 

30;6 K- super 0.67 5f; 

1 0 kg ha 
-1 

') 9 kg ha 
-1 

i~g MgS0
4 

7H
2

o 0.153 £; .... 

3 18 kg ha 
-1 

Mg ~lg.SO 
4 

7H
2

0 0.30Gi; 

4 36 kg ha 
-1 

Mg ~lgSC 
4 

7II20 O.G12i; 

No basal fertilizer was added to Egr.,ont Bl a ck Loam as the 

sampling site had be n topdressed two weeks prior to samp l e 
-1 o/ coll.ction with 375 kg ha of 30~ K-superphosphatc. 

Note : 
-1 

0.068g "Dasanit" equivalent to 40 kg ha , was addr: d to 

each pot. 



The f ertilisers and insectic i de we re 

incorporated into the soil by tho rough 

mixing within each plastic hag. 

(iii) Th e ?.. mounts of soi 1 required ~ere w1d t:he d 

into each pot . The soil in cnch rot wn(. 

the n compacted do1·m to within ~. 5cm of 

th e rim of the pot by G.ropping a 5kg 

we i g ht from a height of 15cm ab ~ ve th e 

s o i 1 f- u r face on to the so i 1 m d i 1 i he 

d es ired level wa s reached . T h i! pots 1'-'e re 

then put aside to await plant i ng. 

P r ior to the sta rt o f the ex pe r i men t , tile untn•nt •:,d so i ls 

were an a lys ed f or exchan i;eab l e Ca, K a nd Mg , s oil pH, r e se1"•.:e 

~lg, and to t al Mg, accord i n g to the proc dures outl i 11 f:'J in 

section 4.3 . 

4.2.2. P lant i ng 

Al l po ts were pl ant e d with 5 0 s ee d~ o f perenn ia l ?JeKr~ss 

(Loli u m p erenne L. ). The s u rfac e of the oil in eac h vot \; as 

lo os en e d s li g ht l y , and the see ds we r e b r oad c ast e \'enly nver the 

surf ac e of the s o i l a n d l igh t ly t amped do wn. 

4 .2.3. Soil Moi s ture Con t entR 

The soil s were ma intained throughout the exper1ment a t a 

moisture content equal to that in as parate sub-sample of e a c h 

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 suffici ·ctly we ll 

aerated for vigorous root growth. To determine this llio · s ture 

content, duplicate field-moist samples of each soil ~ ere pl a ced 

in tension cups with porous ceramic bases, and thoroughly we t by 

capilliary action. This was achi e ved 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 hanging water column. After draining, the moisture 

con tent of the soil samples was determined by weighing each 
0 

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. 



Growth Conditions and Ilarvestin,g-

Details of the temperature ranges during growth perJ ds 

and the timing of harvests in each cutting regime · re ct11uma. ·­

ised in Table 11 Plants were gi en a five-11:eek esiabl.is lw .. nt 

period in the glasshouse after wh ' ch they were tr~n~ferr~d to 

the controlled-climate room for an initial h :o-\·!eek 1'cclirna ti­

sation period. Fol lowing this period, plants 1,,,erc 1H.:i;;iie,nt::d 

to one of two cut tin~ reg;i mes . The purpose of est· bl i ·l1~ng- the 

two cutting regimes was to investigate differenceH in rycgrr~s 

growth and Mg concentration and uptake under the alirrnative 

cutti ng regimes. Under cutting regim 1, the ry~~,a~s grew 

bet\<."•~en harvests under uni form temperature con di tin1ir;; under 

cutting regime 2, the r•egrass grew through a temp~ rR ture 

changeover. 

For those pots assigned to cutting regime 1, (half of the 

pots in each soil type x Mg fertiliser treatment eomhination) 

herb·ge was trimmed to 2.5cm above the soil surf te (firat har­

vest) at the conclusion of the acclimatisation p~rio1l. Two 

further harvests ~ere t aken at three ~eek interval ~ ~nrrespon­

dine; ~Ji th the end of the t o imposed cl irnate periocln. For 

cutting regime 2, the fjrst harv st was delayed until day 59, 

which coincided with mid-way through the t4°C (day)/7°C (night) 

period. The second harvest for this regime was tck n three 

WPeks later (day 81), i.e. mid-way through the t6°C (day)/ 

9°C (night) period. The third harvest in cutting r,·gi rne two 

•as taken at the same time as that in cutting regime one, on 

day 92, at the conclusion of the experiment. 

The herbage trimmed from the pots ~teach har st was 

weighed, placed into a numbered container and drie" cvernight 

at 40°C in a 11Cudden" vacuum-assisted drying oven wi th 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 Cresto(l II mill. Sub­

samples of ground herbage were analysed for total Ca, K, and 

Mg contents according to the procedures outlined in section 



Table 11 Temperature ch a nge s an d har ves t t imes 

during the pot t r ia l 

Period Temp (OC) Cutting Time 

Regjme 1 (days ) 

Planting 

+' 50 .seeds/ pot 1 
C: 
(l) 

E 
..c 20 C day (Jj ..... 
...-i a n d n ight ,D 
ctl 
+' 
(/J 

Transferred 
w 

to climate 

room 35 

I 

" 12 ..... C day 36 ., C 
ctl 0 5 C night 
E •.-t 
..... +> 

First Ha r -.-i ctl 
(.) 
() vest 't8 ..,-., 
I 

C: r-i 
14 C day Cv ~ 49 

E +> ..... 
7 C night s.. 

C) 
p., 

Second liar-X 
<1> 

C vest 70 
0 
0 
s.. 16 C day 7 1 
I 

C) 
9 C night 81 +' 

('il 

E: Third Ha r-..... 
...-i 
u vest 92 

Cutti ng: 

Regime n 
.:-:. 

Plantinr{ 

5 0 s eed s /pot 

Tra nF; f . rred to 

cl im;-; t.\' 

roo m 

~- . - .-.. . ,., ___ 

Fi ,,st ll ':l .... ,, c, ... , t - -- ·--· -- .... - .. ~ -· - - -· ..... - --

Seco11d Harvest ----------------
Third 11.'l rVP.S t 



4.2.5 . Climate Room Growth Conditions 

Full details of the environmental co nd itions in the con­

trolled-cli1nate room are shov;n in Table12 • Li ght intcr,sity was 

measured with an Eppley pyranometer and Schott RGB fit t~r ~y~t~~ ­

Light was supplied by 1 x 1 000 watt Sylvania 11 rr: . talc1r~;; id .c; !i -­

r1ressure discharge lamps together with 4 x 1 0 0 0 v;;:; t. t l 'hi l i 1-. .:,,; 

tungsten iodide floodlamps . The li 6 ht w-·s directed down int1.1 

the growth room through a screen. Water flo wed over t he ~creen 

to assist in temperature control within the roo m. Th e photo-~ 

period \<."as 12 hours with an abrupt l ight/dark change occurri"i 

half way through the tv: o-hour changeover pe riod from day temper ­

ature and humidity condi ti ons to the night conditions. C0 0 le ·cl ,_ 

was uncontrolled. 

4.3. Analytical Procedures 

4.3 . 1. Soil E .changeable Cations 

Soil ex c hangeable Mg, Ca and Kw . re determin d a~~n rdiag 

to tile p r oc .dure o f Sa l mo n and Arn old ( 1!W3 ) in 1--:hJ ch ~-~~; of nir -

dried soil was e:xtractcd by shaking with 50ml o f r: .utral, 

amrionium acetate in a polypropylene c _r.trifugc tub:) ot, ,in 

over-end shaker (50 f.p.m. ) for one hour . After re~oval 

the shaker, the tubes were cen trifuged for 10 minutes n t 

from 

3 000 r.p.m. The supernatant s olution was filtered {Yhatman 

No. 44 filter paper ) to remove suspended cl ay particlen . An 

aliquot of the f iltrate was d i luted 10-fold with d i&tille<l , de­

ionized water. To this was a dded an equal vo lume of 1 .G% (w:v) 

Sr (N0
3

}
2 

to give an overall 20-fold dilution of the o riginal 

solution and a fi?al co3 centration of 0.8% Sr (N0
3

)
2

• Mg, Ca 

and K the final solution were determined according to the pro ­

cedures outlined in section 4 . 3.7. 

At the same time as soil subsamples were taken for ex­

changeable cation determination, a separate subsample was taken 

for estimation of the moisture contents o f the air- dry sampl es , 

following oven drying for 24 hours at 105 C. All results were 

c al c ulated on an oven-dry basis. Dupli c ate subsamples were 

used for estimation of exchangeable cation content and oven­

dry weight . 

GO 



Time (Days) 

36-48 

49- 70 

71-92 

Table 12 : Environmental Conditions during Pot Experiment 

Temp. ( 
0
c) 

Day 

12 

14 

16 

Night 

5 

7 

9 

Day 

72 

68 

64 

IL 11.% V,P,D. (mb) 

Ni~ht Day Night 

73 -5 -3 

70 -5 -3 

55 - 5 -3 

Light Intensity 

-2 173 Wm 

,~°"I. 
_;) .) 

I-'-



4.3.2. Soil pH 

Soil p H was measured usj ng 10g of air-dried soil anrl ~51111 

dist il led water O letson, 1956). Th e s oil-water mixture a1,; 

stirre d thoroughly using a :; l ass rod and left to s t and c•v 1·•1·n i r~ld : . 

The following day , the suspensions were sti rred a nd in1111i> di at,.~ly 

afterwards, t he pH of th0. soi l-water suspension was determined 

usin g a n 110rion 11 pll meter ,rnd combination plI elect rode. 

4.3.3. Ca tion Exchan ge Capacity (C ~C) 

c r~c was determi n e d us i ng the l eaching method of ~:cti-; 011, 

( 1956 ), in which 10g of ~ir-dry soil whe r e ammonium ~-=d .. 11ratcd 

by fi r st lea c hing with neutral, 1 N ammonium ace t ate, ;i nd then 

wi t h 90% ethyl alcohol to r emove any excess ammonium a« .. etate . 

The ammonium was remo ved from the soil by steam distil l~tion in 

the presence of MgO, th e disti lJ ate being collected in ~ilute 

( 4 .0)0 boric acid containing a bromocresol green - 1Md.l 1_y l red 

mixed indicato r. Ammon ium was rleterm'i.ned in the clii-d.i.llrd.o by 

titrating against 0,1N ECl until the indicator char11;e<i to the 

n eutra l grey colour. 

4 .3.4. 

Reserve Mg was determined using a method adapt .d fro m that 

recommen<led by Metson ( 1968 ) in which 2.5g of air-d ry Noil was 

ex tra c ted by boili ng f or 15 minutes with 100ml of 1N w:1 on a 

G2 

hot plate. After extraction a n d cooling, the mixture was filtered 

(Whatman No . 44 ) into a 500ml volumetric flask. The 8Cil on the 

filter pa per 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 disti lled-deionized 

water. The extract was diluted 10-fold with the fin al solut ion 

containing 0.8% Sr (N0
3 )

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 soil were placed into separate 100ml polypropylene 

beakers with 10ml of a 1: 1 mixture ( v: v) of 40% HF and cone. HN03 • 



Digestion was carried out on a hailing water-bath by evnporat. ing 

to dryness. This process was repeated at least three more times 

until a white residue remained. The r es idue was dissolved in 

2 Om 1 o f a di 1 u t e n i tr i c a c i d so 1 u ti on ( 1 Gm 1 of con c • II r-i O 
3 

i n 

500ml distilled-deionized water ) by heating for 10 mi11Pt. ~c; at 

below hailing point on the •atcr-bath. The solution 1.,;:16 L.ieu 

filtered. The residue on the filter paper was rinsed se~eral 

tin:es with distilled-deionized water and the total v0J 1ai;e made 

up with distilled-deionized water and Sr ( N0
3

)
2 

to given fin a l 

solution concentration of 0.8% Sr(N0
3

)2 (w:v ) . Mg was <let.ermined 

according to the procedures outlined in section 4.3.7, 

4.3.<L Total Herbage M~, Ca and K contents 

Samples of finely-ground herbage ( O. 2g) were wci ,: i,e d in 

duplicate, into 100ml "Py rex " beakers and ashed for th ~·c e hours 

in a muffle furnace at 475-500 C. After ashing and co o ling, a 

few drops of distilled-d,donb~ed water were added to < ud1 beaker 

followed hy 2ml o f 2~ HCI. The content!=' were then e>vnp, ,·at.!d to 

drynP.s s on a hot plate . The rlry resj dnc was dissol ·,~1\ in 10nl 

of 2N HCl !Jy heating gently ( ,;i thout boiling ) for 10 m.i n ut, cs on 

a hot plate. 

The solution was filtered (Whatman No 44) into~ 2~0ml 

volumetric flask and the residue ashed with distill~<l-,eionized 

Kater. The filtrate plus wa hings were made to volwne with dis­

tilled-deionized water 2nd 25ml of 8.0% (w:v) Sr ( N0
3

)
2 

to give 

a final solution containin g 0.8% Sr (N0
3

)
2

• Mg, Ca, Rn d K were 

determined according to the procedures outlined ins c:tion 4.3.7. 

4.3.7. Determination of M~, Ca, and Kin solution 

Ca and Mg concentrations in the final solutions w . re deter­

mined using a Perkin-Elmer atomic absorption spectrophotometer. 

All final solutions contained 0.8% Sr (N0
3

)
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 

G3 



standard solutions containing a ranGC of Mg, Ca, and K, con­

centrations, in the appropriate matrix. 

A sum~ary of the analytical procedures used is Given in 

Table 13. 



Table 13 

Procedure 

Soil exch. Mg 

Soil exch. Cat K 

Soil pH 

Soil CE C 

Reserve Mg 

Soil Total Mg 

Herbage Ca, 

K, Mg Contents 

Summary of analyticnl procedures used 

Soil Sampling Programme 

Reconnaissance Survel Detailed Survey 

X X 

X 

X X 

( 1) 
X 

( 1) 
X 

Soils 

pre-planting 

X 

X 

X 

X 

X 

X 

( 1) 
Selected Samples Only 

Pot Trial 

Herbage 

after experiment 

X 

X 

X 

X 

c::-, 
,·. '"" .... ..,, . 



Chapter V 

Hes~lts and Discus8ion 

5. 1 .. Field SampJ inr-; Prog:rnmnic 

The results of this :study arc di- cusst>d in the o r·,!c!r of 

exchangP.able Mg contents and their relationship to i:;;oiJ p arw1t 

materials, ex.changeable Ca, K, and soil pll, anrl the var i ation 

of exchangeable Mg with increhsing altitude. In this ~~ y t he 

s oil s included in the study are compare~, ar.d m,..jor s :;i} di ffer­

ences are isolated. 

5.1.1. Soil Exclrnnr;cable ~lg: Contents 

The results of analys e s of samples t a ken from Hu i l H fo rmed 

GG 

on the In g· lewood 'l'P-phra fro m both th e reconnai.ssance , u c1 dct.:1 .i }cd 

surveys s how;::: sim ilv:r r 2 n g c of c x cli a nr:La b)e Vi g; v,-: ltw[; ( Ta h lE: 14 , 1 5 

and ,\p p e n dix 2). The x chan ge r.bJe i :g- le vels 1n t h e 0 - )Ocr1 t c p -

soil layer ran t'.; ed bet 'een 0. 2 0 to 2.71 m.e. % excJ1 a nr:eab lc ?-:g . 

The 10-20cm topsoil layer generally contained abo ut on ••thir d 

the amount of exchargeable Mg in the 0-lOcm topsoil J a -..··er, the 

range bein.c; from 0.01 to 0.91 m.e. % excha ngeable Mp; . •:·he e x ­

c h&ngeable Mg in soil sampleG taken from other soil ty1~0s 

( Table 16) indicate that there may be further areas of soil s with 

similar exch - ngeable Mg contents in Taranaki , particu l arly s oils 

of the Stratford, Burrell, Norfolk and Hangatahua seri es. The 

exchangeable Hg contents of New Plymouth black loams are hi g her 

than other soils sampled in the reconnaissance survey 1 being 

greater than 2.0 m.e.% exchangeable Mg at both of the 8ites 

sampled ( Table 16 ) • 

The overall pattern of results in this survey was one in 

which younger soils on coarse-textured parent materials conta in 

significant ly less exchangeable Mg than older soils formed on 

fine-textured parent materials. 

By inspection of the data preEented by New Zealand Soil 



'.fable /14:· Soil exchangeable cation contents and s oil pll of 26 samples from Inglewood coarse 

san dy lonm (reconnai ss ance survey) . 

0-10 cm 10-20 cm 

Mean Ran6 e Mean 

Exch . Mg (m . e.%) 0.74 + 0.56 0.20 - 2.71 0.26 + 0 . 17 

Exch. Ca (m.e . %) 5.6'6 + 3.38 1.05 - 14.79 3 . 10 + 2 . 32 

Exch . K ( m. e . %) 0.71 + 0.77 0.20 - 3.95 0.34 + 0.34 

pH 5 . 7 + 0.2 5.3 - G.2 5.6 + o. 2 

Range 

0.07 - 0.91 

0.10 - 8.52 

o. 07 - 1. 52 

5.3 - 6.1 

0) .. 
' "'--4 



Table ~5 Soil exchangeable Mg and soil pl! of 44 samples from Inglewood coarse sandy loam 

(deta iled survey) 

0-10 cm 10-20 cm 

Mean R,rni;c Mean 

Exch . ~:g (m . e . %) 0.68 + 0.40 

5.8 + 0 . 2 

0.25 - 1.87 

5 . 2 - 6.2 

0.17 + 0.12 

5.8 + 0.2 

Range 

0.01 - 0.64 

5 . 3 - 6.2 

'7:) ,., .... 
v'...,J 



· Table 16 Results of soil exchangeable cation and pl! determinations for a range of 

Soil types fro m Western Tnranaki (reconnaissance survey) 

Soil Type (Sample 

Number) 

Stratford coarse 

sandy loam (2) 

Burrell gravelly 

sandy loam (1) 

( 16) 

New Plymouth 

black loam (17) 

(18) 

Dep~h 

(cm) 

0-10 

10-20 

0-10 

10-20 

0-10 

10-20 

0-10 

10-20 

0-10 

10-20 

Mg 

0.14 

0.14 

0.35 

0.23 

1.84 

0.64 

2 ,,08 

r, r:,, 
V• V..1. 

2.01 

0.35 

Soil exchangeable 

Cations (m.e. %) 

Ca K 

3.58 

1.97 

3 . 57 

2.23 

6.05 

1.80 

8.31 

4,12 

1 1t.45 

2.08 

2.55 

3.43 

1.35 

1.52 

0,60 

0.21 

C.50 

0 'l ,., 
• L ( 

1. 17 

C.59 

pH 

5 . 6 

5.3 

5.7 

5.7 

5.7 

5.5 

5.6 

5.4 

c:; R ~ . u 

5.2 

Altitude 

( m) 

320 

490 

425 

30 

60 

Grid Reference 

(NZMS 1) 

N119/842605 

N119/765599 

N119/789598 

N109/701920 

~ 1G: 1/710~;J.1 

Qj 

(~ 



Table 16 (Cont •• ) 

Soil Type (Sample 

Number) 

Norfolk Bouldery 

Sand (12) 

Newall Bouldery 

Sand (14) 

Hangatahua 

Bouldery sand (32) 

Patua loam (9) 

Depth 

(cm) 

0-10 

10-20 

0-10 

10-20 

0-10 

10-20 

0-10 

10-20 

Mg 

0.28 

o. 16 

1.38 

0.13 

0.65 

0.38 

0.53 

0.21 

Ca 

2.44 

1.61 

5.82 

2.68 

2.87 

1.97 

5.43 

1.34 

K 

0~21 

0.1 4 

0 . 44 

0.34 

0.26 

0.26 

0 . 60 

0 . 37 

pH 

5.5 

5.6 

5.6 

5.7 

5.5 

5 .7 

5.6 

5 .3 

Altitude 

(m) 

325 

455 

320 

395 

Grid Reference 

(NZMS 1) 

N109/697756 

i\!109/722723 

N118/534671 

N108/612763 

,-, .1 
.;.:;; 



Table 17: 

Soil 

Soil exchangeable Mg, Ca, and Kand soil pll of samples from previous broad surveys 

of Taranaki soils 

Depth (cm) Exch. Mg (m.e . %) Exch . Ca (m.e. 96 ) Exch. K ( m.e. %) pH 

Stratford coarse 0-7.Scm 1.4 9.3 0.62 5.0 

Reference 

1 

Sandy loam 7.5-15cm : 0.9 

Patua loam 0-7.Scm 2.0 

Egmont black 0-7.5 5.4 

loam 7.5-15cm 3.9 

Burrell gravelly 0-10cm 0.9 

sand 15-25cm 0.4 

II 0-lOcm 1.1 

C/YBL (and)" 0-15cm 2.44 + 1.23 

1.04 + o. 74 

C/YBL (rhy)* * 0-15cm 1.32 + 0.79 

0.75 + 0.58 

YBPS+ 0-15cm 1. 11 + 0. 98 

0.4G .... 0.46 

References: ( 1) New Zealand Soil Bureau, 1968 

(2) Metson and Brooks • 1975 

6.0 

6.9 

12.6 

10.5 

~ 

r:. * 

0.13 5.9 

0.41 4.4 

0.62 5.7 

0.29 6.2 

1 

1 

2 ( On Burrell 

andesitic ash) 

2 ( On Neirn l 1 

andesitic ash) 

2 

2 

2 

Central Yello·., -~ rown lca,:: .s {...:r;dc·sttic) 

Cer.tral Ydlow-brov:r,. ioams (rr'.:-oiitic) 

+ Yellow-brown pumi ce soi l s . 
. .. ,1 
t'-"•\· 

--- --



Bureau (1968 ) and Metso n and Brooks { 1975 ), a similar trend 

c r.1~ be found from previ ous broad su1~ve 'S o f the region ( 'fable 17 ) 

However, in the present survey, exchangeable };g conb,· n ts ,-:ere 

g ene r;i l ly 101-:e r than previous meas u rements . Tllis may 1,c a 

reflection of the differences in c riteria for cawplc-sile ~elcc -

tion. In the previous .sturlies , sanples ·ere tukcn fr·om i,.;oi.lt> i n 

an u n i mp roved state, whereas t- ho i:; e i n the presen t stucl_y 1.-c r e 

taken from a gri cultural 1-nd . As mos t of the ni tcs fro 1.1 ,dd di 

samples were taken in this study t a d bE:en farmed for periods i.n 

excess of 50 years, the continuin g sma ll remov · ls of i-i~ f r o m 

the soil as a result of their use for agricul ture ( During 1.!J7::! ) 

may have r<.>suJ te d in the diff rences lietween the pre1,eHt 1 .1n cl 

previous , studies . 

The uptake of Mg from the soil by plants and its ~uhse que nt 

return to the soil surface in plant resi dues and an i mal wa s tes 

i s I nown t o result in increased ex ch!an~eab ]e !-lg c0nt r:ts in the 

uppe r layers of the soil wi th reference to those J a -<1r down O,e t-

son 1968 ; 1974; liuring et <.1 1 , 1D73 ; ll'ik J ander , 1 !)74 ). This 

process of nutrient cycl ing is rcflecte<l in the t;r l~at.cr contc1."',1.:: 

of ?-lg; in the 0- 10cm tor)s oil J aycr cor,:p; ... red to t h(,r-c f;f t !; ,~ 10-::.0cm 

layer at nea rl y all o f t he sampling sites (Tahle~Vi--:1~,:, .'.ppcn-

dix 2). This detailed pattern is also s i milar to t!,at eviuent 

in the results of exchangeable Mg analyses reported in previous 

broad surveys ( New Zealand Soil Bureau, 1968; i ietson and Il r ooks , 

1975) for Taranaki yellow-brown loams. 

The exchangeable Mg content of the soils formed on the 

Inglewood Tephra and classed as Inglewood coarse sandy lo am 

resembles more nearly the exchangeable Mg contents given for 

yellow-brown pumi.ce soi ls ( ~lets on and Brooks, 1975) than those 

of Central yellow-brown loams formed fro m ei thcr andcsi t ic 

or rhyolitic parent materials (Table17 ). This may be due to the 

coarse pumiceous nature of the Ingl ewo od Tephra (Neall, 1972 ) 

which contains less Mg than many ot h< soil forming tephras in 

Western Taranaki (Kohn and Neall 1 1973 ). Thus, although the 

Inglewood coarse sandy loa ms are classifie d at present as Cen tra l 

yellow-brown loams, being formed on andesitic tephra, with re fe r-



encc to exchangeable i:r; contents , the s oils are more similar 

to yellow-brown pumice soils . 

To e xamine the distribution pattern of exchangcah) c '.,:.!; , the 

data from the detailec'l survey were plotted at the sit<• l.1,r:~1tions 

on a 1: 63360 topographical niap of the area , and contotH'8 c r. n · t n -

c ted of equal exchangeahlc Hg content ( 1'Iso-r!g contour:;") . Vi,:c 

the 0-10cm topsoil samples, a i;eneral pat.tern of low <:xcli;cn:_: e ;1 1Jle 

~lb contents is evident wh re Ing;le\\'ood Tephra is preser ved j n 

the upper soil horizons (Fig. 4 ). In thP. eai:;tern part of die 

survey area, where the Inglewood Tephra i s ovc rlai n by the n.ox·e 

recent un - named Li thic Lapi 11 i, exchangeable ~1g con ten ti~ n re 

higher. The high exchangeable Mg contents, from 1.6 to 1.D 

m.e.% Mg. near Egmont Village are presumed to be due to the 

extensive use of Mg-con taining fertilizers on some farms in 

this area . The pattern of exchangeable Mg contents fo1 · th<- 10-

20cm layer is similar to that of the 0-10cm layer (Fi g. 5), 

with the low exchangeable Mg contents (ixtending furt.ll('r to ·the 

ea.s t. This sug-gests that the Ingle ood Tcphra in flu nu 1; -t lie 

properties of the lower tcpsoil, beir.".; liui·icd in 'the ll .!.)f'f.'•' i(k11 

by the Lithic Lapilli. A tr.::1nsect (l ine A-A; e n fi;:~. t'i) <: ,,•1,.r;n­

stratcs the relationship between the ex cbc:ni;eablc rig cnrd, ,•r .U-.: of 

the 0-10 and 10-20cm topsoil layers, and the occurr~ncc uf the 

Inglewood Tephra and the un-named Li thi c Lapil 1 i ( 1".i g ,'u ) • 

Al though there are no reported analyses of the ~lg cont10!nt of 

the un-narned Lithic Lapilli, the exchangeable ~lg · n,•Jyr; ~::.1 in 

the present study indicate that it has a greater ~lg co11tent 

than the Inglewood Tephra. 

5.1.2. Exchangeable Ca, K, and Soil pH. 

The results suggest few relationships exist betwe<-Jl cxchange_­

able Ca or K contents and exchangeable Mg contents of soils 

formed on Inglewood Tephra (Table14 ). Exchangeable Ca conten~s 

of the 0-10crn topsoil layer varied widely in soils formed on 

Inglewood Tephra, from 1.05 to 14.79 m.e.% exchangeable Ca. In 

tlie 10-20cm layer, exchangeable Ca contents were lower, rang ing 

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 = 0.10x + 0.19; r = 0.59•• (n = 26). 
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Fig. 5. "Iso-Mg "contours for 10-20cm topsoil layer. 
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However in the 10-20cm layer, no relationship was c-..·ident: 

y = 0.02x + 0.20; r = 0.20 n.s. ( n = 2G ). 

( Where y = exchangeable ~lg ; :i-.: = exchang·eablc Ca, i n m.e.X,) 

This suggests that the relationship bet":een occhangeabJ t · Hi:; ;0rnd 

Ca in the 0-10cm topsoil layer may Le !elated to the u&c of soil 

amendments, such as lime, which comn-only contn;.nr,; Fmnll ;,11,o t•n t!, 

of Mg. However s detailed fertiliser histories ":ere n1d . • ~vnil­

able for most of ihe sites visited, the possibility of recent 

and earlier use of mixed Ca /~lg fertilisers cann t bt-) <lii:,cow,~·c,J. 

Exchangeable K contents varied between o. 20 nd 3. H5 m. e. '.'~ 

Kin the 0-10cm topsoil l yer and 0.07-1.52 m.c.% K irt the 

10-20cm topsoil layer (Table 14). The absence of any r~lc1.tio11<-·liip 

bet ~en exchangeable Kand Mg in soils formed on Ingl , •ocd Tephra, 

viz; 

0-10crn: y = -0.06x + 7.79 

10-20cm: y = -0.05x + 0.25 

r = -0.08 n.s. ( n - 26 ) 

r = -0.10 n.A. (n - 25) 

( Where y = exchanGeablc Mg ; x = exch&nguable K9 in Li.~.¼) 

is probably due to the widespread and v~rying uFe of V-ront~1nin~ 

ferti 1 isers over the Inglc¥ood - Ne Plymouth sarurl in1I ;\ n~a. 

There ,1as vidence for a positive relationship ht: t ~:cen 

exchangeable Mg and soil pH from tl,e sampl 5 obtainf'<l in both 

surveys , but which only reached significance in the f..r.mpl es 

taken in the detailed survey: 

0-10cm 

10-20cm 

y = 1.04::c 5.31 

y = 0.15x - 0.72 

r = 0.53*** (n = 44) 

r = 0.27* (n = 43) 

(Where y = exchangeable Mg in m.e.%; x = soil pH ) 

This effect may be partly attributed to the limin g effect 

of Mg additions in the form of either dolomite or basic slag on 

the farms in the vicinity of Egmont Village, where soil p!I 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 pH without any discernnble 

changes in exchangeable Mg cont nts. 



5.1.3. Variation of Soi l ~lg Content with Altitude 

A summary of 1 inenr regressj on analyses of exch,i.nf:·E:'ah l ~ 

Mg content vs. altitude for samples taken from soi l s f ,1rrJH'!fl 0:1 

the Inglewood Tephra durin~ both the reconnaissance an l d'-' t.1i_l.,,I 

surveys is as follows : 

Reconnaissance survey: 

0-10cm: y = 1.23 - 0.002x 

10-20cm: y - 0.48 - O.OOlx 

r = -0.36 ( n = 2G) 

r ·- -0. 44* ( n = :~:,) 

Detailed survey: 

0-10cm: y = 1.20 - 0.002x 

10-20c m: y = 0.26 - 0.006x 

r = 0.42** (n = 44) 

r = -0.23 n.s. (n ~ 4~) 

(where y = exch. Mg in m. e.% ; x = altitude in 111,~ t,cs ) 

This shows that exchangeable Mg contents tend 1o decrease 

with incre·sing altitude. The exchangeable Mg content ~esults 

for the 0-10cm depth in the detailed , urvey best dem(11t~d.ralc 

'vhis relationship ( Fig 7. ) 

The wide vari· tion i n e:xchanr;eable ~ig conten ti:.: wi'f:!1 in-­

creasing al ti tudc is p ro bably due in part to the cx,. h.-mi;<~al>l e 

.Mg contents being dependent upon the areal disperi:;i oo of the 

Inglewood Tephra. The exchangeable Mg content increHS~A to 

the east as the Tephra thin~ , hut it also increases to the 

north with decreasing altitude. Altitude transects oJ ex ­

changeable Mg contents using the results of analyses f 

samples taken from along Egmont Road in both the reconnaissance 

and detailed surveys are plotted in Fig ·Sa, b. These transects 

lie close to the ~ispersal axis of the Inglewood Teph ~a, mini­

mizing variations in the depth and grain-size of the pur nt 

material, and minimizing consequent effects on the exct:angeable 

Mg contents of the soils. Linear regression analyses of ex­

changeable Mg content vs. altitude gave the following results: 

Reconn~iLsance survey: 

0-10cm: y = 2.46 - 0.006x 

10-20cm: y = 0.44 - 0.001x 

Detailed survey : 

0-10cm: y . = 1.06 - 0.002x 

10-20cm : y = 0.18 - 0.003x 

r = -0.84* ( n = 6) 

r = -0.89* (n = 6) 

r = o.s7•* (n = 10 ) 

r = -0.56 n.s. ( n = 10) 
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To examine the effects of increasing altitude on the ex­

changeable Mg content of so ils formed on a different parent 

material, an altitude transect of soils along Upper and Lover 

Pi tone Roads was made . The soi 1 types from which sampl•:S 1•:erc 

taken vary from New Plymouth black and brown loams ,1 t l (1 he ;· 

altitudes to Patua loHrr•s t higher altitudes. 8:xchanr:,!ahlc t'.; 

contents varied from O.56 to 1.99 m.e.% Mg and from 0. 10 1.o 0,95 

m.e. % ng in the O-1Ocm and lO-2Ocm topsoil l ayers , re.sp,•ct.iv~ly 

( Appendix 2). For both dept hi:;;, xchar:geablc ~:g content. de,·n:,.,~et1 

with increasing altitude (Fig 8 a, b), nlthoug-h the <l•.H:.H_;af~,, .dl 

the 1O-2Ocm layer did not reach statistical signific·n c : 

O-1Ocm: y = 1.74 - O.OO4x 

10-20cm: y = 0.66 - 0 . 002x 

r = -0.82*• (n = 9) 

r =-0 .59 n.s. (n - 9) 

There are marked discontinuities in the tr~nd of xchangc­

able Mg contents with increasing al ti tuc:..c in the 0-10L m dq)ths 

for both the New Plymouth b. l. - Inglewood c.s .1. ti~nxw ·ct of 

the reconnaissance survey and the New Plymouth h.1. - Piltua 

loc:.r.1 al ti tudc transect in the detailed sur vey ( T•' lf~ {3,\ .• ) The: e 

dh::continuit:i.es occur at appro,: .in;at_ Jy 150m altitt1d<:, co:i1 cid;n,.:; 

with the change from f-:eh' .i)lymouth brown loa::i to ci the,· Ingl,!\JOOd 

c.s. l . or Patua loam. A u-:a rkcd decline in excl1c~nr.; .Hb.i f, t-;g 

content ,-1i th increasing c1.l ti tude also occurs at · 1 t.i i.tH es of 

300-400m on both the Inglewood c. s .l. altitude tran:~ct.· und on 

the New Plymouth black and brown loams - Patua lo am ultitudc 

transects . These two diEcontinuitie s occur at a sir,;iJa.:r altit­

ude at which incipient iron mobilisation (15Om) and i.,he forma­

tion of thin iron pans (>3OOrn) ha e been obse ved (V. E. Neall, 

pers. comm). This suggests that the mobilisation of both Mg 

and Fe from prim~ry soil forming minerals is occurring at 

siruilar altitudes and is possibly related to an increase in 

leaching intensity with increasing altitude . Similar discontin­

uities are evident, although less marked , in the 1O-20cm depths 

( Fig Sb). 

While total Ng 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 decreas e s as altitude 

increases : 

y = 1.39 - O.OO2x ; r = -0.68* (n = 12) 

(where y = exchangeable Mg/total Mg ; x = altitude 

in metres ) 



Exch . Mg 
Table 18 Exe 1an,r.,:eahle lg- 2 Total ~~/1:, soi l CF:C, total ~lr.; 

and MR saturation cf CEC for selected s·mplin~ sites on 

Ingle\<;ood c.s.l . 

l~xch . ~:1:, 

Sample Altitude Exch. Hg To tal Mg CEC Total ~lp; 

(m) m.e. o/ 
/ J 

j\' "'~ i,. 

Cl1'.C 

{ ·.~{; ) 

----·-----

19 151 0.84 72 31.7 0.012 ;~ . '1 

20 213 1. 31 87 36 . 4 0.012 3.6 

27 213 0.89 81 0.010 

7a 213 0.57 96 O.OOG 

7b 213 0.24 156 0. 002 

28 244 1.29 86 26. 0 0. 01 t) 5.0 

22 351 0. 47 80 O.OOG 

30 396 0 . 20 135 26.5 0.002 0.8 

13 411 0.33 90 24.3 O.C'03 J, . 4 

4 503 0.29 107 o.oo:s 
10 503 0.28 98 21.8 o.co~ 1.3 

31 503 0.37 94 23 . 3 0.004 1 .. 3 

I'; •'J 
{ ~ 



This indicates that at higher altitudes , a smaller pro­

porti on of the total Mg present is in exchangeable forra . Two 

possible sets off ctors may contribute to the d crease in 

exchange ab le Mg with increasing alt itude : 

i) Ra infall. Annual rainfall, and henc e leachin~ 

inte nsity , increases with increasing altitud r· , o,:,::,r 

the area covered b y the Inglewood Tephra. The r an~e 

i s &om approximately 1 700mm p . a . a t 150m of 

altitude to 3 800mm p.a. at 500m of altitude. 

ii ) Chemical weathering. Cl ass ically, the intemd ty of 

chemi c al weathering processes , especially the hydro ­

lysis of primary silicates ( Fitzpatrick 1971 , pp 27) 

are though t to decrease wi th increasing altitude, 

altho ugh Ruxton (1968) has evidenc e for a rev rse 

tren d in we a t hering of tropical volcanic a s h soils 

in Papua . 

In this study , th re is evidence for a c:ecrea::;e in soil 

CEC values with inc reasing alti tude ( Table18 ): 

y = 36.8 - 0.03x ; r = -0. 71• (n = 7), 

( where y = soil CEC ; x = altitude in metres). 

which is probabl y indi cative of a reduction in the intens ity of 

chemi c al weathering processes at higher altitudes,bec a use s oil 

CEC is partly dete rm ined by clay minerals produced from the 

weathering of soil-forming minerals . 

The Mg saturat ion o f the soil CEC also decreas . s wit h 

increasing altitude (Table18 ): 

y = 5.12 - 0.01x ; r = -0.76* (n = 7) 

( where y = (exchang eable Mg/CEC) x 100; x = altitude in metres ) 

Qn effect which could be attributed to the increase in leaching 

intensity with increasing altitude . Previous studies {Beeson , 

1959; Wiklander, 1974) confi rm that where soils are formed from 

similar parent materia ls ( 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 soil CEC' s 
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Table 19 Exchangeable Mg, total Mg, soil CEC, and incticcs of soil M~ status for R range of Taranaki 

yellow-bro wn loams 

Soil Type 

Burrell gravelly sandy loam 

Hangatahua bouldery sand 

Newall bouldery sand 

Norfolk bouldery sand 

Patua loam 

Stratford course sandy loam 

~ew Plymouth black loam 

Altitude 

(m) 

427 

320 

396 

335 

426 

320 

61 

Exch. Mg 

1.84 

0.65 

1.38 

0.28 

0.53 

0.14 

2,91 

Total Mg 

rn.e.% 

111 

63 

79 

82 

-
78 

67 

CEC 

27.1 

18.1 

28.4 

26.5 

31.3 

22 . 4 

39.4 

Exc h. Mg 
Total Mg 

0.02 

0.01 

0.02 

0.003 

-
0.002 

0.07 

~ 
CEC 

% 

o.8 

3.6 

4.9 

1.1 

1. 7 

0.6 

7. 4 

--~ 
t ,::> 



and the higher leaching intensity, would lead to a Bn:all•'! r 

pool of exchang able Mg compared to soils at lower a lti tudes. 

The apparent simi la ri ty between the altitudes at ,-:hi ch ind pi f'H t 

iron mobilisation and iron pan formation occur and cha n,;.::s jn i.hc 

rate of decrease of exchangeable Mg content with incr _t1 si.nµ; nJt­

itude in the 0-10cm topsoil layer suggests that lcachjng 

intensity may be the major factor influencing the . iz~ of the 

exchangeable Mg pool in soi ls forrHed on Int;lP.wood Tephra. '!'he 

decrease in the ~lg saturation of soil CEC wi ti: increc.1.1:-:-ini; al ti ­

tude would support this contention. 

The decrease in exchan~eable Mg content with increasing 

altitude in soils formed on the New Plyruouth black and brown 

loams - Patua loam altjtude transect suggests that similar 

factors to those discussed a hove also affect cxchan[~t'c\111 c ~le­
contents in these soils. The results of exchangeable and total 

Hg content and soi 1 CEC determinations on soil sampJ .. collected 

from other soil types (Tab ] e 1.9 ) also indicate that th<': above 

factors j nfl uence exchangeable M6 contents of otLcr .;o i _1 s j n 

1'aranaki. The percentage r-:i; snturation of . ·oi l CE:C and the 

value of the ratio e~changeablc r.:g/ tot 1 Hg are ger:erally lo'h·e r 

for soils at higher altitudes (Bu rrell grave lly andy lonm, 

Hangatahua bouldery sand, Newall bouldery sand, Norfolk houldery 

sand, Patua loam, Stratford coarse sandy loam) than for soils at 

lower altitudes (New Plymouth black loam). 

5.2 

5.2.1. 

Pot Experiment 

Initial Soil Magnesium Status 

Exchangeable I-lg, Ca, K, reserve and total Mg cont .nts , oil 

pH and soil CEC for the unamended soils are given in T ble20 

It is apparent from these results and from experience working 

with these soils in the field and in the laboratory, that the 

soils used in the experiment could be grouped into two broad 

classes, viz: coarse textured soils of low exchangeable i1g 

content (nurrell g.s.l. and Inglewood c.s.l.)and finer textured 

soils with higher exchangeable Mg contents (New Plymouth and 

Egmont b.l!s.). Exchangeable Ca, K,soil Cation exchange cap a city 

(C.E.C,), and to a lesser degree, reserve Mg and soil pH also 

followed a similar pattern . 

QO 



Table 20 Analyses of Untreated Soil s used in Pot Experiment 

Exchangeable Perc.ent 

Soil Cations Saturation Reserve .Mg Total Mg 
Type (m.e. %) of CEC with: (m.e . %) ( qi.e.%) 

Mg Ca K pH CEC ( m. c • '.)6 ) Mg Ca K 

Burrell gravelly 0. 24 3.52 0.72 5.9 17.6 1.4 20 4 .0 4 . 44 92.5 

sandy loam 

Inglewoo d coarse 0.22 1.37 0.58 5.7 19.7 1.1 6.6 2.9 4,44 87.7 

sandy loam 

Egmont 1.22 7.56 1. 10 6.1 25.1 4.9 30 4 . 4 5.26 74.6 

bl ack )o am 

New Plymouth 1.44 10 . 30 o.so 6.0 30 . 4 4.7 34 2 .6 5. 10 85.3 

bl ack \oam 

OJ 
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Table 21 

hat ing 

Very high 

Hii;h 

Medium 

Low 

Very Low 

Amounts of Mg in soils according to the 

Mctson and Brooks (197 5 ) 
7 

Range ( m.e.% ) 

Excha11geable ~lg 

> 7 

3-7 

1-3 

0.5-1 

< 0.5 

c&e~ . n(~c < f 

Hescrve l·,g 

> 30 

15-30 
,.., _. L'." 
:-.:.-:J 

< 3 



According to the criteria proposed hy netf;O!l and Dr·ooks 

(197 5 ), as shown in Tab ] c 21, the contents of x changeabl~ an d 

reserve Mg contents in the Burr e ll g.s.l. and Ingl woo<l c.s.l. 

would be considered to be in the very low and low catcc;orieA 

respectively, in relation to other Kew Zealand s oil s . On t h e 

othe r hanu, New Plymouth b.l. and Egmont b.l. ·ould be c on s i ll ­

ered to con tain mediur.i amounts of exchang ab l e Mg and low arnoun i:s 

of r ese rve ~lg . Soils which contain low amounts of resef·ve Ms 

but 01edium to high cxchanc;eable ~:g co ntent.s would be xp. ct.er] to 

become depleted f exchan(;eable Mg with time, espE:cially in 

areas of hi gh rainfall (Metson and Brooks, loc . cit.) 

According to the c riteria proposed by Prince ( 1947), b as ed 

on the percentage ~;g saturation of the CEC, all f our soils would 

be regarded ·s potentially Mg deficient and l ikely to res p ond to 

ferti 1 i zer ~lg , as the percentage saturation of the CEC with Mg 

in each case was l ess than 6%. All owing for variations in 

texture, 1-letson and Gibson ( 1974 ) stated that the mi11i 1num i!g 

saturation of the CEC should ide ally range from 6 to JO\~ , \l i-!;;1 

the higher figure p<:'rtnining to sandy ~oils o f low Cl-'. (~. On t h' ;; 

hnsis, the he avie r textured ?\c,, Plymouth and Eg111o r.t h • .l . would 

probably be class e d as marginally Mg deficient in ~:g , rtllt.i the 

Inglewood c. s .l. and Burrell g.s.l., as extremely Mg <lcf ici nt . 

Not one of the soi ls used in the pot exp ri1;ient a pproache d 

the " ideal" percen tage ~·a t ura tion of the CEC sugg s i.ed by Be a r 

and Toth (1948) of 65% Ca, 10% Mg and 59~ K. In fact, in the 

two soils of lowest exch ngeable Mg contents, the mo u n ts of 

exchangeable K e xceeded those of exchangeable ~lg , which i - t he 

o pposite situation to that commonl y r ecommended ( Bear and Toth, 

1948; Graham , 195~; Hooper, 1967). Hooper ( 1967) considered it 

necessary for the e x changeable Mg/ K ratio to exceed 1.2:1 to 

ensure that ryegrass herbage conta ined at least 0.2% Mg . This 

ratio was approached in the Egmont b.l. (Mg/K = 1.1:1) and 

exceeded only in the New Plymouth b.l. (Mg:K = 1.8:1).f"or the 

other two s o ils this ratio did not exceed 0.40:1. 

These results could be interpreted to indicate that, of 

th e 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 Ng fertilizer additions in a similar 

way to that reported by ~ioody ( 1962 ) for the coarse-textured 

Te Here sand. Smaller responses to ~ig fertilizers on New 

Ply~outh and Egmont b.l. ' s would be expected on the basis of 

the above analyses and criteria and the f i nding thut. l'1oi h ; of 

simi l a r exchangeable Mg contents have not generally tended to 

respond to the application of Mg fertilizers (McNaur;ht et aJ . , 

1968b; f,cNaught et al., 1973 a , b. ) . 

5 . 2.2 . Dry n;ittcr Yields 

Ryegrass herbage yields and responses to Mg fertilizer 

addition and cutting reg imes are summarized in ta~le 22 ~ Yield 

responses were tested for significance using Ya to' t:: method for 

computing factorial effects . At the first harvest , q ; <' p; rass 

dry matter yields on the co a rse textured Durrell g . H. l. an d 

Ingle\\'"ood c. s. l. were greater than those on the fin c ::· --textltr€!d 

New Plymouth b . l. and E~mont b.l. (Ta ble .22). The l"<:-,ative 

yields obtained froin the d ifferent soi l s chanised dur i llf!.' th e 

course of the experilt!ent so that by the th i r d harvest~ the yield 

ranking was New Plyu,out.h h.l. = Egmont b.l.> Burrell ';. s.1 •> 
Inglewood c.s.l. 

a) Dry Matter Yiel d Responses to Mg fertilizer additi ons 

A significant ( p <0.001) yield response to Mg: fertilizer 

additions occured at the first harves t (Table 2~5 ) ov<:: r all 

soils. Although this effect persisted into the second · nd third 

harvest, the level o f significance declined indica ting that the 

response to i1g became less pronounced with success i ·r, harvests. 

The significant soils x rates o f Mg interac tion (Tab J~ -23 ), at 

al l harvests, showed that the dry matter yield resp <Jose to Mg 

additions varied between s o il types . 

For the two coarse - textured s oi ls t here was a trend for 

0 ;J 
Ci ·J. 

d ry matter yields t o increase with the add i tion of Mg at each 

harvest, whic h was reflected in the total D.M. yields ( Table22 ). 

Th e trend o nl y reached significance ( p <0.01 ) for Burrell g.s.L 

where large yie l d responses occurrecl at the f i rst 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 < O. 05 ) yield response occure d 



Table 22 Dry ~iatter Yiclc:i rcsEcnses to .r-:lf ad di tj ons for 

each sci l type and cu ttini; refime 

BORRELL GHi\VELLY SANDY LOAM 

Cut ti.111_: J;.; rves t 1 l!arvi's t 2 Harvest ., 
'.i'otal Treatmen t 

,J 

(kg Mg -1) Regime ha 
-1 g D. ~1 . pot 

0 :1 1. 58 O,fiO 1.41 :1. ~, !) 

9 1 2 . 85 0.77 1.60 ~>- 22 
18 1 2.51 0.73 1. 41 4. 65 
36 1 2.27 0.86 1. 50 1 . 63 

0 2 1.99 0.67 0 .68 3.34 
9 2 3.04 0.91 0.82 4 .77 

18 2 3.02 0. 88 0. 80 4 .70 
36 2 3.08 1.01 0. 85 1 .. ,1 

I NGI ,E\{00 D CO Al?S!~ SMWY LOM·! 

0 1 1.17 O. 4'.s! 0.55 :(. 14 
9 1 1. 33 o. -11 0. 51 2.28 

18 1 1.56 0. 40 0.59 2.55 
3G 1 1.33 0. 41 0.62 2.36 

0 2 1.52 0. 40 0. 33 2.2S 
9 2 1.74 0. 42 0.35 2 . 51 

18 2 1.67 0. 49 0.32 2.48 
36 2 1. 4 9 0. 48 0.51 2.48 

EGMONT BLACK LOA?-1 

0 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 1.61 3.45 
36 1 1.00 0.93 1.86 3.79 



Table 22 ( Cont. • ) 

Treatment Cutting 

( kg ~:g ha -1) Hegime 

0 2 

9 2 

t8 2 

-6 2 

NE\</ 

0 1 

9 1 

18 1 

36 1 

0 2 

9 2 

18 2 

36 2 

LSD 50/ 
/0 

1% 

Harvest 1 Harvest 2 

EGMON'l' BLACK LOAM 

l,45 1.08 

1.37 1.07 

1. ·14 1. 30 

1.50 1. 09 

PLYMOUTH BLACK LOAM 

O. 8G 

0.78 

0.75 

0.88 

1.12 

1.05 

0.90 

1.10 

0.39 

0.52 

O,GO 

0,59 

0,63 

0.61 

0.87 

0.81 

Q <l') . \ ,,._ 

o.n2 

o. :l5 

Harvest 

0.89 

0.79 

0.77 

0.81 

1 ,..,,. 
• I ~ 

1.42 

1. 3:s 

1.63 

0,85 

O,BO 

0.83 

0. 93 

0.26 

0.31 

3 Total 

3 . 1 2 

::.~ .• 23 

:5. [> 1 

3 .40 

~). 26 

2,79 

2.71 

3.12 

2.84 

2 .• 0G 

' ) r· r-:: 
-· J 

2.D5 

0.56 

0.74 



Table 23 

Harves t One 

Harvest Two 

Harvest Three 

Total DM Yield 

Harvest Interaction 

Summary of Treatment Effects on Yie lds at each 

Harvest an d for Total accumulated Yield 

Treatment Effects 

* * 

** 

* 

~I 

+vc 

+ve 

; +ve 

* * •; +vc 

• 

R 

*** 1 

*** 1 

*** 1 

• 

*** 

2 

2 

2 

s 

* * * 

• * * 

* * * 

*** 

* :t. 

I n teractions 

M x R 

NS 

l\ s 
~s 

* 

NS 

S x R 

•·1c:: 
, l u 

* * 

* * . 

NS 

** * 

* • * * • 
' ' 

• * • • 
' 

Significant at p<0.05;<0.01;<0.001. NS: 1'i ot Significant 

M = Mg fcrt.il izer 

R = Cutti~~ Rcgim~ 

.S = Soil Typo 
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on Egmont h.l. under cutting regime 1, but not under cu ttinr~ 

regime 2 . The differentinl results for the two cutting r ~im~d 

are not readily explained. There were no total D. M. yi eld re-­

sponses on New Plymouth b,l . , and Egmont b.l. under cut ti11c 

regime 2 ; the significant totnl J).~l. yield response of l-: g-11,,.n,t 

b . 1. under cutting regime 1 being tlue to the yield re.spo11.-,e <;,-:, 

the third harvest. 

b ) Effects of Cuttin g- i~ep.;irnes 

For all soil types significant (p<0.001) dry matter yield 

differences occured between the two cutting regimes ;it all liar­

vests (Table 23). At harv~sts 1 and 2, yields fror,1 cut.ting 

regime 2 exceeded those from cutting regime L At linrvcst :1 

however, the reverse situation occured . These di f fc r (:ft<:es ,•:ere 

probably due to the di ffcrent growth periods ut h a rvest;; 1 and 

3 together with the different temperature condition s ai. har°\•f.o::;t:; 

1 and 2. For example, at harvest 1 the regrowth perind was 11 

days longer · nder cutt in g regime 2 than un der cutti.np.: rqr,i 11: 1 1 

and in addition a temperature increase (from 12C rlay/5 C (nic l1 t) 

to 14 C (day)/7 C (nig-ht) also occured < uring this pu· io,l 

( Table 11). At the second harvest, al thoui;h the growth period 

was constant at 21 days, the yields from cutting regime 2 ~ere 

again greater than those from cutting regime 1 {Table' 2~ ). as 

the pl an t s grew through a t~mperature change, from 14 C ( day) / 

7 C (night) to 16 C ( day ) / 9 C (night) under the forw:r regir.:;e 1 

whereas those growing under the latter regime experienced con­

stant temperatures of 14 C (day )/7 C (night) throughout. At 

the third harvest the differences in drymatter yields hl~h:t'!en 

the two cutting 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 pattern of dry- matter yield responses t o Mg additions 



foun<l for the four soils in this study c:g:r"112 in principle 

the results previously obtained by other workers (Moody, 

.. ! ,, J ;:. ,l 

Dorofaeff and ~cNaught , 1962; McNaught and Dorofacff , 1Dh5; 

McNa u ght and Ludecke , :J967; HcNaught et al., 1968 a, b; Ill ''C: ,, n;i 

Karol v ·ky, 1968; Hop;g and Toxopcus, 1973; ~!cN:rnhht et . ;'1. , 19':'3 

a, b ; Toxopeus and ~lcNaught 1973 ; ~l tson, 1974), in whi.di rc-­

sponses were commonly fotind on coari-,e textured soi ls of 1 0,1 

pll and with 8oil exchanp;-eable ~lg cont .nt.s of appro;dm:ni:-:Jy 0.2 

r:i.e.% or less. Few results of field o r 6 Jassftou1-;e ~~r•~~·ii.wtd_,, 

have been reported in New Zealand and fe~1er still have reported 

pasture yield responses to varying rates of Mg addition. ~oody 

( 1962 ) c oncluded that there was no si~nificant differ~n~c in 
-'I 

pasture yields on Te Rerc sand between . 250 and 500 kg h.::.· ·.1. o:f 

MgS0
4

. 7H
2

0 ( 10% Mg ). Later work h ai=. been mainly concu-ncd with 

comparing pasture dry mutter yields in the pres . nee , 11 d abserce 

of Hg additions . High rates of Hg addition (such as dolomite 
- 1 

at 2 500 kg ha ) did not r .sult in incre::i.sed d y-111.:.. ·u,~.· yields 

o 'er lower rates of ~!g, but r ther .:::ppe r~d to i;;UF-tain the 

j ncreaser; in yields over a 1 onr;('r period on respnr11;i v,· 10:oi 1~: 

O :cNaught _t al., 197;3., ). The r~sulti:; of the prcF-;e:n1. ,.,;·.pi::ri.-:1.:ni;, 

in which there was g neraLl.y no s igni ficant di.ffcrenc..:-.i h•;->1.-~ff~en 
-1 

ryegrass yields from the 9 and 36 kg ~:~ ha rate,; on the re-

sponsive soi.ls ( Table22 ) are in general agreement w:i th these 

findings . 

Yield responses to ~ g addition on soi ls dcri v ci from 

rhyolitic Taupo pumice have been obtained at soil x h~ngcable 

Mg contents of from 0.15 to 0.20 m.e . % ;1g ( Moody, 1!1132; l!orsr; 
and Karlovsky , 1968 ). The results of the pres nt exp~dment 

suggest that responses t o Mg mAy cli-~ occur on soils neri vcd 

from andesiti c parent materials exchange-

able Mg cont nts . Yellow- brown loam soils derived fro m rhyolitic 

materia l with exchangeable Mg c ontents of c a . 1 .0 m.e. % Mg have 

no t shown yie l d respo nses to Mg fertilize r ( McNaught and Lud­

ecke , 1967 ; McNaught et . a L, 1968 ; McNaught et . aL, 1973 a, b) 

and o ther soil types o f comparable or higher exchangeable Hg 

conten t have given simi l ar resu l ts. The lac k of a significan t 

yi el d respo nse t o Mg additions for ryegrass o n New Plymouth b.l. 

( ex c h . Mg 1 .44 m.e . %) c onc urs with this general observation~ 

(; I.) 
(J ~, 



However, the indication of a response to Mg- addition at til e 

third harvest on l<.:gmont b.l. (exch. Mg 1.22 m.e. %) in d icates 

that this soil may con tain a limited supply of plant ava i l ab l e 

Mg . In an analysis of the Mg economy o f pasture on H li n 1·uti n 

sandy loam (1.5 m.e.% exch . Mg, 0.25cm, 0.6 m.e. % c x ch, ~I ,I' . 1, . ., '!I 

2.5-7.5cm), a soil of simila1· exchang(~ahlc i:g : tatus io r,ynnt 

b.l., During esa1~(1973) concluded that the soil WHH ffi <lrg:Dd l 

in content of plant av ilable Mg , and sugsested that a ny Joo~ 

of Mg from the soil - plaut ., y s tem could rE>sul t in d epres ,,;ed p1 .-in t 

~lg contents and also dry - matter yields. The results oh I a i i: ed 

in this present experiment, where he rb 6 e was removed a t e ach 

harvest, coupled with the known low content of res ~rvc M~ ( Tab le 

20 , and also Metson, 1968 ; ~ietson a n d Brooks, l 975) fiup;gc-~t 

that Egmont black loam may be very similar to Ho r ot.iu handy 

loam with regard to the amounts of Mg available for plA11t up t ake. 

The lack of a significant yield response to Mg ~d dj t ions 

on Inglewood c.s.l. cannot be fully explained on the basis o f 

soil Mg status , a s the e x ch a np;eable ~lg con te1ii; 0 f •h i.•; s ,)iJ ~:as 

low 4::noug h to e x p e ct a yif!] d r0c p o nse t o f ol J OF ~1;T, n :1, .' i lion. 

However it i c possi bl e th a t ry r: ras.s yi el ds o n InGl <.'~'n(H1 c.r.;.}, 

were limited by a deficiency of s o1iie othe r n u t ri e nt eJ ., 1,e n t , 

possibly one of the trace elements. 

The differences in dr:r-matter yields pro duc e d .. t harve::d; 

2 for the two cutting regime s appears to he rel a t e d t o t he 

differenc sin the temperature conditions of t he t wo ~egimos , 

as described previously. The ryegrass plants in ..... cut. .. :i r.p; :egime 

2 grew at temperatures close to the optimum for ryeg r ·Fs of 

between 15-16 C (Mitchell, 1956) for the latter half o f thi s 

growth interval. - Below this optimum temperature, a sha rp c-­

cline in the rate of tiller dry-matter production has h e en 

found to occur ( Mitchell , loc. citJ and may explain the lower • 

dry matter prodtctiorof ryegrass growing at the constant 14 C 

(day)/7 C (night) temperature conditions under cutting regime 

1. A similar temperature 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. 

on 
• J 



A further factor th ·.t may have contributed to the iricrc•as c 

dry matter yield between harvests 2 and 3 in cutting regime 1 

could have been an increase jn tiller numbers. Althout;h uo 

count of ti 11 er numbers was taken during- the experimcn t • t. 'it .l ,1r 

numbers prob bly did increase over the course of the t> > J.' t:riment. 

The simila rity in dry-m:1tter yields between harvests 2 nad ~) 

in cutting regime 2 cold thus be attributed to both u tri;'p(' r,.-­

ture effect on growth and an increased rate: of dry n1atl.er 

production due to increased numbers of tiLlers cn1 each ry(•r;•·a.1,;:-; 

pLrnt compensating for the differences in the lengths cf the 

regrowth periods for the two harvests. 

5.2.3. Plant Map.:nesi m 

a) Plant~~ cone ntration 

Ryegrass Mg cone ntrations generally increa~ d with 

increasing rates of fertilizer ~lg addition en all soLit3 and 

for hoth cut tinr; regimes ( Table24 ) • The 1 a q:;c s t m,d. n e f f<·c i.. G 

of J..lg addition occured in Aurrell g.r;.J ;rn d I n g J e >-/0 o d c • s • J • 

where tile mean plant ~lg- concentration avcr,{ged oYer ;"\ 1) har'.'er:;ts 

increaRcd from 0.16 to 0.22% and 0.13 to 0.21% re~µectivnly, f&r 

cutting regime 1, and frnm 0.17 to 0.23% and 0.13 to 0.2Z% ~2-

spectively, for cutting regi e 2. Smaller increases in me~n 

plant Hg concentrations were found for New Plymouth h.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 

above increases were found to be statistically signific~nt 

( p <O. 001). In m6st 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 (Tabl e25 ) for 

both mean Mg contents, calculated as the weighted means adjusted fo, 

dry matter yields at each harvest, and for plant Mg c oncentra-

tions at each harvest . For each increment of Mg addition, the 

rate of increase of plant Mg concentration on Burrell g.s.l. and 

Inglewood c.s.l. was approximately double that occuring on New 



Tahle 24 

Ryegrass M~ concentra~io~s in elat ion to soil type, Mg 

fcrti l i zer ~ddi ti on, c ut ti. nr-- re,;imc, aud Ha:-ve :s t period 

Soil Type ~!g Cutting Harvest number: 

Hate l?egime 1 2 3 \ j ' ~ c~ :1. 
( _i ' ) 

-1 
( kg ha ) %Mg 

+ 0.01---
Burrel l 0 1 0. 12 0.12 0. 2 3 (). l (; 

gravelly sandy J 0.11 0. 16 0.28 O.:lS 

loam 18 0. 14. 0.16 0.28 0.1B 

36 0.16 0.19 0. 3;5 () .. :?.:2 

+ 0.01 

0 2 0.13 0.24 0.22 0 . 1 7 

9 0.1 4 0. 2 9 0.29 o .. ;:o 

18 0,15 0.29 o. ~~7 0 .. . ) () 

36 0.1G 0.36 0 . :1G o .. . ~s 

~-- -··••-- .. ~---··· 

+ 0.01 --In 6 1 .wo od 0 1 0.12 0.11 0.1s o. ~) 

coars e sandy 9 0.13 0.13 0. 20 0.15 

loam 18 0.16 0.16 0.22 <L 17 

36 0. 1 !J 0.18 0.26 0 .2 1 

+ 0.01 

0 2 0.11 0.14 0.23 o.13 

9 0.15 0.17 0.25 / ., Hi 

18 0. 18 0.20 0. 26 0 . 19 

36 0.19 0.24 0.25 0 ''> ..... J . -"'" 
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Table 24 ( Co:it •• ) 

Soil Type Mg Cutting H.qrvest number : 

Rate Hegimc 1 2 3 "lean 
( J ) 

( kg ha -1) '}l}:g 

-- + 0.01 

Ei;ir:ont b ~ c!t 0 1 0 ') -, --~ 0 . 21 0.23 c,~ 22 

loam 9 0. 23 0. 2 2 0. 2 5 0. :~2 

18 0 r>-. ,:;;. ,) 0.24 0.26 C• .-,,--
# ... ' , ) 

36 0 .25 0 . 2 5 0.25 (: .:~ ~, 

+ 0.01 

0 2 0 . 21 0.28 0. 23 0 . ;~4 

9 0.24 0 . 29 o. 2[5 <1, :::6 

18 0.25 0.29 0.2 5 \! ••. ~G 

36 0.27 0.31 0. 25 {) ,, ~!8 

+ 0. 01 --·-·· .... -- -·---
!\ew Plymouth 0 1 o. 21 0 . 20 o. 27 0, ;! ,-1 

black loam 9 0.19 0 , 21 0.26 {) ~ ~ ~ ~) 

18 0.2 3 0.21 0.28 , , r -
\ ! ... i - : ) 

:16 0.24 0 . 24 0. 31 0 , 2 8 

+ 0.01--- - -----
0 2 o.~:1 0:-30 0.26 o. ;:,! 5 

9 0.21 0.28 0.2G 0. 2 6 

18 0 . 23 0.27 0.27 0,26 

36 0.26 0.31 0.31 0.29 



Ply mouth b.l. and Egmont b.l. Th e relative increases jn pJhnt 

Mg content found for the dif ferent so il types in t h is experiment 

are in general agreement with the r sul t s obtained fror. 1 pre Yi.rn18 

trials (Hoody, 1962 ; Reith, 1963; Salmon and Arnold , L'l; ~~; 

McNaught and Ludecke, 1967; McN· ught et , a L, 1968 n, b; J07J ~v 

b) in which the large.st responses genera lly o ccured on coari--;("­

textured soils of low (Ca. 0. 02-0. 03 m. e. ~O excha nge-blc M; ; 

con tents . 

The different rclat.ivc responsei:; to Mt; adrl.it:ions 1irnh; 1 Lly 

result from the fact that : 

i) 

ii) 

Hye grass Mg co n tent has been found to be 
A~ related to the activity ratio 
~~fC... 

~olution , for soils of s i milar K content 

1964); and 

l i nc,s ly 

:in the r;oi l 

( .s~ Jr.wn, 

A~+ea 
has been found to be directly r<,J ::ted t . .:> 

s oil exchangeable ~g contents within a si11rl,i soil 

type ( Arnold, 1967 ) 

However , the rate of c h<1nge of the activ.ity ratio 

with increasing exchanp;eable Hg conh·nt cliffcrs I Ed.1,·<-' ,: 1 

A"'.t~~ .. -· 
RM1. +Co 

fW j l 

typ<~s . Arnol<l ( 1967) presented data ( f rom Salrn()n, :l. 9 0:'. ) \d,ich 

in dicated that the changes in this activity ratio f.-,r uui t 

chu.11 ges in soil exchangeable ~ig content were larger .in soi ls 

of low c ntion exchange capacity than in soi l s of hi~h cation 

cxchance capacity 1 sjmilar relationship between soil rxchan~e­

abl c Mg and the s,me activity ratio for different soil. types, 

was shown by Alsto n (1972) who concl uded that the ability of 

any soil to buffer changes in the activity ratio varied in 

proportion to the soil exchangeable Mg content. It would be 

expected, therefore , that the activity ratio ~"'_! and hence 
,w~c. 

the plant available Mg content of a soil would ibcreasc less 

rapidly in response to additions of fertilizer Mg, the higher 

the C.E.C. of a soil. The results of the linear regress ion 

analyses (Table25) are taken as e vidence that similar relation­

ships to those described above prob a bly also hold for the soils 

used in this experiment. 

There was a strong tendency for plant Mg concentra t ions 

to increase with successive harvests on all soils. This i n­

crease was significant ( p<O.OO1 ) for all soils except Egmont 

o ,d 
4J . i. 



Table 25 Results of Linear Regression Analrses of Herba~e 

Mg cone. (% D.M.) ( y) vs. adjusted treat~ent number ( x }(l) 

First Harvest Cut ting Hegir.1e 

Durrell 1 y = 0.01x + 0.11 j r = 0.83 **~< 2 , 3 ) 

2 y = 0.01x + 0.11 j r = 0.86 *** 

In g lewood 1 y = 0.02x + 0.10 . r = 0.92 *** I 

2 y = 0.02x + 0.11 ; r = 0.87 *** 

Egmont 1 y = 0.01x + 0.20 . r = 0.73 *"' 
' 

2 y = 0.01x + 0 . 20 j r = 0,90 *** 

New Plymouth 1 y = 0 .01x + 0.1 8 ; r = 0.63 ** 

2 y = 0.01x + 0.21 ; r = 0.76 *** 

Second Harvest 

Burrell 1 y = o.02x + 0.12 i r::: 0.87 ** * 

2 y = 0.03x + 0,22 ; r = 0.87 *** 

Inglewood 1 y = 0.02x + 0.09 ; r = 0.90 *** 

2 y = 0.03 x + 0.20 ; r = 0.93 *"'* 

Egmont 1 y = G. G1.1: + r 0 () . ~ = \},7:! *. J. - ,J . 
2 y = o.01x + 0.27 j r == 0- 73 * * 

New Plymouth 1 y = o . 01x + 0.19 . r::; 0~72 ** • 

2 y = 0.01x + 0.2s r = 0,29 ns , 
-:o 
... 'I""' ._ ' 



Table 25 ( Cont •• ) 

Third Harvest Cut ting· Regirr:e 

Burrell 1 

2 

Inglewood 1 

2 

Egmont 1 

2 

New Plymouth 1 

2 

Overall 

Burrell 1 

2 

Inglewood 1 

2 

Egmont 1 

2 

New Plymouth 1 

2 

y = 0.022 + 0.22 . 
' 

y = 0.03x + 0.20 ; 

y = 0.02x + 0.14 j 

y = o.02x + 0.15; 

y = o.oosx + 0 .23 

y = 0.005x + 0.23 

y = 0,01x + 0.24 ; 

y = 0.02x + 0.24 : 

y = 0.02x + 0.15 . 
' 

y = 0.02x + 0.15 ; 

y = 0.02x + 0.11 ; 

y = 0 . 02x + 0.11 ; 

y = O.Olx + 0.22 . 
' 

y = 0.01x + 0.23 ; 

; = 0.01x + 0.22 : 

y = 0 . 0 lx + 0 . 2 3 ; 

; 

j 

r = 0.90 *** 

r = 0.89 *** 

r = 0,81 *** 

r = 0. 76 * * ·~ 

r = 0.39 ns 

r = 0.39 ns 

r = 0.79 ••• 

r = 0 . 83 • it: * 

r = 0.85 *** 

r-= 0,91 *** 

r = 0 . 95 *** 

r = 0.93 *** 

r = 0.72 ** 

r = 0.89 *** 

r = 0.79 *** 

~ -~ 1) ~ r ~ * * • 
.. -# • .I I!' ._, , . 

C!:"J 
~ 



( 1) 

Table 25 ( Cont •• ) 

Results of Linear Regression An alyses of llerbap;e 
I ( 1 ) 

Mg cone. ( % D.~I. ) ( y ) \·s. ad jus ted treatment nunihe)." ( x ) 

-1 
Treatments were numbered as control; 1: 9 kg Mg ha ; 

-1 
2: 18 kg Mg h a ; 

-1 
3: 36 kg Mg ha ; 

5 : such that (a djuste<l trt. 

numbers -1 ) x 9 ~ rate 

of Hg a pp lied in kg/hn. 

( 2 ) There were 14 d .f. for each regression. 

(3) Significance is indicated by : ns - not significant 

• - significant (p<0.05) 

•• - significant (p~0.0 1 ) 

•••- significant (p<0.001) 



h. l. , where the increase was 1 ess marked ( p < O. 01 for cutting; 

regime 1) . For cutting re~irr.c 1, the maximurn p l ant ~ii; concent.ru.­

tion occured at the final harvest on all soils . The lai·gPst 

overall increases ( from O.12 to 0.28% Mg ) occured on Du rrell 

g.s.l., with smaller increases occuring on Inglewood c.~.l. 

( from 0.15 to O.21%Hg), New Pl:rri~out h b.l. (frcm 0.22 tu 1).:~11",', 

Mg ) and Egmont b.l. ( from O.23 to O.25io Mg ). For cuttin {~ re r;jn,e 

2 , the maximum plant Mg; concentration was reached nt h .-,, rvest 2 

for all soils except Ingl -~o od c.s.l. Under this regime p1ant 

Mg concentrations at harvest 3 remained simil.tr to thos,J in 

the second harvest (Tabl e 2 6 ) exc~pt for Inhlewoo<l c • .s. l. , ,-.,he-re 

a further slight increase occured at th~ third harvcfit. and 

Egmnnt b.l., where Mg content of the he rhage d ere s d at the 

third harvest . The largest increases in plant Mg conc~ntration 

aga.in occured on Burrell g.s. l. ( from 0. 1 5 to 0.29% ~ig-) with 

sma ller increases on Ing;lewood c.s.l. (from 0.1G to 0 .. ~:2 1
;:, ~lg) , 

New Plymouth b . l. ( from 0.23 to 0.20% ~lg ) and J.t:gmont h,l.. (from 

0.24 to 0.29% Mg ). 

The differences in rye;;rass Mg c onct;ntrn1" ions ir• t ....-~)en the 

control (0 kg l-i;; ha-
1

) and the highest rat,0
: of f.!g P.c!d i ti.on (~:, G 

kg Mg ha -l ) are p ,·esented in Table 2~ for each h;-ir !e r;. 1. . The 

data fmgge s t i.hat on the two soils of low (ca. 0.2 -· 0 ,.3 m.e.% 

Mg ) exchangeable Mg content there was a greater increaqe in 

plant ~lg concentration with -ddi tions of Mg and increasing 

temperature than on those of higher (ca. 1 .2 - 1.4 m.e.% Mg) 

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 \i. ith a range 

of plant species {Dijkshoorn and T'Hart, 1957; Hendri ;ks and 

Grunes, 1966 ; Grunes et, al~ 1968; McNaught e~ aL, 1968 b ) and 

more particularly for other grass species and for mixed pasture 

herbage (McNaught, 1964; Stuart e~ at, 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 §4 

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



Table 26 

Soil type 

Burrell 

?;: 
> 
VI 
VI 

r,... IT1 
- -< Ol 

~ c Inglewood 
;;o ~ 
,-< ~ 

;;o 
VI 

~ 

Egmont 

New Plymouth 

Average Ryegrass Mg concentrati o ns for suc c ess ive harvests ( means of 

al l treatm1:mts ) 

Cutting 

Regime 

1 

2 

1 

2 

1 

2 

1 

:~ 

Harv est 1 

0.14 

0.15 

0.15 

0.16 

0.23 

0.24 

0 . 22 

0.23 

Harvest 2 

0.16 

0.29 

0. 1.4 

0.19 

0.23 

0.29 

0.21 

0:~0 

Ilarvcst 3 

0.28 

0.28 

0.21 

0.22 

0.25 

0.25 

0.28 

0.28 

F (2/36 d. f.) 

451.3 *** 

34 9.8 *** 

51.1 *** 

25.9 *** 

7.38 ** 

7 8 .5 *** 

80.3 * * * 

4:5.2 x** 

i:. (."? 
C.;;:) 



Table 27 Differences in plant ~11; content lH:!twcen 

-1 -1) con tro l ( 0 kg Mp; ha ) and the hir-;hest ( 36 kg ~!,:; ha 

Soil Type 

Burrell 

Inglewood 

c. s .l. 

Egmont 

b. J. • 

New Plymouth 

b.l. . 

treatm~nt rate. 

Cutt ing 

Regime Harvest 1 llarve;t 2 

-------% ~l~---------

1 

2 

1 

2 

1 

2 

1 

2 

0.04 

0.05 

0.07 

0.08 

0.04 

0.06 

0.03 

0.05 

0.07 

0.12 

0.07 

0.10 

0.04 

0.03 

0.04 

0.01 

0 • .i.O 

0.14 

0.1 1 

0.03 

0,02 

0.02 

-··----- ·----
(I• 04 

0.03 

·-••·----·--

1 1,-; n 
\~ 11 
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concentra tion be tween harvests 2 and 3 in cutting regime ! , and 

between harvests 1 and 2 under cutting regime 2 occured following 

the transition from a telllpcraturc en vironment of 14 C (tlav) / 

7 C (ni g ht) to one of 16 C (day)/9 C (night). It h as alrea dy 

b een shown (Dijtsho orn and T'Hart, 1957; Hc!:dricks · and (,run e s 1 

1966; Grunes et al, 1908) that when te11,perat urc c!tanr; .s oc~u: · 

during a period of plant growt h, temperature con di tionR ,.i.t, Lhe 

conclus ion of the growth period exert a stronger influel1ce on 

ryei:;rass Mg concentrations than do those operating du r 1111~ the 

early pa rt of the growth period. Thus, the higher temp •ratures 

at the conclusion of th e se cond growth period under c1d, tinr; 

regime 2, when day temperature increase d from 14 C to 1G C mid ­

way t hrough the period a re reflected in the finding o f an in-­

creas e in Mg concentrr1tions bctKeen harvests 1 and :.~. Conversely 

the r educ tion in temperatu re when the pl ants were movc: d from the 

glasshouse ( at 20 C) to the g rowth room {initially at i ~ C day/ 

5 C (night ) may be responsible f or t h e f inding of J o1s- €• 1 plc:.nt 

Mg ccncentrations at the first harvest f or a ll regj111N i . Ar; ,iin, 

the increase in temperature from 12 C (d,1y ) to 14 C (d a y) 

between harvests 1 and 2 in cutting J·egi!11e 1 did not .)· \c e J the 

apparent c ritica l minimum temperature of 14 C and so pl 1, it 

concentrations were similar nt each of these two harv~!r-:ts . 

There app ars to be no genera l consensus as i,G t lie physio­

logic a l causes of this temperature effect on Mg uptHke by 

plants . Since Mg uptak e by plant roots is thought to he metabo-

lically controlled (Callander, 1941; Epstein and Le _g, f t., 1954; 

Brouwer, 1956; Sutcliffe, 1967; Hodges, 1973) any inrreaRe in 

plant ~lg concentration with increasing temperature m;;y be 

explained in ternrs of increased rates of plant metabo ~ finl (Corey , 

1973). Also, increasing temperature would be expecte d 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 explora tion of the soil ­

volume by roots may a ccount for some of the increase in plant 

Mg uptake since the greater exploration of the soil volume 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 growin g 

through a soil has been shown to pro Vide a significant proport-



ion o f p J ant Mg requirements (Barber, 1966 ) and any incre a ~c in 

root volume in respons e to temperature increases \-:ould b e .-: ,· ­

pected to result i.1 increascJ Plant iig; uptake. 

b ) Plant Mr; Uptake 

Mg uptake at each harvest follow e d a similar pntlc rn to 

that found for ?-lg concentrations ( Tabl c 28). A f eature of ~ he 

results was the similarity in total ~iµ; uptake for t he "l. t<i o 

cutti ng regimes, sugge.stin~ that the i;,im e total quant. i t .i u_; of 

s oi 1 and fer tilizer Mg were uti J ised with.in e a ch regin.e. H <: HCe 

in the follo1-1·ing discussion concerning total ~I~ uptake the 

results used are the means of the two cut ting r e gime/-;. The 

greatest relative uptalce responses occu r cd on th e Bu r r e 11 g . .::. .l. 

and Inglewood c.s.L , from 5.7 to 11 mg Mg/ pot a nd fro1,i 2.9 to 

5.4mg Mg/pot, respective ly. For these two soils the h ig hes t 

rate of l-!g application (36kg ~lg ha-
1

) produced an app a .r,, nt t 1-:o ­

fold increase in plant Mg uptake over the untreated co n1 r oi.s . 

There were sm a ] ler increases in plant !-!~· uptake; on tl 1c New 

Plymouth and Egrr. on t b. l., wh e r t~ to ta l Mg upt ake i nc r ..: ,, s ed f r 01i: 

7.5 to 8.7mg ~lg/pot a n d 7.7 to 9.5r.16 MK/pot, r~:-;p0 eti •: P} y . 

i-\t e a ch s e para te harvest, Mr; upUdi.e r esponi:;es o c(:Urid d 

as the result of dry matter yield and/o r ~:g concent r at i on re -

s p on s es . Thus Mg upt~ke responses occured on Burr eJJ r; . s .l. 

( dry matter yield and Mg concentra tion responses) and Ingle­

wood c.s.l . (Mg concentration respons e s) at th e f i r s t two 

harvests, and on Egmont b.1. at harvest 3 in cutting r e gi me 1 

and harvest 2 in cutting regime 2 (d ry matter yield r es pons e s ). 

There were no Mg uptake responses at any single har e s t on 

New Plymouth b.l. · 

The effect of increasing temperature on Mg uptake is shown 

by the differences between Mg uptakes in cutti ng 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 ~8 and Z~)). This was due to concomitant di ff­

erences in dry matter yields and plant Mg concentrations between 

the two regimes ( regime 2 )' regime 1). The effect of j ncreasing 

temperature is again demonstrated by the large increases in Mg 

..( .~. C) 
li ,, ' / .JL V :• vi 



Table 28 

~ig uptake in r elation to s oil ty;ee, Mg fertilizer 

addition rate an<l cuttin~ regime 

Soil Type ~lg 

Hate 

(kg ha -1) 

Burrell gravell y 

sandy loam 

Jnp;l~wood 

co~r.se s<1ndy 

loam 

LSD 

0 

9 

18 

36 

0 

9 

18 

3G 

0 

9 

18 

36 

0 

9 

18 

36 

0.05 

0.01 

Cutting 

Regime 

1 

2 

1 

2 

Harvest 

1 

1.9 

3.8 

3.6 

3.7 

2.5 

4.2 

4.5 

5.5 

1.1: 

1.7 

2.5 

2.5 

1.7 

2.6 

3.0 

2.9 

0.8 

1.0 

mg 

2 

pot 

0.8 

1.2 

1.3 

1. 6 

1.6 

2 .7 

2.5 

3.6 

0.5 

0.6 

0.6 

0.8 

0.6 

0 .7 

1.1 

1.2 

0.4 

0.6 

Nu mbe r 

3 
-1 

3.2 

4.5 

4 .0 

5.0 

1.5 

2.4 

2.1 

3.0 

1.0 

1.1 

1.3 

1.6 

0.6 

0.7 

0.7 

1.4 

0.8 

1.0 

Total 

5.9 

9 . 5 

8.9 

10.3 

5. 6 

9.3 

9.1 

2.1 

2.9 

3.4 

4 . 4 

4 . 9 

2.9 

2.0 

4.8 

5.5 

1.4 

1.6 

1 U ;, 



Table 28 ( Cont • • ) 

Soil Type ~!g 

Hate 

(kg ha -1 ) 

E!!:mon t black 

loam 

l'\ew Plymouth 

black loam 

LSD 

0 

9 

18 

36 

0 

9 

18 

36 

0 

9 

18 

36 

0 

9 

18 

36 

0.05 

0.01 

Cutting 

Regime 

1 

2 

1 

2 

Ha rvest Numher 

1 

2.2 

2 .4 

2 . 0 

2.5 

3.1 

3.2 

3.G 

4 .0 

1.8 

1.5 

1.7 

2.1 

2.4 

2. 5 

2.0 

2.9 

0 .8 

1.0 

2 

r.,g pot 

1. 7 

2.1 

2.2 

2 . 3 

3 . 1 

3.1 

3.8 

3.4 

1.4 

1.3 

1.2 

1.5 

2 .6 

2 .3 

2.2 

2.9 

0.4 

0.6 

3 
-1 

:1. 2 

4 . 9 

1.3 

1.6 

2.0 

2.0 

1.9 

2 . 1 

4.G 

3.G 

3.7 

5.0 

2.2 

2.1 

2.3 

2.9 

0.8 

1.0 

1 r; 1i i . ,-... _ ., .. 

Tota] 

7. l 

~) , ,t 

fl . 5 

9. ,} 

--------~--
8. :~ 

8.3 

~). ~) 

0.5 

7.8 

l ',, 13 

,.. ' ) 
( . , ... 
6.H 

6. ;j 

6,7 

1.6 



Table 29 

Result of Analysis of Var i an ce of Mg uptakes a t har ves t s 

1-:-S, and tota l Ml.!: untake 

Classification 

F'irst Harvest 

Soil Type 

Treatment 

Cutting Regime 

Soil type x treatment 

Soil type x cutting regime 

Cutting regime x trea t ment 

Remainder 

Total 

Second Harvest 

Soil Ty pe 

Treatment 

Cuttin g ~egime 

Soil ty pe V treatment J• 

Soil type X cutting regime 

Cutting regi me X treatment 

Remainder 

Total 

Third Harvest 

· soil Type 

~reatment 

Cutting Regime 

Soil type X treatment 

Soil type X cutting regime 

Cutting regime X treatment 

Remainder 

Total 

d.f. Sum of Mean 

Squares Squ:trc 

3 

3 

1 

9 

3 

3 

105 

·127 

3 

3 

1 

9 

3 

3 

105 

127 

3 

3 

1 

9 

3 

3 

105 

127 

0. 508 

0.216 

0.21 

0.160 

0.021 

0.011 

0.291 

1. 424 

0.629 

0.072 

0.3~0 

0.0;,3 

O.G6 0 

0.006 

0.120 

:J.270 

1.149 

0.148 

0.808 

0.085 

0.170 

0.006 

0.315 

2.681 

0. 169 

0.072 

0.217 

0.018 

0.007 

0.004 

0.003 

0.210 

0.02 4 

o.~30 

0.006 

0.02 0 

0.002 

0.001 

0.383 

0.049 

0.808 

0.009 

0.057 

0.002 

0.003 

2 . :i8 n .s. 

1,'.27 n. s . 

RSD - 0 . 053 

'1 8 :~. ~ ~~ . ., ~":- ,.. 

:~ .I " 1 - * • 

2fri'. ii"+ 

!.: • 1 : ) ,t' "' * 

17. 11 ·~ • * 

1.62 n.s . 

RSD = 0.034 

127.C'" ** 

1G,!5*,..* 

269.T"'** 

3 .17 ** 

18.9 *"'* 

0.66 

RSD = 0.055 

~ r· , , 
I: ~ j ··-. 1- ,., ...:. . 



Tab le 29 (Cont.. ) 

Classification d. f. 

Total Mg uEtake 

Soil type 3 

Treatment 3 

Cu tting regime 1 

Soil type X treatment 9 

Treatment X cutting re;;ime 3 

Remainder 109 

Total 127 

Sum of ~iean 

Squares Squa re 

1.78 1.59 

1.1a 0. 4 0 

0.02 0 . 02 

0.69 o.os 
0.02 0.007 

1.04 0.01 

7.74 

f 

1G4 . 9'r.* 

4 1. ~--*~ 

2. 05 r, 'Ill ~~ ,, 

7. 94 "'"' • 

0 .70 n .. s,. 

HSU -· o. (IG(~ 

~ {' ( > 

l. ... 1 .. 
•/ tJ 



uptake between harvests 2 and 3 in cutting regime 1 f>r all 

soils as day temperature increased from 11 to 1G C betKe n the 

two harvests. The increaf3e in dry matter yields (T~ble'.22) .; ,id 

plant J.lg concentration ( Table24 ) which occurcd bet\\·ec:> 1.hl' 

above two harvests contributed to the inc re i:;en in pLu, L ?lr;· 

uptake. 

The apparent chan,(!;es in exchanb'~"ble Mg conterd. dur.i. 11~,; 

the experiment (Tab l e 30) were calculated by ai;,suming· trint 

fertilizer Mg ent e r ed and remained in the 

pool of soil Mg. This assumption is in line 'ith the c .sults 

of ~ayland and Grunes (1974) who found that Mg applieJ as 

Mg s0
4

,711
2

0 in a field experiment could he quantitative!'-' re­

covered as soi 1 exchani;eable Mg , and J.!okwunye and Mel:-. ted, 

( 1973a) wh o found no evidence for l-i[j fixation in non-•C).{; hanc-c­

able form nfter incubating soils ~.rith various rates o · f e rt.i.li•­

zcr Mg. Tbi.s as ·umption wa.s n e cess o. ry in the prc s <.nt (•·~ p e :.·i1 .. ,~ut 

a,s Mg fertj lizcrs were not unifo~~mly ll'il"t i buted th rv, :[:! liout t h e 

·hole soil at th8 outset. The appar , nt chang~::; j n s(,.i J cxc h,.•n1,:t ­

able ~G were calculated as the differe nce between th0 ~ um of 

exchangeable Mg content of the so i 1 at the con cl us ior: n r the 

experiment, the Mg taken up by plants, and the esti~n t e d initial 

soi 1 exchangeable Mg con tent { i. c., exchange~blc ~ig in untreated 

sojls and fertili,-:er 1-lg added (in m.c. Mg) ). In th i b ._,d.culation 

a negative result implied an unaccounted for nett lo.~ s of fib 

from the exchanbeable pool, whilst a positive result implied 

a nett gain of Mg to the exchangeable pool. · Analysis of variance 

showed that the differences between soil types were sjg1ificant 

(p<0.001) as were differences between treatments ( Table 31) • . 

It appears that there as a loss of exchangeabl e Mg from 

the coarser-textured Burrell g.s .l. and Inglewood c.s.l. 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 soi lo 

of high ( )' 30 m. e. % ) reserve ~ig content is there likely to be 



Table 30 

Soil 

Burrell 

gravelly sandy 

loam 

Chnn ges in soil exch. Mg content o ver the experimental 

period for the various soil types, ~R fertilizer treatments 

and cu t tin ~ regimes 

Treatment Cutting re gim e ex c h. Mg Total plant ~lg Apparent change in exch. 
-1 ) (kg ha Mg 

0 

9 

18 

36 

0 

9 

18 

36 

1 

2 

Start 

4 . 3 

5 . 8 

7.4 

10.4 

4 . 3 

5 . 8 

7.4 

10.4 

Finish 

4 .3 

4 .8 

4.6 

9.5 

3.6 

'1.8 

5.2 

9 .3 

uptake 

mg pot -

0.6 

1.0 

0 . 9 

1.0 

0,6 

0 . 9 

0 . 9 

1.2 

Mg 

+O . 6 

o.o 
-1.9 

+0 . 1 

-0.1 

-0.1 

- 1.3 

+0 . 1 

t-.-J.. 
C"'.:'> 
I~ .... v 



Table 30 (Cont •• ) 

Soil 

Inglewood 

coarse sandy 

loam 

Treatment 
-1 ) (kg ha Mg 

0 

9 

· 18 

36 

0 

9 

18 

36 

Cutting regime 

1 

2 

exch. 

St art 

3.8 

5.3 

6.0 

!) • 9 

3 . 8 

5 . 3 

G. 9 

9 . 9 

Mg 

Finis h 

1 .5 

3 .7 

4 . 2 

8 .3 

5 . 2 

1 . 3 

4 . 0 

?.1 

Total plant ~lg 

uptake 

mg per pot 
0.3 

0.3 

0.4 

0.5 

0.3 

0. 2 

0.5 

0.6 

-

Apparent chan ge in exch. 

Mg 

+1.0 

-1.3 

-2. 3 

-1.1 

+1.7 

-0.8 

-2. 4 

-2. 2 

t-='-
......... , _, 
~,:;:) 



Table 30 (Cont •• ) 

Soil 

Type 

Egmont 

black loam 

Treatment 
-1 (kg ha Mg) 

0 

9 

18 

36 

0 

9 

18 

36 

Cutting reg ime 

1 

2 

ex c h . Mg 

Start 

2 1 . 3 

2 2 .8 

24 . 4 

27. 4 

21.3 

2 2 .8 

2 4.4 

2 7 . 4 

Finish 

23 .0 

23 .2 

27 ~4 

30.4 

23.6 

24. G 

27 #0 

29,.3 

Total pl a nt Mg 

uptake 

mg pot 

o.7 
0.9 

0.9 

0.9 

0.8 

0.8 

0.9 

1.0 

-1 

Apparent chan g e in exch. 

i1g 

+2. 4 

+1.3 

+3.9 

+:3.9 

+3.1 

+2.6 

+3. 5 

+2 . 9 

~..-:-l. 

;:..-}-. 
,;';) 



Table 30 (Cont •• ) 

Soil 

Type 

New Plymouth 

black loam 

Treatment 
-1 ) (kg ha Mg 

0 

9 

18 

36 

0 

9 

18 

36 

Cutt ing regime 

1 

2 

exch. Mg 

Start 

21.6 

23.1 

24. 7 

37.7 

21.6 

23.1 

24.7 

27.7 

F'inish 

23.4: 

25.8 

26.0 

28.2 

24.3 

26 .2 

26.1 

28.7 

Total plant Mg 

uptake 

mg pot 

o.s 
0.6 

0.7 

0.9 

0.7 

0.7 

0.7 

o.9 

-1 

Apparent chan ge in exch. 

i,1g 

+2.6 

+3.3 

+2.0 

+1.4 

+3. il 

+3.8 

+2.1 

+1.9 

~ ...... 
f:'"f".,~. 
t'!' .'1,', 



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. 

d. f. Sum of Squares Me an Square 

3 0.310 0.437 

3 0.095 0.032 

1 0.0001 0.0001 

9 0.237 0.026 

3 0.018 0.006 

3 0.014 0.005 

105 0.765 0.007 

127 2 . 43 9 

F 

59.9 *** 

4.35 ** 

0.01 

3.61 *** 

o.so 
0.64 

RSD = 0.085 

~ .... J .. 

' ' , .. ,. . . 

~'v 



Table 32 

Mg treatment 
-1) (kg Mg ha 

• i ~ 

0 

9 

18 

36 

0 
9 

18 

36 

Estimated recovery of fertilizer Mg by plants in 

relation to soil type, M~ fertiliz er addition, and 

cutting rz~ime 

Amount Mg 

per pot (g) 

Cutting 

Regime 

Burrell Inglewood 

g.s. l. c. s.l. 

Egmont 

b. l. 

% recovery of Mg fertilizer 

o.oo 
0.015 

0,031 

0.061 

o.oo 
0.015 

0,031 

0.061 

1 

2 

24 

10 

7 

25 

11 

11 

3 

5 

3 

-6 

6 

4 

15 

1 

3 

2 

'1 

4 

New Plymouth 

b.L 

-9 

- 8 

1 

-2 

-2 

2 

l= ... 
r---'· 
::.v 



an appreciable release of non-exchange able Mg over a period of 

30 months . Similarly, Salmon and Arnold (1963) found th~l very 

little non - exchangeable Mg was released to ryegrass plants 

during the course of a pot trial. Those trials ,;hich 11.t\e hn, n 

utilisation of non - exchangeable Mg by growing plantti h .iv,.­

generally been conducted on soils containing ex~hn<ling lat1icc 

clays containing high cmounts of Vig, .such as vermicuJ itc l Ll·icc 

and !(amprath, 1968; Christenson and DolJ, 1973). As r,:cw J'lyu'c:u 1..h 

b.l. and Egmont b.l . contain low amounts of rPservc MR (5 .26 

and 5.10 m.e.)x;, respectively ), and contain allo11h· ne · nd Ii:;·1~rou.s 

feldspars as the dominant clay IHinerals ( New Zealant, Soil Bur-ec~u " 

1968) it is unlikely that the apparent increase in exch · r.1-;e obl£: 

Mg was due to any release of non-exchangeable Mg . lfo.-(: ver, it 

is appar nt t hat in most cases the amount of n<"tt lcrns or g2;in 

was a r latively small fractio11 of the soil cxchang,:,,. Jile ~:i2: 

pool . 

The apparent recoveries of applied ~lg ·ere low nn u l J 

soils ranging from essentially ni l to a rnaxitr.um of 2'.';''', (l,•.b1(-'.5 ~ ) . 

Such 101,: recov(~r.ies arc in general a:.;recm•.·nt with 1,lir~ fi.11dinr:c 

of scve:-al othPr e.·periments in both New Zealand ( Vc- ' :.-w,•·ht :~t 

a l., 1968b) and overseas (~la yland and Grunes, 1971 ). 

5.2.4. Plant Calcium 

Plant Ca values were similar for all soils except Ingle­

wood c.s.l., over all treatir. ntB 1 being always withir1 ~he ran,;c 

0. 42-0.71% Ca (Table33). 

Ryegrass Ca concentrations on Inglewood c.s~l. were gen­

erally lo er than those of the other three soils, ranging frot, 

0.29 to 0.42% Ca and thereby reflecting the much lower xchange­

able Ca content of this soil type (Table 33 ). Howev~r, c • n 

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 analysis using analysis of variance procedures shc~ed 

that, for all soils except Inglewood c.s.l. only minor changes 

in pla~t 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 

Ryep;rass Ca concentration in relation to so il type, ~l~~ 

fertilizer addition, cutting resriwc and Harvest perio~ 

Soil Type ~lg Cutting Harvest numhcr 

Rate Hegime 1 2 3 

(kg 
-1 ha ) %C~ ---

~o . o3 
Burrell gravelly 0 1 0,50 O.G3 0.68 

sandy loa.m 9 0.46 0.68 0.64 

18 0.47 0 . 71 0.67 

36 0.42 0.63 0.62 

:t.0. 03 

0 2 0.58 0.66 0.64 

9 0 . 59 0.76 0.69 

18 0.51 0.6(3 0.67 

36 0.51 0.71 O.GG 

i:.0 -01 

Inglewood 0 1 0.04 0.41 0.40 

co· rse sandy 9 0.30 0.42 o. 41 

loam 18 0.32 o. ;-57 0.3H 

36 0.29 0.33 o. ;54 

±.0 . O::!> 

0 2 0.37 0.38 0.40 

9 0 ,36 0.37 0.3D 

18 0.30 o. 38 0.34 

36 0.29 0,35 0.31 

-4 -: r· 
.R. JL ~.-
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Table '.)3 (Cont .. ) 

Soil Type Mg Cuttin g Han·est nurr,Ler 

Hate Regime 1 2 3 

(kg ha -1) %Ca 

±..0-02-

Egmont black 0 1 0.64 0.51 0 . 49 

loam 9 0.70 0. 48 o. 40 

18 0.,62 0.51 0.50 

36 o. 6:-5 0 . 48 0.4G 

.:t=o.02. 
0 ') 0.66 0.54 0.45 ... 
9 0.67 0.53 0.4S 

18 0 ,69 0.52 0.47 

36 0.60 0.51 0 . 43 

±.0 .02. 

New Plymouth 0 1 O. G8 0.58 0. 58 

black loam 9 0.:38 0.60 0.57 

18 0.67 0.58 0.61 

36 0.61 O.GO 0. <;:3 

t.0.01 
0 2 0.62 0.61 0 . 51 

9 0.67 0. 61 o. ;j3 

18 0.60 0.54 0.53 

3n 0.64 0.59 0.48 



Table 31-

Avcragc ryegrnss Ca concentrations in relatio n to Roi l 

type and cuttin~ re~imc ( mean of all harvests ) 

Soil Burrell InglcKood Egmont New P J .)'m o u t. h 

Type g.A.l. c. s.l . h.l . h. l . 

Cutting Regime 1 

Mg Rate ~ ?£Ca 

0 kg Mg ha 
-1 0.60 0.61 0.38 0.0:J 

9 II II 0,59 0.38 o. 56 0.58 

18 II II 0.62 0.36 0.54 0. 6;! 

36 u II 0.56 0,32 o.53 0.61 

F ¢;;n1 e 
2.27 n.s. 12 . 70*•• 1,06 n.s. 0.93 n.s. 

Cutting Regime 2 

Hg Rate 

0 kg Mg ha 
-1 

0.63 0.38 0.55 o .. :-i9 

9 II II 0.68 0.37 0.55 O. ()0 

18 It It 0.62 0.34 o.56 o. !3!5 

36 II It 0.62 0.32 o.52 0~57 

F 
calc 

4.03* 3.46* 3.37* 2.77 n.s. 



involved was small and consequently would be likely to he of 

limited practical concern . For Inglewood c.s.1. si~nifi~ant 

decrenses in plant Ca resulting from t-16 addit ion were found 

at most harvests and at hoth cutting regimes. These r·(• 1_, n l ts 

sugp;est that reductions in plant Ca concentrations re~;nl 'I. 1ng 

from Mg addition might be expe cted for soils similar to l11~lc­

wood c.s.l. which ccnt nin less than about 1 to 2 r:J.e.% •~:c•­

changeable Ca. 

These results are somewhat at var i ance with tli<HH: of 

McNaught e t al . ( 1968a, 1H73b) who reported major dcprci:;:HioB:c; 

of plant Ca content resulting from the use of Mg fertilizers 

to Ilamilton cl ay loam (exch. ~lg 1.19 m.e . %, e xc h. Ca 9 . [j m.0. ~~) 

and Horotiu sandy loam ( cxch. Ca 1.85 m.e. %, xch. Mg 12 .8 m.e . %) 

However, the rater. of Mg fertilizer u sc~d in their fi.td d e ::pcri ­

ments were much greater than those used in the preseut. s tudy. 

There arc also several other reports in the litera ture which 

suggest th ~t increasing rates of Mg addition can r ei:.ad t in 

d e creased pla n t Ca contents for a range of plant spec i ,:,.; (l~t. Y 

ct. a , 1962 ; S almon , 1964 ; Gnmes e t al •• 1968 ; Martin ,,nd Pq, ,? 

1.::68 ; ~lcLean and Carbone ll, 1972; Cumwins and l'e h. i ,H_,, JD71 ; 

Clark, 1975). 

When the correction of a plant nutrien t defici~n~y on a 

soil deficient in more th::in one nuhie.n.1. lement r _su ]t8 in in-

creased plant dry-matter production, the concent ration of oi_hcr 

nutrient elements in the plant o fte n decreases compar~J to those 

on the untreated soil (Mc Naught, 1970) by way of a simp l e di­

lution effect. This effect a ppears to account for th e lle crea8e 

in plant Ca concentration on Inglewood c.s.l., as pl an t Ca 

uptakes on this soil (Table 35) were not changed as a resu lt of 

Mg addition to the soil . On soils where only a single nutri ent 

is deficient , correction of that deficiency may not necessari l y 

result in changes in the concentration of other nutrient clements 

in the herbage (McNaught, 1970 ) except where an antagonism be­

tween the element added and another nutrient, occurs as, eg. 

Mg and Ca, in this experiment. In the absence of any major 

depression in h~rbage Ca concentrations on soils other than 

Inglewood c.s.l. in this present experiment, plant Ca uptakes 



Table 35 

Ryegrr.:s s Ca uptake in relation to sojl type, trc<1t ment 

cuttin~ regi me and harvest period 

Soil Type 

Burrell 

gravelly sandy 

loam 

In g l e~,·ood 

coarse s andy 

loam 

LSD 

.Mg 

nate 

(kg ha 

0 

9 

18 

::rn 

0 

9 

18 

36 

0 

9 

18 

36 

0 

9 

18 

36 

0.05 

0.01 

Cutting 

Regime 

-1) 

1 

2 

1 

2 

Harvest Number 

1 

7.1:3 

13.1 

11. 8 

9.5 

11.5 

17.9 

15.4 

15.7 

4 .0 

4.0 

5.0 

3.9 

5.6 

6.3 

5.0 

4.3 

2.1 

2.7 

2 
-1 mg pot 

:3. 7 9.5 

5.2 10.2 

5 ') ..... 9.4 

5.3 9.3 

4.4 4.5 

6.9 5.6 

6.0 5.4-

7.2 5.6 

1.7 2 q . "-" 
1. 7 2 . 2 

1.5 2. 2 

1.4 2.1 

1.5 1.3 

1.6 1.4 

1.9 1.1 

1.7 1.6 

o.9 1.6 

1.2 2.2 

3 

'1.'o C:l l 

~~1.0 

28.5 

26. 4 

21 . 1 

2 0.4 

~50.4 

2 6.8 

~~ I~. 5 

--~ ... ---·---
, , (' 
( . ~ 
'"/ . 9 

' .7 

7.4 

8 .1 

U.3 

8.0 

7.6 

3.0 

5.2 

1 -.,;o 
r' .. "' -~ :J 



Table 35 (Cont •• ) 

Soil Type 

Egmont 

black loam 

New Plymouth 

black loam 

LSD 

Mg 

Rate 

( kg -1) ha · 

0 

9 

18 

36 

0 

9 

18 

36 

0 

9 

18 

36 

0 

9 

18 

36 

0.05 

0.01 

Cutting 

Regir.ie 

1 

2 

1 

') 
,;,. 

Ila rvest 

1 

7.0 

7. 1 

5.6 

3 . 3 

9.6 

9 .2 

9 . 9 

9.0 

5.B 

4 . 5 

5 . 0 

5 . 4 

6.9 

7.0 

5.4 

7.0 

2. 1 

2.7 

2 

mg 

4.2 

4.6 

'1 .6 

4 . 5 

5,8 

5,7 

6.8 

5.6 

3.9 

3 . 5 

3 .7 

3 .7 

5 .3 

4 .9 

4 .4 

5. 4 

0.9 

1.2 

l'-!umbcr 

pot 

3 
-1 

6,8 

9,G 

8 .2 

8 . G 

4. 0 

3 .5 

3.6 

3.5 

9.9 

8.1 

8 . 1 

10 . 3 

4.6 

4 . 2 

4 . 4 

1 .5 

1.6 

2.2 

Total 

rn .. o 
;21, 6 

:18. ·1 

1 n. 11-

JD. ,1 

18 . ,1 

:.rn. 3 

:1 8.1 

19.6 

16.J 

J.0.8 

1D~1 

-rn. s 

H3. 1 

14 .2 

16.9 

3 .9 

5 .,2 



generally followed a simi l a r pattern t o that of dry matter 

yield s on e a ch s oil type (Tubl e, .35) . Acco :· din g ly, sii;i1if icaHt 

increas es in plant Ca uptake only occ ure d where dry r.1ati t: r 

yield responses to ~ig fertil :izer addition occured such ,11., l"l 

Burrell g.s.l. and ~gmont b.l. 

As found for ~lg, p l ant Ca c oncentr t i.ons tcno.e 1l tu i l'l..:r cc1,:;e 

with successive harvests o n Bu rrel l g;.s.l. an<l Ingle\o:oc-,~ c. , r,. l. 

( Table 33 ). ,\ simil ar finding ½·as report.c u by Dijlrnhoon, ,,nd 

T'lla rt ( 1957), Hendriks ;ind Grimes ( :l9 fifi ) , an d t,:cNaught et ,d . 

( 1968a), who showed that Mg and Ca responded ~imilnrly to tn-

creasin g tempera ture. However, on r,eK Plymouth b.1. and 1.-:gmont 

b.l. plant Ca concent.rr1tions tended to remain const;:wt or 

decrease with success ive harvests ( Tahlc3 3 ) • Within each soi 1 

type a n d at harvests 1 antl 2, plant Ca concentrations ·ere 

highest under cutting regi me 2 than for cuttj ng regime 1 indic­

at ing that Ca concentrations d id tend t o incr , <lse \: i1.I, incre~s ­

ing tempe rature. 

and ~5 i. cutting regime 1, as a result of the ipcru•:~•, in d;:-·y 

m~.t.tcr yields .-:hich occu:;- te6 hetwecn thes<, h,o h,;,"°'"·sis ('1:0 h1c.22 L 
At h,,rvest 2, Ca uptake in cutting re~imc 2 \-1as r,r•!dtr-1· 1.l1-n 

thnt in cl tting regime 1 as was found f o r plant M~ upt.:.!<e. 

However, as the increase in pl ~n t Ca uptake with ir,cr·eai:.d ng 

temp rature ·as not genera ll y as i;reat as the incrc· .. ~; .. , in plant 

dry - m~tter production for few Plymouth b.l . nd Egmont L.l. 

(Table 22 ), plant Ca concentrat io n either declined r· rc~ained 

constant fo r these two soils. Therefore, it appearE-d that •nder 

the cond"tions of this e xpe ri ment , plant Ca uptake was not as 

sensitive to in creasing temperature as was the si tuat i.o. for 

plant ~lg uptake. 

5.2.5. Plant Potassium 

There was no consistent effect of Mg application on plant 

K concentrations (Table36 ). For all soils and at all harvests 

there was a tendency for plant K concentration to increase with 

increasing additions of Mg . However only in some isolated cases 

did this trend reach significance. 

Plant K con centrations declined with successive harvests 



Table 36 

iiye~"'; ra.ss l'. concentration in re1 at · on to soil t
1
·pe, ~!g; 

fertilizer ~ddition cutting re~ine and harvest period 

Soil Type Hg Cutting H<'lrvest Nunibcr 

Hate Hep;irr,e 1 2 3 

(kg 
-1 

ha ) %IC 

--+ 0.12 
Burrell gra velly 0 1 2.G1 1.57 0 .52 

sandy loam 9 2 .09 1. 32 0.54 

18 2.11 1.20 0 . 58 

36 2.26 1.61 0. 80 

+ 0.09 
0 2 1. f::G 1. 2 2 0. 89 

9 1. 67 1. 16 0.83 

18 1. 70 :l. .19 0.71 

36 1.6'1 1.08 o. 7•1 

____ .,,. __ ., 

---· + 0 . 12 

Int;le ,,ood coarse 0 1 2.45 2.3G " •• •,r 
c.. - l. -...} 

sandy loam 9 2. 3;3 2.44 2. 1 ·1 

13 2. 4 ~) 2.36 2.22 

36 2.50 2 .62 2.30 

--+ 0.10 

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 



Table 36 (Cont •• ) 

Soil Typ e Mg Cutting Ila rvest !\:umber 

Hate Hc g ime 1 2 3 

(kg 
-1 

ha ) %K 

+ 0. :10--

Egmont black 0 1 2.69 2 . 26 1. 31 

loam 9 2 .78 2 . :--;o L2 1 

18 2.73 2.39 1.44 

36 2 . 78 2.44 1.36 

+ 0.08---

0 2 2 . 31 2.32 1.70 

9 2 . 42 2 .1 8 :l.81 

18 2. 57 2.15 ·1 . 6 7 

36 2.41 2 . 24 1.75 

+ 0.11 
New Plymouth 0 1 2. 47 2. 52 l.45 

black loam 9 2.GG 2.60 1. 2.') 

18 2.70 :?. • ~iS 1 . 43 

3G 2 . 60 2.G7 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 



for al l soils (Table 36). The extent of this decl ine 11as most 

marked o n Durrel l g.s.l. , where pl ant K concentrations 1lcc rcasc d 

fr o m a maximum of 2.61% K t o less than 0.9% K. For Ne,-1 Ply r,ou th 

b .1. and Egmont b . 1., plant K concentr<1 tion decli ned fr-,1111 a 

maximum o f 2 .8% K to less th ·n 1.80;{, K. The sma]leMt d\"clinc 

occured on Inglewood c.s .l. ·here plant K concentr;:itionr., ;;1.:1H: I' ·· 

ally re mained above 2.0%. 

Significant differen c es in K concentraticns h'erc r,rn nd 

bet;.,een cutting regin,es, with concentrationis for cu t iin;; n:-~im.=) 

1 general ly exc eeding those for cutting r1~gin1e 2 at hctt·vest.E, 1 

(p '<.0.001 ) and 2 (p <0. 01). At harves t 3 however, t!w re ·erRc 

effect was found with plant K c oncentration,.;; for cuttiri.i; r gime 

2 generally exceeding those for cutti rit; rci;ime 1 (p<.0.001). 

Plant K uptake varied great ly between soil types ( Tablc37 ). 

At the first harvest, the o rder of plant K u ptake waA : Burrell 

g.s.l. > Inglewood c. s.l . ") Egmont b.l. > New Plymot!tll b.l., 

paral 1 el ing the differences in dry mat tcr production h•~'h:ccn 

soils at t his ha rves t. The r ;,nk ing of K uptake ch,;. H,_:,,. ,l ;it tl:c 

SP.COJ~d harvest, to : Er;mo nt b.l .> Ne,v t-•Jy111outh h.L > h•rr.ll 

g.s.l . > Inglev:ood c . s .l., due in the 11,~i n to t he ln q.~•~ dP.crc­

ascs in 1,lnnt K conccutrations on Burre ll g.s . l. \ .i nd i.-.~ ,i.ci.:ionn 

in dry matter yields for Ing-le":ood c.s.l . By the tldn1 ha.vest , 

the continuing decline in plant K conc~ntrations on llu~rell g.s. 1. 

c a used a further decline in plant K uptakes on thi s bui l rela­

tive to the o ther three s oil s so that the order th~n L ec&rne 

Eg;mont b.L > New Plymouth b.l.) Inglewood c.s .L) Burrell ?; .s.l. 

Differences in K up take between the two cutt ing r eg imes at 

harvests 1 and 2 main ly reflected dry matter yield differences 

with K uptakes for cutting regime 2 generally exceeding tho s e 

for cutting regime 1. The reverse situation occurred at h · rve."' t 

3, due to the shorter g rowt h 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.l. For Inglewood c.s.l., a s ignificant response 

in K uptake to ~lg addition occurred at the first and third har­

vests ( p < O. 01) due to the co mb ined effects of the trends 

towards increasing dry matter yields with increasing Mg addition 

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



Table 37 

Ryep;ras s K uptake in re l ation to s o n t ,- re, r-: p; 

fert i lizer addition, cutting regime and 

harvest period 

Soil Type 

Burrel 1 

gravelly sandy 

loam 

In g; l ewood 

co arse sandy 

loa1:i 

LSD 

Hg 

Hate 

(kg ha 

0 

9 

18 

36 

0 

9 

18 

36 

0 

g 

18 

3 6 

0 

9 

18 

36 

0.05 

0.01 

-1) 

Cutting 

!{egime 

1 

2 

1 

2 

HarYei:; t Nuniber 

1 2 3 
-1 

( g pot X 10
2

) 

4 .19 0.95 o.73 

5 . 96 1.02 0 . 86 

5.37 0. 88 0. 82 

5.13 1. 3 7 1.20 

3.71 0. 82 0. 6 2 

5 .08 1.06 0.68 

5.13 1.05 0. 5 7 

5.05 l.09 0.63 

2. J (i O. S9 1.17 

3.09 1.00 1 . 1 1l 

3oB2 0.94 1 . 31 

3 . 33 1.07 1.43 

3.22 0.95 0 .52 

3.64 1.04 0.83 

3.67 1.25 0.76 

3. 41 1.37 1.17 

0. 54 0.26 0.30 

0.72 0.35 0.40 

Tot :: 1 

!3.B7 

7. 81 

7 . 17 

7.70 

5 . ;:[ 5 

6 . 82 

G.75 

G.77 

·--·- --·-
:j. 02 
,. 
.) 

') ,. 
<.,j 

G.07 

5.83 

4. G9 

5.51 

5.CS 

5 .95 

0.8G 

L13 

.... '~ f.." l. .'~· ., } 



Table 37 (Cont..) 
Soil Type 

Egmont 

black loam 

New Plymouth 

black loam 

LSD 

Mg 

Rate 

( kg h.i 

0 

!) 

18 

36 

0 

9 

18 

36 

0 

9 

18 

36 

0 

9 

18 

36 

0.05 

0.72 

-1) 

Cutting 

!{egime 

l 

2 

1 

2 

flarvcst Nurnhcr Tot2l 

1 ') ,~ 3 

(g 
- 1 

10
2

) pot X 

2.93 1.88 1.81 

2.9G 2 .18 f) -r-, -.. , ) ( 

2.48 2.15 2 •. 36 

2.78 2.26 2.52 

3.35 2.51 1.51 

3 . 32 2.33 1.43 

3.70 2.80 1.:rn 

3.62 2.44 1.42 

2.12 1.71 2.49 

2.07 1.53 1.83 

2.03 1.63 1.90 

2. -1G l.63 :! • t)~ 

2.G? 2 . OLlc 1.17 

2.75 2.01 1.17 

2.31 1.95 1.1G 

2.90 2.32 1.68 

0.54 0.26 0.30 

0.72 0.35 0. 40 

ti. f.2 

? , :)0 

G.f> D 

7 • ~i(; 

---·-·-- -
7.37 

7.08 

?.79 

7.48 

C.32 

;3. 43 

~ c:; ~ .. 
• 1" ..;n 

( > • G;~ 

··--···-"~· .. ,--
r; Qu . , . ,...,~} 

5 .93 

5.42 

6.90 

0.86 

1.13 



(Tctble36 ). 

Uptake of plant K did not always decline with suc c e ss ive 

harvests as found for plant K concentrations (Table 37 ) • Under 

cutting regime 1, plant K uptakes genera lly increa~ed l,cl ween 

harvests 2 and 3 ~ al thoup;h not to the same extent ns <\id dry 

matter yields (TaiJle22 ). Cxcept for Burrell g .s.L, pl,1.nt K 

uptake was general ly greater for cutting regime 2 than for 

cutting rer~ime 1 at the t-;e cond h;:irves t, for all soils., 

It appears therefore, from these results, that K uptnke 

by ryegrass tends to increase with increasing tempernt11rc, a 

result which is in agreement with the findings of pr<! v i ,rn.s 

work (e g Dijkshoorn an<l T ' Hart, 1957). However the n ,,11..,m1t of 

increase in K uptake a chi eved appears to have been pAtt y 

masked by a decrease in the amounts of exchangeable K : n the 

soil, as shown in Table 3 8. Allowing for the amounts of K 

taken up by the ryegrass plants (Tablc38 ) , the dHt a i11dicatcs 

that for each soil a large proportion of the initia.1 1°~ <.!11..inge­

able K content (calcuJaterl a s the sun of the a1 r. ounts n 1.· 

exchanc; ,1ble K pre.sent in the untreated soil a.nu the a11ouuts o i' 

K fertili:i:c r added ) could not be · ccountcd for a t the .-:nnclusion 

of the experi ment. Sip;ni f i C<}n t ( p <. 0. 001) beh:12en-,-;.-,i j ,li ffer -

ences were found in the a1nounts of exchangeable K un accounte d 

for, which appear to oe reJatcd to the initial soil. exchangeable 

K status. A major potential source of this loss of K ~us as a 

result of leaching, since some drainage was in evi tai,h: over the 

duration of the experiment. Assuming that the loss of K was 

continuous throughout the exper _. -1ental period, the d c 1. ine in 

plant K concentration on these soils in which large dry -matter 

yield responses occurred as a result of increasing te1<,p •ra turc 

may be due to the com~ined effects of : 

i ) A growth dilution effect, and 

ii ) A decrease in the size of the pool of avail-ble 

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 increasin g 

plant maturity under constant temperature (Dijkshoorn and T'Hart 



Table 38 
Chan~es :i.n exchangeable l' .'\ c ontr-nt ove~ the expe r j 1nen 1_~0~ 
E.!:_riod for the various f; oi J i.. , pes, JI.Irr c fertili ze r t:r e ,d. -

ments, anrl cut ting regi n:es 

Soil Mg Cutting K K ;Jl•~' i t K 

Type Rate Regime start finish I~ u n: '1 1! c 

( kg ha -1 ) upt a ke f or 

pot 
-1 

g 

Burrell 0 1 0.41 0.09 o.Of> 0. 2 G 

gravelly 9 0.08 0.08 0.2 5 

sandy loam 18 0.06 0.07 0. 28 

36 0.07 0.0H 0.2G 

0 2 0.41 0.11 0.05 0. 0 5 

9 0.10 0.07 0.21 

18 0.08 0.07 n. 26 

36 0.10 0 , 07 n .. ;_~,1 

In g l ewood 0 1 0 - ,r) 
• ,J ..... (). 17 o.os () , 10 

con rse snndy 9 0.14 0,05 o. 13 

loam 18 0.14 0. 0(, o. 12 

36 0.11 0.0G 0.15 

0 2 0.32 0.15 0.05 o. 12 

9 0.12 O.OG o. 14 

18 0.12 O.OG 0. 14 

36 0.12 0.06 0.14 



-,1 '~ 0 
} .. ( ., ~ 

Table 38 (Cont. • ) 

Soil Mg Cutting K K plant K 

Type Rate Regime start finish K u11 :1./c 

( kg ha -1 ) uptahc for 

g po t-1 

Ei;mont 0 1 0,62 0.15 0.07 0. 40 

black lo am 9 0.16 0.08 (). :\1 

18 0.16 0.07 0_ 3') 

36 o. 1.6 o.ou o. :rn 

0 2 0.62 0,15 0.07 0. 40 

9 0.13 0.07 0.12 

18 0.17 O.OB 0.37 

36 0. 1 !) 0.07 0.3G 

New Plymouth 0 1 0.39 0.14 O.Ofi 0.19 

black loam 9 0.15 0, O!_i 0 . 1n 

18 0.15 0 . ()G O. Hl 

36 0.14 (). ( )(, 0. 1 ~ 

-- ---
0 2 0.39 0.15 O,OG 0 .18 

9 0.14 o. Q(; 0.19 

18 0.15 o. Q ;j 0.19 

36 0. 16 o.o? 0.16 



1957 ) 

Th e r,rnking of tota l plan t K uptci kes wa.s in the sa1;1,-~ 

order as ttc jnitaJ. :s oil e:x ciwn geable K contents (Tabl e ::'it\), 

viz,: Egmon t b.l. > nurrcll ~ • .s .l."), New Plyr,1outh b.L > Ingle--

·ood c.s.l. The differcr~ccs in d ry matter yields lH?t ,-u F o.i tr-; 

resulted in a dtfferent trend for plant K concentrat1, ,11s, ,,ucl 

th 11 t the app;:, rent order of K supplying po :e r to ryeg_l·.~,, :~ p1 a n t~, 

wasdn•;lel;"ood c.s.l. ,, Nev, Flyll!outh b .l .,) Ei;mont b.l. ) Bt..rr,·: ll 

g .s.l. H&.d d ry matter yj-:d.d.s o n In gle -...-o od c.s.l. b e <~,, ,: i1r, il r1r 

to dry mat tcr yields 011 the other thret~ soi l s , then j 1 

ible that plant K on t ld s s oil would al s o 11, ve decrca ,1'd wit h 

suc c essive harvests . 

The absl:!ncc of any marked .. rntagonisr:1 of ~lg on pJ;,nt K jn 

the soi l s used in thi s experimen t is in contrast to t!i,, r·es ults 

of previoua experiments . It may be relcvi"lnt to not e , i,01-:evc r, 

that in this present experiment , relatively low rat e, , of Mg 
-1, 

a ddition were used (m?.xirnum rate was ~G kp; ~lg h a 1 a;f'• :·i ' ·-1;·ed with 

adrlitinns of greater i.l1an 100kg '.•lt=; ha- 1 
\"1hjch h«ve rw •·n ti.·c-d jn 

previous trials (c g Rc-ith, .1961 ; l-'.cf\' ,: nt.ht , 1S73b ; ~ia.yl,,nd and 

GruneG, 1974 ). 

It is of inter..:!st Lo note that th,":! lo w plant K ffnmd at 

the final harves t on al] :soils except ]riglewootl c. f.;.l, -v •.>uld 

be co ns id ered defici cnt for ry.sgrass ac cording to tlt,, ,.ri teria 

proposed hy McNaught ( 1070) 1 viz., 0,3 - 1.7% K, and yet <lry 

matter yi elds did not a ppear to be adversely affected. J t is 

not known whct,11er dry matter yields would have been ,,;Pst.. ine d 

at the same levels as those of the third harvest had 1l1e ex ­

periment been continued . , These results \\'Ould SU/!gcGi that 

plant K of 1 - 2.0% K may wel l be adequate for peren.iial rye­

grass at the vegetat i ve stage (c.L 2.0 - 2.5% K, Hc J\.,n.,,;l1t, 

loc . cit.). 

5.3. General Discussion 

1 '::? 0 - ~, u 

In Taranaki, soils o~ Inglewood Tephra have been found to 

contain low to very low amounts of exchangeable Mg according to 

the criteria of ~;etson and Brook s ( 1975 ) , and with ~lg-saturation!; 

of the CEC of less tha n 10%. The value of 10% satu ration 



i ~ ~ 

is commonly considered to be the minimum satura t ion for e ns 11r in g 

an adequate supply of Mg to plants on co a rse - textured soils 

(Prince, 1947; Metson, 1968, 1974; Mctson and Gibson, 1974). 

These soils c ould easily become Mg deficient with intensi ve 

agricultural use, particularly a s they are mainly use d f or da "i ry•­

farming. 

In effect, the !'-lg status o f Inglewood c.s. l. 's for med on 

Inglewood Tephra is l!!Ore similar to many yellow-1Jro w11 pumi c rJ 

soils than to typical Central yellow-brown loams. 

larity probably arises because: 

This s i mi-

i ) Inglewood Tephra is pumiceous 1n nature, and 

although not composed of rhyolitic pumice and no t 

floating in water, is very similar to pumice in 

grain size and vesicularity (Neall, 1972). 

ii) The Inglewood Tephra is relatively young; re c ently 

being dated as between 4 000 - 5 000 years B.J>. 

iii) 

(V. E. Neall, pers. comm.) 

The soils are "11.'e ll-draincd a nd are d e velope d nnd r 

a high rainfall, so that u n der the s t ron ~ 1•.ac hin g; 

regime e x ch a n g e a ble ~lg i s unlikely to a ccunm ] a t e in 

the topsoils. 

These results show s e veral chemical properties in co mmon 

between co a rse - textured yellow-brown loams and yellow- bro wn 

pumice soils . This is in agreement with the fin d ing$ for 

certain physical p r operties, especially available water ho l di ng 

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 p umice 

soil. Similar large plant Mg responses were obtained on In gle ­

wood c.s.l. following Mg addition, although dry-matter yi e ld 

responses were less marked. 

This study also established that other soil series within 

the Inglewood-New Plymouth-Okato region of North Taranaki a r e 

potentially Mg deficient, including th~ Burrell, Hangatahua, 

Newall, Norfolk, and Stratford, series . Thus, Mg problems ma y 

be more common than is generally acknowledged for soils develop-

A • ., :;. 



ed from andesitic paren t materials from Mount Egmont . 

The d eta iled survey of exchangeable Mg contents ca r ri ed 

out in 1975 indicated that in the Inglewood - New Plymouth. ,tr(' ,4 , 

soil parent materials appear to be the primary factor det{~r1ni nin[!; 

the exchangeable Mg content of topsoi l s . This result i s in 

general agreement with other studies of p a rent mate ri al eff.,cts 

including those both in New Zealand (Chit tenden and Hod ~so n, 

1953) and overseas (Beeson, 1959; Salmon, 1963; Semb, 1964). 

Within the area covered by the Inglewood Tephra, Rdditi onal 

secondary factors also appear to affect soi l exchangeab.'1 e Mg 

contents. These include: 

i) Leaching intensity, which increases as rainfnJ l and 

altitude increase , and 

ii) We a thering i ntensi ty, which probably d e creahce with 

increas ing coarseness of th e soil parent 11 ,; 1 c rial 

closer to source and with the cooler tempe: ,durcs 

prevalent at hi~her altitudes . The decrc;:; sr.· in 

exc hangeable Mg content with increas ing 3.J. Ii. i.uct<., 

fo und for the Patua an d New Plymouth loairs i11cU c~t..:s 

tha t sir.iilar climate-related effects 111ay a)i-.o « ff .ct 

the exch ang ahlc Mg contents of soils form~J on other 

parent mate rials in Taranaki . 

The relative Mg-supplying power to perenni al r:~~rass of 

the four soils used in the pot experiment was related lo the 

exchangeable Mg contents o f the four so i ls. The con c,,.·1 trations 

( t.. a --1 ) of Mg in the ryegrass plants grown on the control O kg Mg n 

treatments were in the order of Burrell g.s .l. ~ Ingle ood c.s.l. 

< ~ew Plymouth b. 1. ~ Egmo n t b. 1., which was also the approximate 

order of the soil·• exchangeable Mg contents. Mg addit jons to 

Burrell g.s.l. and Inglewood c.s.l. produced greater cl:anges 

in plant Mg than did the same additions to New Plymou th 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 an d 

the response of plants to applied Mg. Coarse-textured soils 

containing less than 0.2 - 0.3 m.e. % exchangeable Mg in Taran -
+c> 

aki may be considered as likely / respond to applied Mg. This 

"critical" value for possible responses to Mg addition for 

Taranaki yellow-brown loams is similar to those found for other-· 



soils of volcanic origin in New Zealand. 

The different responses to applied Mg found for the soils 

used in the experiment may have practical implications for the 

control of hypomagnasaemia in grazing animals. The r . quir ed Ng 

concentrati on in pas ture p) .qnts for the provision of Ml •s<p1a t e 

dietary Mg for recently-calved dairy co ¼"s has been quot\:d a::: .1 

minimum of 0.20% Mg (Kemp a nd T' Hart, 1957). Other repnrtF.: .in••· 

dicatc that a safe minimum plant Mg concentration rr:ay lw ,·,rouud 

0.25% 1-lg (Butler and ~letsc n , Hl67). On the basis of thf' n •t·ult~, 

o f Kemp and T'Hart (loc. cit.) the rycgr a ss grown on tl1f• coni.l·o l 

treatments of New Plymouth b.l., and Egmo nt b.l. would h<· coB­

sidered to contain adequate Mg- for stock ne e ds at all h,r- v<-sts 

throughout the experiment. For Burrel ) g . s .l., only after the 

day temperature exceeded 14 C did p l ant Mg increase ab 1, ve O. 2% 

Mg on the control treatments, while for Inglewood c. s.\, only 

at the third harvest under cutting regime 2, when day L~mperaturc 

was 16 c. did pl a nt Mg exceed 0.2% Mg on the control i.r, ntn,ents . 

For b oth Burrell g.s.l. ~nd In~lc~ood c .s .J. ut ti~ fi1·st 

harvest, the application of Hg at a r ate e~ uivalent to~ fj~J d 

application of 36 kg ~lg ha -l resulted j n increases of pl :-trd; 

Mg level to close to 0.2% ~g. At later harvests, pr•..>1:-;-1H;•;ibly :.:s 

a result of the te mperature effect on Hg uptake, the l (~veJ of 

0 .2% Mg was exceeded even at lower ra tes of Ng additi0n for 

both soils. Therefore , the use of rel a tively low ra1e H of ~g 

fertilizers might be expected to be a p ractical mean,; n f in­

creasi n g plant Hg sufficiently to prevent the occurrt>t• <· c of 

hypomagnasaemia o n Burrel l g .s.l. and Inglewood c. s.l . 

The temperatu re -dependence of Mg uptake by ryegraRs was 

clear ly demonstrated in this experiment. A critical ffiinimu m 

temperature of ca. 14 C , helow which increasing t emperature would 

not be expected to result in increased plant Mg was in clicat d, 

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 . l . and Inglewood c.s.l. after the temperature exceeded 14 C. 

ror New Plymouth b. 1. and Egmont b. 1., the increase in plant ~lg 

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



exchangeable Mg content of a soil by applying Jllp; fertil ize1- n:ay 

therefore reduce the amplitude of seasonal fluctu~tions in p!ant 

Mg concentrations. 

The problem of obtaining a sufficiently large increase in 

plant Mg by applying ~lg f erti lizer may be accentuated lJy th· 

effect of temperature on plant Hg uptake . The t -mperature re­

gimes used in this experiment were selected to z.pp roxim atc thuR.c 

operating in the field over the early spring period in North 

Taranaki, when hypomagnasaemi a is most likely to occur in dairy 

cows . The results obtained indicate that not only arc plant Mg 

concentrations likely to be low at this critical time, but that 

the response to added Mg is only minimal , incre2sing as terupcr­

atures increase and the danger period for hypomagnasacmia pnsses. 

There is no strong evidence for a ~lg/Ca antagonism in any of the 

soils or treatments used in this experil'lent. \•;here ~lg audition 

did result in a decrease in plant Ca, on Inglewood c.s.l •• plant 

Ca was not depressed below the adequacy range for pere 1nial r c­

grass of from 0.25 to 0.30% Ca (1.:cNaught, 1970) . 'l'he n ·&u l trJ o f 

the present experiment indicate that the appl i ca ti on of ~!g-•con­

taining fertilizers should not depress pastures Ca lev~Js 

c::ignificently and thereby af fect dry-matter yields or cumpU.cate 

stock hea lth problems. 

~hile there Kas no evidence for an antagonistic affect of 

Mg on plant Kin this experiment, the decrease in pla:1t K which 

occurred as the experiment progressed is of interest. The sus-

ceptibility of dairy cattle to hypomagnasaemia has be .n postu­

lated to increase as the herbage ~a+ Mg ratio increases, 

especially at low (c a . 0.2%) plant Mg concentrations. The max ­

imum nafe value for this ratio appears to be around 2.2 ( Kemp· 

and T'IJart, 1957). Obviously this ratio may be changed by 

additions of Kand 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 soils containing)1 .0 m.e.% exchangeable 

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 ~his may not 

necessarily be detrimental to ryegrass yields. Even if dry matter 



yields are d ep r essed, the improvement in feed qua lity co uld 

offset the reductions in the quantity of availahle feed. In 

situations where soils are deficien t in plant-available K, 

and K fertilizer cannot be withheld , K addition may r sult in 

large depressions of plant ~;g ( Welte and Werner, 1963 ; t-tc_r..:,~u;.•;h t 

et._ al., 1973a). For such conditions the co mbin ed add i t.i0n o f 

Mg and K could help to overcome the problem of main t ai n in g dry 

matter yields while avoiding low plant Hg con centrations (\\"cJ tc 

and \'i erner, 196~). 

The results of the fieJd samp lin g programme showed t hat a 

large area of the soils forn~d on the Inglewood Te phra contain 

defident, or potentially deficie nt ~lg levels. Analyses of 

samples t aken from other so il t ypes indicate that the re are 

prob a bly other areas of so ils in Tar naki with sirnil r low con ­

tents of exchangeable Mg . These low Mg soils are commonly 

coarse textured and have formed on p a rent materials <5 000 years 

old under condit i ons of high rainfall, a nd include a.t least the 

Burrell, Norfolk, Newall, Hangatahua an d Stratford seriP.s. The 

pl ant Mg l evels found in ryebrass pl ants grown on t lH: i)Ot trial 

indicate that , while exchangeable ~g may be adequate for plant 

and animal requ i r e ments on the older s oils, suc h as New rlymouth 

and Egmont b.l.'s, for the younger soils , such as Hur·rell g.s.1 . 

and Inglewood ~.s.l., it is probable that Mg def i ciency, in 

terms of animal , if not plant, re quirements, will soon hccome 

an increasing problem . This will make the applic atio n of Mg 

fertilizers to these soils an economi c necessity in the future . 



Chapter VI 

Conclusions 

i) Soi l s formed from Inglewood Tephra con tain re l a ­

tively low amounts of exchangeable Mg as C<.iu,purcd 

with other soils in Taranaki and in New Z dland . 

ii ) Within the I 11 g;lewood - New Ply:nouth - Olrnto ;~rea 

iii) 

of l\orth Taranalci, soil parent materials appear to 

be the major factors determining e xchangea.'b\e. Mi c.onteTi'TS. 

Within e·~ch soi l se r ies , exchangeable MK cuntents 

decrease with increasing altitude due to th,· combined 

effect of inc re sing leachin g j ntens i ty c.1.1..l decreasing 

~eathering r ate at hi gher a l titudes . 

The low exchanr.;eable Hg contP.nts of soi h, f" r med on 

pumic ous ·nde,;iti c parent materia ls in 'l'r:r,i11;l ki nrc 

more siwilar to t hos e of yeJ low-brov;n pui,,; ,·i · ,;oil1:.., 

rather than to those o f other Central yell 11.-bro\l.Cn 

loams . 

iv) The 1-ig supplying; po we r of the Taranald yell(l •-b rown 

loa1:1s to perennial ryegrasfl increases with increasing 

exchangeable Mg contents. 

v) Plant responses to added Mg varied with nnti~e ex ­

changeable Mg contents .. _Fbr soils contain inE?; less 

than 0 .3 m.e. % exchangeable Mg, Mg ferti lizer 

additions may result in increased plant dry matter 

and plant Mg concentration. For soils co n t ~injng 

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. 

vi) Plant Mg concentration tended to increase with in-



vii ) 

viii) 

creasing temperature, within the range 12-16 C. A 
11crit i cal 0 minimum temperature of ca. - 1.1 C was i n ­

dicated, below which increases in temperature did 

not result in increased plant Mg uptake . 

The use of Mg containing fertilizers on soi 1~1 co :-i­

taining less than 0.3 m.e.% xchange~ble Mg in 

Taranaki may be an effective method of r· ising 

animal intakes of Mg to prevent the occurrel'\c.e of 

hypomagnasaemia . On soils containing more thn n 

1.0 m.e.% Mg, plant Mg contents appear at preHen t 

to be adequate for animal requirements. 

Many of the coarse -textured soils at l1igh altitudes 

in Taranaki and with low exchangeable Mg contents 

are likely to be Ng deficient when used int .nsivcly 

for agricultural production, thereby making the use 

of ~lg -containing fertilizers an economic n . cess i ty 

in the future. 
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Appendix 1. Details of Individual Sampling Sites 

i) Reconnaissance Su~~ey 

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

7/74 No. Type ( NZ~!S1) ( m) 

II 1* BUR N119/765599 488 RGt we 
II 2 STR N119/842605 320 RGt :1c , fi'\il 

II 3 ING N109/734772 274 RG, WC 
II 4 ING N109/650'il> 8 503 HG, ET, \l° C Land under development. Lime t K-super used. 
II 5• ING N109/673753 366 OG, RG , WC 
II 6* ING N109/698784 259 RG, \\IC 

" 7* ING N109/717806 213 13T, \\'C Farm hus not been topdressed in recent years . 
II 8 ING N109/744803 213 RG, \~C 

8/74 9 PAT N108/612763 396 RG, l(C K-su_per, Li me used . 
II 10 ING N109/650738 503 RG, OG, WC Sarne site as sample 4. 
II 11 ING N109/668742 427 RG, WC Lime, K-super. Recently ovcrsown. 
II 12 NOR N109/697756 335 RG, WC Superphosphate onl~ 
II 13 ING ' N109/7107;,:8 4! 1 RG~ ';~· c: K -· .n 1,1 p !': ::- o n l Y. 

II 14 NEW N109/722723 3 96 EG , CG, ·.\' C Site infrequ ent ly fertilized; s o~e crop mix which 

contains Mg used in past. 
II 15 ING N119/744658 427 RG, WC K-.supcr, lime used . 

II 16 BUR N119/789598 427 RG, \;'C II II 
i,=1.. 

~.}~ 
t-,,.>-. 



Date Sample Soil Location Altitude 

No . Type ( NZMS1 ) ( m) 

8/74 17 NPL N109/701920 34 

" 18 NPL N109/710911 61 
II 19 ING N109/727863 152 

II 20 ING N109/717806 213 

II 21 ING N109/722770 274 

II 22 ING N109/718746 351 

II 23 ING N109/696720 457 

II 24 UNKN Nll 9/690694 588 

10/74 25 ING N109/726831 152 

II 26 ING N109/72J~1-1 183 

" 27 ING '.'J 109/7 l 7 805 t213 

II 28 Ir-.:G N 109/719792 244 

Pasture 

RG, WC 

RG, WC 

HG , WC 

BT, \l'C 

f<G , \\'C , F':i· 

RG, \'.'C 

CG 

OG 

HG, \'iC 
,., , ... ,•,_; , ~-fC 

3rr, ".t- C 

RG , WC 

Fert ili ze rs used (where kn own) and Comments . 

Very little fertilizer in pasture over 4 months . 

prior to sampling, rec eived 11 ,-\mmophos 11 and K-

super . 

K-super, 

K- supe r . 

Same site as sample 7 . 

Ammophos and Osflow . 

K- super, Property has had severe hypomagnasaemia 

problem, and pastures have been dusted with MgO, 

but not at samp ling site . 

In native fc r est at boundary of Egmont Nat iona l 

P n.rlc. 

Samp le site on roadside within Egrnont Na tional 

Park; 0-10cm sample only. 

Farmer had used Mg fertilizers. 

X-:= ... : Jt: r , 

Same site as sa~Fle 7 • 

~ 
4 ..... 
'-,) .. 
{"',,:) 



Date Sample Soil Location Altitude Pasture Fertilizers used ( where known) and Comments 

No. Type (li :MS1) (m) 

10/74 29 ING N109/675755 366 RG, WC K-super , 

" 30 ING N109/688742 427 RG, h'C Same site as samp le 11. 

II 31 ING N109/650738 503 ftG, OG, \'IC Same site as sample 4. 
II 32 HAN N118/534671 320 RG, l::'C 

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

~~ 

r' ,;-, 
~" -
c..v 



ii) 

Sample Soil Location 

No, Type 

33 ING N109/684826 

34 ING N109/68182°2 

35 ING N109/679' 01 

36 ING N109/675795 

37 ING N109/678796 

38 ING N109/669779 

39 ING N109/665784 

40 ING N109/622744 

41 I NG N109/G577 54 

Detailed Survcy_(August 1975.) 

Altitude Pasture Fertilizers used (where known) and comments . 

( rn ) 

198 RG, \'IC 4 cwt/ac 30% K-super 2 x/yr. 

152 RG, \\'C 4 c wt/ac 50% K- super (spring ); 

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

1 cwt/ac ( NH
4

)
2 

so
4 

( spr in g ) . 

244 RG, WC Fertilizer unknown . 

244 RG 1 \1'C 7 cwt K-super (50% Spring, 30'~ Autumn )j 

farm has had hypomagnasaemia problem . 

244 HG , WC, Fil' 7 cwt 30% K-super/acre . 

305 RG, \t· c 3 cwt/ac 50% K- super (spring); 3 cwt/ac 30% 

K-supe r (autumn) . 

274 RG, we, CF 8 cwt/ac 50% K-super (4 Spring, 4 Autumn} and 

1 cwt/ac (NH
4

)
2 

so
4 

(spring) . 

320 RG, WC 8 c wt/ac 30% K-supcr (4 spring, 4 autumn) ; ¾ ton/ac 

lim~ spread two years before . 
~ ,...~ 
.:,; .} \) 11-~· ... .:.. ,:.:--.r:~·' ,-1-: :r,-e ·i ;: a<ld ::ck o;; s::r-P. pro_p:!'"~Y as sample 4 . 

~o fertili~cr in rec~nt years . 

),~ 
,. -:-' ..,. -
.,r-::,... 



Sample Soil Location Altitude Pasture 

No . Type (m) 

42 ING N109/667776 305 RG, WC 

43 ING N109/ 674771 320 RG, we, BT 

44 ING N109/ 667750 396 RG, WC , OG 
' 

45 ING N109/668742 4-27 RG, WC 

46 ING N109/ 676746 366 RG, WC 

47 ING N109/ 693775 290 RG, we, OG 

48 I NG N109/696782 274 RG, \i'C 

49 ING N109/692787 259 ..,~ 1,1,... F~I' t~ :.l, 1, ....,,,' 

51 I NG N109/696799 229 HG, \l'C 

Fertilizers used ( where known) and comments . 

8 cwt/ac 30% K-super (4 Spring; 4 Autumn ); c wt/ac 

( NH
4

)
2 

S0
4 

Spring . 1 ton lime/ac 3 years before. 

½ ton/ac last year. Farm has had severe hypomag-

nasacmia problem. 

5 cwt/ac 30% K-super in Spring . 

On same property as sample 4; has had recent heavy 

dress ings of lime (1ton/uc) and 30% K-super (15 cwt/ 

ac). 

Same site as samples 11 and 30 . 

Same property as sample 29 . 

1 ton/ac "Osflow 11
; 1 ton/ac lime; 1 cwt/ac ( NH4) 2 

S04 - all recent . Discarded top 2cm to minimise 

contamination 1 

3 c wt/ac 30% K-super and 1 cwt/ ac KCl (sprin g ) ; ., 
4 c wt/ac 30% K- supe r (Autunn) . 

1-} cwt/ac 11 Aorn ophos 11 (spring); 3 cwt/ac 30% K- supe r 

(autumn) . 

Fertilizer unknown . 

~ 

\..~ ,. ._ ~-



Sample Soil Location Altitude Pasture 

No. Type ( rn) 

52 ING N109/705804 213 RG, we, OG 

53 ING N109/724835 152 ET, PA, RG , 

we 
54 ING N109/711851 152 HG, BT, WC 

55 ING N109/717822 183 RG , OG, WC 

56 ING N109/722813 198 RG, BT, WC 

57 ING N109/719795 229 RG , \\'C 

58 ING N109/721792 244 RG, OG, \\'C 

59 ING N109/701721 142 RG, BT, ;1C 

60 ING N109/704723 427 BT, FW 

61 ING N109/710728 41.1 RG, WC 

62 ING N109/718746 35 1 RG, \\'C 

63 ING N109/717806 21:3 nrr ;\·c 
....... .&. 'T 

6.1 ING N109/7~17804 21 3 n,...-
l \U I CG~ \'/C 

FW 

Fertilizers used (where known) and co mments . 

5 cwt 30% K-supcr (spring) 1 cwt/ac (NH
4

)
2 

so
4

• 

3 cwt/ac 50% K-super (spring and autumn) , and up to 

2 cwt/ac KCl in spring . 

3 cwt 30% K-supe r (spring); 3 cwt/ac 20% K-super 

(autumn) 1 Pasture g ra zed by sheep , 

4 cwt/ac 30% K-s uper (spring and autumn) • 
11 ,\mm op hos II fertil i2,er; am ounts unknown -
1 cwt/ac 50% K-s uper (spring and autumn) . Sa me 

area. 

Fertilizer unknown . Ha s used some serp. supc-F-

3 cwt/ac 50% K-super. i ton/ac lime in last 2 

years , 

Ferti lizer unknown ; very little in past 5 years. 

Same site as sample 13 . 

Same site as samp le 22 . 

~ame si~e !S sample 7 1 20. 27. 

Previous a;.;tumn: 5 c i.•t .serp . K- s uper ; 3 cwt/a.c 

Do lomite , Previous years :~ cwt/ac super . 

t---,. ~.., ... ' 
t;,;;"';; 



Sample Soil Location Altitude 

No. Type (m) 

65 ING N109/730807 213 

66 ING N109/7368~1 152 

67 ING N109/744835 198 

68 ING N109/733815 198 

69 ING N109/736806 213 

70 ING N109/749822 183 

71 ING N109/745816 198 

72 I NG N109/744803 213 

73 ING N109/752805 213 

7 4 ING N109/7 59809 1~8 

Pasture 

RG, \\'C 

RG, WC 

RG, we, oG 

RG, CF, \\°C 

HG, WC 

I~G, t,rr, F\;· ., V , 

HG, WC 

DT, HG, \'/C 

RG~ ET , W" t l \,,.,' 

FW 

Fertilizers used ( where known) and comments . 

Basic slag at 5 cwt/ac s ince 1937. Now used for 

beef-fattening; d airying until 13 years ago. 

3 cwt/ac 30% K- supe r (sprin g ), 2 cwt supcr/ac 

autumn. ½ ton lime 6 y ears before. 

New owner. Previous owners used 110sflow". 

4 cwt/ac 50% K- super (spring), 4 cwt/ac serp. 

super (autumn) over past 2 years. 

4 cwt/ac 30% K-super (s pring and autumn) Urea -

1 cwt/ac in spring. 

4-5 c wt/ac 30% K-super and occasional dress ings of 

blood and bone and crop-mix . 

5 cwt 30% K-super and blood and bone (unspec.) ~ 

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

as sample 8. 

Fertilizer unknown. 

Fertilize r unkno wn (runoff area) ,. 

~ .• ,, .... -
~ .. ,·-.......: 



Sample So il Location Al ti tudc Pas tu~c Fertilizers used ( where known) and co mments . 

No . Type (m) 

75 ING N109/755804 213 BT , HG, \\'C, 4 cwt/ ac 30% K- super last year . New owne r . Previ ous 

'FW owners allo wed property to run down . 

76 ING N109/777785 213 RG, IlT , 1l'C, 4 cwt/ac 30% K-super (spring and autumn ) Property 

FW used to g raze horses . 

77 NPL NlOS/ 475803 46 RG, \~C In last year . Spring 3] cwt dolomi t e, K- £upe r (20%) 

Autumn : -1 + .:, :'.! C~\."" <io 1 omi t ic. i-: -s upe r . Previously, 6 - 7 

cwt/yr 20% K-supe r , 

78 NPL N108/477796 61 RG , \fC 3i c wt/ ac K-Serp. - Supe r ( spri ng and autu mn 

79 . NPL N108/484786 76 RG , \l'C 3 c wt/nc 50% K-super (sprin g and autu~n ) 

80 NPL N108/489782 91 OGI \\'C, rw Paddock largel y unfertilizerl . 

81 PAT N108/ 513772 152 RG, ','i'C 3 cwt/ac 30% K-super in cmtumn • 

82 PAT N108/514759 183 RG, \1'C , Fw 4 c wt/ac 30% K- super ( sprin g and autumn) So me N-

fertilizer in spring . 

83 PAT N108/532740 244 RG , OG, WC 3-4 cwt/ac super . Sheepfarrn. 

84 PAT N108/545730 335 RG, \''•,... ,.., , F\i' 3 cwt/ac 30% K-super (spring); 4 c wt / ac aerial super 
-

(.:;. i! tu:r,n ) • 

PAT N ne;~-1- V? 366 r,,... '"'\ i .. .,, ,.. 
.~ :•✓ r-~/;.~-: 30\. k - su:er I c:; ....... ,..j r.~ ·1. 3 cwt s uper (autumn ) . 85 , 1 . , ·.. J - ..... , .. .. . : .. -.: .. 1 ; \;'-" .. •• - - , t,J - ' "-'.6.:i. "•b it 

Samples 77-85 i nc lusive, takt~ r, olon( !..ipper and Lower 

Pitone Roads, t o the E.2.s: cf ~he Kaitaki Range . 

t,-1.. 
.,:,,D 
\,.,.. "' 

QO 

- -



Code Soil Types 

RUR ... . . . . .. . .. Burrell gravelly sandy loam 

f!i\N . . . .. . Hangatahua bouldery sand 

ING ... . .. . .. Inglewood coarse sandy ) O >!ri! 

NEW ... . .. Newall bouldery sand 

r-:OH ... Norfol!c bouldery sand 

NPL . . . ... . .. . .. New Plymouth black loam 

PAT ... . .. Patua loam 

STR . . . ... Stratford coarse sandy loam 

UNKN . . . . . . . .. . .. Unknown soil types • 

Pasture Composition 

BT ... nrowntop 

Cl<"' ... . .. CocK$foot 

RG ... . .. Ryegrass 

OG . . . ... . .. Other gra,!:;ses 

\•!C ... . .. 11hi te clover 

fi'\1 . . . . . . ... . .. Fla tweeds 

, \ Given in order of dooinant-minor sw(\rd components . 



Appendix 2. Results of Soil Exchangeable Cation and Soil pH 

Analyses for Samples taken durin~ the Field Sampling Programme 

i) Reconnaisance Survey ---- 0-10cm ---10-20cru 

Sample 

No. 

la 

lb 

2 

3 

4 

5a 

5b 

6a 

6b 

7a 

7b 

Ba 

8b 

9 

10 

Soil 

Type 

BUR 

BUR 

S'l'R 

ING 

ING 

ING 
ING 

ING 

ING 

ING 

ING 

ING 

ING 

PAT 

ING 

Altitude 

(m) 

488 

488 

320 

274 

503 

366 

366 

259 

259 

213 

213 

213 

213 

396 

503 

~lg 

0.35 

0.23 

0.1 4 

0.32 

0,29 

0.36 

0,21 

0.67 

0.34 

0.57 

0.21 

1. 15 

o.74 

0.53 

0.28 

Ca K 

rn.e.% 

3.57 1.35 

2.23 1.52 

3. 58 2,55 

3.34 3.95 

5.20 2.02 

12.13 0.35 

5.53 0.22 

6.05 0.20 

4.30 0.46 

3.84 0,74 

2.78 0,21 

8,31 1. 15 

8.51 0.92 

5. 4 3 0.60 

1.05 0.40 

soil 

pH 

5.7 

5.7 

5.6 

5.7 

5.9 

5.7 

5.9 

5.9 

5.5 

5.7 

5.6 

5.6 

5,3 

5.6 

5 .6 

Mg 

0.14 

0.18 

0.11 

0.07 

0.16 

0.11 

0.33 

0.12 

0.54 

0.36 

0.21 

0.08 

Ca 

m.e.% 

1. 97 

8.52 

6.71 

6.78 

1.78 

1.62 

5.98 

1.42 

4.59 

3.33 

1.34 

0.40 

K 

3.43 

1.52 

0.14 

0.38 

-
0.11 

1.08 

0.21. 

0.85 

0.23 

0.37 

0.07 

Soil 

pH 

5.3 

5.8 

5.9 

6,0 

5.7 

5,5 

5.8 

5.5 

5.3 

5.5 

5.3 

5.7 
!=lo-
Cl") 
0 



0 -iOcrn. 

Sample Soil Altitude ~lg Ca 

No. Type (m) rn.c. 1¼ 

11 ING 427 . 0.94 12.57 

12 NOR 335 0.28 2.44 

13 ING 411 0.33 1.97 

14 NEW 396 1.38 5.82 

15 ING 427 0.67 7.90 

16 BUR 427 1.84 6.05 

17 NPL 34 2.08 8.31 

18 NPL 61 2.91 14.45 

19 ING 152 0. 84 6.00 

20 ING 213 1.31 4.86 

21 ING 274 0.87 4 , 90 

22 ING 351 0.47 3.09 

23 ING 457 1.59 5.37 

2 4 UNKN 588 1. ns 5.45 

25 ING 152 ') ,., ·1 
'- • I A 14 .79 

K soil Mg 

pH 

0.32 5.9 0.24 

0.21 5.5 0.16 

0.33 5.4 0.13 

0. 44 5.6 0.13 

0.65 5.4 0.18 

O.GO 5.7 0.64 

0.50 5.6 0.51 

1.17 5.8 0.35 

0 . 29 5.7 0 . 25 

0.73 5.5 0.26 

1. 44 6.0 0.26 

0.31 5,6 0.25 

0. 56 5 .3 0.37 

0.30 5,4 

o. 55 6.2 0. 9 1 

· 10 -Wcm 
Ca 

r.i. e . 7$ 

2.99 

1.61 

0.91 

2.68 

1.30 

1.80 

4. 12 

2.08 

2 . 9 4, 

1.14 

1.97 

1. 72 

1.02 

6 .43 

K 

0.21 

0.14 

0.17 

0 . 34 

0 . 29 

0.21 

0.17 

0.59 

0.13 

0.21 

0 . 38 

o. 16 

0.25 

0 ?n 
• - •✓ 

Soil 

pH 

5.6 

5.6 

5.3 

5.7 

5.5 

5.5 

5.4 

5.2 

5.7 

5.4 

5.4 

5.6 

5.3 

6.1 

t,-i.. 

C':J 
ti.~'. 



Sample 

No. 

26 

27 

28 

29 

30 

31 

32 

Soil 

Type 

ING 

ING 

ING 

I NG 

ING 

ING 

HAN 

Altitude 

( m) 

183 

213 

244 

366 

427 

503 

320 

----0-1.0cm 
Mg Ca 

~' m.e. Al 

0.51 5 .56 

0.89 4.30 

1.29 6.41 

1.03 3.82 

0.20 1.38 

0.37 3.28 

0. 65 2 . 87 

K 

0.36 

0.53 

0.51 

0.50 

0.34 

0.47 

0 . 26 

soil 

pH 

5.8 

5.5 

5.7 

5.9 

5 .6 

5.4 

5.5 

---1.Q-20c.,rn 
Mg Ca 

m. e. % 

0.26 5.24 

0.26 2.76 

0.41 4 . 46 

0.37 1.89 

0 . 17 0.73 

0 . 23 0.97 

0 . 38 1. 97 

K 

0.16 

0.26 

0.30 

0.25 

0.34 

0.25 

0.26 

Soil 

pH 

5.9 

5 .7 

5.8 

5.9 

5 . 6 

5.5 

5.7 

~.a-..\ 

c:.t) 
r~ 



ii) Deta il ed Survcr 

.0 - 10cm --1O-2Ocm 

Sample Soil Altitude l~xch. i!g ( m.e. ;6 ) Soil Exch. Mg (m.e. %) Soil 

Number Type ( m) pH pH 

33 ING 198 0.25 5.5 

34 ING 152 0.41 5.7 0.12 ~i. 8 

35 I NG 244 0. 9 !) 5.5 0. 12 r. -,) . ..) 
36 ING 244 0.70 5 .7 o. 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 5.7 0.1 4 5 . 6 

40 ING 320 0.33 5 . 8 0.04- 5.8 

41 ING 395 0.35 5.5 0.31 5.5 

42 ,ING 305 0.25 5.8 0 .04 5. -1 

43 ING 320 0 . 49 5 .6 0.21 5 ,7 

44 I NG 396 0.53 5 .7 0.08 5 .9 

45 ING 427 o. 5:3 5 .9 0.27 5. '7 

46 ING 3G6 (; . 46 fr. 7 0 . 27 5 . 6 

47 I NG 290 o ·io 5.9 r. ,-, "' 5 .7 •'-'~ '-J, "' ... } 

4 8 ING 274 0.11 5 . 5 (\ ,·, , 
.. . . ... j 5.4 

9 ING 290 O.G 2 5.7 0,04 5.5 
p•,;\. 

C) ~,., 



Sample 

Number 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

Soil 

Type 

ING 

ING 

ING 

ING 

ING 

ING 

ING 

ING 

ING 

ING 

ING 

ING 

ING 

I NG 

ING 

ING 

Altitude 

( m) 

259 

229 

213 

152 

152 

183 

198 

229 

244 

442 

427 

411 

351 

213 

213 

~13 

-----0-10cm 

Exch . Mg (m.e. %) 

0.62 

0.37 

Oc25 

0. 86 

0.11 

0.76 

0.70 

0.80 

0.47 

0.21 

0.43 

0.49 

0.52 

0 .68 

1.85 

i.6 5 

Soil 

pH 

5.7 

5.9 

5.6 

!5. 9 

ti. 9 

6.0 

5.8 

6.1 

5.7 

5.8 

5.2 

5.8 

5.6 

5.7 

E.O 
C • ., It' _,j 

----10-20~m 

Exch. Mg (m.e. %) 

o. 12 

0.12 

0.01 

0.16 

0.17 

0 . 12 

o. 12 

o.os 
0.04 

0.01 

0. 14. 

0.04 

0,08 

0.18 

0.39 

C, 64 

Soil 

pH 

6.2 

5.6 

5.7 

6.2 

6.0 

6.0 

5.8 

5.9 

5.7 

5.6 

5.4 

5.8 

5,7 

5.7 

5 ,9 

6.1 

~a-a~ 

~ , ,., ... ., 
~'..~ ~ 



0-1.Q Crl'I to -20cm 

Sample Soil Altitude Ex ch. Mg ( n:. P.. % ) Soil )~xch. Mg (m. e . %) Soil 

Number Type (m) pH pH 

66 ING 152 1.87 6.2 0 . 49 6.2 

67 I NG 198 0.99 5.9 0 . 12 5.8 

68 ING · 198 0.95 5.9 0.20 5 . 6 

69 ING 213 0.62 6.0 0.04 5.8 

70 ING 183 O.G6 5 . 8 0 .1 6 5 . 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 5 . 9 0 .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 0.58 5.9 

79 NPL 76 1.62 6 .0 0 .78 6. 1 

80 NP L 91 1.54 r:- .., 
0 . ( 0 . 16 5.3 

81 PAT 1 "'>2 0 .,G 5 -:~ ~ 2 (j ~ 1 9 6.4 

82 PAT 10-u.) 0 . 86 5.9 011 20 - l\ ~) ... 
83 PAT 244 0.88 5 .8 0 ~ ;21 5 . 8 

~...,..),. 

i:1;-;::, 

~)-: 



Sample 

Number 

84 

85 

Soil 

pH 

PAT 

PAT 

Altitude 

(m) 

335 

. 366 

BUR - Burrell gravelly sandy loam 

HAN - Hangatahua bouldery sand 

ING - Inglewood coarse sandy loam 

NEW - Newall bouldery sand 

NOR - Norfolk bouldery sand 

NPL - New Plymouth black loam 

PAT - Patua loam 

STR - Stratford coarse sandy loam 

---- 0- 1.0cm 

Exch. Mg ( m.c . %) 

0.82 

0.56 

Soil 

pH 

5 .7 

5.7 

----t0-'20un ----­

Exch. Mg (m. e.%) 

0.38 

o. 16 

Soil 

pl! 

5.7 

5.8 

~ 
c:-) 
c-:i 



i ) 

ii ) 

iii ) 

i v) 

v) 

v i) 

vii) 

Hesults of Ana lys j s of Variance for : 

ryegr ss d:·y mat t,.."!r y i c] ds ; 

rye g ras::; ,ig concentration ; 

r yeg ra ss Mg uptake 

r yegrcss Ca conce nt rat i on ; 

ryegrass Ca uptake; 

ryegrass ·K concentration ; 

ryegrass K uptake ; 

at each harvest . 

Le gend : 

Soil type - Soil type effects 

Treatment - Mg fertilizer a ddition effects 

Cu tU ng Hcgimc - Cut ting- regin,c effects 

Soil Type x Treatment - Soil type by Mg 

fertilizer ddition interaction 

Soil Type x Cutt i n g Hegime - Soil type 

by cutting regi me iutcraction 

Treatment x Cuttin g Regime - Mg fertilizer 

addition by Cut t ing Reg ime interacti on . 

0 0 0 000000 



i) Hyegrass dry matter y i elds . 

Harvest 1. 

CL AS S l F l C A T I u ~l 

SOL L TYPf 
T f, l: ti. T it! F.. N T 
CUTT ~l:G 
SO!l. TY P f: 
S0 J.L l YPS 
T R t 1, T :;, fJ) T 
R E .v, ,,_ r h i) E ii 
TO ,-AL 

Y. T IH f1 T ,•i f: N T 
)', ( !.IT T ~ ;:;G 
X ( UTT ~ F G 

Harvest 2. 

CI.. ASS I. F 1 C /\ T 1 (1 t f 

SOI L TYPE 
TRF.AT Mf /JT 
CUTT .Y.(:'.G 

SOIL TYPE 
SO I L ·ry Pl-: 
TR E.A H lUH 
R € i'l l1 I ~~ o E H 
TOT,\ L 

X 1 RE A TM P JT 
x .. CUTT 1, l: G 
X CU TT !t F G 

Ll • F • ~ 1..i ! l j F . \ .'; IJ ;. "'( ;: S 

3 /) 'I 
O 

/ : 6 (\ 1 I.( 

3 '1 • /? )( '.) ') 

1 :-; • 3 :5 '1 : l 1 
9 . 'i . / '1-;, ') ,i ; 

3 0 • .3 &,, :\i·, 

3 0 0 I ,. ,1 -~. . 
1 05 8 , ·1 /q ?_') 

') 2 '1 t:i 6 . 8 9 .;, l 11 

1) • F , . ·, S U .'- C f S · ! U /. :{ 1: S 

.5 
·, 
. J 

1 
-:; 
,{ 
I 

~~ 
7 ; : ') 

1 2 l 

1:- , 6 9 •jj -~ 

o. 'i 6 .rn t-·. 

0 , 7 9 ? :> I, 
0 

1 
3 3 ~ f l 1'. 

0. 2 0 '. '; · 
G :-:; l : ', :, 

tf') : .. . s 5 2. 1
) ~ ) -~ . 

f': ,: i\ !-: '.) j ~ i_,• ; \ !{ l: 

15 , 8 :! 'll.5 
0 , 5 7 <\ 1 ,'.S . 

·_s • 8 ~; 1 c, 1 
0,5? 9 '/;-1 
0 , 'l 1 () t; ':l 
0 , 0 ,? 11 c·, ') 
o .01n: •-_1 

!'1: i: r.. r; ':> Q l. 1 /\.. ;:: t 

1 • 8 9 6 ~ 1
• 

0,05 4 :5 :) 
0.7 9 i.. ~1 l• 

0,03 / ' , 7 
0 . 0 6 't '., ;1 
0 ~ 0 1 5 "r" :i 
0 , 0 i 2 ? . . , 

1: 

2 03 . 1 3 1, ·J: ir A· 

7. :-,9 7 "'* '.(' 
- · l~ 9 • L, 4 5 ·J,;·f,; -A" 

7 , 4/14 * ·)."!( 
'1 . 63 i.l 
0 , 3 2 1

·' 

R S D -: 

1 5 t, • Li 5 I J ·A: * k 

4 , {, 2 ,: ·k ~-

6 4 • it 7 I, * * ,;: 
"3,01 6 ...... 
5, 654 *"' 
'1 • 1 2 ~ 

RS p:: 

• 'I I I 
i I ~ \ ,• ... • 

- ( ·. • i '' .! :· l ~; 

I , , I: i i1 I ,.J 

1 '. • , •. :\ i t, 

! ' • ' , : \ !},; 

• ,,.I, .• . ,,' ,! 

I • ... 1L " 

0 . 2, 908 

f ' :-~(ii ' 

- :J. · · it{ i ~: 

!', . 1, ; f>/ 

-1 1 • ; 1 1 I. 1 l ! 

; l • I, , ; j 'I 

~: . : . '; ~ / 
. ' • ·,: ; , '\ 'I 

0, 1108 7 

~~ .. 
,·::.) 
.-..,-· . 
1...:,,.) 



Harvest 3 

-CI.A SSJt:!C AT!V N 

SO l I.. T n 1 f: 
lREAf MEl,!T 
CUTT Rl;:G .,­
SOJ(. TYPE 
~Otl TYPt 
T R !: A T :,1 F. N T 
R E :"1 11. P l D E R _ 
TOTAL 

X T ~ 1: I\ T ~l !! r~ T 
·X CUTT 11 Hi 
X Cu TT ~ E ,; 

Total Dry Matter yield. 

C 1. A S ;, J r l C t- 1 , u '.' 

;-; r·. J I, l' Y f•' t: 
l i i r: •\ I' ;.· l i: l 

Cl' r 1 ,' H 
~ r. u ·r yr· t . 
T Ii t·. ,: T " t ~' 'f 
Hf.'. :1• r. ) •·· 1) ~ , , 

I r r r, 1. 

" 1 i{ 1: :1. ·r •·: ,: r, T 
'( rl: 1'1 i~·r.<1 

i.) • ~- • 

""3 

3 -
1 .. 
9 
3 
3 

105 
127 

s u 1·1 o F s t, u r, :< r :,; 

·1 2 • 6 ·? ,'~ () ?. 
0 • ~ $ -~ fJ ? 

'l 2, 0t.,.1 1f, 
0 • l~ C> ~ ?. ,1 

2 . Qy ;_, 5 ·,; 
0 0 I . )0 

.5 >l •; 1
.- .$ .S 

..S1 , 5i''.'.•1'~ 

t) " t· _. ~. ;; ,7: l.} ~ ( ' I'° :•J · .J ,• l ~ ;. ~ 

',3 

3 
'I 
9 
.) 

1 ,"I;;,' 
\..-1.' 

12 7 

7 9 . [~ 5 ·,Si' 
3. 8CJ ·•: 'j · 

0, 3 8 'i ·1 '/ 
9 ! 'Z 3 ,' \.; l 

0 • 3 1 r• t ,• 
1 7 .. -~ 7 .•: 

1iG , 56 ,;! 

;,; F A:, S ,~ L '1 1·-: l: 

4, 2? ? <· ( 
o.1 ·11 c ·1 .. 

12.0411 h 
0 • 0 5 1 ,, K. 
0 , 6 9 fl 7 I.I 
0 0 2 01,fi 
0 '0Y11 •• . 

f .. Fl' :; i; I i• 1; !.: 

2.6 • 4 8 > (, ;, 
1 • 2 9 i) 'f ·, 
0.38 1 '! ( 
1.02. oi:.:., 
0 . 10)' <. 
•j,15·/•t 

F 

1 '1:S.'/ t:/ **..,._ 
2. 9H',1 1.-

.;~ 4 , ;J,4 '1 * H 

1 'I ~ It~ t, 

1 8 , ? I-:. $ * * ·,\' 
0 . '1 1 d 

HS O= 

165,57 L Ht< 

g,, 11 ·/ ·J, ·.• .,,, 

2, 3 8 .11 

6. li 1 I. ?( •I-.., 

o•, 65 / 

RSD= 

1) . .. , , 

-: ; . '~.: (' ') 

i ) • .i ·• ~ , ... ' " 

- ; I ' ,'!' j {) ! : 
I ~ ") , i -~ i' ., . :~ -
I _' 

4 
: I I _I { ; ~ I 

'I ~ : , 5 \:-
0 :,, .I?. (1 

i-' ;~ { • I , 

• ! I fl 

I I l,,i·. · ·1 

' 1 r.. '•: .') 

I " ' ' . 
• L (' ' : • 

0,39996 

h,.). 
('"" .: J 

w 



ii) Ryegrass Mg concentration 

Harvest 1 

CLASSlF!Ct, Tl0 "1 

SOIL TYPE 
r r;- r. " r ,1 t= t, 1' 
CUTT t.' EG · · 
sor.1. l YP!: 
SOIL TYP(; 
T II f.. f.. T ,·,1 eJ ·r 
f-l~ 1'1t,l' ! OFR 
TOT AL 

X T R F. A T ·'-1 F rl T 
X CUTT PFl.i 
l. cL.JT r !-/f:G 

Harvest 2 

-· .. --- . CL b. S S ! F I CAT l 1J 1~ 

SOIL TYPE . 
TRf.AT MEN T-
C UTT •it G 
S01L TYPE 
sOrL TYPc ·· 
T R b\ f ~\ ~ N T . 
R E :'1 /~ l t! I) E ft 
TOTs\L 

X TREnT ~EN T 
X CUTT REG 
X c0 TT KfG 

. () • f • 

---· - . - .. - --·- - ... ---

~s 
3 
1 
9 
"1i 
) 

10) 
1 l- 7 

S U r.:_ 0 F . S r, lJ 1\ H r· ~ 

C • 2 1 1 .. 111 
() • 0 '.5 1_ ; ? 1 
U.0 0,.,6 ;; 
0 .00 1·,n\ 
r- I O O . J (~ ~; 

ti 001!~ 
tl • 0 ! ~- 'S l 

I 

U . ?.9j\J(, 

- -- .. ~----

I l .; : {: I I •.·. , ., C: . - ..... u • . ' ~ ,;,: 
• • • 1 • • ... / .. J ~ • • , r ,) .... q n l: .. , 
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iii) Ryegrass Mg uptake 
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ii) Ryegrass Ca concentration 
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v) Ryegrass Ca uptake 
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vii) Ryegrass K uptake 
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Appendix IV 

Results of Analysis of variance for: 

i) Ryegrass Mg concentration 

ii) 

iii) 

Ryegrass Ca concentration 

Ryegrass K concent rati on 

for each soil type and cutting regime 

Legend: 

Treatment Mg fert ili zer addition ef fects 

Cut Harvest effects 

Treatment x Cut : Mg fertilizer addition by 

harvest number interaction 
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i) Ryegrass Mg concentration 
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b. Inglewood coarse sandy loam 
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c) Egmont black loam 

Cutting Regime 1 

CI A<:~ T f· 1 u, T Ii) i) 

T. R E t-. r · £ :-: 1 
(.' 11 T 
rf I I; ( T . ' t t : l 
1< r: ... 1. I • () r: ~ 
i OH L 

·r t u r 

Cutting Regime 2 

CI ,1\ ~ST F TC ;\ 1' 1 l'"' 

T !·'. f. ,I T ' l f:: ~; T. 

C 11 f 
f fi !: t i ~, f: 1·1 T 
1<r ,·, , r :i !i'·I~ 

T <"1 f '· L 

'i r. 1JT 

LI I f: • 

3 
? 

6 
.) (; 

L-,.l 

ii • f • 

~ 
2 
I 
\.) 

3 (, ,.-; 

~:~ u f: n F . S 1 
.: : .l ,,. t~ r· S __ ........ r· ! E /\ ;-j ·- ~~ ~:! U :\ :, t -

0 , 0 0 8 1.s? .. 
u . ,J ,1 ::S/ t-
11 n r·, :.1' ·:-.. • .. · \. .[ - :) 

i.' . :_'10•J ·1 ·;­
'} • !J 2 4 .S ., 

;~~1:: i" , r ~' -u': :{;:·~_j 

0 , 0 014-,- __ 
0 • 0 ('. Ir j !1 

() . ,:J .:J :?. ~t- ! 
0 . C-J 5 ·: :1 

o, u ,, o~! :: 

. 0 . 0 0 2 9 0 . 

0 • 0 I.) 1 3 ,\ 
n , OUO!i.S 
0, ( 10 U 2 ') 

·-- -- --

/·: r- A,•· ', '-!. l.,/1 r:, f~ 

0 ,00 2~) 
0 ,01221 
O, COOf1 
J, OU0 1 6 

I ' 

·1 I • 6 0 :, * -;, J 

7 , ,3 f, 1 ~- ,, 
'] • (5 'j 

• '. I -

' , : 1 f. ~ :_ I 
• , ·:_1/ '\ 
' ·: • ·1 ~\ :_.s 

'i ,_,, ,.. ,_ 

- - --- · __ .__.. .. - . . 

~ 

_1 S , 9U/ w tk 

7b ,5 2~ *~R 
2.( ~1 ~ 

;"',' '·: 

.: n;' 

! :i i_ ;( _) 

( . : : 
I ! , t, :-;. i t ., 

~; • ; ·1 :✓ :J . ' 

I-' .... 
c,:-,, 
r• -r-_.. 



d) New Plymouth black loam 
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ii) Ryegrass Ca conc entrati on. 

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 

C ! I\ ' · S J F r C 1\ T T ,_, 11 

T R F. ,\ T 1 ·, f. ~' T 
CI 1 ·1 
T r: f'. t, l It t ' ' 1 
H (. ·I ' l '; ':, t " 

7' r11 /'. L 

';I ( 1JT 

Cutting Regime 2 

CI /\!:: S T rT C t:1' l 1·1 rJ 

1 F.' f: :': T ' i f. h f 
C II i 

T R t !\ ·r 1" PJ.'f 
I~ r ,., r, 1 ~ ! iJ F H 

1r:, rt L 

X Ct1T 

" • f • 

3 
1-
0 

.3 (, 
( '( 

D • r , 

~ 
') .. 
6 

3/; 
(;, 7 

.-. 1. ·. r, i: 1 " ii ; ~ r j .. _ .. . r✓, LA!.:.' . ~-'11: ,\ 1~ E ... 

O , U06 ,~;> 
0 , lS:h -1 

0 , () ! /1 L, •~ 

D , 0(0:5'J 
{) ' .~ ~ 0 1) { 

c: •. I ··.' t• F S : , u /'.. -~ F 'S 

J , 012jf 
0 , 3~jJ \ 

o . oaa1r 
0 . 0 ;1~1)') 
0,lr0i31.": 

. --· o . o o .? n r 
. 0 , I 'J ;J ;i ~; 

0 , Ci 0;, t, 1 
0 . co1~: !•, 

f· ! F ;\ ! i s cl L1 /\ r I; 

o.oo~, i 
a . 1717 1 
0 , 00~~~ 
0 . 00 1 ~2 

,.: 

1 • (J :) ,; 

6 6 , .:- r,; I 'k ', \ * 
7 • ! 2 .. 

i: 

~, - .. 
.J •. ) f ) 

1 40 , (1:·_~ -;,·•., .. 
1. 1 1 •; 

·" '-; n =-

: ) :~ :: : ~~: 

[ ; • i; "( ;.; t. 

' I : IC' (; 

( . • '{ ·1 C: : ) 

i .. ' :.,. '· / ~, 

~ I j_ : 

: \ , . ' '· ' . ' 
• . : I., I j I , 

• :~ (?'-, 

, '. j !: '1' l 

},ri, 

C.:J . - , "~ 



d) New Plymouth black loam 
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~ii) 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 
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d) New Plymouth black loam 
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